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In Memoriam Dr. Mildred Scheel

The Wilsede Meeting is also supported by the Wilsede Fellowship Programme of the Dr. Mildred Scheel Stiftung, which is part of the Deutsche
Krebshilfe. Since that Foundation was established by Dr. Mildred Scheel,
it is appropriate that we should reflect and comment on the great contribution which she made to cancer prevention, treatment and research. This
meeting is the first Wilsede meeting since her untimely death on 13 May last
year. She succumbed to cancer - the disease to whose conquest she had devoted the whole of her professional life.
Who was Mildred Scheel? What were her ideas and what did she achieve
with her Foundation?
Mildred Scheel was born in Cologne in 1932, daughter of a physician and
radiologist. She studied medicine and specialized in radiology. Later, she
married Mr. Walter Scheel before he was appointed Minister for Foreign AfXXIII

fairs. When Mr. Scheel subsequently became President of the Federal Republic of Germany, she became the "First Lady" of this country. No doubt
this helped her to fulfil her noble ambition to contribute to the fight against
cancer. As a consequence of this, she founded the Deutsche Krebshilfe in
1974. From that time on, all her efforts were directed towards encouraging
people to contribute money for this crucial purpose. During the first 10 years
of the Deutsche Krebshilfe, she was able to collect more than 230 million
Deutschmarks. She developed many significant ideas for organizing cancer
prevention, early diagnosis and treatment that was applicable on a large
scale. She initiated the establishment of the first five cancer centres in this
country. Once they were functioning successfully, she was able to convince
the Government to assume full responsibility for maintaining them. She then
prepared to launch new undertakings. It became apparent to people that she
had unique qualities that enabled her to initiate new ideas for fighting
cancer, and this added significantly to her personal success. She also supported in particular the treatment of childhood cancer in many hospitals,
and initiated the psychosocial after-care of patients and their families. In addition, she aided individuals who were economically affected by having
cancer.
The Dr. Mildred Scheel Stiftung was established to promote and support
cancer research. It supports a great number of research projects in many institutes and provides a fellowship programme for scientists to work and
study at institutions abroad. Included in that programme is the Wilsede Fellowship Programme. Dr. Mildred Scheel Stiftung is now an important body
in the Federal Republic of Germany for the granting of fellowships. Many
of Mildred Scheel's initiatives were not broadly accepted at first, but through
her continued energy they are now accepted as common practices in the oncological field in this country.
When she had a particular goal in sight, no obstacles could prevent her
from reaching it. Yet, for all her tenacity, Mildred Scheel was a warm, loving
and sensitive person who had special understanding for cancer patients, together with a human touch. She was always very hard-working and enthusiastic, and stimulating for all of us. None of those who, like myself, had
worked with her in the Foundation for over 10 years can remember her ever
missing a meeting of the board or the scientific councils of the Deutsche
Krebshilfe or the Dr. Mildred Scheel Stiftung, until the last few weeks of her
life. During those meetings she listened carefully to the experts, although
sometimes she came to her own conclusions when she was convinced that a
particular step forward had to be made. She never lost her enthusiasm for
helping others, even when she realized what would be the consequence of her
own illness. She always seemed to be positive in her attitude and could always stimulate others with her spirit and her personality. She could have
done so much more in the future and she is sadly missed by all of us today.
We all will always remember her with great devotion.
Klaus Munk
Heidelberg
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Preface
Ideo autem omnes ad consilium vocari diximus,
quia saepe iuniori Dominus reve/at quod melius est. *
Benedictus de N ursia
Regula Benedicti, ca. 550 A. C.
Caput III,3

The Wilsede Meetings were initiated in 1973 as an unusual experiment, and
in the meantime this biennial symposium has already come to constitute an
established and successful tradition.
In June 1986 scientists and physicians met for the seventh time in the 300year-old Emmenhof in Wilsede, in the heart of the Luneburg Heath, to discuss modern trends in human leukemia.
It was Pappenheim who in 1910 prepared the first international hematology congress. It was to have been held in Berlin under the title "Der groBe
mononukleare Leukozyt Ehrlichs, seine Morphologie und Funktion, seine
Herkunft und seine Benennung" (Ehrlich's large mononuclear leukocyte. Its
morphology, function, origin, and name), which was the most important
and topical question at that time. It is amazing to think that as early as 1900,
thanks to the pioneering research of Maximov and the innovative staining
method developed by Ehrlich, the differentiation of the blood cells had, to
a large extent, already been discovered. It is a sad fact that this congress
never took place due to personal controversies among leading hematologists, especially between Pappenheim and the Austrian hematologist
Turk.
Fortunately the Wilsede Meetings have never incurred this type of personal controversies. On the contrary, both matter-of-fact discussions at a
high scientific level and the development of personal friendships have always
characterized their singular atmosphere.
The seventh Wilsede Meeting was also in this tradition, and under the active and sure-handed guidance of the chairmen an outstanding scientific program was presented, the participants contributing toward a convivial and
friendly atmosphere. I would like to express my thanks for this and hope that
there will be many future Wilsede's where we will all get together again.
Rolf Neth

* Wir haben aber deshalb bestimmt, daB aIle zur Beratung einberufen werden, weil der Herr oft
einem Jungeren offenbart, was das Beste ist.

* But we have therefore declared that everyone should be summonded to the conference, because
God often reveals to the young people which way is best.
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Introduction to Hans Eidig and Robert C. Gallo

An introduction to Bob Gallo, as a person and a scientist, would certainly
be superflous. I would therefore simply like to draw a parallel to the life of
the lectures eponym, Hans Eidig. The name of this special lecture reminds
us not only of particular historical circumstances but, more importantly, of
this man's life.
Hans Eidig was born in 1804 in the village of Klein Klecken. It was originally intended that he should become a forest ranger, as was his father.
However the yearning for freedom and independence, which was to influence his entire life led him to become a poecher rather than a forester. He
was very good at this, and there was a great demand for his services. But his
desire for freedom and independence was too strong for the restraints of his
way oflife, not afraid of this risking his life for others, he became the Robin
Hood of the Liineburger Heide. He had good friends and advisors as well
as many enemies. In 1835 he agreed to the king's offer to accept the cash reward on his head and to emigrate to America. He arrived in New York with
his girlfriend, dreaming of freedom and independence. Thereafter we largely
lose track of his life in the new continent. However, those of us from this region believe that he traveled to the West Coast of the United States where
he discovered gold.
Although I do not know whether this legend is true, it remains very much
alive here, and today's inhabitants of this village remember him as a local
hero who always tried to protect our ancestors from humiliation at the hands
of their feudal masters. In the New World Hans Eidig gained the freedom
and independence that he had always sought.
Against the background of these words honoring the memory of Hans
Eidig, I should like now to present Bob Gallo, who will explain the origin
of human leukemia.
Rolf Neth
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Personal Reflections on the Origin of Human Leukemia
Robert C. Gallo

Before I finish this lecture everyone else is going to be dreaming of freedom
and independence. Rolf Neth wishes to link me with Hans Eidig. I may
indeed have three features in common with this fellow, this Robin Hood as
you call him. These are: very good friends, at least a few good enemies, and
some foolishness - foolishness to give a lecture at this hour about such a
topic.
First, I have been asked to give my reflections of the Wilsede meetings
since their origin some 15 years ago and, then, on the virus "hot spot"
theory, based on an article that I wrote for the first Wilsede meeting. That
article was an attempt to counter the overused and overstated virogene/
oncogene theory as it was originally proposed. We have, however,
progressed far past that stage. About the beginning of the meetings.
In 1970 or 1971 I first met Rolf Neth. We walked along the Hamburg
harbor and later we came to this forest he loves so much. He catalyzed
(almost immediately) a similar affection from me. I told him that this would
be a great place for meetings, regular meetings to promote friendly informal
discussions among friends and adding new people as time went by.
By 1970 there was much activity developing in basic cancer research and
all its subtopics. I felt those dealing with blood cell biology and the leukemias
and lymphomas would make the greatest advances. First, because we could
get our hands on such cells; secondly, because so many animal models were
available, and, thirdly because there seemed to be, in general, a high caliber
of people involved in research in that area of cancer. I also believed that it
was time to push human studies to the point that they would be scientifically
acceptable. So I though that if we had small meetings with a percentage of
people always returning and then in time, adding people who get interested
and who had particularly interesting information from diverse disciplines
but linked by some interest in blood cells, lymphocytes and/or their
malignant transformation, we could enhance development of the field.
The atmosphere of this marvelous forest was to augment the interactions.
In time we hoped research in human disease would no longer be frowned on
by the intellectual lights. To signal this feeling, we incorporated "human" in
the meeting titles. Av Mitchison, Peter Duesberg, Rolf and Malcolm Moore
and Mel Greaves gave the spark and life to the early meetings, as, of course,
did the great Fred Stohlman at the first. Now forced to think back on all
those years, I don't know if there's disappointment or elation in the progress
the field has made nor whether we achieved our objective. The biggest
disappointment I had is that at the time those meetings were organized,
everyone was talking about multiple causes or primary agents or whatever
XXXIII

we wanted to call the true causes of leukemia and lymphomas, but we all
thought there would be one common mechanism at least one common, final
biochemical mechanism. That doesn't turn out to be the case.
At the beginning of this century, the idea ofleukemia most people pictured
was that of a very wild disorder of cell proliferation. Later, with advances
in the understanding of pernicious anemia (in which erythroblasts resemble
malignant cells), the induction of abnormal cells to differentiate into normal
cells using a simple vitamin replacement, vitamin B12 , came the opposite
polar extreme idea that leukemia was simply a nutritional disease. One
specific factor might take the whole thing away.
Certainly by the time of these meetings, a position very much in between
was already in hand. Around 1950, as I remember the literature, a group in
northern Italy, led by G. Astaldi and F. Gavosto and their co-workers,
published a series of papers on thymidine radioautographs of labelled cells,
concluding that leukemic cells do not wildly proliferate, but, in fact
generally, have longer generation periods than do normal cells. By the first
meeting people had already accepted the idea that leukemia was a kind of
a block or a frozen state of differentiation, maybe partly reversible, maybe
not. During that period of time, just before the meetings began, the concept
of monoclonality had predominantly came from people who were doing
chromosome studies, and made unambiguous by the studies of Phil Fialkow
and his colleagues who used G-6-PD variants as X-linked enzyme markers
to demonstrate monoclonality of CML. These studies were described at
these meetings. So we had the concept of clonality of a partial or complete
block in differentiation and presumed that a common molecular mechanism
might account for all. At that time also most people thought stem cells were
the only targets of a putative leukemogenic agent. This was championed, but
it is not to be the case. Today we would say any cell capable of continued
proliferation, even if committed, can be a target of a carcinogen or a
leukemogen.
The first meeting began about 4 or 5 years after the discoveries by Leo
Sachs and his co-workers and by Donald Metcalf and Bradley which led to
a reproducible system of growing cultured cells in colonies and growth
factors for leukocytes. The first blood cell growth factor had, in fact, already
been discovered many years before by Allan Erslev, my first scientific
mentor when I was a medical student. This was by the growth factor
erythropoietin for red cells and was partly defined at the time of the first
Wilsede. However, the field of leukocyte biology really progressed by the
clonal assay systems. By the first meeting, we had the idea (at least for
myeloid leukemic cells) that the block in differentiation could be overcome,
at least in part. Leo Sachs talked here about the uncoupling of growth and
differentiation and proposed that the molecules for these are in general
separable. Both of these pioneering groups and their colleagues, especially
Malcolm Moore, developed the concept that the "blocked" differentiation
was not absolute and that some leukemic cells could at least be partially
differentiated.
During this period, people also began to get a handle, not only on CSF
and the related CSF molecules, but on other growth factors and their
receptors. Not only the proteins, but eventually also the genes for some. The
earliest of these was interleukin 2 (IL-2) and its receptor.
At the same time, so-called proto oncogenes became defined. We should
remember how those terms came about, and what an oncogene really meant,
and what is has become to mean today. Perhaps the word today is used a
bit too loosely. These genes were defined as ones capable of transforming a
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primary cell. They were first genetically and molecularly defined by groups
in California, notably our own, Peter Duesberg, Peter Voigt and, also, by S.
Hanafusa and Michael Bishop. Thus, the first transforming genes were being
defined at the time of our earliest meeting and became a frequent topic of
discussion - as they continue to be. Dominic Stehelin working with Bishop
and independently some people at NIH, Edward Scolnik, Peter Fishinger,
and Ray Gilden obtained data that the oncogenes of viruses were derived
from the genes of normal cells, but had evolved away from those genes of
normal cells. With those defined oncogenes in hand from animal viruses we
could capture analogous genes from cells for the first time. Probes were now
available to go into normal cellular DNA to "fish out" those homologs of
retroviral oncogenes. The genes in normal cells were then called protooncogenes. We could explore the presence of these genes, what state they were
in, i.e., amplified - nonamplified, rearranged or not, expressed or not and
whether their coding was related to that of known genes for proteins important to growth, e.g., growth factors and their receptors. For the first time,
genes and gene products suspected to be important for cell growth and/or
differentiation of normal and leukemic cells could be compared. In the past
4 or 5 years or so several results have indicated that these previously independent fields will merge, because certain proto oncogenes have indeed
turned out to be genes for growth factors or receptors. The c-sis gene for the
platelet-derived growth factor, the ErbB gene as a truncated EGF receptor,
and recently the fos gene as the macrophage colony stimulating factor receptor are cases in point.
At the earliest meetings, I remember the good debates between Jane
Rowley and Henry Kaplan on another area of leukemia/lymphoma research, relating to the relevance of chromosomal changes and whether these
constitute anything other than secondary effects. As I remember it, Henry
Kaplan was always asking for direct evidence that specific chromosomal
changes were important for the initiation and/or progression of leukemias
and lymphomas. In 1971-1973 the only clear-cut example of this available
to us was that of chronic myelogenous leukemia and the Philadelphia chromosome. At about that time the concept that a balance of genes was important to control cell growth was also being widely discussed. Studies from
childhood cancers with consistent chromosomal deletion and those of Fritz
Anders on fish melanoma provided us with concepts of regulatory genes
which control other genes that are more directly involved in cell growth.
The chromosomal changes that occur in human leukemia still raise some
questions. The first problem as I see it, is why are there specific "hot spots"
in human chromosomes that undergo change? In a recent review Mittelman
has shown the accumulation of chromosomal breaks in a variety of human
leukemias; it is evident that there are sites that must be especially fragile. Another interesting question that I rarely hear discussed is why adult tumors
show progressive subclone heterogeneity? This is less common in childhood
tumors, but in adult cancer we always talk about progression of the cancer
and heterogeneity of subclones as though this is natural and should occur.
But can anyone really explain them? It's usually said that this is due to an
alteration in genetic regulation in addition to the primary chromosomal abnormality; however, this would imply that an alteration in regulators regularlyoccurs.
Does anything specifically cause the chromosomal change? There are at
present no specific molecular mechanisms or inciting agents that have been
proven to cause any of the important chromosomal changes. I believe that
everyone would accept the idea that specific chromosomal changes are com-
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mon and are probably very important to the pathogenesis, if not to the origin, of many human leukemias and lymphomas. In my own view, three
genes deserve special discussion, for research into them seems most exciting.
These are the c-abl gene in chronic myelogenous leukemia, the c-myc gene
in Burkitt's lymphoma, and perhaps the chromosome 5 deletions in myeloid
leukemia. The cluster of CSF genes and the receptors for CSF in one region
of chromosome 5 suggests that any change in this region is likely to be important for leukemia. Obviously, when there is a specific chromosomal
change occurring regularly in a certain leukemia, one would expect it to be
important. When there are regions coincident with the location of genes important for the growth and differentiation of a particular cell type, we logically attach special attention to it.
The first consistently observed chromosomal abnormality, the Philadelphia chromosome, was discovered by Hungerford and Nowell in the early
1960s. This was first thought to be chromosome 21 deletion but was later
shown to involve a translocation between chromosome 9 and chromosome
22. When we had a handle on the gene, several laboratories, including my
own, were able to localize the c-abl gene to a region in chromosome 9 where
the break occurs. We now know that this gene is translocated to chromosome 22, adjacent to a gene given the abbreviation BCR. Shortly thereafter
Canaani at the Weizmann Institute in Israel discovered an abnormal c-abl
messenger RNA in chronic myelogenous leukemia. This seems to be an area
worthy of major investment. The study of the nature of this gene product
might determine the function of the normal c-abl, explain why blast crisis develops, and eventually obtain evidence as to whether leukemia transformation and blast crisis are directly related to the abnormal c-abl product. An
increase in number of chromosome 22 is common in CML blast crisis. Is this
associated with an increased dosage of the c-abl messenger RNA? Probably
so, but still, like in almost the entire field, we're left completely wanting for
an explanation at the biochemical (mechanism) level of what the molecular
genetics has defined.
Another approach that has been principally explored and pioneered by
Carlo Croce and discussed in detail at this year's meeting, has been to examine cellular nucleotide sequences near chromosomal breaks consistently
where there are no known oncogenes and, hence, no easily available or
known molecular probes. This considerable endeavor is done by sequencing
all around the chromosomal break point and determining which, if any, of
these sequences near the chromosomal breaks are abnormally expressed.
These can then be molecularly cloned and studied in detail. In other words,
these sequences are not homologues of any known oncogene, nor do we have
information that they code any growth factor or growth factor receptor.
They are identified and worked with solely because they are sequences or
genes located near a known consistent chromosomal break. This approach
is logical and very likely important way to proceed. The problems are knowing what the gene product does and proving that it is important for the development of the tumor.
The last sequence I wish to discuss is that of the cellular homologue of the
myc gene. We reported at one of the Wilsede meetings an analysis of the human c-myc gene. This was at a time when the abnormal chromosomes in
Burkitt lymphoma were well known (generally 8 and 14). At these meetings
George Klein and his associates showed that this phenomenon involves an
8: 14 translocation. Independently, Carlo Croce showed that this same region of chromosome 14 involves the heavy chain loci of immunoglobulin
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genes. Subsequently, Riccardo Dalla Favera, a postdoctoral, cloned and
mapped the human c-myc gene for the first time. Then together, with Flossie
Wong-Staal, he formed a collaboration with Carlo Croce and then demonstrated the location of c-myc at the distal end of the long arm of chromosome 8. In later studies we reported that c-myc was translocated from chromosome 8 to chromosome 14 in each Burkitt lymphoma. The results were
also presented and discussed in detail at these meetings. Now, of course, it
is known that translocations also involve chromosome 8 and chromosomes
2 and 22. P. Leder, C. Adams, S. Cory, G. Klein, P. Marcu, T. Rabbits and
particularly C. Croce and their colleagues have made major contributions to
our understanding of the details of the various translocations and their significance.
This give me an opening to discuss a few aspects of the epidemiology of
leukemias and lymphomas. Burkitt lymphoma (BL) seems to be a classical
example of the multistage, multifactoral, multigenetic series of events said
to be prerequisites for the development of a malignancy. We would all probably agree that the Epstein-Barr virus (EBV) plays a role in this malignancy,
but the generally precise geographic limitation ofBL means that its development requires at least one additional environmental factor, and holoendemic
malaria is believed to be one such factor. The malarial organism apparently
not only provides chronic antigenic stimulation but may also alter T-cell
function in such a way that cytotropic T cells do not properly control EBV.
So there appears to be three key events: the presence of EBV, the presence
of chronic antigen stimulation, and possibly a change in T-cell function. Furthermore, the available evidence argues that during B-cell gene rearrangement a chance translocation of the myc gene occurs, and that this leads to
one step in the tumor origin. The probability of this event is presumably increased by the chronic antigenic stimulation change in T-cell function and
the excess replication ofEBV. The last twist comes from new data that seems
to argue that even this activation of the c-myc gene is not sufficient, and that
there must be still another event. Susan Cory will present evidence at this
Wilsede meeting that many cells of transgenic mice have translocated activated c-myc genes but a tumor arises from only one such cell. Thus, this disease demonstrates multifactoral, multistage, probably multiple genetic
events in a cancer.
But can this serve as a general model? Should we think about all leukemias, lymphomas, and cancers as multifactoral, multistage and multigenetic? There are some things that bother me about this conclusion. For example, Kaposi's sarcoma occurs in a high percentage of homosexuals with
AIDS. Does that mean that these people run around with multiple genetic
events already in their endothelial cells just waiting for a T4 cell depression?
I believe it much more likely that this is due to the requisite genetic changes
occurring with one or, at most, two events; these changes probably include
the addition of new genetic change from infection with a virus yet to be discovered. Another apparent exception involves cancers occurring in young
girls whose mothers had received estrogen during pregnancy, and who at age
13 or 14 may develop vaginal cancers. Can we see this as multistage, multifactoral, multigenetic events? Also, what about the T -cell leukemias associated with HTLV-I? Because of the considerable time between infection and
the leukemia, it is clear that there is more than one stage and probably more
than one genetic event, but I know of no evidence that other exogenous factors are required. All current data argues that the virus and the virus alone

is sufficient.
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Regarding most other leukemias and lymphomas, looking for inciting
agents or "true primary causes" has been difficult and not very productive
to date. It would be disappointing ifit turns out there are no initiating agents
in most of the other leukemias or lymphomas, because this would mean most
are chance events and mean we have nothing to do other than the laborious
protein chemistry and metabolism studies like Boyd Hardesty and his colleagues have been doing and reporting at these meetings. Some epidemiological studies demonstrated the importance of radiation, e.g., the Atomic
Bomb in Japan and occupational sources of radiation in mostly myeloid leukemias. Chloramphenicol and benzene exposure have also been reported to
be associated with an increased incidence of some leukemias. How can we
think of chloramphenicol and benzene in causing leukemia? Perhaps they
alter programs of gene expression and allow some cell clones to emerge that
have been genetically altered by other agents. Although these few chemicals
and some forms of radiation are linked to an increased incidence of leukemia, it is, of course, only a very small fraction. For the vast majority of
such cases no environmental factor(s) have yet been found.
Retroviruses in animals and also in humans (at least since 1979) have been
frequently reported and passionately discussed at the Wilsede meetings from
the outset; these have been the special interest of many investigators here,
including myself. This interest came from the numerous and diverse leukemia-causing animal retroviruses that were already available when these
meetings began. Many of us believed (and still do) that these animal models
provide powerful tools for an understanding of the molecular and cellular
pathogenesis of leukemias/lymphomas and of the genes involved. Some of
us also believed that through studies of them we might also learn how to find
similar viruses in humans if they existed.
When we recall the first meetings at the beginning of the 1970s, the retroviruses that were then discussed most thoroughly and most commonly (and
those best supported financially) were the endogenous retroviruses. The
genes for these viruses exist in the germ line and are present in multiple copies; and most, if not all, vertebrates and even some other species contain
these genetic elements. Sometimes these are capable of giving rise to a whole
virus particle. These were the major early focus of studies in leukemogenesis.
For example, Henry Kaplan's first studies of radiation leukemogenesis suggested that radiation induced the expression of an endogenous virus which
is critical to the development of the leukemia in this case in mice. Huebner
and Todaro's original theory maintained that all cancer is due to the activation of these endogenous viruses, i.e., to oncogenesis, and was invariable due
to expression of endogenous viral genes. This idea in its original and literal
form has now been discarded. Ironically, the only retroviruses known to be
involved in cancer in humans or in animals (except for a few very inbred
mouse strains) are infectious (exogenous) retroviruses.
We began to focus on exogenous retroviruses in animals and humans in
1970 after the discovery of reverse transcriptase by Howard Temin and
David Baltimore. A major reason for me to focus on exogenous viruses was
the influence of people like Arsene Burny and his studies of bovine leukemia,
William Jarrett on feline leukemia, and later those of Max Essex. These researchers, doing veterinary biology-virology, argued that naturally occurring leukemias and lymphomas in animals are apparently often due to exogenous retroviruses. At that time the concept of any cancer being infectious
was thought to be naive at the very best. Subsequently, we learned that investigators (again, usually veterinary biologists) working in the avian sysXXXVIII

tems had shown even earlier that an exogenous infecting retrovirus, known
as avian leukosis virus, was a major cause of leukemia and lymphoma in
chickens. Moreover, a closer examination of the murine leukemia virus
literature suggested that mouse viruses may infect the developing offspring
in utero or shortly after birth and enhance the probability of leukemia. Although a vertical transmission, this was, according to Gross, still an infection and not the simple gene transmission of unaltered endogenous retroVIruses.
In the 1970s we obtained our first primate model. A Japanese-American,
T. Kowakami, discovered the gibbon ape leukemia virus (GaLV); he showed
that this retrovirus caused chronic myeloid leukemia in gibbons and that a
variant of it causes T-cell acute lymphocytic leukemia. My coworkers and
I isolated still another major variant of GaLV and we had the opportunity
to study gibbon leukemic animals in detail, demonstrating the exogenous nature of GaLV and determining the presence of provirus in the tumor, and
analyzing the GaLV genome. Dr. Flossie Wong-Staal in our group also
showed that another newly isolated simian retrovirus, known as simian sarcoma virus (SSV), or woolly monkey virus, had viral sequences essentially
identical to GaLV but contained additional sequences specifically homologous to cell sequences of the normal (uninfected) woolly monkey DNA.
Moreover, Wong-Staal et al. and others showed that GaLV had homologous sequences in the DNA of normal mice, particularly in that of some
Asian mice. From all these results we concluded that GaLV was an old infection of gibbons (many gibbons are infected in the wild), and that it entered
these animals by way of an interspecies transmission of one of the Asian
mouse endogenous retroviruses, perhaps by some intermediary vector, we
also concluded that the woolly monkey virus (SSV) was derived by an interspecies transmission of GaLV from a pet gibbon to a pet woolly monkey
housed in the same cage. (This history was verified by the owner of these animals and by studies which showed that woolly monkeys in the wild are not
infected.) This resulted in a recombination of the viral sequences with cell
sequences of the woolly monkey. These cellular sequences were later shown
to be genetic sequences of platelet-derived growth factor (PDGF) as discussed by Aaronson and coworkers, Westermark and coworkers, and others.
These results influenced our thinking and the direction of our research.
From this point, we considered the notion that a human retrovirus may have
little or no homology to human DNA. With rare exception, this was a concept hitherto not even considered by the field. Animal retroviruses, including
the disease-causing exogenous FeLV and avian leukosis virus CALV), although clearly not endogenous, genetically transmitted elements clearly were
substantially homologous to DNA sequences of the infected host cell in cat
and chicken respectively. The results with GaLV showed little or no uninfected gibbon apes or woolly monkeys. All of these concepts and results have
been detailed at previous Wilsede meetings. While we were still considering
the possibility (in our view, probability) that human retroviruses would be
found, we were, nevertheless, concerned that in these animal models (FeLV,
ALV, M uLV, and GaLV) of retrovirus leukemias, virus was so readily found
as to require no special techniques or efforts. In fact, viremia preceded leukemia, and it was frequently argued that extensive viremia is a prerequisite
for viral leukemia. These facts had been presented as strong arguments
against the existence of a human retrovirus and against the need for any special sensitive techniques to find them. Moreover, it was during the period of
the first few Wilsede meetings that a few candidate human retroviruses
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turned out to be false leads, such as the RD114 virus and the virus called
ESP-1, which were shown to be a new endogenous feline virus and mouse
leukemia virus respectively. Both were contaminants of human cells.
Two model systems developed in work with animals - FeLV and BLV helped sustain the thinking that human retroviruses probably do exist. Although FeLV was known to replicate extensively in most cat leukemias/lymphomas (see above), many of these cases were virus negative, as William
Hardy and Max Essex emphasized at early Wilsede meetings. The epidemiology of these cats strongly implied that FeLV was involved. In addition, although virus could not be found in the tumor cells, it was often found at low
levels in a few cells of the bone marrow. Therefore, Veffa Franchini, S.
Josephs, R. Koshy and Flossie Wong-Staal in our group, pursued molecular
biological studies of these tumors in collaboration with Essex and Hardy.
We suspected that defective (partial) proviruses might explain the phenomenon. However, we were not able to prove this, and these interesting findings
- as detailed at previous meetings - still lack an explanation. Presumably
FeLV is involved in these leukemias by an indirect mechanism and not by
a provirus integration into the cell destined to be the tumor.
The second example of an animal model system which became extremely
important for human retroviruses is that of the bovine leukemia virus (BLV).
This too was discovered at the beginning of the 1970's when Wilsede meetings were just getting underway. Since its discovery in Iowa by Van der
Maartin and coworkers, much of the work on BLV biology was studied by
Ferver et al. in Philadelphia and by Arsene Burny and his group in Brussels.
It was also Burny et al. who carried out virtually all the BLV molecular biology. At the very first Wilsede meetings Arsene emphasized the minimal
replication of BLV, the lack of viremia in infected animals, and the rare expression of virus in the tumor despite the presence of an integrated provirus.
This was, of course, precisely the situation with HTLV-I and -II. Ironically,
several features found for HTLV-I were later then found applicable to
BLV.
There may be a lesson for us in this brief history: if our interest is a human
disease, we should not allow ourselves to be trapped into focusing upon only
one animal model but rather look more broadly at cell models.
During the mid 1970's and using the available monkey and ape viruses to
make immunological and molecular probes, numerous groups including
ours, reported finding virus-related molecules in some human cells, especially leukemias (our laboratory, Fersten group and Peter Bentvelyen and
colleagues). The viruses were subsequently shown to be extremely closely related to the simian sarcoma virus (SSV) and GaLV or identical to them.
Again, these studies were detailed in Wilsede meetings. Since there has been
no further progress with these categories of virus, we must at least tentatively
believe they were laboratory contaminants. Nonetheless, there are many indications that lead me to think that it will be interesting in the future to reevaluate the question of retroviruses related to GaLV and SSV in humans.
In the remaining part of this presentation I will summarize our information on the known existing human retroviruses and highlight a few of the
events that eventually led to their discovery.
When we began a search for human retroviruses beginning and reported
at this first meeting it was in parallel with the late Sol Spiegelman and his
colleagues, such as Arsene Burny and Riidiger Hehlmann. Three approaches
were used. As mentioned above, both Spiegelman's laboratory and ours exploited reverse transcriptase (RT) as a possible sensitive assay for discovering these viruses. Perhaps we could detect low levels of virus. Between 1970XL

1975 the methods were made more sensitive and specific. The latter was necessary in order to distinguish viral RT from normal cellular DNA polymerases. These techniques, including the development and use of new synthetic
homopolymeric template primers has been detailed in several reports. We
were able intermittently to detect an enzyme which looked just like the viral
RT, and we believed it might be a marker for an exogenous infecting retrovirus.
Spiegelman's group also used another approach that gave tantalizing results that most people couldn't quite accept, but I know of no one who has
taken the trouble to re-evaluate these experiments. This approach made use
of cDNA copies of messenger RNA transcripts from leukemic cells and
showed some to be leukemia-specific, Le., extra to the leukemic cells not
present in normal cellular DNA. In at least a few cases Spiegelman and his
colleagues could argue that these sequences were partly homologous to sequences present in some animal leukemia viruses. Thus, these experiments
suggested that human leukemic cells contained added and probably virus-derived sequences. No one has yet pursued these studies further. The key criticism has always been that the amount of difference between the hybridization to leukemic cell DNA versus normal cell DNA was very extremely
slight.
The second approach mentioned above, and one that we were lucky to
take, was based on our attempts to define various growth factors for human
blood cells, partly to help in our pursuit of a human retrovirus and partly
because of our interests in blood cell biology. Initially we were looking specifically for" a granulopoietic factor to grow granulocytic precursors. Our
view for using a growth factor to help find virus was the belief that if a virus
was present in low amounts, we could amplify it in this way, and if a viral
gene was not expressed, we might induce its expression by growing the cells
for a long period of time.
Thus, we were looking in any event for a growth factor that would grow
granulopoietic cells, not, as Metcalf and Sachs had done, for colonies, but
in mass amounts in liquid suspension. We had some temporary success in
this. In these efforts we included conditional media from PHA-stimulated
human lymphocytes, because in 1971-1972 we and others had discovered
that stimulated lymphocytes released growth factors for some cell types. It
was while looking for the granulocytic growth factor that we discovered IL2, or T-cell growth factor, critical to our work. This discovery was made by
Frank Ruscetti, the late Alan Wu and especially Doris Morgan. We also
learned that activated but not "resting" T cells developed receptors for this
growth factor. Peter Nowell had shown in the 1960s that after PHA lymphocytes live and grow for approximately two weeks, they tend to be lost and
die out. We used the media, fractionated it, and added fractions back to the
same stimulated cells. As long as we kept adding growth factor, the normal
T cells continued to grow for considerable periods of time. We then approached studies of leukemic T cells; with one type of leukemia, the T cells
grew as soon as we put them in culture and added IL-2. We did not need to
activate them. They grew directly and they gave rise to the viruses that we
have called HTLV-1.
The first human being from whom a retrovirus was isolated lived near
Mobile, Alabama, in the south east of the United States. This man had no
medical, personal, or social history when he developed a very aggressive Tcell malignancy. This was late 1978 when I called Arsene Burny for BLV reagents which, as Arsene likes to remind me, was on Christmas Eve. By that
time we knew that the virus from this man behaved somewhat similar to
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bovine leukemia virus: it replicated poorly, seemed to cross-react slightly
with BLV, and morphologically looked more like BLV than like other retroviruses. We thought, however, that we must rule out a bovine leukemia virus
contaminant in the calf serum used in culturing human T cells. With the reagents to BLV provided by Arsene Burny this was done and soon we were
able to characterize HTL V-I and to report on it at the beginning of 1979.
We then published a series of papers on this in 1980 and early 1981. The
clinicians called the malignancy an aggressive variant of mycosis fungoides
(MF). Also known as cutaneous T-cell lymphoma, this is a T4 malignancy
with skin manifestations, lymphoma cells infiltrating the skin, and usually
a prolonged course.
We obtained a second isolate within a few months; this was from a young
black woman in New York City who had come there from the Caribbean
Islands. As in the case of the first patient, her illness resembled MF. It now
seems, however, that MF may represent more than one disease (all with similar clinical manifestations), and that several forms of T-cell malignancies
that are not MF may mimic that disease. By early 1981 the several sporadic
cases which we had studied showed the presence of HTLV-I, all involved T 4
cells, and all had an acute clinical course, often with hypercalcemia.
Tom Waldmann of NCI told me at that time of studies which had been
conducted in Japan and published by Takatsuki, Y odoi, and Uchiyama. In
1977, they described a disease cases of which clustered in southern Japan. Although T4 cells and often accompanied by skin abnormalities, this disease
seemed to differ from typical mycosis fungoides. They believed it to be a distinct disease, distinguished by its aggressiveness and, more importantly, by
its geographical clustering. To my knowledge, this was the first time a reproducible clustering of human leukemia had been shown. They developed this
lead by reexamining the epidemiology oflymphoid leukemia in Japan. Originally there were no leads, only that the relative incidence of B-celileukemia
in Japan was less than in the West. With availability of monoclonal antibodies, the cell surface molecules, they repeated the epidemiology studies
with subtyping, i.e., B- versus T -cell leukemias. They found an increase in
T-cell leukemias, particularly in the southwestern islands. However, they
had no clues as to the cause. The prevailing causal suggestion at the time was
that of parasitic infection.
Meanwhile our next HTLV-I isolate (the third) was obtained from a
white, male, middle-aged merchant marine. When I learned of the evolving
clinical-epidemiology story in Japan, we asked this patient social questions.
As a merchant marine he had traveled extensively, including to the southern
islands of Japan and to the Caribbean Islands. This fact and certain other
aspects of his personal history allowed us to begin making a connection. In
the meantime Bart Haynes, Dani Bolognesi, and their colleagues at Duke
University were the first in the United States outside of our group to confirm
an HTLV isolate, and this was followed by several more isolates from us.
The Duke case was also of an aggressive T -cell leukemia, in this case in a J apanese-American woman who had come from the southern part of Japan to
the Durham, North Carolina area. Otherwise only sporadic cases were identified in the United States.
By this time we had made contact with the late Professor Y ohei Ito of
Kyoto University. We received serum from him and his colleague Dr.
Nakao, as well as from Tad Aoki in Niisita. Each of eight adult T-cell leukemias were positive, and their cultured cells also scored positive with our
monoclonal antibodies to proteins of the virus. We were convinced that we
had found the cause of that cluster. In the U.S., only sporadic cases were
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found. On March 1, 1981 at a workshop in Kyoto called by Prof. Ito for us
to inform Japanese investigators of these results we reported on these isolates, the characterization of the virus, and the positive results on the Japanese ATL cases. Y. Hinuma, collaborating with Myoshi and working with
Myoshi's cell line, presented the information that they too had identified a
retrovirus but had not yet published their results. He furthermore suggested
that the retrovirus was specific to this disease and referred to it as ATLV.
Although confident that it would prove the same virus, we collaborated with
Yoshida and Myoshi to demonstrate the identity ofHTLV (now HTLV-I)
and ATLV. Later Yoshida conducted the definite work of sequencing these
viruses which ended this discussion and this phase of the work.
But how do these results help to explain the greater frequency of HTLV-I
among black Americans? Sir John Dacie organized a small impromptu
workshop in London attended by Bill Jarrett, Mel Greaves, Daniel Catovsky, Robin Weiss, and Bill Blattner (a key epidemiology collaborator in
much of our work), and myself. At this session Catovsky reported a cluster
of eight leukemias of very similar pattern, all similar to the Japanese disease,
but all in black West Indians. In a collaborative study with Catovsky we
showed all to be HTLV-I positive. The epidemiology ofHTLV-1 and its geographic prevalence is now fairly well known. It is present in the southeastern
United States (especially among rural black populations), parts of Central
America, the northern part of South America, Southern Japan and the
Caribbean Islands. Half the lymphoid leukemias of adults in Jamaica (and
presumably in many other Caribbean Islands) have been associated with
HTLV-1. Unlike EBV, however, HTLV-I is far from ubiauitous and is totally absent from many areas of the world. In Europe, in addition to a cluster
located in England, independent work in Amsterdam has led to the identification of a cluster among West Indian immigrants. A few areas of Europe
have been found in which HTLV-I is endemic in a small proportion of the
population; these include certain areas of Spain and a small region in southeastern Italy.
HTLV-I may have originated in Africa, arriving in the Americas via the
slave trade. It may have been brought to Japan in the sixteenth century by
Europeans who specifically entered the southern islands, bringing with them
blacks and African monkeys. While this hypothesis may account for several
aspects of the epidemiology, it cannot explain recent findings that the Ainu
on the northern Japanese island of Hokaido also have a high prevalence of
infection. Other studies have shown retroviruses very closely related to
HTLV-I to be present in several African monkey and chimpanzees. Other
studies have indicated that HTLV-I is transmitted only by intimate contact
or by blood. Included in the latter, are the very disturbing arguments presented this year in Wilsede by Mel Greaves which suggest that HTLV-I may
also be transmitted by the household mosquito, Aedes egypti. A similar conclusion has been drawn by Courtney Bartholomew from epidemiological
studies done independently in Trinidad, West Indies.
The histological manifestations of leukemia/lymphoma associated with
HTLV-I show variation in the histopathological pattern in the case of medium-sized lymphoma, mixed-cell lymphoma, large cell histiocytic lymphoma, and pleomorphic lymphoma, as well as in that of ATL. If it were not
for the T4 and HTLV-markers, probably these would have been called four
different diseases. The evidence that HTLV-I is the cause of a human cancer
comes from several lines of evidence, not the least of which is the observation
that many animal retroviruses can cause leukemia in various systems. Direct
evidence for HTLV-I in ATL includes the clonal integration of HTLV-I
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provirus in the DNA of tumor cells, in vitro transformation of the right target cell (T4 cells), and relatively straightforward epidemiology. It is important to note that the HTLV-I positive malignancies do not always show the
clinical and histological pattern typical of ATL. There are some HTLV-I
positive T-cell CLL, some HTLV-I positive apparently true mycosis fungoides, and some non-Hodgkins T -cell lymphomas. Careful clinical histological diagnosis is a two-edged sword. On the one hand, without greater
precision of cell type Takatsuki et al. could not have described a cluster of
ATL. On the other hand, too refined and we diagnose "a different disease"
when it isn't.
Also, at Wilsede some have made the argument that we should throw
away histology and clinical aspects and diagnose that leukemia solely by
chromosomal changes. What happens when we do this with the T cell leukemias that are HTLV-I positive, i.e., where we have a cause? The result
presents the problem that no consistent chromosomal change has been
found in HTLV-I and leukemias, although a 14q abnormality has been
found in about 40% of cases. These studies are hindered by lack of cell proliferation. However, in culture tumor cells more often than not release virus
which infects the accompanying normal cells, and the normal cells outgrow
the tumor cells. In 90% of cases the result is a diploid in vitro HTLV-I transformed cell line. Thus, more often than not, we cannot do the cytogenetics
of the tumor.
Studies into the mechanism of HTLV-I transformation are among the
most interesting features of this virus. Whereas the vast majority of animal
retroviruses (excluding the usually defective transforming one gene containing animal retroviruses which do not generally playa role in naturally occurring leukemias/lymphomas) do not have in vitro effects. In vitro HTLV-I
mimics its in vivo effect, i.e., it chiefly infects T cells, particularly T4 cells,
and induces immortalized growth in some. Perhaps the study of in vitro
transformation of primary human T4 cells is akin to the study of initiation
of T4 leukemia in vivo. Moreover, the molecular changes induced in vitro
resemble the phenotypic characteristics of ATL cells. The major features in
the mechanism of transformation are as follows:
1. ATL cells constitutively express IL-2 receptors (IL-2R) and in relatively
large numbers. Normal T cells express IL-2R only transiently after immune
activation and in an order of magnitude less than ATL cells. This is simulated by HTLV-I transformed T cells in vitro.
2. The integrated provirus is clonal and although each cell of the tumor have
the provirus in the same location different tumors have different integration
sites. These results obtained by Flossie Wong-Staal and coworkers in our
group and by Yoshida and Seiki in Tokyo suggest that HTLV-I transforms
its target T cell not by an activation of an adjacent or nearby cell gene, as
suggested for some animal retroviruses, but by means of a trans mechanIsm.
3. Sequencing of the HTLV-I provirus has shown the presence of a new sequence not previously known in animal retroviruses. F. Wong-Staal and coworkers have demonstrated some of these sequences to be highly conserved
and present in all biologically active HTLV-I isolates as well as in HTLV-II.
Subsequently Haseltine has reported that these sequences encode a trans-acting protein known as the trans-acting transcriptional activator, or tat.
4. Transfection studies by Tanaguchi and by Warner Greene et al. have
shown that tat not only induces more virus expression but also the expression of at least three types of cellular genes: IL-2, IL-2R, and HLA class
II antigens. Thus, the first stage of transformation appears to be autocrine,
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that is, each cell produces and responds to its own growth factor. There is
reason to believe that secondary genetic events may be required for full malignant transformation, but these have not yet been defined. Finally, although one or more genetic changes in addition to HTLV-I may be required
for development of leukemia, these probably need not be environmental in
nature, since epidemiological studies only point to HTLV-I as the causative
agent. In this sense HTLV-I leukemia differs from EBV and from Burkitt
lymphoma.
Infection with HTLV-I may also lead to an increased incidence of B-cell
CLL. This possibility has been raised by results of epidemiological studies
in HTLV-I endemic areas. The mechanism here would have to be indirect
however, because the viral sequences are not found in DNA of the B-cell tumor but in that of normal T cells. Some results suggest that this may be due
to a chronic antigenic stimulation ofB-cell proliferation, coupled with defective T4-cell function (due to HTLV-I infection) and spontaneous chance mutations in the hyperproliferating B cells.
Finally, HTLV-I has recently been linked to some CNS disease. The data
are strictly epidemiological, and much work remains to be done with this interesting new opening.
HTLV-II, the second known human retrovirus, was isolated in my laboratory in 1981 in collaboration with D. Goldie at UCLA. The first isolate
was from a young white male with hairy cell leukemia of T-cell type. There
have only been few additional isolates. This is also T4-tropic, approximately
40% homologous to HTLV-I, shares some antigenic cross-reactivity, but
shows certain morphological differences. The leukemias in which HTLV-II
has thus far been found are few in number and have followed a fairly chronic
course. As is the case with HTLV-I and HTLV-III, HTLV-II is apparently
spreading among heroin addicts.
We began to think about a retrovirus cause of AIDS in late 1981. Beginning in 1982 we proposed that the likely cause of this disease was a retrovirus, a new one infecting T4 cells. I strongly suspected that it would be related to HTLV-I or -II. We knew from discussions with Max Essex and William Jarrett that feline leukemia virus (FeLV) can cause T -cell leukemia, and
that a minor variant can cause AIDS or an AIDS-like disease. Recent studies
by J. Mullins et al. indicate that this variation in FeLV may lie in the envelope. This observation plus the observations of the T4 tropism of HTLV-I,
the mode of transmission of HTLV-I (sex, blood, congenital infection),
seemed to fit what might be expected of an AIDS virus. We predicted that
the difference in an AIDS virus from HTLV-I or HTLV-II would be in the
envelope and/or in the tat gene. This prediction was not exactly right, for as
we all know, the virus that causes AIDS posseses several additional features.
What do we know at present about the cytopathogenic effect of HTLV-III
(HIV) and its mechanism? Studies by Peter Biberfeld at the Karolinska Institute and by Carlo Baroni in Rome indicate that the early sites of active
infection may involve the follicular dendritic cells of the lymph nodes. Over
time these cells degrade; first, lymphocytic hyperplasia develops and, later,
there is an involution of the lymph nodes. The infected cells are those which
enter germinal follicles. Those destined to be memory cells give rise to few
progeny because upon T-cell immune activation they express virus and die;
the population of memory T cells is therefore being destroyed regularly. The
number of infected peripheral blood cells is only about 1% or less (as calculated by Southern blot hybridization). The number of cells expressing viral
genes at any given time is in the range of only one in 10000 to one in 100000
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(by RNA hybridization in situ). Examining these cells by electron microscopy, we see them bursting with virus release and dying. But why does this
happen? Evidence from Zagury's laboratory at the University of Paris and
from our own suggests that virus expression occurs specifically and only
when T cells are immunologically activated, and that this is when the cell
dies.
There is also strong evidence that T4 is required for cell killing, for when
we transfect certain other cell types (T4-), thus producing virus, the cell
does not die. Under certain conditions we can also transform T8 cells with
HTL V-I; infected with HTLV-III, these cells produce virus but are not killed. Resting T4 cells can also be infected - without virus production but with
immune activation. IL-2 receptor, IL-2, and gamma interferon genes are activated here, as in the case of normal T cells. Soon thereafter, however, viral
genes are expressed, leading to the death of the cell. There has been much
discussion of multi-nucleated giant formation as a mechanism ofT4-cell killing by HTLV-III, but we now believe that this can be ruled out as a major
contributing factor. Mandy Fisher, Flossie Wong-Staal, and others in our
group have mutants of HTLV-III that replicate, show giant cell formation,
but have very little T4-cell killing effect. Also, for this combination of diminished virus killing and maintained induction of giant cell formation Zagury
has defined the conditions as decreased O 2 and/or temperature.
The genome ofHTLV-III (HIV) reveals at least five extra genes. In addition to gag, pol, and env, this has a tat gene, a gene in the middle which we
call sor, and a gene at the 3' end called 3' or! It also shows a different splice
which gives a different reading frame and different protein in the tat region,
known as art or trs. Tat is involved in the transcriptional as well as post-transcriptional regulation of viral gene expression (T. Okamoto, F. Wong-Staal
et al., and J. Sodrowski, C. Rosen, W. Haseltine et al., and P. Luciw et al.).
The trs product determines whether viral env and gag genes will be expressed.
The mechanism here is not yet understood, and we do not know the function
of sor and or! F. Wong-Staal and J. Ghrayeb have recently discovered a new
gene known as the R gene, the function of which is also unknown.
Our general approach in studying the genes ofHTLV-III and their function is to make deletion mutants or to perform site-directed mutations. This
has been coupled with DNA transfection experiments in which human T
cells have been transfected with various altered genes by the technique of
protoplast fusion. Several coworkers and collaborators have contributed to
this work. Notably, Amanda Fisher and Lee Ratner, Flossie Wong-Staal of
our group, and Steve Pettaway at Dupont. Some of these studies show that
tat and trs are essential for virus replication (not merely enhancement), that
sor enhances replication, and that 3'-orfmay repress virus production. Why
HTLV-III should have so many regulatory genes is unknown.
Similar approaches have been used to determine which if any viral genes
are involved in T4-cell killing. Is the mechanism indirect (e.g., analogous to
tat of HTLV-I, activating a cellular gene) or direct? We have shown that a
deletion in a few amino acids at the COOH terminus of the envelope leads
to a mutant virus which can still replicate but does not kill. We therefore consider interaction ofT4 and the envelope has a critical factor in virus killing.
Nucleotide sequence data have now been obtained in our laboratory on
many independent isolates ofHTLV-III which have been published. These
data show substantial heterogeneity regarding the envelope. How do these
variations occur? We do not know the molecular mechanism here; however,
most instances involve point mutations, perhaps due to error proneness of
reverse transcriptase. One of our earliest virus isolates, called the HAT or
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RF strain ofHTLV-III (HTLV-IIIRF) and mapped over two different time
periods, showed no change in culture over many months. However other isolates obtained from patients showed significant changes over an 8-month period; these isolates were prepared by Wade Parks from Miami and analyzed
by Beatrice Hahn, George Shaw, and Flossie Wong-Staal. This latter finding
may be due to progressive mutation of the virus in vivo. Although a patient
shows only one major virus type at any given time, minor variants of this
virus emerge over time. Virus types found early on may nevertheless return
at a later stage. These data can therefore not be solely explained by progressive mutation but probably by immune selection of different minor variants
of a population of a number of variants which probably entered together at
the time of infection.
Regarding vaccine, these analyses have good and bad news. The bad news,
of course, the wide heterogeneity of viruses. The good, on the other hand is
that we have not seen a patient infected with more than one strain of virus.
In patients infected with a given type we have found only variants of that
type, regardless of exposures. This may indicate that patients infected with
one strain are protected against other strains.
The nucleotide sequence heterogeneity is reflected in biological variation.
M. Popovic and S. Gartner in our group have shown that virus from the thymus is solely T4 tropic, that from the brain chiefly monocyte-macrophage
tropic, and that from blood both T4 and macrophage tropic. Eva-Marie
Fenyoe and Brigitta Anyos have reported at Wilsede their observation that
virus isolated late in a disease can be biologically significantly different from
isolates obtained earlier in the disease.
Infection with HTLV-III is associated with an increased incidence ofmalignancies, yet the sequences of the virus are not found in any of the major
tumor types (Kaposi's sarcoma, B-cell lymphomas, and certain squamous
cell carcinomas). It is therefore often assumed that these tumors develop
chiefly because of immune suppression. I would suggest that these will be
shown at least in part to involve other viruses, some of which are yet to be
discovered.
The most astonishing thing about viruses and leukemia/lymphoma I have
learned since the Wilsede meetings began some 15 years ago is the multiplicity of ways in which viruses can produce these malignancies. We know, for
instance, of insertional mutagenesis (the apparent mechanism for avian leukemia virus and probably several other gag-pol-env retroviruses), which apparently operates by L TR activation of nearby cell genes important to
growth. We also know of the infection of an one gene containing retroviruses
(only in animals and admittedly very rare). We have heard that FeLV may
regularly recombine with cat cell sequences and acquire one genes within the
life of the infected cat and reinserting these genes may result in leukemia. We
know, furthermore, that the mechanism for HTLV-I, and -II and BLV differs and involves a trans-acting mechanism; and there is evidence for some
of these viruses as well as for others influencing the development of leukemia/lymphoma by indirect mechanisms. So, in this field, you do not have
to go to California, like Hans Eidig, to find gold. I wish to thank Rolf Neth,
his family, and his friends in this region for inviting me for this lecture and
for enriching my life with the friendships made in Wilsede.
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Introduction for Harald zur Hausen
P.K. Vogt 1

Ladies and Gentlemen:
Tonight I have the pleasure to introduce the
first speaker for the Frederick Stohlman Jr.
Memorial Lectures, Harald zur Hausen.
Let me begin with some biographical
data. Harald zur Hausen attended the medical schools of Bonn, Hamburg, and Diisseldorf and received his M.D. in 1960. This was
followed by 2 years of internship and 4 years
of postdoctoral research at the Institute of
Microbiology of the University of Diisseldorf, where zur Hausen worked with Professor Kikuth. In 1966 Harald zur Hausen
went to the United States to the Children's
Hospital of Philadelphia, joining the laboratory of Werner and Gertrude Henl~. He was
appointed Assistant Professor of VIrology at
the University of Pennsylvania in 1968.
I think I am not taking excessive liberties
in stating that the training with Wer~~r a~d
Gertrude Henle was the most deCISIve m
Harald zur Hausen's research career. The
period in the Henles' laboratory formed
him. It was there that Harald zur Hausen acquired the basic tools and the broad intellectual outlook for his research. Harald zur
Hausen has carried on the tradition of the
Henles as great innovators in medical virology; through his work he has augmente?
and enriched it, becoming himself an emInent representative of this tradition.
Harald zur Hausen returned to Germany
in 1969, first going to the institute of anoth~r
ex-Philadelphian, Eberhard Wecker, m
Wiirzburg. In 1972, Harald zur Hausen ac1 Dept. of Microbiology, 2025 Zonal Avenue, Los
Angeles, California 90033, USA

cepted the offer to head an independent institute of medical virology as Professor and
Chairman at the University of Erlangen.
From 1977 to 1983 he was Professor and
Chairman of the Institute of Virology at the
University of Freiburg, and in 1983 he accepted the challenging position of Scientific
Director of the German Cancer Center at
Heidelberg.
Zur Hausen has received numerous
awards and prizes: the Richtzenhain Prize of
the University of Heidelberg, the Warner
Prize of the University of Hamburg, the
Schaudinn Medal of the German Dermatological Society, and an Honorary Doctor <:f
Science degree from the University of ChIcago. He has been visiting professor at the
university of Belo Horizonte in Brazil a~d
the universities of Brisbane and Perth m
Australia. Just 2 weeks ago, Harald zur
Hausen received one of the most prestigious
awards in cancer research, the Charles S.
Mott Prize, presented by the General Motors Cancer Research Foundation for the
most outstanding recent contribution to our
knowledge about the causes and hence to the
.
ultimate prevention of cancer.
Harald zur Hausen is a pioneer of medIcal
virology. His work concentrate? early 0!1
persistent infections with DNA vlrus~s. ThIS
focus of interest quite naturally led hIm to a
study of herpesviruses. He wa~ the firs~ to
demonstrate the DNA of Epstem-Barr VIruS
in Burkitt's lymphoma cells that do not produce the complete infectious virus. He
showed that Epstein-Barr virus DNA was
present in Burkitt tumor tissue and in the ti~
sue of another tumor, nasopharyngeal carClnoma, in multiple genome equivalents per
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cell. His observations indicate an important
role of the Epstein-Barr virus in the genesis
of Burkitt's lymphoma and of nasopharyngeal carcinoma.
Harald zur Hausen's recent work deals
with human papillomaviruses. There are numerous, distinct types of these viruses. None
of the them can be grown in tissue culture, so
their study relies heavily on molecular biology techniques. Harald zur Hausen has
demonstrated that papillomavirus sequences are present in most human genital
tumors, that there is a correlation between
the specific type of papillomavirus and the
benign or malignant nature of the tumor,
and that papillomavirus sequences are expressed in tumor tissue. All this together
strongly indicates that papillomaviruses
play an important role in the initiation and
possibly the maintenance of these human tumors.
In his work on herpesviruses Harald zur
Hausen was at the forefront of a large group
of scientists who had been drawn to this field
by the initial discovery that linked EpsteinBarr virus to Burkitt's lymphoma. The study
of papillomaviruses has gained far fewer adherents, and here Harald zur Hausen has always been and remains the prime and dominant advocate for the oncogenic importance of these viruses.
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If I mentioned only herpesviruses and papillomaviruses, I would ignore one of Harald zur Hausen's greatest accomplishments:
the current healthy state of the German
Cancer Center in Heidelberg. When Harald
zur Hausen took over as the scientific director a mere 3 years ago, that institution had
fallen on hard times. It was torn by internal
strife and dissent, and much of its research
program was widely perceived by the international scientific community as being in
need of improvement. Within a remarkably
short time Harald zur Hausen has restored
peace, lifted scientific standards, attracted
first-rate research talent, and created a modern scientific institution that has become
worthy of the national effort devoted to its
maintenance. This almost miraculous turnaround did not come about by a revolution
or by confrontations but through Harald
zur Hausen's determined, firm and persuasive leadership, his vision, his high ideals, and
his diplomatic skill. The Federal Republic
owes Harald zur Hausen its Cancer Center;
he has revived it.

Ladies and gentlemen,
I introduce to you Harald zur Hausen, distinguished scholar, accomplished leader,
and seasoned diplomat.
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Table 1 lists possible interactions of viruses
in oncogenesis and emphasizes the role of
human pathogenic viruses. The majority of
tumor viruses known today insert their genetic material into the host cell nucleus,
where it persists. The expression of at least
one viral function appears to be a prerequisite for the maintenance of the transformed
state.
An interesting difference in interactions in
oncogenesis is noted in infections by herpes
simplex viruses. Abortive infection by these
viruses modifies the host cell DNA [30, 31].
Transformation of rodent cells by these infections does not require persistence of viral
DNA, but selective DNA amplification induced by these agents may playa crucial role
in transformation [15]. Recently, it has been
noted that besides herpes simplex viruses
other members of the herpesvirus group,
such as the pseudorabies virus (B. Matz, per1

Deutsches Krebsforschungszentrum, 1m Neuen-

heimer Feld 280, 6900 Heidelberg, FRG

sonal communication) and murine cytomegaloviruses (R. Heilbronn, unpublished
data) share this property. Even a member of
the poxvirus group, vaccinia, is able to induce selective DNA amplification [32]. It remains to be seen whether this property is
consistently linked to transforming functions.
A third group of agents is represented by
viruses causing the acquired immunodeficiency syndrome (AIDS). In this condition, specific types of tumors develop as a
consequence of the depressed immune function without being directly related to the
AIDS virus infection.
The fourth rather interesting group is represented by agents suppressing oncogenicity.
This property has thus far been observed exclusively in infections with autonomous or
helper-dependent parvoviruses. Their mode
of interaction with infected host cells may
provide some clues on early events in carcinogenesis. Available evidence suggests an interference of these viruses with early events,

Table 1. Interactions of viruses with hosts and host cells in oncogenesis
Interaction

Example

Integration of the viral genome into host cell chromosomes,
or episomal persistence of viral DNA

Hepatitis B, papillomaviruses,
EBV, HTLV-I

Induction of changes analogous to chemical and physical
carcinogens without persistence of viral DNA in modified
cells

Herpes simplex virus;
cytomegalovirus (?)

Induction of immunodeficiencies; secondary development of
lymphomas and Kaposi sarcomas

HIV (AIDS)

Inhibition of oncogenesis

Parvoviruses
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Table 2. Viruses involved in human oncogenesis
Virus

Related cancer(s)

Epstein-Barr viruses

Burkitt's lymphoma; nasopharyngeal cancer;
lymphomas in immuno-suppressed individuals

Hepatitis-B virus

Primary hepatocellular carcinoma

HTLV-I

Adult T-cell leukemia

Human papillomaviruses
types 5, 8, 14, 17

Squamous cell carcinomas in patients with epidermodysplasia verruciformis

Human papillomaviruses
types 16, 18, 31, 33, 35

Cervical cancer, vulvar cancer, penile cancer,
perianal and anal cancer

Table 3. Approximate latency periods for virus-associated human cancers
Virus

Cancer

Latency period (years)

Hepatitis B

Primary hepato-cellular carcinoma

30-50

HTLV-I

T-cell leukemia

30-50

Epstein-Barr

Burkitt's lymphoma

Epstein-Barr

Nasopharyngeal cancer

HPV 5, 8,14, 17

Skin cancer in epidermodysplasia
verruciformis

HPV 16, 18, 31, 33, 35

Cervical cancer, vulvar cancer,
penile cancer, perianal and anal cancer

possibly related to initiation, in oncogenesis
[15].
The following contribution concentrates
on viruses in human tumors inserting their
genetic material within the host nucleus.
Members of four groups of viruses have thus
far been identified as playing a role in human tumors. These viruses and the respective human tumors are listed in Table 2.
The percentage of human tumors which
can be linked to these infections on a
worldwide scale is remarkably high, at present approximately 15% for both sexes [41].
In females close to 20% of all cancers can be
linked to viral infections, most notably cervical cancer, amounting to almost 16% . .In
males slightly less than 10% are virally
linked; 6.2 % represent primary hepatocellular carcinomas.
All cancers developing as a consequence
of these viral infections share some characteristics:
6

3-12
30-50
3-12
20-50

1. They are monoclonal.
2. They develop only after long latency periods (in most instances after several decades; see Table 3).
3. Only a small percentage of infected individuals eventually develop cancer.
4. Expression of the persisting viral genome
is the rule but appears to be restricted to
a specific set of genes.
Attempts to clarify the role of viruses in
human tumors will have to take into account
these observations.
During the past few years a remarkable
role of viruses of the papillomavirus group
in human cancer has become evident. Particularly human anogenital cancer (including cervical, vulvar, penile, and perianal
cancer) and specific rare forms of human
skin cancer have been linked to these infections [43]. The mechanism of cancer induction following some of these infections may
provide clues for the understanding of virus-

linked oncogenesis in man and will be discussed in more detail subsequently.
Observations made by Rigoni-Stern (published in 1842) on a vastly different incidence
of cervical cancer in prostitutes as compared
with nuns mark the first important contribution to etiological factors in human genital
cancer [27]. These studies, confirmed by
many subsequent analyses, stimulated research on the role of sexually transmitted
agents in the genesis of this neoplasia. Up to
the end of the 1960s speculations were made
concerning a possible role of gonorrhea,
syphilis, and trichomoniasis in the induction
of genital cancer, without there being any
really supportive epidemiological evidence
[28].
At the end of the 1960s a significant
change occurred: two groups almost simultaneously reported seroepidemiological data
implying an involvement of herpes simplex
virus (HSV) type-2 infections in the etiology
of cervical cancer [23, 26]. During the following 10 years a surprising number of confirmatory manuscripts were published, including experimental data on viral reactivation from tumor tissue, on the presence of a
variety of HSV -specific antigens, on viral ribonucleic acid, and (much more scarce) on
fragments of viral DNA within premalignant and malignant tissue (reviewed in zur
Hausen [40]). Since partially inactivated
HSV was also shown to induce transformation of rodent cells [9], by the end of the
1970s HSV appeared to be a strong candidate for a role in the induction of cervical
cancer.
In 1969 my group in Wiirzburg attempted
to demonstrate Epstein-Barr virus DNA in
Burkitt's lymphomas and nasopharyngeal
cancer. After succeeding in the purification
ofEBV DNA, it was readily possible to find
genomes of this herpes-group virus regularly
in Burkitt's lymphomas and nasopharyngeal
cancer biopsies by DNA-DNA or DNARNA hybridizations [42, 44]. Therefore, it
was an obvious task to use the same technology in attempts to find HSV DNA in anogenital cancer. Somewhat unexpectedly, we encountered difficulties. The analysis of a large
number of biopsies provided exclusively
negative results [45]. In early 1972 I became
convinced that HSV, if at all involved in
genital cancer, could not interact with host

cells analogous to other tumor virus systems
known at that time by leaving persisting
viral DNA with partial gene expression in
the transformed cell. Since another mode of
interaction appeared to be unlikely at this
period, and cervical cancer nevertheless remained a strong candidate for a viral etiology, during 1972 we started looking for a
role of other viruses in human genital
cancer.
There were good reasons for selecting human papillomavirus (HPV) for the subsequent study: a virus had been known since
1907 [4] to be the causative factor of human
warts. Genital warts, a particularly unpleasant infection characterized by exuberant
exophytic growth, had been shown electron
microscopically to contain viral particles
morphologically identical to those in common warts [1]. More importantly, there
existed a substantial number of anecdotal reports, published over almost a whole century, on malignant conversion of genital
warts (condylomata acuminata), usually
after long duration and therapy resistance
(reviewed in zur Hausen [37]).
Wart viruses had barely been characterized at this period: this was mainly due to the
lack of in vitro systems for viral propagation
and to a remarkable host specificity of these
viruses [29]. Studies depended entirely on the
availability of biopsy materials containing
large quantities of viral particles. Our initial
studies were performed with cRNA preparations obtained from an individual plantar
wart. The first hybridization data published
in 1974 [45] showed that many, but by far
not all, DNAs from common warts hybridized with the radioactive probe. None of the
genital warts and none of the cervical cancer
biopsies showed a positive reaction. Since
some of the genital warts analyzed contained
electron microscopically visible viral particles, this was a clearcut suggestion that,
most likely, different types ofHPV are causative agents of condylomata acuminata.
This result prompted a period of analyses of
individual virus particle-containing papillomas for a genetic heterogeneity of papillomas; this was established in 1976 [10] and led
to the identification of individual types 1
year later [12, 25].
The identification of genital papillomavirus infections turned out to be difficult
7

because oflow particle production in genital
warts. HPV 6 was identified in 1980 [11]
from a rare condyloma with a high particle
yield. Two new methodological approaches
were of major importance for the subsequent developments: the introduction of
gene cloning techniques into the papillomavirus field and the application of hybridization procedures at lowered stringency revealing the relatedness of distinct papillomavirus types, both first used in Peter Howley's laboratory [18]. The use of these
methods led to a rapid expansion of identified types ofHPVs: today 42 types have been
established, and this number will most likely
increase further.
Gerard Orth in Paris, Stephania lablonska in Warsaw, and their colleagues identified a large number of HPV types from a
rare human condition, epidermodysplasia
verruciformis [25]. This syndrome is characterized by an extensive verrucosis and a remarkably high rate of malignant conversions of specific types of papillomas at sunexposed sites. It was of particular interest to
demonstrate specific types of HPV, preferentially HPV 5, but also HPV 8 and - rarely
- others, within the carcinomas, although
patients with epidermodysplasia verruciformis commonly reveal infections with up
to 15 additional types of papillomaviruses.
Cancers in this condition therefore appear to
represent a particularly interesting example
of interactions between a specific virus infection and physical carcinogens such as the ultraviolet part of sunlight.
Returning to genital papillomavirus infections, cloning of HPV 6 DNA [6] permitted
the identification of a closely related HPV
DNA, HPV 11, in genital warts and laryngeal papillomas [13,14,22]. Applying conditions of low-stringency hybridization our
group identified two additional types of
genital papillomavirus infections, HPV 16
and HPV 18, by cloning their DNA directly
from cervical cancer biopsies [3, 7]. Subsequently, additional types have been identified, most notably HPV 31 [19] and HPV 33
[2], both somewhat related to HPV 16. The
total number of virus types found in the
genital tract to date is 14. It appears at present that HPV 6 and 11 are the most prevalent virus types in genital warts, accounting
for approximately 90% of all condylomata
8

acuminata and for about one third of all oral
papillomas. In contrast, HPV 16 and probably also HPV 18 are found at external genital sites, most commonly in very different lesions, characterized as Bowenoid papulosis
or Bowen's disease [16]. The histology reveals marked nuclear atypia and shows characteristics of a carcinoma in situ.
All four types of HPV also infect cervical
tissue. Typical papillomatous proliferations
at the cervix are rare. The most common colposcopically visible lesion is the "flat condyloma" [20].
Although ardently disputed at gynecological and cytological meetings, it is likely
that the histology of HPV 6 and 11 lesions
differs from that of HPV 16 and 18 [5]. The
former viruses induce lesions characterized
by a high degree of koilocytosis as a pathognomonic marker for this type of infection.
HPV 16 and 18 viruses appear to preferentially induce lesions with marked nuclear
atypia, a low degree of koilocytosis, or absence of visible koilocytosis. It is likely that
some of the rather confusing data on the histopathology of HPV types result from infections with more than one type of HPV.
Probably the majority of histopathologists
would not have difficulties in discriminating
a Bowenoid lesion from a koilocytotic condyloma at an external genital site. It would
be rather surprising if the same type found in
both of these lesions induced a uniform histopathological pattern at cervical sites.
Kreider and his colleagues [17] recently
demonstrated that HPV 11 infections induce
changes characteristic of koilocytotic dysplasia upon infection of human cervical tissue heterografted beneath the renal capsule
of nude mice. It is anticipated that this technique will establish the causative role of
HPVs in cervical dysplasias and therefore
point to an etiological role of these agents in
a clearly premalignant condition. Since
HPV 16 and 18 have been directly isolated
from cervical carcinoma biopsies, it is of
course important to clarify their role in this
type of cancer.
HPV 16 DNA is present in approximately
50% of biopsies from cervical, vulvar, and
penile cancer. It is also found in some perianal and anal cancers and in a small percentage of oral, tongue, laryngeal, and lung carcinomas. HPV 18 DNA has so far been de-

tected only in anogenital cancer, occurring
in about 20% of the biopsies tested. Approximately an additional 10% of these biopsies
contain HPV 33, 31, or 11 DNA, bringing
the total percentage of biopsies with identifiable HPV types to about 80%. It is likely
that the majority of additional genital tumors also contain HPV DNA of yet undefined types since bands become visible in
blot hybridizations under conditions of
lowered stringency. Therefore, it appears
justified to summarize this part by stating
that the majority of, if not all cervical, vulvar, and penile cancers contain HPV DNA.
Similar to cancer biopsies, the majority of
cervical cancer-derived cell lines tested so far
contain HPV 16 or HPV 18 DNA, among
them the well-known HeLa line [3, 34]. The
availability of these lines and of primary cervical cancer biopsies permitted an analysis
of the state of the viral DNA within the tumor cells. From the results it became evident
that cell lines contain exclusively integrated
viral DNA; in primary tumors integration is
also regularly noted, revealing a monoclonal
pattern. Some of the primary tumors contain in addition episomal viral DNA [7]. Precursor lesions, Bowenoid papulosis, and cervical dysplasias appear to contain preferentially nonintegrated viral DNA [8].
The integrational pattern reveals some
specificity on the viral side, opening the viral
ring molecules most frequently within the
E1-E2 open reading frames and thus disrupting the early region [34]. No preferential
chromosomal sites have been noted for integration [21]. One line, Caski, contains at
least 12 different integration sites in 11 distinct chromosomes.
In all cell lines analyzed thus far and in a
number of primary tumors, transcription of
the persisting HPV DNA has been noted.
Commonly, transcripts covering the E6-E7
open reading frames are present [34]. Some
of the transcripts are fused to adjacent host
cell sequences. It is not clear whether these
fusion transcripts play any functional role.
Sequencing of cDNA clones of HPV 18
transcripts in three cervical cancer lines revealed the existence of a small intron within
the E6 open reading frame [33]. The second
E6 ex on is read in a different reading frame,
resulting in a putative protein which shows
some distant relationship to epidermal

growth factor. It is interesting to note that
the same splice donor and acceptor sites also
exist in HPV 16 and 33 DNA, but are absent
in HPV 6 and 11 DNA. It remains to be seen
whether this has any functional significance.
The regularity of transcription in HPVpositive cervical cancer cells and the consistent expression of the E6-E7 open reading
frames suggest a role of this genetic activity
in the maintenance of the transformed state.
Integration of viral DNA within E1-E2 with
a likely disruption of an intragenomic regulation may represent another event important for malignant conversion. Several recent, still somewhat preliminary studies further emphasize the role of HPV expression
in the maintenance of the malignant phenotype. Stanbridge and his co-workers [35]
demonstrated that fusion of HeLa cells to
normal human fibroblasts or keratinocytes
results in a suppression of the malignant
phenotype. Loss of chromosomes from the
nontransformed donor, apparently in particular that of chromosome no. 11, leads to
a reacquisition of malignant growth upon
heterotransplantation into nude mice. Since
HeLa cells express HPV 18 RNA, it was of
obvious interest to analyze HPV 18 expression in the nonmalignant HeLa hybrids
as well as in their malignant revertants.
The data obtained thus far (E. Schwarz et
aI., in preparation) indicate that no difference in HPV 18 expression occurs in HeLa
cells, in their hybrids with normal cells, or in
malignant revertants upon cultivation of
these cells in tissue culture. Also under these
conditions, no differences are noted in clonability and growth in soft agar. Whereas
HeLa cells and malignant revertants continue to express HPV 18 DNA after transplantation into nude mice, initial experiments suggested a complete block of
HPV 18 expression in the nonmalignant hybrid lines. Although these data were difficult
to interpret due to the invasion of murine
cells into the chamber, these and more recent
studies
using
differentiation-inducing
chemicals in vitro suggest a control of HPV
expression at the transcriptional level In
nontumorigenic hybrid cells.
The interpretation of these data is
schematically outlined in Fig. 1. The data
point to an intracellular control of HPV ex9
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Fig. I. Interpretation of data on HPV 18 expression

pression by cellular genes. These genes are
most likely modified and functionally inactive in He La cells but are contributed to the
hybrids by the normal donor. Obviously,
they are not expressed in tissue culture, but
they seem to require activation by a putative
humoral factor. This occurs upon heterotransplantation to the nude mouse.
These data, if confirmed for other human
tumor cell lines, support a concept viewing
the development of human cancer as a failing host-cell control of persisting viral genes
[36-38, 41]. The model derived there from
can readily explain the frequently observed
synergism between papillomavirus infec10

tions and initiating events [40]. Initiators
should interact by modifying cellular control
functions or the binding sites recognized by
the cellular suppressing factor within the
viral genome.
Factors modifying cellular genes in the development of genital cancer are presently
poorly defined. Smoking, viral infections
with initiating properties (e.g., herpes simplex virus and cytomegalovirus), and potentially mutagenic metabolites in chronic
inflammations should be of particular risk
for cervical sites and are probably much less
active at external genital sites [40]. This
could account for the much higher risk of

cervical cancer in comparison with vulvar
and penile cancer and for a different age distribution of the latter compared with cancer
of the cervix.
The data suggest the existence of an intracellular surveillance mechanism which controls papilloma virus infections. It may have
far-reaching implications for other human
tumor virus infections as well, possibly controlled by a similar mechanism. This could
represent an ancestral defense mechanism,
preceding immunological control functions,
that protects the host at the cellular level
against potentially lethal functions of
co evolving viruses. The expression of these
viral functions in differentiating cells which
are unable to proliferate, permitting replication and maturation of the respective papillomaviruses, points to a fine tuning of hostvirus and virus-host adaptations.
Cancer as a result of a failing host-cell
control of persisting viral genes could
readily explain long latency periods between
primary infections of cancer-linked viruses
and tumor appearance. It also provides a
convenient explanation for the fact that only
a small number of infected individuals develop the respective cancer type. Since, in
addition to a persisting viral genome, modifications in both alleles of suppressing genes
are required, monoclonality of the arising
tumor can be predicted.
The concept developed here offers a new
approach to understanding the etiology of
smoking-related cancers. Increasingly, HPV
genomes have been demonstrated in some of
them [41]. If such tumors arise from a similar
interaction between persisting viral infections and smoking-related chemical carcinogens, new strategies may be developed for
the control and therapy of these common
human cancers.
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Introduction for Donald Metcalf
M. Moore 1

It is a personal pleasure to introduce my

friend and former colleague, Donald Metcalf. He is best recognized as one of the
founding fathers of modern experimental
hematology, but we should not forget his
pioneering work on the thymus. From 1956
and the decade thereafter, Don undertook a
series of elegant studies on thymic cell kinetics and was one of the first to analyze the
impact of thymectomy and thymic grafting
on lymphopoiesis. Indeed, he should be considered the first to demonstrate the effects of
thymectomy on lymphoid tissue and the autonomous control of lymphocyte proliferation within the thymus. In addition, his
analysis of leukemogenesis in AKR mice is
still considered definitive, revealing his ability to compare and contrast the cellular biology of the normal and neoplastic to gain insight into the etiology and pathogenesis of
leukemia. The same consummate skills as an
experimentalist, and the same insight and interest, were to mark his subsequent investigations into myelopoiesis and myeloid leukemia that have occupied the last two decades.
I had known and admired Don's work
during his "thymic phase," since I also began my research career on thymic development, and it was this area that led me to
move from England to Australia in 1967 to
begin what was to be a 7-year collaboration
with Don. Why, you may ask, did Don move
out of the thymus area at the very time that
it became a major preoccupation of immunologists? To understand this you must
1 Memorial Sloan-Kettering Cancer Center, 1275
York Avenue, New York, N.Y. 10021, USA
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understand the environment, the man, and
the interplay of chance and the prepared
mind. In 1965 the Nobel Laureate, Sir Macfarlane Burnet, retired as Director of the
Walter and Eliza Hall Institute for Medical
Research (WEHI), appointing as his successors his two proteges, Gus Nossal as Director and Don Metcalf as Assistant Director and Head of the Cancer Research Unit.
This was a wise decision, since Don remained relatively unburdened by administrative responsibilities, which he naturally
finds irksome, and was able to pursue his scientific interests. The "golden age of immunology" can be considered to have begun in
the mid-1960s and the Hall Institute was
very much at the forefront. Don has always
disliked the "bandwagon" concept of research, choosing instead to move in his own
directions and as much as possible into uncharted territory.
At this time, experimental hematology
was emerging from its lowly status as a descriptive morphological discipline, helped by
radioisotope labeling kinetics and the first
stem cell assay (CFU-S), as well as some
knowledge about erythropoietin and regulation of erythropoiesis. While vision and concepts are necessary to move a field, there is
a third essential, the catalyst of methodology. Hematology lacked in vitro systems for
quantitation of hematopoietic cell proliferation and differentiation, and so an important milestone was reached in 1965 when
Don, with Dr. Ray Bradley, developed a
semisolid culture technique, permitting the
clonal growth and maturation of granulocytes and macrophages, from committed
precursors in the bone marrow. This tech-

nique was subsequently modified by him
and his colleagues to permit the clonal culture of eosinophils, megakaryocytes, B-lymphocytes and multipotential cells. With the
use of these clonal culture techniques and
cell separation procedures, he and his collaborators succeeded in characterizing hematopoietic stem cells and progenitor cells.
His analysis of the growth requirements of
granulocytes and macrophages led to the
discovery of a group of specific glycoprotein
regulators, the colony stimulating factors
(CSFs). All four murine CSFs have been
purified by his group, and work by his group
and others has now led to the cloning of
cDNAs for all four murine and human
CSFs. His recent work, using bacterially
synthesized recombinant CSFs, has shown
that the CSFs' function in vivo is to control
the production and function of granulocytes, monocytes, and related blood cells. In
this era of mega buck science, it is instructive
to remember that much of the pioneering
work and the seminal observations were
made in agar cultures using tools no more
sophisticated than a microscope, a handheld
micropipette, glass slides, and orcein stain.
To the requirements of vision, technical
expertise, and powers of observation, there
must be added "Chance, Fortune, Luck,
Destiny, Fate, Providence which determine
whether you walk to the right or left of a particular tree ... " I think this is best illustrated
by recalling the circumstances surrounding
the murine myelomonocytic leukemia
WEHI-3. This tumor arose very early in a
very large experiment on mineral oil induction of plasmacytomas in BALBjc mice, being carried out by Noel Warner and myself.
Not only was this tumor unique among all
the hundreds of tumors that subsequently
developed, it was exactly the right tumor
(myelomonocytic leukemia), with the right
properties (responded to CSFs by proliferation or differentiation, produced CSFs,
cloned in agar), in the right place (Cancer
Research Unit, WEHI), at the right time
(1968-1969), when our interests were extending from the role of growth factors in
normal myelopoiesis to regulatory aberrations in myeloid leukemia.
Studies on WEHI-3 led to subsequent
studies in which human myeloid leukemic
populations were shown to remain CSF -de-

pendent for cell proliferation, but one CSF,
G-CSF, also had the property of suppressing
myeloid leukemic cells by enforced differentiation. While showing that myeloid leukemia development need not involve autocrine mechanisms, Don and his group have
recently shown that the genes for GM-CSF
and interleukin-3 (IL-3) can function as
proto-oncogenes. It is exceedingly unlikely
that WEHI-3 would have been analyzed to
the extent it was if it had developed elsewhere and one wonders without it how long
it would have taken to "discover," purify,
and clone IL-3 and G-CSF, since both
growth factors were discovered as a direct
result of the use of the WEHI-3 cell lines as
constitutive sources of IL-3 and as specific
responders to G-CSF.
Early in 1986 I had the pleasure of attending a Birthday Party Symposium at the Hall
Institute to celebrate the 21st anniversary of
the discovery of the in vitro hematopoietic
colony assay. It was very much a coming-ofage party for experimental hematology, heralding its own golden age, which Don was so
instrumental in creating. For those who attended the final party, the image of Don
Metcalf, Ray Bradley, Leo Sachs, and Bun
McCulloch, festooned with colored balloons
of varying sizes representing the cellular and
regulatory aspects of their respective contributions to hematology, was a vision better
seen than described. What was also evident
was the contribution that Don has made in
inspiring the second, and what is now the
third generation of "new wave" experimental hematologists.
Don's contributions were recognized by
his recent award of the Wellcome Prize of
the Royal Society which is, I am sure, just
the beginning of a succession of recognitions
for his pioneering role in the modern era of
hematology and leukemia research. Your
work has not only led to the discovery and
characterization of hematopoietic growth
factors, but as a former clinician (1953,
Royal Prince Alfred Hospital, Sydney), the
initiation of clinical trials with recombinant
growth factors must be a source of satisfaction to you - ("Only if they are done right,"
I hear you say). With these words, ladies and
gentlemen, it is my distinct personal pleasure
to present to you an extraordinary scientist,
Dr. Donald Metcalf.
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A. Introduction

Understanding of the abnormal nature of
cancer cells has advanced rapidly in the past
decade because of work in two apparently
separate fields - those of oncogenes and specific growth-regulatory factors. What has intrigued workers in both fields has been the
recognition that, in a number of instances,
the products of oncogenes or proto-oncogenes have been shown to be related either to
growth factors themselves or to the receptors for such growth factors. The reported
examples of this association are already numerous enough to make a chance association improbable - c-sis and PDGF [1], cerb-B and the EGF receptor [2], c-fms and
the CSF-1 receptor [3]. When this association is considered in the light of the numerous documented examples, particularly in
the leukemias and lymphomas, of non-random chromosomal translocations that involve proto-oncogenes [4], a strong case
exists for formalizing earlier notions of
cancer into a concept that neoplastic change
results from aberrant or aberrantly expressed genes that code for growth factors or
growth factor receptors.
Where this concept of cancer becomes less
than adequate is in its extension to two more
1 Cancer Research Unit, Walter and Eliza Hall
Institute, P.O. Royal Melbourne Hospital, 3050,
Victoria, Australia
* The work from the author's laboratory was supported by the Carden Fellowship Fund of the
Anti-Cancer Council of Victoria, The National
Health and Medical Research Council, Canberra
and The National Institutes of Health, Bethesda,
Grant Nos. CA-22556 and CA-25972.
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specific proposals: (a) that cancer is the
simple consequence of over-stimulation (either excessive or inappropriate persistence)
of the proliferation of the cells involved, or
(b) that this over-stimulation has an origin
within the cell itself - the autocrine hypothesis of cancer. At first sight, these extensions
seem reasonable, both on grounds of simplicity and because experimental cancers can
often be transplanted to syngeneic recipients
using a single cancer cell, with the resulting
transplanted cancer being documentable as
being derived from the transplanted cell.
There are three types of evidence indicating that these more extreme views of cancer
formation are likely to be naive and incorrect:
1. Neoplastic change is not simply a question of stimulation of cell division but depends on incorrect responses to proliferative stimulation with the occurrence of an
abnormally high proportion of self-replicative versus differentiative divisions.
Rapid cell division in excess of that
shown by any cancer population is exhibited by many normal tissues. Rates of
cell division are therefore not the key feature distinguishing the behavior of normal from neoplastic cells, the latter depending on intrinsic defects in the qualitative nature of the daughter cells being
produced. At the very least, therefore, the
concept of cancer, whether initiated by
proto-oncogenes or by some other mechanism, requires the existence of a crucial
heritable abnormality in the genetic programming of the cell that determines its
abnormal pattern of response to proliferative signals.

2. For many growth factors it is known that
multiple tissues produce the factor in
question, and the ability or otherwise of
the first emerging cancer cell to produce
the same factor is likely to be a trivial influence in determining the concentration
of the factor impinging on the receptors
of the cell.
3. Many, perhaps all growth factors have
actions on responding cells that are not
simply proliferative in nature. Some of
these effects are indeed quite opposed to
extended cell division, e.g. the induction
of differentiation commitment, and this
complex situation can in fact result in
cancer cell suppression by a growth factor. This again indicates that the critical
abnormality in cancer cell lies in its response pattern to signalling rather than
to the signal itself.
Because information on the molecular
control of hemopoietic cells is now quite extensive, the complex issues involved in the
development of leukemia are at present better recognized than those for other cancers.
These questions will therefore be reviewed in
the special context of the development of
myeloid leukemia.
Both normal and leukemic granulocytemacrophage precursor cells can be grown
clonally in vitro, and the specific regulatory
molecules controlling these events are well
characterized [5]. In the case of murine myeloid leukemia cells, individual colonies
grown in vitro can be shown to be able to induce transplanted leukemia in recipients,
and by this means the clonogenic cells can be
shown to be stem cells of the leukemic population. We can be somewhat confident,
therefore, that our knowledge of the behavior of murine clonogenic myeloid leukemic
cells in vitro does encompass the factors
likely to have controlled the emergence of
the first leukemic cells in vivo. The situation
is less favorable for human myeloid leukemic cells, because in chronic myeloid leukemia and in some cases of acute myeloid
leukemia the originating leukemic cell lies in
the multipotential stem cell compartment of
the hemopoietic population. Information on
the mechanisms controlling the behavior of
hemopoietic stem cells is much less complete, as these involve - in part at least - con-

trol by stromal cells, and the nature of these
control systems has been documented only
in qualitative but not yet in molecular terms.
Studies on human myeloid leukemic cells
that have entered the granulocyte-monocyte
lineage and are clonogenic in vitro have been
extensive and can be discussed at the molecular level but it must be kept in mind that for
many human myeloid leukemias, there remains an important black box that prevents
us from being certain regarding the controls
operating during the emergence of the first
c1onogenic leukemic cell in the stem cell
compartment.

B. Control of Normal
Granulocyte-Macrophage Populations

Analysis of the factors controlling the proliferation of murine granulocyte-macrophage popUlations has shown that the glycoprotein colony-stimulating factors (CSFs)
are the only known molecules in biological
materials that are able by direct action to
stimulate cell proliferation in these populations. Four such murine CSFs have been
identified, purified and sequenced, and
cDNAs for three have been isolated and expressed in mammalian and bacterial expression systems (Table 1). Several features
of these CSFs have become evident: (a) All
are glycoproteins, but the extensive carbohydrate portion of each molecule seems not
to be needed for the biological actions of the
molecule on responding cells either in vitro
or in vivo. (b) Three are monomers with
mandatory disulfide bridges, while one (MCSF) is a dimer, also with some form ofnecessary disulfide bridging. (c) No sequence
homology exists between the CSFs or between the CSFs and known oncogene products or growth factors for other tissues. (d)
Each CSF has a corresponding specific
membrane receptor, one of which (for MCSF) is, or is closely related to, the c-fms
proto-oncogene product [3]. (e) Responding
granulocyte-macrophage progenitor cells simultaneously co-express receptors for more
than one CSF and cross-down modulation
of these receptors can occur following the
occupancy of one type of receptor by its specific CSF [13].
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Table 1. The granulocyte-macrophage colony-stimulating factors

Species

Type

Alternative
acronyms

Approximate
mol. wt.a

cDNAs cloned

Mouse

OM-CSF
O-CSF

MOl-10M
MOl-10

23000
25000

M-CSF
Multi-CSF

CSF-1, MOl-1M
lL-3, PSF

2300~28000

Yes [6]
Yes (S. Nagata, personal
communication)
?
Yes [7, 8]

OM-CSF

CSFO(
Pluripoietin
CSF f3
Pluripoietin
CSF-1

22000

Yes [9]

19000

Yes [10, 11]

45000

Yes [12]

Man

O-CSF
M-CSF

3500~70000

0(

a Observed molecular weights of purified native CSFs vary according to degree of glycosylation.

To date, only three corresponding human
CSFs have been identified, so others may
well exist. The three known human CSFs
have also been purified and sequenced and
cDNAs isolated and expressed. Significant
sequence homology exists between corresponding murine and human CSFs. Despite
this, there is not necessarily species crossreactivity. For example, human and murine
GM-CSFs do not cross-stimulate cells from
the other species, whereas the G-CSFs are
fully cross-reactive [14].
Two of the functional activities of the
CSFs have particular relevance for leukemogenesis: (a) the CSF's are mandatory for all
cell divisions in granulocyte-macrophage
precursor cells, the concentration determining the length of the cell cycle, and (b) the
CSFs can irreversibly induce differentiation
commitment in granulocyte-macrophage
progenitors, a process requiring the presence
of the committing CSF for one to three cell
divisions and being asymmetrical in pattern
[15].

c. Responsiveness of Myeloid
Leukemia Cells to CSFs
Murine myeloid leukemic cells from primary
tumors or recently isolated cell lines display
a similar dependency on CSF for proliferation to that of normal cells, although on
continued culture in vitro, such cell lines
eventually lose most or all of their CSF dependency.
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Conversely, CSFs can inhibit the proliferation of leukemic cells. In one extensively
studied murine myeloid leukemia (WEHI3B D+) the commitment action of the CSFs
was demonstrated to have profound effects
on the behavior of the leukemic population.
Culture of these cells in vitro in the presence
of M -CSF (or multi-CSF) did not influence
their pattern of differentiation or proliferation [16]. However, culture in the presence
of purified GM-CSF or G-CSF led to the
production of differentiating granulocytic
and monocytic cells [17, 18]. Of the latter
two, the action of G-CSF was by far the
more striking, and culture for two to six
cycles in the presence of G-CSF led to suppression of stem cell self-generation, with
complete extinction of these leukemic cell
populations in vitro and demonstrable loss
of leukemogenicity on transplantation [19,
16]. Single-cell analysis of this process indicated that the irreversible commitment process closely resembled the commitment action of the CSFs on normal granulocytemacrophage progenitors [20]. A differentiation-unresponsive subline of WEHI-3B
cells (D- cells) was shown to be unresponsive because of failure to express membrane
receptors for G-CSF [21], although other abnormalities could have co-existed in such
cells, preventing their responsiveness.
It is of interest that even with responsive
but autonomously growing WEHI-3H D+
cells, culture in the presence of G-CSF did
result in initial growth stimulation of the leukemic cells [20], suppression of the popula-

tion commencing only following the induction of significant levels of differentiation
commitment. Thus, even in this otherwise
optimal system for demonstrating CSF-induced suppression, the opposing actions of
the CSFs were clearly evident.
This work with WEHI-3B cells has been
criticized as dealing only with a single cell
line and therefore possibly not being of general relevance for other myeloid leukemias.
However, in current experiments a similar
differentiation induction has been observed
with other murine myeloid or myelomonocytic leukemias, suggesting that the effects of
G-CSF are not restricted to this one model
system.
D. Role of CSFs in Leukemia Induction
Three sets of observations have recently
been reported on the question of whether
autocrine production of CSF by emerging
leukemic cells is necessary for leukemic
transformation.
Two groups have noted that when continuous hemopoietic cell lines that are not leukemogenic by transplantation tests subsequently acquire the ability to produce
transplanted leukemias, this is associated
with the production of detectable amounts
of CSF [22, 23]. The possibility raised by
these observations is that autocrine production of CSF, by providing an internal, nonregulatable source of the appropriate
growth factor, is the final step in the multistage leukemogenic process.
A somewhat similar conclusion can be
reached from experiments in which cells of
the non-leukemic FD-CP1 cell line were

transformed to leukemogenic cells by the insertion of a retroviral construct containing
GM-CSF cDNA [24]. The resulting constitutive production of GM-CSF on which the
FD cells are dependent for survival and proliferation was the only obvious effect of the
experimental procedure that resulted in leukemic transformation.
A quite different conclusion was reached
from studies in which continuous hemopoietic cell lines were transformed to autonomous, leukemogenic cells by infection with
the Abelson virus [25, 26]. In this case, no
transcription of mRNA for either GM-CSF
or multi-CSF was detected, nor was there
detectable synthesis of either CSF or the occurrence of abnormal expression of membrane receptors for either CSF. It is evident
from these latter experiments that leukemogenic transformation does not of necessity
require either the autocrine production of
growth factors or the expression of abnormal numbers of growth factor receptors.
Although FD-CP1 cells are non-leukemic
and absolutely CSF dependent, they are
highly abnormal, being immortalized, incapable of differentiation, possessing eight
metacentric marker chromosomes, and exhibiting a very high capacity (greater than
90%) for clonogenic self-renewal. The high
self-renewal capacity of FD-CP1 cells
(Table 2) despite their inability to produce
transplanted tumors suggests that high selfrenewal is necessary, but not in itself sufficient, for a cell to behave as a leukemic cell.
Because of their properties, FD-CP1 cells
could quite properly be regarded as already
having passed through one or more preleukemic changes, so none of the above observations really addresses in totality the ques-

Table 2. Self-generation by clonogenic FD-CP 1 cells compared with self-generation by leukemic
FD-CPl cells transformed by GM-CSF cDNA
Colony
type

No. of
colonies recloned

Mean no.
of cells per colony

Mean no.
of clonogenic cells
per colony

Percent of
clonogenic
cells

FD-CPl
GMV FD 1.
2.

20
10
10

3630
1770
4380

3220±2680
2080± 980
3220±1000

89
118
74

FD-CPl colony formation was stimulated by purified recombinant GM-CSF; GMV FD colony
formation was unstimulated. Colonies were recloned after 6 days of culture.
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tion of what transforms a normal into a leukemic cell.
Granted their abnormal state, the question remains as to what final step was required for the transformation of FD-CP1
cells into leukemic cells. One proposal that
would resolve the apparent contradiction
arising from these leukemogenicity studies is
that the Abelson virus product may be able
to activate the terminal stages of the signalling cascade induced by binding of CSF to
its receptor. This would bypass the necessity
of involving CSF, yet result in a common sequence of end-stage changes. There is in fact
evidence that when the CSFs act on responding normal granulocyte-macrophage
cells, marked changes can occur in transcription rates of known proto-oncogenes [27; C.
Willman, personal communication], so it is
not improbable that the dysregulated expression of a viral oncogene could result in
activation of signalling pathways normally
involved in CSF -initiated signalling. If these
common pathways are indeed of significance, then the role of CSF as a mandatory
proliferative stimulus for both normal and
emerging leukemic cells acquires extra significance in the leukemogenic process.
Despite these emerging links, it is necessary to repeat that the crucial abnormality
required for an emerging leukemic cell is its
abnormal response pattern to such signalling, and when this is considered in the light
of the clonal nature of the resulting leukemia
it is still necessary to propose that other heritable abnormalities must exist in the responding cell that determine its abnormal
response pattern to the signalling cascade,
whether CSF induced or oncogene initiated.
What the G-CSF experiments discussed earlier indicate, however, is that for at least
some myeloid leukemias, the abnormal gene
programming in the cells is able to be corrected or reversed by G-CSF action.
Do the experiments in which CSF in a
retroviral construct induces leukemia indicate that the CSF genes can be added to the
list of proto-oncogenes? The answer is probably affirmative, since the evidence is of a
similar nature to that establishing a number
of other genes as proto-oncogenes [28].
An intriguing story is emerging concerning the chromosomal location of the CSF
genes in human cells; it has obvious parallels
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with the involvement of c-myc in Burkitt's
lymphoma and c-abl in chronic myeloid leukemia. The genes for GM-CSF, M-CSF and
the M-CSF receptor have all been localized
in a tight cluster on the 5q chromosome at
the site of the breakpoint in the 5q deletion
syndrome [29, 30). In its simplest clinical
form, this syndrome involves the dominant
clonal proliferation of a granulocyte, monocyte and erythroid population resulting in
refractory anemia with excess blast cells,
typically in elderly women, and sometimes
classified as smouldering leukemia. In association with other chromosomal abnormalities, the 5q deletion is also a characteristic feature of secondary acute myeloid leukemias occurring following chemotherapy.
The deleted portion of the 5q chromosome
appears not to be translocated to another
chromosome, and it remains to be determined how such a deletion might result in
the evolution of a CSF-responsive dominant
clone.

E. Other Biological Agents Suppressing
Myeloid Leukemia

While the CSFs are the only known proliferative agents fOT granulocyte-macrophage
cells, it is important to recognize that CSFs
are not the only biological agents able to induce differentiation in myeloid leukemia
cells with subsequent loss of leukemogenicity. Extensive studies have documented the
presence in various conditioned media of
differentiation-inducing factors (DF, DIF
or MGI-2) that do not appear to be proliferative agents but are able to induce similar
suppressive effects to G-CSF on a variety of
murine and human leukemic cell lines, the
most extensively studied being the murine
M1 model [31-33]. In vivo evidence indicates that production of the murine factor
can be T-cell-dependent [34], unlike the situation with G-CSF, and biochemical purification studies have indicated that DF is separable and distinct from G-CSF [33, 35]. Injection of crude material containing MGI-2
inhibited the growth of transplanted myeloid leukemic cells in SL and SJL/J mice [36],
and it will be of interest to determine the
structure and actions of this factor in vivo

when cDNA clones and recombinant material can be obtained. Certainly, if DF or related factors lack proliferative effects on responding leukemic cells but exhibit strong
differentiating effects, such factors would be
quite clearly superior to the CSFs as antileukemic agents.
It is quite conceivable that the production
of molecules such as DF (MGI-2) could be
elicited within a cell in response to CSF signalling and account for the observed differentiation occurring in both normal and leukemic cells following exposure to G-CSF
[37, 38]. Any explanation of the differentiation-inducing action of CSFs on leukemic
cells requires the production of some type of
signalling molecule to mediate the observed
effects, and such a molecule would need to
achieve an irreversible alteration in the genome of the cell, since the effects are known
to be irreversible following CSF removal.
What seems improbable is that the DF
would need to be secreted by the responding
cells and to activate the cells by binding to
membrane receptors. This proposal encounters the same types of difficulties as the
autocrine hypothesis of leukemia with respect to the CSFs, namely that DF and the
CSFs are also produced by other tissues.
Significant actions of these molecules might
be achieved by remaining within the cell producing them, but the minute amounts secreted by individual leukemic cells are unlikely to be of significance in the context of
cells residing in fluid containing the same
molecules produced by vastly more numerous cells in other tissues. It is also improbable that secreted DF could be responsible
for the differentiation that can be induced by
G-CSF in cultures of a single normal cell or
leukemic cell in i-ml volumes, since it is unlikely that anyone cell could synthesize sufficiently high concentrations to achieve any
significant binding to membrane receptors.
Thus, even though differentiating normal
and some leukemic cells have been shown to
generate DF or comparable material able to
induce differentiation in other leukemic cells
[37, 39], the single-cell experiments suggest
that if these molecules are critical in differentiation induction, they are likely to act
while still within the responding cell and
could equally well be regarded as mediator
molecules of CSF-induced events.

F. Human Myeloid Leukemia
Turning to the situation with human myeloid leukemia, the most striking observation
has been that the clonogenic proliferation in
vitro of cells from most patients with both
chronic and acute myeloid leukemia is absolutely dependent on stimulation by extrinsically added CSF or by CSF produced by
other cells in the culture [15]. More recently,
some examples of apparently autonomous
growth by acute myeloid leukemia cells have
been encountered (C. G. Begley, D. Metcalf,
N. A. Nicola: unpublished data), but these
are a minority of cases and the CSF dependency of these cells earlier in their evolution
cannot be determined. For the large majority of primary human leukemias, therefore,
the clonogenic GM cells exhibit no capacity
for autonomous proliferation in dispersed
suspension cultures, a situation which appears to effectively eliminate an autocrine
basis for their neoplastic behavior. The differentiating cells (monocytes) in many populations of CML, AMML and AMonoL have
a clear capacity to produce CSF, but this capacity is no higher than that of corresponding normal cells and it occurs in vivo in the
context of widespread tissue production of
significant concentrations of CSF [40].
From the viewpoint of leukemia development, the above in vitro data would indicate
that the CSFs must playa mandatory role in
myeloid leukemia development in most patients since the leukemia clone is CSF dependent. However, based on the general comments made earlier, CSF stimulation cannot
be the sole leukemogenic event, since this
fails to account for the clonal nature of the
disease or for the abnormal pattern of selfgeneration following CSF stimulation.
These latter two facts require the presence of
intrinsic abnormalities in the initiating cell,
quite possibly involving the signalling events
following CSF stimulation.
Different AML popUlations vary in their
pattern of expression of CSF receptors and
in their quantitative responsiveness to CSF
stimulation. However, in neither case is the
variation in these phenotypic characteristics
outside the wide range observable in normal
progenitors, and such differences between
myeloid leukemic populations can be expected since each is clonally derived from a
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heterogeneous popUlation. For the two human CSFs (GM-CSF and G-CSF) with proliferative effects on human cells the responsiveness of individual AML populations is
quite similar, and there has been no evidence
that a particular AML population might be
uniquely responsive to only a single CSF. To
date, leukemic popUlations from all patients
examined with acute and chronic myeloid
leukemia have exhibited G-CSF receptors
and no examples of the WEHI-3B D- situation have been encountered [14].
Suppression of clonogenic self-renewal in
cultures of primary human myeloid leukemia has been difficult to monitor since the
clones in conventional CSF-stimulated cultures uniformly lack clonogenic cells. This
may indicate an extremely strong commitment action ofthe CSFs, or it may merely indicate that the clonogenic cells grown in
such cultures are already committed and
have lost their self-generative capacity.
Studies using an alternate culture system for
AML blast cells do indicate a capacity for
self-generation by clonogenic cells [41].
While this process remains CSF dependent,
the regulation of the behavior of true leukemic stem cells in AML popUlations has
not yet been fully characterized [42].
Established human leukemic cell lines can
be subjected to the same types of study outlined above for WEHI-3B cells. Like the
mouse cell lines, the human HL60 cell line
has now become autonomous with respect
to dependency on extrinsic CSF, but it remains capable of chemically induced differentiation [43] and can therefore be used to
determine the ability of human CSFs also to
induce differentiation commitment.

The behavior of HL60 cells in clonal culture appears to have been variable in different laboratories, either because of subclone
differences or because the fetal calf serum
used in such cultures seems to have an influence on the observed effects. Culture in the
presence of either GM-CSF or G-CSF does
not induce obvious morphological differentiation in these cells but does lead to expression on the membranes of lineage-specific markers associated with maturing cells
[44; C. G. Begley, D. Metcalf, N. A. Nicola:
unpublished data]. Of more importance,
both GM-CSF and G-CSF have an ability
to suppress clonogenic self-renewal as assessed by recloning of treated HL60 cells
(Table 3). This raises the interesting possibility that suppression of self-renewal need not
be accompanied by morphological differentiation and that use of the latter criterion
may lead to a serious underestimation of the
ability of the CSFs to induce differentiation.
Given that the proliferation of human
myeloid leukemic cells is usually CSF dependent but that the CSFs can exhibit a capacity
to extinguish such a population by differentiation commitment, a dilemma is presented in assessing whether their use would
represent a useful procedure in the treatment
of myeloid leukemia. Use of the CSFs to accelerate the regeneration of surviving normal clones during remission presents less of
a problem unless significant numbers of clonogenic leukemic cells persist during such a
renussIOn.
These questions have some immediacy,
since mass-produced recombinant human
GM-CSF and G-CSF will shortly be avail-

Table 3. Action of GM-CSF and G-CSF on differentiation and clonogenic content of HL60 cells
Incubated
with

CSF
Total
concencells
(x 10- 5 )
tration
(Units/ml)

0
GM-CSF 400
G-CSF 150

66.0
23.6
38.1

Total
clonogenic
cells
(x 10- 5 )

Percent of cells
Blasts

Promyelocytes

Myelocytes

Metamyelocytes

Monocytes

56.2
4.1
5.4

2.5
0.5
1.5

94.0
95.5
96.5

3.0
4.0
1.0

0
0
0

0.5
0
1.0

Cells cultured for 2 weeks in the presence of purified recombinant human GM-CSF or purified crossreacting murine G-CSF (C. G. Begley, D. Metcalf, N. A. Nicola, unpublished data).

22

able for clinical trials. On the balance of
existing evidence, G-CSF may have a better
prospect of being a useful antileukemic
agent, but such trials will need to be undertaken with circumspection and careful monitoring ofleukemic cell levels prior to and following the administration of this agent. The
results with clinical trials of conventional cytotoxic agents have emphasized the complexities involved in the accurate assessment
of patients with a heterogeneous clinical
course and, as a consequence, the need for
collaborative studies following an agreed
clinical protocol. It can only be hoped that
clinical trials on the CSFs will benefit from
the experience with the introduction of interferons and will be carried out from the outset with meticulous attention to objective assessment of the effects induced by the
CSFs.
G. Summary

Most primary myeloid leukemias are dependent for proliferative stimulation on the glycoprotein colony-stimulating factors. These
agents are therefore mandatory co-factors in
the development of myeloid leukemia. The
CSFs also modify oncogene transcription,
and in model leukemogenesis experiments
GM-CSF has been shown to be a proto-oncogene. However, most evidence is against
an autocrine hypothesis of myeloid leukemia
based solely on CSF production by emerging leukemic cells. Because the CSFs also
have differentiation commitment actions,
they can induce differentiation in myeloid
leukemic cells, and G-CSF in particular has
an impressive capacity to suppress myeloid
leukemic populations by this action. The antagonistic actions of the CSFs on myeloid
leukemic cells make it difficult to predict
whether they will prove to be useful agents in
the management of myeloid leukemias.
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Through the years considerable advances
have been made, and have been highly publicized in developing curative regimens for
acute lymphocytic leukemia. For most large
series the probability of a long-term continuous complete remission exceeds 0.5. Equally
well publicized have been the less dramatic,
but steady advances in the management of
adult nonlymphocytic acute leukemias
where long-term survivals are reported in
10%-30% of cases, depending both on the
rigorousness of treatment and the constraints of eligibility to the study. Surprisingly, relatively little attention has been afforded the good news in the treatment of
acute myelocytic leukemias occurring in pediatric patients during this same period.
Clearly a child with AML has a harder
row to hoe than does his counterpart with
ALL. At the same time a few single-institution studies have achieved strikingly good
results with these patients (Weinstein,
Leventhal) using aggressive chemotherapy,
and a not incoI\siderable proportion of the
successes of allogeneic bone marrow trans-

plantation have depended upon HLAmatched siblings of this younger age group.
However, only recently have large controlled trials been conducted and analyzed
which employed intensive chemotherapy in
childhood AML. The studies presented by
Creutzig and her coworkers within the Berlin-Frankfurt-Miinster group are notable
examples of the signal advances in pediatric
patient management and the outstanding
contributions made by West German clinical investigators during the past decad~.
All students of leukemia have been inspired by the early studies of the treatment
of childhood ALL, conducted by pathologists, internists, and even pediatricians in
those happy times when an ecumenical spirit
of achievement held sway. Today we continue to turn to advanced studies in childhood
cancers for those leads which may be used in
hematological malignancies of all age
groups.
F or these several reasons the poster presentation by Creutzig et al. was chosen not
only "best of class" but "best of show."

1 Roswell Park Memorial Institute, Medical Oncology, 666 elm Street, Buffalo, New York 14263,
USA

Edward Henderson
T.A. Lister, K.A. McCreche
The poster awards selection committee
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Treatment Results in Childhood AML, with Special Reference
to the German Studies BFM-78 and BFM-83*
U. Creutzig 1, J. Ritter 1, M. Budde 2, H. Jurgens 3, H. Riehm 2, and G. Schellong 1

A. Introduction

The number of children with acute myelogenous leukemia (AML) who achieve remission and the number of long-term survivors have increased in the last 10 years owing to intensified chemotherapy and better
supportive care. This report reviews nine pediatric studies, particularly the German
AML studies BFM-78 and BFM-83.
A total of 294 children with AML under
17 years of age entered the AML studies
BFM-78 (n=151) and BFM-83 (n = 143)
between December 1978 and January 1986.
The second study is still open for patient entry. The treatment in the first study consisted of a seven-drug regimen over a period
of 8-10 weeks, together with prophylactic
cranial irradiation, and was followed by
maintenance therapy with 6-thioguanine
and cytosine arabinoside (Ara-C) for 2 years
and additional Adriamycin during the 1st
year [1]. In the BFM-83 study an 8-day induction with Ara-C, daunorubicin, and VP16 precedes the BFM-78 protocol.
The initial patient data of the two studies
are in general comparable - age: median 9.11
and 9.3 years; sex: boys 54% and 52%;
WBC: median (x 10 3/~l) 24.0 and 28.5; initial CNS involvement: 9% and 7%, respectively. Extramedullary organ involvement
(excluding liver and spleen enlargement) was
seen more often in the BFM-83 study (32%);

* Supported by the Bundesminister fur Forschung und Technologie, FRO.
U niversiHits-Kinderklinik Munster 1, Hannover 2,
and Diisseldorf 3 , FRO.
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it accounted for only 18% of patients in the
BFM-78 study. But the involvement of
bone, orbits, and kidney (7% in the BFM-83
study) was not evaluated in the BFM-78
study. The distribution of the F AB subtypes
[2] shows a higher proportion of the F AB
M5 type (28%) in the BFM-83 study (only
21 % in BFM-78). In both studies the myeloblastic subtypes M1 and M2 account for
20%-24% of patients, whereas the M3 and
the M6 subtypes were rarely seen
(2%-4%).
The overall results are presented in
Table 1. In the BFM-78 study, 54 relapses (8
with CNS involvement) occurred after a median follow-up time of 5.3 years (range 3.37.0 years). The life table estimations for an
event-free survival (EFS, total group) and
an event-free interval (EFI, remission
group) after 7.0 years are 38% (SD 4%) and
47% (SD 5%), respectively (Fig. 1). In the
BFM-83 study, 25 relapses occurred (4 with
CNS involvement) after a median follow-up
of 1.8 years (range 0.2-3.0 years). The life
table estimations are EFS 48% (SD 5%) and
EFI 62% (SD 6%) (Fig. 1).
Risk factor analysis shows that hyperleukocytosis (WBC~ 100 x 103/~1) is the main
risk factor for early hemorrhage and/or leukostasis (p < 0.001, X 2 test), for nonresponse
(p<0.05, X 2 test), and also for relapse (p=
0.08, log rank test). In addition, in the
monocytic subtypes M4 and M5, extramedullary organ involvement was a risk factor for early hemorrhage and/or leukostasis
(p<0.001) and also for relapse (p=0.07, log
rank test). The M1 subtype has the best
prognosis: EFS 55% (SD 7%) and EFI 66%
(SD 7%) after 7 years.

Table 1. Results of the AML sttidies BFM-78 and BFM-83, January
1986
BFM-78

BMF-83

Patients
Death before onset of therapy

151
2

143
9

Death during induction
Hemorrhagefleukostasis
Other complications
Partialfnonresponder
Complete remission achieved
Death in remission
Withdrawals (BMT)
Relapses (with CNS involvement)
In continuous complete remission
Alive

12
5
13
119 (80%)
6
5 (2)
54 (8)
54
66

7
2
21
104 (78%)
4
6 (6)
25 (4)
69
88

38 (SD 4)
47 (SD 5)

48 (SD 5)
62 (SD 6)

Event free survival (%)a
Event free interval (%)a

BMT, bone marrow transplantation.
Kaplan-Meier estimated after 7.0 years in BMF-78 and 3.1 years in
BFM-83.
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Fig. 1. Probability of event-free interval in AML
studies BFM-78, and BFM-83. /, patients in CCR
(all patients ofBFM-78 study, last patient entered

the BFM-83 study group). CCR, continuous complete remission

B. Discussion

Eight recent pediatric chemotherapy protocols with high remission rates and good results are presented in Table 2, together with
one bone marrow transplantation (BMT)
trial. Even though the induction/consolidation regimens with two to seven drugs differ
considerably, they all include one of the anthracyclines and Ara-C. Vincristine and

In most pediatric trials starting before 1976,
the median duration of complete remission
was short -less than 12 months; after 3 or 4
years, life table estimation for EFI was
about 30% and for survival 20% in the best
studies [3].
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Table 2. Design and results of nine AML trials in patients < 20 years of age

Study
institute

Start
of trial

Induction/
consolidation

CNS prophylaxis

VAPA
1976
80-035 (4) 1980

VAPA 1-7, 1-5
DA 3+7, 2+5

Ara-C i. tho

St. Jude's
(5)

D, V, AZA, A x 2-5
DA 3+7, 2+5

1976
1980

UK-MRC 1982
(6)

DAT 3+10x2

Norway
(7)

1981

DAT (modified)

BFM (1)

1978

V, P, A, A, T, CTX
(8 weeks)

BFM

1983

ADE8+3+3
followed by 8 weeks
induction/consolidation

Seattle (8) 1978

MTX i. tho

Cranial
irradiation
(18 Gy)
MTX i. tho
Cranial
irradiation
(18 Gy)
Ara-C i. tho

Intensification/maintenance

No.
No.
patients in CR

EFP
No.
No.
relapses CNS re- %
lapses

12 months, intensive sequential
chemotherapy

61
64

45 (74%)
45 (70%)

22
20

8
3

48,
40/5 years

30 months maintenance
12 months intensive sequential
chemotherapy (or BMT)

95
87

68 (72%)
65 (75%)
(15)

50
33
( 7)

6
5

29"
35-3 years
(53)/

melphalan
MAZE/ DAT/MAZE/HD-Ara-C
'(BMT)

66

60 (91 %)

HD-Ara-C 2-4 courses
+ retinol

12

35"
/2.5 years
(70)

(15)
12

1

70-3 years

24 months A, A, T

149

119 (80%)

54

8

47-7 years

24 months A, A, T

134

104 (78%)

25

4

62-3 years

BMT

23

7

70-6 years

V, vincristine; P, prednisone; A, Ara-C (in VAPA and BFM, second A= Adriamycin); AZA, azauridine; D, daunorubicin; MTX, methotrexate;
T, thioguanine; MAZE, amsacrine, AZA, etoposide; CTX, cyclophosphamide; E, etoposide; BMT, bone marrow transplantation.
a Event-free interval, Kaplan-Maier estimation.

prednisone were also administered in the
VAPA [4] and BFM [1] studies: The first St.
Jude's study [5] combined Ara-C with 6-azauridine. In consolidation of the BFM studies, cyclophosphamide was given at least
twice.
In most studies, remission was induced by
relatively short and intensive therapy with a
seven-pIus-three regimen (Ara-C plus daunorubicin), with or without thioguanine,
which induced a complete myelosuppression
and was followed by a therapy pause of approximately 3 weeks. In contrast, the BFM78 study used a prolonged induction/consolidation regimen for 8 weeks, which also
caused severe bone marrow hypoplasia, but
in most cases the necessary therapy pauses
were short.
A new strategy in intensive post-remission
therapy - called intensification - was initiated with the VAPA-10 protocol [4] and is
now part of most of the new studies presented in Table 2. Lie et al. [7] reported excellent results with high-dose Ara-C as postremission therapy in a small group of children. The results of BMT, which is another
way of intensification in remission, are very
encouraging, especially in young patients [8].
In conclusion, new therapy strategies including intensive induction regimens together with consolidation and intensification or intensive maintenance with noncross-resistant drugs will improve the treatment results in childhood AML and increase
the proportion of patients in long-term remission to 50%. The low incidence of CNS
relapses in the BFM studies indicates that
prophylactic CNS treatment early in remission can prevent CNS disease, and the increasing number of long-term survivors emphasizes the need for effective prevention of
CNS relapse in pediatric patients. It still remains to be seen whether prophylactic cranial irradiation together with intrathecal
methotrexate or Ara-C is necessary or
whether systemic treatment with Ara-C infusion or especially HD-Ara-C would produce an effective liquor level.
Although some results favor BMT, this
therapy is currently limited to patients with
HLA-compatible donors, and the long-term
effects are unknown. Prospective comparisons ofBMT with chemotherapy intensification or maintenance are necessary.
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The Treatment of Acute Myelogenous Leukemia
R. Bassan, A.Z.S. Rohatiner, W. Gregory, J. Amess, R. Biruls, M.J. Barnett, and T.A.
Lister

A. Introduction
It has recently been suggested that it is pos-

sible to cure at least 25% of younger adults
who have acute myelogenous leukaemia [1].
The results achieved at St. Bartholomew's
Hospital, London, demonstrate this and
may be used to illustrate the still outstanding
problems.
B. Patients and Methods

One hundred and eighty-five consecutive,
previously untreated patients, aged 15-59
years, commenced short-term chemotherapy between 1978 and 1986, some as part of
three sequential open studies and some in a
randomised clinical trial. The majority
(106), who received BX therapy comprising
an intended six cycles of adriamycin (25 mg/
m 2 days 1,2, and 3), cytosine arabinoside by
Lv. bolus (100 mg/m 2 twice daily) and 6thioguanine orally (200 mg daily), each of
the last two for 7 days, form the basis of this
analysis. The intercycle (day 1-day 1) time
was proposed to be 21 days but ranged from
18 to 66 days, depending on the clinical state
of the patient and the morphological appearance of the bone marrow.
Patients were cared for in an open ward.
Bowel decontamination was attempted with
non-absorbable antibiotics; fever was assumed to be due to bacterial infection and
was treated with appropriate antibiotic comICRF Department of Medical Oncology, St. Bartholomew's Hospital, London, England

binations, and prophylactic platelet transfusions were given to maintain the platelet
count above 20 x 10 9 /1.

c.

Results

Complete remission was achieved in 64 of
106 patients; the reasons for failure are
shown in Table 1. Of these 64, 34 patients
continue in unmaintained complete remission with a median follow-up of 1 year
(four proceeded to allogenic or syngeneic
bone marrow transplantation, and have
been "censured" since that time). Thirtyseven others are alive, five in second or subsequent complete remission. All deaths were
attributable to leukaemia (at presentation or
relapse) or its therapy (Fig. 1). Multivariate
analysis demonstrated that the only factor
to correlate either with prolonged freedom
from leukaemia or with survival was the interval between cycles 1 and 2. The other factors considered were:
- Age
- F AB classification
- Blast count
- Serum albumin

Table 1. Responses to BX therapy among 106
patients
Complete remission
Resistant leukaemia
Supportive-care failure
Other cause
Total

64 (60%)
11
30
1
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Fig. 1. Overall survival (OS) and duration of remission (DOR) in patients aged 15-59 years

-

Hepatosplenomegaly
Total no. of treatment cycles
Cycles of treatment to achieve CR
Cycles of consolidation after CR

There was no correlation between the
number of cycles of therapy received
(beyond a minimum of three) and duration
of remission.
D. Discussion
These results clearly demonstrate that cure is
possible for at least 25% of younger patients
with acute myelogenous leukaemia. They
identify failure to eradicate leukaemia as by
far the greatest problem, 11 patients having
died of resistant disease and 30 having had
a recurrence within 3 years. Previous results
from St. Bartholomew's Hospital suggest
that the likelihood of many recurrences after
the 3-year point is small, although it does
exist. It may be inferred that further attention must be given to very early treatment if
the results are to be improved, and that prolonging therapy is unlikely to have a major
effect. It may even be possible to reduce the
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duration of treatment and obtain equally
good results, provided the intensity is maintained. Whether or not improvements will
be achieved by increasing the number of
drugs, altering the scheduling, or incorporating either allogeneic or autologous
transplantation remains to be demonstrated.
It is probable, regardless of which approach is investigated, that prospective analyses of patient variables, particularly in cytogenetics, may identify those patients for
whom the current strategy already carries a
high probability of success, those for whom
an alternative must be found if cure is to be
achieved, and those who, no matter what the
nature of the bone marrow defect, cannot
tolerate the treatment and for whom it
should not be prescribed.
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Long-Term Follow-up After Therapy Cessation
in Childhood Acute Lymphoblastic Leukemia
R. Rokicka-Milewska, D. Derulska, J. Armata, W. Balwierz, J. Boguslawska-Jaworska,
R. Cyklis, B. Duczmal, D. Michalewska, T. Newecka, M. Ochocka, U. Radwanska,
B. Rodziewicz, and D. Sonta-Jakimczuk

A. Introduction
The duration of complete remission (CR)
after cessation of treatment is regarded as
the only criterion of cure in ALL patients.
Most authors agree that patients with stable
remission 4 years after termination of therapy can be regarded as cured. Relapses after
4 years are extremely rare [1-5].
B. Patients and Methods
The subject of the present analysis was a
group of children with ALL in whom complete remission had persisted for over 4 years
after therapy cessation. The follow-up ended
on Dec. 31, 1984.
Among 1230 children with ALL treated
by the Polish Children's LeukemiaJLymDept. of Pediatric Oncology and Hemorrhagic
Diatheses, Institute of Pediatrics, Medical Academy, Warsaw

phoma Study Group, treatment was withdrawn for 371 after long-standing CR. For
111 children from this group CR persisted
for more than 4 years after therapy withdrawal. This group consisted of 62 boys and
49 girls. The age of the children at the time
of ALL diagnosis ranged from 6 months to
15 years. At the time of diagnosis risk factors
were found in 53 of the 111 children.
Treatment methods varied, depending on
the time of the diagnosis and the therapy
routinely used at that time [6, 7]. Treatment
was stopped for 103 children during the first
long CR. Eight children had extramedullary
relapses before the therapy was stopped. In
two patients relapses involved the testes,
while six had CNS relapses.

c.

Results

When therapy methods were intensified the
percentage of children achieving long-term
remission increased. It rose from 2.1 % at the

Table 1. Methods of treatment for ALL in children
Methods of therapy

Number of
patients

Patients with over
4 years' remission
after therapy
cessation
Number

Zuelzer's
Varied, gradually intensified
Intensive chemotherapy + irradiation
Total

522
349
359
1230

11
21
79
111

Percent

2,1
6

22

37

time of monotherapy to 22 % when polychemotherapy with CNS irradiation was introduced (Table 1).
In the group of 111 children remaining in
remission for over 4 years after treatment
cessation, the period of follow-up measured
from the time of diagnosis ranged from 6 to
26 years. The follow-up from the moment of
treatment cessation varied from 4 to 18 years
(Fig. 1).
In only one case, 54 months after treatment had been stopped, was testicular infiltration observed. The other 110 children are
disease-free long-term survivors.
Height retardation was recognized in only
two children. The long-living ALL patients
lead normal lives. The children of school age
are continuing their education. The adults
are either working or still studying. Twenty
children had learning difficulties connected
with mathematical thinking or memory retention.
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In a majority ofthe patients no permanent
internal organ damage has been noticed. In
one case hepatic cirrhosis was discovered
and in another schizophrenia.
Menstruation in all the women is normal.
Seven persons, three male and four female,
have healthy children who were born between 3 and 16 years after termination of
ALL treatment.
We observed no secondary neoplasm in
any case.

D. Conclusions

1. Intensive polychemotherapy combined
with CNS irradiation resulted in a considerable increase in the percentage of
cured ALL patients.
2. Long-lasting remission after treatment
cessation was possible, not only in children in the first remission but also in
those who suffered an extramedullary
ALL relapse.
3. Risk factors lose their prognostic value in
long-lasting survival for female patients
but not for male patients .
4. Patients with ALL who underwent long
treatment had no visible deviations in
physical development and no permanent
internal organ lesions.
5. ALL patients are able to have progeny
and lead normal lives.
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grant from the Governmental Program for
Cancer Control.
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Progress in Treatment of Advanced Non-Hodgkin's Lymphoma
in Children - Report on Behalf of the Polish Children's Leukemial
Lymphoma Study Group
J. Boguslawska-Jaworska, B. Rodziewicz, B. Kazanowska, J. Armata, R. Cyklis, P.
Daszkiewicz, A. Dluzniewska, M. Matysiak, M. Ochocka, U. Radwanska, R. RokickaMilewska, M. Sroczynska, Z. Wojcik, and I. Zmudzka
vous system (CNS) or bone marrow (BM)
involvement and B-cell histology remained
unsatisfactory [2]. Therefore, between 1983
and 1986 two other therapy modalities,
COAMP [1] and the Murphy [3] protocols
were applied for children with nonlocalized
NHL.

A. Introduction

It is well known that children with nonHodgkin's lymphoma (NHL) are highly curable by modern treatment schedules [3]. As
has been reported, with the LSA 2 L 2 protocol the Polish Children's Leukemia/Lymphoma Study Group was able to cure about
90% of NHL children in stages I and II [2].
However, the outcome of disseminated
NHL, particularly with initial central ner-

B. Material and Methods
Two hundred and four children with highly
malignant NHL entered this multicenter
study. The Kiel histologic classification
scheme was used. The clinical staging was
done according to the criteria of Murphy et

Departments of Pediatric Hematology and Medical Schools ofWroclaw, Krakow, Poznan, Warszawa, and Zabrze, Poland
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al. [3]. The therapy protocols are outlined in
Figs. 1-3.
C. Results
The comparison of actuarially estimated
event-free survival rates in children with
stages III or IV treated according to the
three different regimens and the influence of
40

primary tumor location and B cell immunology on the outcome of treatment are shown
in Figs. 4-8.
A comparison of the effects of the three
therapy modalities in nonlocalized disease
indicates that the most promising results are
achieved with the COAMP program in stage
III, including NHL with a mainly abdominal location and B-cell histology. It is evident, however, that the treatment results in
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children with initial eNS or BM involvement remain highly unsatisfactory with all
the protocols used.
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Strategies for the Future Chemotherapy
of Human Immunodeficiency Virus (HIV)
S. Broder 1

Acquired immune deficiency syndrome
(AIDS) is caused by the third known human
T-Iymphotropic virus [1, 2]. One designation
for the virus is HIV. In order to develop
therapeutic strategies for the treatment of
AIDS and related disorders, one must first
consider the life cycle of the etiologic agent.
As we review this life cycle, we will touch
upon certain stages of particular interest for
the development of new therapies. HIV (also
called HTLV-III, LAV and AR V) belongs
to the family of RNA viruses known as
retroviruses [3-6] which must replicate
through a DNA intermediate (i.e., at one
step in their cycle of replication, genetic information flows from RNA and DNA, a reverse or "retro" direction).
The first step in infection of a cell by HIV
is the binding to the target cell receptor. In
the case of helper-inducer cells, this receptor
is thought to be on or near the CD4 antigen
[7-9], but other receptors may possibly be
used by HIV in infecting different cell types.
This binding step may be vulnerable to attack by antibodies either to the virus or to
the receptor, and one can speculate that in
the future, certain defined substances could
be designed to occupy the receptor and accomplish the same thing.
It is conceivable that an experimental
agent could alter the properties of the viral
surface itself (e.g., by altering the lipid composition), and this might be one mechanism
by which a new lipid agent could act [10]. It
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is known that there is some variation in the
surface envelope from one viral isolate to another [1]. The range of possible alterations in
the envelope binding site is, however, most
likely limited by the need to bind to CD4
(which is relatively constant), and antibody
directed against this site would probably
bind to (and neutralize) most strains of
HIV.
Thus, monoclonal antibodies to HIV may
have a therapeutic role in patients with
AIDS or related diseases. A potential difficulty of this approach, however, is that
virally infected cells could make infectious
cell-to-cell contacts. In this regard, the recognition that macrophages can harbor the
virus and can infect T cells through cell-tocell contacts makes it important to include
assays of infectivity that test this route of
transmission in testing new agents in vitro. It
is also worth testing whether antibodies can
gain access to relevant epitopes under such
circumstances. Also, it has been shown that
AIDS can occur in the face of neutralizing
antibodies to HIV. Whether this occurs because the titers of such antibodies are low is
a topic for ongoing research [11, 12]. After
binding to a cell, HIV enters the target cell
by a poorly defined mechanism, perhaps by
a fusion process. It is conceivable that drugs
which block this step could be developed.
After it enters a target cell, the virus loses
its envelope coat and RNA is released into
the cytoplasm. (Pharmacologic agents which
block this "uncoating" might be developed
in future strategies for the experimental
treatment of AIDS.) HIV uses a lysine
transfer RNA as a primer and its special
DNA polymerase, i.e., the reverse transcrip43

tase (RT), to copy itself, employing the viral
RNA as a template. The viral DNA polymerase is encoded in a genetic region denoted as the pol gene. Eventually, the genetic
information encoded by the virus as a single
strand of RNA is transcribed into a doublestranded DNA form. RT is the enzyme that
characterizes the entire family of retroviruses. Because of its unique role in retroviral replication and because a great deal is
known about it [13], R T is a high-priority
target for antiviral therapy, and, as noted
below, a number of drugs which inhibit RT
have been shown to block infection of cells
with HIV in vitro. Recently we have been
particularly intrigued by the capacity of oligonucleotides (which are linked by phosphorothioate esters) to inhibit retroviral replication, perhaps by serving as competitive
inhibitors of primer for reverse transcription
(Matsukura et aI., unpublished).
The DNA copy of the virus is circularized
soon after its formation, and it can either remain in an unintegrated form or become integrated into the host cell genome. It is not
known whether the circularized form of the
virus is biologically important. It is possible
that chemicals could be developed to interfere with the viral "integrase" (thought to be
a function of the pol segment) which mediates this integration step.
At some later time, perhaps after activation of the infected cell, the DNA is transcribed to messenger RNA using host RNA
polymerases, and this RNA is then translated to form viral proteins, again using the
biochemical apparatus of the host cell. However, within any given cell, the retrovirus
could either remain latent (perhaps for the
life of the cell) or begin another cycle of replication, sometimes in response to T-cell activating stimuli. It has recently been shown
that HIV has a transcriptional and/or translational activating gene which makes a product (called the tat-III protein) that markedly
enhances the production of viral proteins.
All of the known pathogenic human retroviruses have special transcriptional or translational activating (tat) genes; but there are
significant differences [1, 14-18], and certain
ideas about these tat genes are still evolvmg.
The tat-III protein is thought to increase
both translation of the viral RNA and its
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transcription, although this point requires
further research. It is also thought to provide the virus with a positive-feedback loop
in infected cells in which a viral product can
in turn increase production of new virions.
One of the hallmarks of HIV is its capacity
to replicate within and destroy target T cells.
This capacity seems to require a functional
tat-III gene, although it is likely that genes
outside the tat-III region will also be found
to playa role in the cytopathic effect.
The tat-III protein is small (86 amino
acids), with a cluster of positively charged
amino acids, and it is thought the tat-III
gene product influences the translation of
other proteins by binding to critical regulatory sequences at the 5' -end of messenger
RNA. It is possible that drugs or other
agents may be found which inhibit either the
tat-III product itself, a crucial nucleic acid
binding site for this protein, or both.
Recently, Sodroski et al. have provided
data for the existence of a seventh gene in the
genome of HI V [19]. The data suggest that a
product of this gene provides a second posttranscriptional kind of trans-regulatory
function for the efficient synthesis of HIV
gag and env, but not tat-III proteins. The
segment of DNA required for this novel second trans function partly overlaps the tat-III
and env genes in an alternate reading frame.
It is apparent that this new gene could also
be an important target for new therapies.
It is conceivable that a class of agents
which interfere with the structure and function of ret roviraI messenger RNA in infected
cells could have a role in AIDS. One drug,
ribavirin, is believed to act as a guanosine
analogue that interferes with the 5' -capping
of viral messenger RNA in other viral systems, and perhaps this activity could be useful in retrovirally induced disorders [19, 20].
To date, ribavirin has not been shown to exert an in vivo effect against the AIDS virus.
One novel approach that may conceivably
inhibit the translation (or transcription) of
viral products would be the use of "antisense" oligodeoxynucleotides. Basically,
these could be short sequences of DNA (or
DNA which is chemically modified to enable
better cell penetration and resistance to enzymatic degradation) whose base pairs are
complementary to a vital segment of the
viral genome [21-25]; by binding to this seg-

ment, such oligonucleotides could theoretically block expression of the viral genome
through a kind of hybridization arrest or
possibly by interfering with the binding of a
regulatory protein such as tat-III or the second trans-regulatory gene already discussed,
or with both. In principle, it might be possible to achieve the same goal by constructing
an "anti-sense" virus (i.e., a retrovirus which
has been genetically engineered to produce a
stretch of messenger RNA that will bind to
the messenger made by the wild-type virus).
The final stages in the replicative cycle of
HIV involve the secondary processing of
viral proteins by cleavage and glycosylation,
assembly of the virus, and finally viral budding. Interferons may act to interfere with
this stage of HIV replication. Other strategies for interfering with retroviral proteases
and glycosylation could be explored in the
future experimental treatment of AIDS.
While we have focused the discussion on
how to suppress HIV, it might be worth noting that the virus could theoretically set off
a chain of secondary events in vivo (autoimmune reaction, toxic lymphokine production, etc.) that is necessary for the expression
of clinical disease. However, we will not be
able in this article to discuss strategies for intervening against potential secondary
events.
I would now like to turn to a discussion of
a broad family of 2', 3' -dideoxynucleoside
analogues that can be potent inhibitors of
the RT ofHIV. From one perspective, these
are certainly not new chemicals, and in several cases pioneering studies have been accomplished over the past 20 years or so [2632]. However, their application as potential
antiretroviral chemotherapeutic agents in
human beings will require an expansion of
how these agents might have previously been
categorized. It is worth stressing that work
with animal viruses often fails to provide a
good model for how these drugs act against
human viruses. Moreover, these drugs illustrate the need to combine virologic, immunologic, and pharmacologic perspectives in
AIDS drug development. They are of special
interest because they underscore the fact
that a simple chemical modification of the
sugar moiety can predictably convert a normal substrate for nucleic acid synthesis into
a potent compound with the capacity to in-

hi bit the replication and cytopathic effect of
HIV, at least in vitro.
Certain relationships between the structure and activity of these nucleoside analogues have been explored in previous work
[33]. It can be shown that a simple reduction
(removal of the hydroxyl group) at the 3'carbon of the sugar can convert a normal
nucleoside into a potent agent against HIV
in this system. A further reduction at the 5'carbon, creating 2',3',5' -trideoxynucleoside,
nullifies the antiretroviral effect. However,
not all dideoxynucleosides have an antiretroviral effect, and a putative effect needs
to be established on a case by case basis.
The National Institutes of Health,
through the Developmental Therapeutics
Program of the National Cancer Institute, is
developing 2',3'-dideoxycytidine and 2',3'dideoxyadenosine as possible experimental
agents for HIV infections. Interestingly,
deoxycytidine kinase can phosphorylate
both drugs. The dideoxycytidine derivative
is farthest along in its preclinical development, and preliminary studies in mice and
dogs suggest that it will prove to have good
oral bioavailability and to be comparatively
nontoxic (Grieshaber, unpublished observations). This drug is now in phase I clinical
trials. The dose-limiting toxicity appears to
be a peripheral neuropathy, in the phase I
study.
While there are several issues related to
the antiviral effects of dideoxynucleosides
which are as yet not resolved, it would appear that as 2',3' -dideoxynucleosides are
successively phosphorylated inside a target
cell to yield 2' ,3'-dideoxynucleoside-5-triphosphates, they become analogues of the
2'-deoxynucleosides that are the natural substrates for cellular DNA polymerase and
viral DNA polymerase (RT). It is important
to stress that the crucial phosphorylation
reactions are catalyzed by host cellular kinases; the retrovirus does not provide these
enzymes and, therefore, it (unlike herpes versus certain antiviral drugs) cannot adopt a
simple strategy of mutating a kinase gene to
develop drug resistance, although drug resistance (e.g., a mutation in the viral DNA
polymerase) must always be among the reasons why an experimental agent could fail.
Similar considerations apply to 3'-azido-3'deoxythymidine (AZT) [34], a compound
45

which we will discuss in more detail below.
In this context, the lack of activity against
HIV that was observed using 2',3',5'trideoxyadenosine probably related to the
unavailability of the 5'-site to undergo phosphorylation. It is also worth noting that
cells with different histologic or species
origins may show different profiles of phosphorylating activity. Therefore, in testing
these drugs in animals it is important to
determine such phosphorylating profiles in
advance.
We are now focusing our research efforts
on various 2',3' -dideoxynucleosides. There
are data to suggest that the DNA polymerase (RT) of HIV is much more susceptible to
the inhibitory effects of these drugs as triphosphates than is mammalian DNA polymerase alpha (Mitsuya and Broder, unpublished work), an enzyme which has key
DNA synthesis and repair functions in the
life of a cell. This parallels what has been
learned in animal retroviral systems (see discussion in [33]). One explanation for the activity of these drugs is that following anabolism to nucleotides (triphosphates), they
bring about a selective chain termination as
the RNA form of the virus attempts to make
DNA copies of itself, because normaI5'~3'
phosphodiester linkages cannot be completed. Thus, one model for the activity of
these compounds is that the viral DNA polymerase is more easily fooled into accepting
the dideoxynucleotide than is the mammalian enzyme counterpart, or that the viral
DNA polymerase has less capacity to repair
the incorporation of the false nucleotide, or
both.
We have found that with the sugar in a
2' ,3'-dideoxy configuration, almost every
purine and pyrimidine tested suppresses
HIV replication in vitro; however, dideoxythymidine had substantially less activity
than the others [33]. This represents a drastic
departure from what we had expected on the
basis 'of observations in certain animal retroviral systems with this drug, and is another
warning that one cannot extrapolate from
animal models in developing drugs against
pathogenic human retroviruses. Interestingly, the substitution of an azido group at
the 3'-carbon of the sugar in place of a hydrogen (AZT) significantly restored the antiviral effect of the 2' ,3'-dideoxythymidine
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against HIV [35]. This azido substitution
yields AZT.
In the remaining portion of this article, I
would like to summarize some of our preliminary clinical observations made when using
AZT in patients with AIDS and related disorders [35]. This drug is an interesting compound that was synthesized over 20 years
ago [27] and shown by Ostertag et aI. more
than 12 years ago [34] to inhibit C-type murine retrovirus replication in vitro; however,
no application of the agent was found for the
practice of medicine. It was recently developed as an experimental agent against HIV
in a clinical collaboration between the Clinical Oncology Program of the National
Cancer Institute, and Duke University. The
drug is manufactured by the BurroughsWellcome company under the tradename
Retrovir™. It was found to have in vitro activity against HIV as part of the Clinical Oncology Program's screening effort in February 1985, after it had been shown to have potent in vitro activity in a murine retroviral
system at the Wellcome Research Laboratories. At that time, it had not been used as a
drug in human beings. We gave the first patient the drug as part of a phase I AIDS therapy protocol in July 1985, at the Clinical
Center of the National Institutes of
Health [36].
Initially, the patients received AZT intravenously. It was subsequently shown that
the drug was well absorbed when given
orally (60% bioavailability), and each patient was then switched to receive oral AZT
after an initial 2-week administration of
AZT intravenously. Pharmacokinetic studies showed that peak levels of 1.5-2 /lM were
attained following a 1-h infusion of 1 mg/kg
or oral administration of 2 mg/kg, and that
the drug has a half-life of approximately 1 h.
Increased doses of the drug yielded proportionally increased peak levels; for example,
5 mg/kg given intravenously over 1 h
yielded a peak level of 6-10 /lM and a concentration of 0.6 /lM 4 h after the start ofthe
infusion. In addition, sampling of the cerebral spinal fluid (CSF) showed penetration
of AZT; CSF levels have ranged from 15%
to > 100% of simultaneously measured
plasma levels ([36], and Klecker et aI., unpublished observation). The excellent capacity of this drug to cross the blood-brain bar-

rier is a noteworthy feature, given the propensity of HI V to replicate within the central
nervous system [37].
More than twenty-five patients have so
far been studied in this phase I trial. This was
an escalating-dose trial, and patients received 3, 7.5, 15, 30, or 45 mg/kg per day intravenously for 2 weeks, followed by twice
that dose given orally for 4 weeks. The first
four-dose regimens have previously been described [36]. For the first two-dose
schedules, the drug was administered three
times a day, and for the last three-dose
schedules, it was divided into six doses
spaced 4 h apart. This scheduling modification was made because of the relatively
short half-life of AZT. Bone marrow suppression was observed in half the patients
on the two highest doses, suggesting that
these doses might not be suitable for prolonged therapy in most patients; however,
this issue is still under study. Even at lower
doses, certain side effects (especially anemia)
occurred under conditions of long-term
administration, and this will be discussed
later.
While the primary purpose of this phase I
study was to determine whether AZT could
be tolerated over 6 weeks in patients with
AIDS or AIDS-related complex, the results
might indicate in addition that at least partial immunologic and/or clinical responses
occurred in some of the patients during this
short-term administration. In particular, a
majority of the patients had increases in the
absolute number of circulating helper-inducer T-Iymphocytes, 6 of the 16 patients
who were anergic at entry developed positive
skin tests while on AZT, and the one patient
who was serially studied had the restoration
of an in vitro cytotoxic response to influenza
virus-infected autologous cells. (This test requires an intact collaboration between
helper cells and cytotoxic cells, and is almost
always depressed in patients with AIDS). At
least some immunologic improvement
seemed to occur in patients receiving 7.5 or
15 mg/kg per day intravenously (followed
by twice that dose given orally), and in fact,
each of the 11 patients at these doses had an
increase in their absolute number of helperinducer (CD4+) cells (p <0.001). At the
highest dose tested (45 mg/kg on day IV),
the data suggest that drug-induced bone

marrow toxicity represented a significant
side effect (Yarchoan and Broder, unpublished observations). However, some patients with fulminant AIDS have bone suppression even before experimental therapy is
initiated. One must keep open the possibility
that patients with early HIV infections will
tolerate drugs better than patients with advanced disease.
In addition to the partial immunologic reconstitution observed in these patients, some
short-term clinical improvement may have
been seen in some. Two patients who had
chronic nail-plate fungal infections at entry
experienced clearing of these infections without specific antifungal therapy. In addition,
1 patient who had debilitating aphthous stomatitis before therapy had healing of the lesions, a majority of patients had weight
gains of 2 kg or greater (not explainable by
fluid retention and associated with an increase in appetite), and 6 patients noted that
their fevers stopped or that they had an improved sense of well-being. One patient had
lower extremity weakness and dysesthesia
accompanied by electromyelogram abnormalities which were attributed to HIV infection. After receiving AZT, his symptoms resolved, and a repeat electromyelogram was
normal. Finally, one patient with an expressive aphasia and one patient with severe impairment of cognitive functions improved
on AZT therapy. It is worth emphasizing
that phase I studies by definition do not have
a special control arm, and in the absence of
a control arm (see discussion later in this
presentation), no definitive conclusions can
be drawn from these results. This is because
AIDS is an inherently variable disease, and
for certain parameters (e.g., weight gain), it
is virtually impossible to rule out the power
of a placebo effect.
Four of the patients developed non-lifethreatening infections (localized herpes
zoster, sinusitis, pneumonia, and Pneumocystis carinii pneumonia, respectively) during the 6-week period of the initial protocol;
each of these infections responded to appropriate therapy. The patient with Pneumocystis carinii pneumonia developed clinical evidence of infection 5 days after starting on the
highest dose of AZT, and it is likely that this
infection was present even before he started
on therapy.
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In spite of the possible clinical and immunologic improvements, HIV could be identified in several of the patients on the lower
dose regimens by using the technique of phytohemagglutinin-stimulated
lymphocyte
culture to detect the virus. At the higher
doses (e.g., ~ 30 mg/kg per day intravenously followed by > 60 mg/kg per day
orally), however, the virus was generally not
detected in the patients on therapy, in whom
such an evaluation could be made, thus suggesting that a virustatic effect might have
been attained with high-dose AZT.
One of the fundamental problems of clinical research involving HIV is that a reliable
and quantitative assay for viral load is still
not available. Most of the techniques in use
were designed to detect and isolate HIV in
experiments where the object was to find
virus, however little there might be. At the
beginning of such research, it was a technical
breakthrough just to identify and propagate
the retrovirus on a wide scale [38, 39]; quantifying the amount of virus present in vivo
was never a primary goal. The current techniques usually depend on detecting R T or a
structural protein of the virus in cultures of
peripheral blood lymphocytes that have
been activated by a polyclonal T-cell mitogen. It is difficult to distinguish de novo
activation of viral replication in vitro (i.e.,
unmasking a previously latent state) from a
previously established chain of viral replication which had been underway in the patient
and is permitted to continue in tissue culture. Physicians should take these factors
into consideration as they evaluate reports
summarizing HIV -related treatment protocols, and it is especially important to recognize the pitfalls of relying on viral cultures
alone as an end point. More recent techniques such as measuring p24 expression in
the circulating plasma might be very useful.
The earliest patients entered on this trial
were taken off AZT for about 1 month and
then restarted on the drug. As more experience was gained, patients who were enrolled
into the later phases of the study were sometimes continued on the drug after the initial
6-week course of treatment, and in several
cases an escalating-dose regimen was used.
At the National Cancer Institute, we are currently following 12 patients on extended
AZT therapy. While it is too early to draw
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conclusions, preliminary results suggest that
in patients with fulminant AIDS the number
of helper-inducer T cells may reach a plateau
after 6 weeks of therapy using the current regimens, and in some patients (particularly at
higher doses), the number of helper-inducer
T cells may show a decline. Such patients appear to remain at some risk for developing
opportunistic infections. Seven of the patients being followed have Kaposi's sarcoma; of these, one has had a complete remission of his Kaposi's sarcoma, and three
have had some clearing of their lesions
(Yarchoan and Broder, unpublished observations). Interestingly, the patient with complete clearing had worsening of his lesions
during the early part of the AZT regimen but
had clearing starting in the 8th week of experimental therapy. At this time, we cannot
say whether these changes are due to the
antiviral effects of the drug or to an unanticipated antitumor effect. At the least, it would
appear from the preliminary results that if
one is following a response to an antiviral
drug by monitoring the Kaposi's sarcoma lesions as an end point in patients with HIV
infection, one should be prepared to wait at
least 3 months before making a definitive assessment about a response.
Thus, experimental treatment with AZT
was associated with objective responses of
the Kaposi's sarcoma in certain patients on
a short-term basis. However, the number of
helper-inducer lymphocytes reached a
plateau after an initial rise and often fell in
patients whose daily dose was escalated. At
the same time, as doses were increased, some
patients developed megaloblastic changes in
their bone marrows (not explainable by folate or vitamin B12 deficiencies which do, in
fact, occur in this patient population), accompanied by falls in the total white blood
cell counts. Some patients develop red-cell
hypoplasia on long-term treatment. (Interestingly, in our studies, AZT seemed to spare
platelets, and, indeed, some patients seemed
to have significant increases in platelet
counts. Therefore, perhaps patients with idiopathic thrombocytopenic purpura in the
setting of HIV infection would be particularly interesting to study with this drug.)
Recent data suggest that certain changes
in bone marrow function, including the late
depression of white blood cells, are related

to a drug-induced depletion of normal pyrimidine pools. We have recently shown that
T cells exposed to high concentrations of
AZT in vitro have decreased levels of thymidine triphosphate, and AZT-induced pyrimidine starvation, due in part to an inhibition of thymidylate kinase, may be one factor responsible for this late toxicity (Balzarini et ai., unpublished results). Therefore,
one of the important challenges for future
clinical investigation will be to develop approaches that minimize this depletion of
normal pyrimidines, which if successful,
might permit long-term administration
without unacceptable toxicity. In patients
known not to have other explanations such
as folate or vitamin B12 deficiencies, it may
also be possible to monitor the increase in
the mean corpuscular volume of circulating
red blood cells (a peripheral reflection of the
megaloblastic changes in the bone marrow,
which in turn appears to be a function of pyrimidine starvation) as an index of impending drug toxicity (Yarchoan and Broder, unpublished observations).
We are currently trying to explore regimens which take the above observations
into consideration. In collaboration with the
Wellcome Research Laboratories, we are exploring how to clinically modify hepatic glucuronidation since this is a major route of
AZT elimination, particularly when the
drug is given orally. (It is interesting to note
that in preclinical testing, dideoxycytidine,
the nucleoside analogue discussed earlier, is
excreted into the urine essentially unchanged.) We are also planning regimens
which might be able to test combinations of
antiviral modalities in the future. An alternating regimen of AZT and dideoxycytidine
may offer several pharmacologic advantages, and preliminary results are encouragmg.
These initial results with AZT suggest that
this drug can be administered with potentially interesting effects in patients in a
short-term regimen. A randomized, doubleblind/placebo-controlled trial of orally administered AZT was recently conducted.
This was a multi-center study that involved
approximately 280 patients. Roughly equal
numbers of patients received drug and
placebo. The study was initiated (using the
pharmacokinetic and dosing data observed

in our phase I study) in February of 1986,
and patients were accrued over a four month
period of time. By September of 1986, there
were 19 deaths in the placebo arm and one
death in the drug arm. There were a number
of immunologic and clinical parameters that
provided additional data that patients were
deriving at least a short-term benefit from
the administration of AZT, and accordingly
on September 19, 1986, an independent
data-safety monitoring board recommended
that patients in the placebo arm begin to receive drug. AZT has now been approved as
a prescription drug for the therapy of certain
patients with AIDS and its related disorders
in the United States and in several European
countries.
More recent studies (Yarchoan and
Broder, unpublished) suggest that AZT may
have the capacity to at least temporarily reverse some of the dementias that are associated with AIDS. From a clinical point of
view, some of the neurologic improvements
may sometimes be more evident than other
features of AZT therapy. From one point of
view, the capacity of the drug to improve the
neurologic function of certain patients is unexpected and should be the topic of continued basic and clinical research.
AZT is certainly not a final answer, and in
some patients the drug may exhibit prominent bone-marrow suppressive effects. Nevertheless, the studies involving AZT have
confirmed in a general way the hypothesis
that an antiretroviral intervention can provide a clinical benefit to patients suffering
from pathogenic retroviral infections, even
in advanced disease.
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Intra-arterial Cis-platinum in Osteosarcoma
C.H. Carrasco, C. Charnsangavej, W.J. Richli, and S. Wallace

Conventional radiography continues to be
the most important imaging modality in the
initial diagnosis and assessment of skeletal
neoplasms. However, this technique is
usually inadequate to determine the local extent of the tumor, particularly in malignancies. Angiography also fails to define accurately the local extent of most skeletal
neoplasms. Computed tomography, however, demonstrates the intramedullary and
extraosseous extent of skeletal neoplasms
much more accurately and is currently the
modality most frequently used for this purpose.
The use of angiography in skeletal
neoplasms is now almost completely limited
to those that are managed with intra-arterial
therapy, either infusion chemotherapy or
embolization, including osteosarcomas,
nonresectable giant cell tumors, and metastases. Angiography is employed to define
the vascular anatomy for optimal catheter
placement and also to assess the therapeutic
response, including detection of residual or
recurrent tumor. In addition, demonstration
of abnormal vascularity is employed in the
planning of the biopsy with some
neoplasms.

duction in at least a small focus. These tumors vary in their biological behavior from
the relative indolence of the parosteal osteosarcoma to the extreme aggressiveness of
the telangiectatic type. The etiology of osteosarcoma is unknown; however, Paget's
disease, radiation, and osteogenesis imperfecta are known precursors in some instances. Osteosarcoma is the most frequent
primary malignant neoplasm of bone after
myeloma, and its peak incidence is in the second decade of life. Males are more frequently affected than females.
The site of predilection for osteosarcoma
is the metaphyseal portion of the long bones,
with the distal femur, the proximal tibia, and
the proximal humerus accounting for the
majority of the cases. Conventional radiographs usually suggest the diagnosis, but the
relative nonspecificity of the radiographic
signs makes a tissue diagnosis mandatory
prior to the initiation of therapy. Osteosarcoma may be completely lytic or predominantly sclerotic, but it usually exhibits a
combination of these features. The hallmark
of the roentgenologic diagnosis of osteosarcoma is given by mineralized tumor osteoid
matrix, which characteristically presents as
nests of cloud-like to ivory-like density.

A. Osteosarcoma
Osteosarcoma comprises a variety of
neoplasms capable of osteoid matrix pro1515 Holcombe BLVD., Department of Diagnostic Radiology, The University of Texas M.D.
Anderson Hospital and Tumor Institute at Houston, Houston, Texas 77030 USA. Phone (713)
792-8295
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B. Therapy
For many years, radical surgery was the
principal mode of therapy for primary osteosarcoma and yielded an overall survival
rate of approximately 20% [1]. Radiologic
evidence of pulmonary metastases was seen
at a median of 8.5 months following po-

tentially curative surgery [2, 3], and patients
usually died within 6 months after detection
of pulmonary metastases.
The fatal outcome of most osteosarcoma
patients following surgery led to the use of
radiation therapy for local control [4-6] in
an effort to spare patients likely to develop
pulmonary metastases from unnecessary
mutilation. Preoperative radiation therapy
was also employed with the hope of changing tumor cell viability and to prevent implantation of cells dislodged during surgery.
However, this approach yielded survival
rates comparable to those achieved by surgery alone [1], so radiation therapy was discarded as a primary treatment modality.
Subsequently, various chemotherapeutic
agents were shown to be active against established metastases and the primary tumor,
resulting in prolongation of survival. The
fact that osteosarcoma is microscopically
disseminated at the time of diagnosis in the
vast majority of patients, as evidenced by the
rapid onset of clinically evident pulmonary
metastases soon after amputation, has led to
the administration of adjuvant chemotherapy following surgery [7, 8].
Advances achieved with chemotherapy
led to the search for alternative methods to
treat the primary tumor short of amputation, the most significant of which has been
limb salvage [9-11]. Preoperative chemotherapy was initially used to control the primary tumor while awaiting the production
of a customized endoprosthesis for limb salvage surgery [12]. Subsequently, preoperative chemotherapy was employed with the
intent to treat the primary tumor and identify an effective chemotherapeutic agent for
adjuvant therapy based on the degree of tumor necrosis [10, 13]. Using a combination
of various chemotherapeutic agents, Rosen
et al. [14] reported a 92% continuous disease-free survival for a median of 2 years in
a group of 79 patients.
C. Intra-arterial Chemotherapy

Since the therapeutic activity of most antineoplastic agents is related to their concentration at the site of the tumor, several
authors administered them intra-arterially
in an attempt to improve on the results

achieved with intravenous administration.
Cis-platinum has been demonstrated to be
an active agent against osteosarcoma [15],
yielding a response rate of 67% in 17 patients in whom it was administered via the
intra-arterial route [16]. There were nine
complete and two partial responses as determined by clinical, angiographic, and pathological parameters. The local concentrations
of cis-platinum in the vein draining the region of the neoplasm were higher than those
of a peripheral vein, reflecting the systemic
concentration of the drug. It was also noted
that increased tumor destruction was a function of the number of infusions, high cisplatinum concentration within the tumor,
and the tumor SUbtype. In another report,
Benjamin et al. [17] noted ten responses in 18
adult patients treated with intra-arterial cisplatinum and systemic adriamycin.
Preoperative intra-arterial cis-platinum
120-200 mg/m 2 is currently being administered to patients with localized osteosarcomas at UT M.D. Anderson Hospital and
Tumor Institute in order to treat the primary
tumor and determine the efficacy of this
agent for adjuvant therapy. Patients who are
16 years of age or older also receive systemic
adriamycin 90 mg/m2.

D. Technical Considerations
In pediatric patients, the procedure is performed under general anesthesia. In older
patients, mild sedation and local anesthesia
suffice. The usual access route for the arterial catheterization is the contralateral
femoral artery for patients with lower extremity and pelvic neoplasms, while either
femoral artery can be used for tumors located elsewhere. Catheterization is performed employing the Seldinger technique.
The patients are anticoagulated with 50 U /
kg heparin as soon as the catheter is in the
arterial system, and an equal dose is administered during the course of the infusion of
cis-platinum.
Since thrombotic complications are related in part to the caliber of the catheters
employed, these should be of the smallest
caliber that will allow for a safe and atraumatic catheterization. We prefer to use 3.5-F
catheters in the pediatric age-group and 5-F
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catheters for older patients. Straight guide
wires will decrease the likelihood of producing vascular spasm in younger patients.
Although curved catheters facilitate catheterization, their tip will often rest on the
vessel wall, thus exposing a localized area of
endothelium to a greater concentration of
the chemotherapeutic agent; this can be
avoided with the use of straight catheters. A
deflector wire is employed to advance the
straight catheter over the aortic bifurcation
to the contralateral extremity. For upper-extremity neoplasms, the catheter tip is preshaped to facilitate engagement of the brachiocephalic vessels, and it should conform
to the anatomy of the catheterized vessel to
provide greater stability and decrease endothelial trauma.
Since the majority of osteosarcomas are
located about the knee, the vessels most frequently catheterized for their infusion are
the superficial femoral and popliteal arteries. Neoplasms in this region are frequently supplied by multiple vessels consisting of the geniculate arteries and hypertrophied periosteal-cortical arteries. The
catheter tip should be placed proximally to
the branches supplying the tumor, bypassing
as many musculocutaneous branches as possible. Laminar flow within the infused vessel
may prevent adequate mixing of the chemotherapeutic agent and result in streaming of
the infusion for variable distances from the
catheter tip. This phenomenon may cause
large amounts of the chemotherapeutic
agent to bypass some of the branches
supplying the tumor, to flow into a branch
supplying only part of the tumor, or to flow
into a musculocutaneous branch that does
not supply the tumor at all. In the latter instance, necrosis of normal tissues and subsequent scarring may occur. Streaming of
the infusion can be disrupted by the use of a
pulsatile pump (Gianturco; Cook, Inc.)
which delivers the infusion in one to three
short pulses per second, creating turbulence,
better mixing, and a more homogeneous distribution of the infusion chemotherapy.
Rarely, a tumor will have a single branch
providing most of its blood flow, and at least
one of the chemotherapy infusions is then
delivered selectively into this vessel. In this
manner, a greater cytotoxic effect related to
the greater drug concentration is achieved.
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The main blood supply to proximal femoral osteosarcomas is provided by the femoral
circumflex artery, which arises from the
deep femoral artery, frequently just beyond
its origin, providing an extremely short segment in which to place the tip of the infusion
catheter. A catheter in this position is unstable and may dislodge into the superficial
femoral artery, whose contribution to proximal femoral neoplasms is negligible. When
this situation is encountered, the catheter tip
is placed within the common femoral artery.
Osteosarcomas of the femoral diaphysis
may receive their blood supply from
branches of both the superficial and deep
femoral arteries. When the contribution by
the superficial femoral artery is provided by
only a few vessels, redistribution of the
blood supply may be performed by occluding these branches with segments of Gelfoam. The blood supply to the tumor will
then be provided solely by the deep femoral
artery, the infusion of which will cover the
entire neoplasm. When flow redistribution is
impractical, the infusions should be alternated between the deep and the superficial
femoral arteries or should be performed in
the common femoral artery.
Osteosarcomas located in the proximal
humerus usually receive a major portion of
their blood supply from the circumflex humeral artery, which should be selectively infused for at least one of the courses ofpreoperative chemotherapy.
Angiography in the frontal and lateral
planes is performed at the time of each catheterization. Photographic subtraction of the
arteriograms allows assessment of the degree of vascularity of the neoplasm.
E. Determination of Response
A cytotoxic effect may be apparent on the
plain radiographs of the tumor by the appearance of reactive calcification and a decrease in the size of the soft tissue mass. The
margins of the neoplasm may become better
defined, and varying degrees of cortical remodeling occur. Computed tomography will
demonstrate similar findings in cross section. An increase in the size of the soft tissue
mass or in the area of osteolysis usually indi-

cates progression of the disease. However,
the conventional determination of response,
where a complete response is indicated by
total disappearance of the tumor and a partial response represents at least a 50% decrease in the size of the tumor, cannot be employed in skeletal neoplasms since they frequently do not decrease in size as they respond to therapy.
In a group of 37 patients treated prior to
1983, we observed that those with 90% or
more histologic tumor necrosis had a 95%
disease-free survival at 2 years, compared
with 21 % for those with lesser degrees ofnecrosis. Therefore, a clinical test that correlates with the degree of histologic tumor necrosis would be useful in devising the therapeutic strategy prior to resection. The features of healing noted by conventional radiography and computed tomography are
variable and not predictive of the degree of
tumor necrosis. However, the tumor vascularity as noted on subtraction arteriograms
correlates reasonably well with the histologic tumor necrosis. In a group of 79 patients with osteosarcoma, we observed that a
complete or near-complete disappearance of
the tumor vascularity had a sensitivity of
95% and a specificity of 58% in predicting
90% or more histologic tumor necrosis in
the resected specimen. The presence of residual tumor vascularity almost always indicates the presence of significant viable tumor.
Following several courses of preoperative
chemotherapy, the neoplasm is resected as
part of a limb salvage procedure or an amputation, depending on the response. The
neoplasm is sectioned longitudinally, and a
slice through the center of the tumor or
through the region where residual vascularity was noted in the last arteriogram is mapped out in multiple sections. The percentages of viable and necrotic tumor within
each section are estimated, averaged for all
sections, and expressed as an overall percentage of tumor necrosis.
F. Results
A group of 65 patients 16 years of age or
older with extremity osteosarcomas were
evaluated. These patients were treated pre-

operatively with systemic adriamycin and
intra-arterial cis-platinum for a total ofthree
to six courses. Adjuvant chemotherapy of
adriamycin and cis-platinum was continued
until cumulative cis-platinum toxicity and
then changed to adriamycin and dacarbazine. Since 1983, patients with less than
90% tumor necrosis have been treated with
an alternating program adding high-dose
methotrexate and bleomycin, cyclophosphamide, and dactinomycin. The overall 3year disease-free survival is 65%, which is
superior to our historical control of 20%.
The 28 patients treated since 1983 have a
75% disease-free survival at 2 years, compared with 62% for those treated from
1979-1982 [18].
Downstaging the tumor with preoperative
chemotherapy increased the number of patients who were considered for limb salvage
procedures. Only 8% of the patients fulfilled
the criteria for limb salvage procedures prior
to chemotherapy, but 60% underwent limb
salvage following chemotherapy [19].
Two groups of patients with favorable
prognosis were identified, those with osteosarcomas in the humerus and those with
the telangiectatic type. All six patients with
humeral osteosarcomas underwent limb salvage and are alive and free of disease. Six of
the seven patients with telangiectatic osteosarcomas are alive and free of disease; the
seventh died of treatment-related complications.
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In Vitro Treatment of Bone Marrow from Patients with T-Cell
Acute Lymphoblastic Leukemia and Non-Hodgkin's Lymphoma
Using the Immunotoxin WTI-Ricin A
M. J. Barnett 1, A. Z. S. Rohatiner 1, J. E. Kingston 1, K. E. Adams 1, E. L. Batten 1,
R. Bassan 2, P. E. Thorpe 3, M. A. Horton 1, J. S. Malpas 1, and T. A. Lister 1

A. Introduction
The murine monoclonal antibody WT1 [1]
identifies a glycoprotein of molecular weight
40000 present on normal thymocytes and
blasts from patients with T-cell acute lymphoblastic leukaemia (T-ALL) [2]. The antibody may be linked by a disulphide bond to
the A chain of ricin [3] to form an immunotoxin (WT1-ricin A) which kills cells that express the WT1 antigen but does not have an
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inhibitory effect on haematopoietic precursors [4].
WT1-ricin A has been used to treat bone
marrow from patients in remission of TALL and non-Hodgkin's lymphoma
(NHL), in an attempt to eradicate occult
neoplastic cells. The study was conducted
with the intention of then using such cryopreserved marrow to support the treatment
of these patients with intensive chemoradiotherapy in second remission.
B. Materials and Methods

1. Patients
Clinical details are shown in Table 1.

Table 1. Results obtained in patients studied
Patient

1
2
3
4
5
6
7
8

Age

33
41
49
13
26
9
12
14

Sex

M
M
M
M
M
M
M
F

Diagnosis

ALL 8
NHL8
ALL
ALL
ALL
ALL
ALL
NHL

Post WT1-ricin A

Pre WT1-ricin A
BM vol. MNC WTl
(x 10 9 ) (%)
(ml)

CFU-GM
on day 12
(per 10 5
MNC)

MNC WTl
(x 109 ) (%)

CFU-GM
on day 12
(per 10 5
MNC)

1420
1437
1376
1239
1736
579
740
578

50
45
36
157 b
28
72
49
26

1.7
1.7
1.8
1.1
1.6
0.6
1.2
0.6

36
51
27
183 b
3
36
147
80

2.2
2.7
2.3
2.0
2.5
0.7
1.4
1.4

5
5
8
10
13

20
27
22

<1
<1
<1
<1
<1
<1
<1
<1

BM, bone marrow.
8 Second remission, all others first remission.
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II. Methods
In Vitro Treatment of Marrow

Bone marrow was harvested during morphological and immunological remission
(no detectable WT1 + /TdT + cells), and the
mononuclear cell (MNC) fraction was isolated. Half the cells were cryopreserved untreated and half were treated with WT1-ricin
A. The cells were transferred to tissue culture flasks at a concentration of
5 x 10 6 cells/ml in incubation medium
(RPM1 1640 + 15% autologous serum +
penicillin and streptomycin). Ammonium
chloride and WT1-ricin A were then added
to a final concentration of 6 M ammonium
chloride and 0.25 Jlg ricin A/ml. The flasks
were incubated for 20 h at 37°C in a 5%
CO 2 -humidified incubator. The cells were
then resuspended and washed twice prior to
cryopreservation.
C. Results

In all cases, the percentage of WT1 + cells
decreased from between 5% and 27% to less
than 1% after incubation with the immunotoxin. In four of eight cases, this was accompanied by a decrease in colony-forming
unit-granulocyte macrophage (CFU-GM)
numbers.

D. Discussion
The method described is practical and, as far
as can be deduced from this study, effective.
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Experience needs to be gained with the reinfusion of such marrow and the monitoring
of subsequent haematological and immunological reconstitution. Furthermore, the interest in such in vitro methods of treating the
autograft should not eclipse the major issue
of disease eradication in the patient.
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Ablative Therapy Supported by Autologous Bone Marrow
Transplantation with In Vitro Treatment of Marrow in Patients
with B-Cell Malignancy
A.Z.S. Rohatiner, M.J. Barnett, S. Arnott, N. Plowman, F. Cotter, K. Adams,
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A. Introduction

Patients with non-Hodgkin's lymphoma
who relapse almost invariably die as a consequence of the disease regardless of histological subtype [1-4]. Ablative therapy supported by autologous bone marrow transplantation (BMT) may result in durable remissions in a proportion of such patients [58] although this approach is limited by the
high frequency of bone marrow (BM) infiltration. Nadler et al. [9] have used the B-cellspecific monoclonal antibody anti-B1 [10]
and rabbit complement to deplete autologous marrow of residual, morphologically
ICRF Department of Medical Oncology, St. Bartholomew's Hospital, London BC1A, UK

undetectable lymphoma. A study is in progress at St. Bartholomew's Hospital to evaluate the use of ablative therapy supported by
such in vitro-treated autologous BM as consolidation of second or subsequent remission in patients with B-cell malignancy.
B. Patients and Methods

1. Patients

Thirteen patients have been treated since
June 1985. Clinical characteristics are shown
in Table 1. Patient 6 had minimal splenomegaly at the time of treatment, the remainder
had no evidence of disease by computerized
tomography (CT) scan criteria and on the
basis of BM morphology and phenotyping.

Table 1. Clinical characteristics
Patient Age
1
2
3
4
5
6
7
8
9
10
11
12
13

38
44

42
55
36
29
39
61
26
56
49
50

38

Histology
Follicular
Follicular
Follicular
Follicular
Follicular
Follicular
Follicular
Follicular
Burkitt
Centro blastic
Centro blastic
Follicular
Follicular

Stage at
presentation

Site

IlIA
IVB
IVB
IVB
IIlB
IVB
IIA
IVA
IVB
IVB
IVB
IVA
IlIA

Lymph
Lymph
Lymph
Lymph
Lymph
Lymph
Lymph
Lymph
Lymph
Lymph
Lymph
Lymph
Lymph

Remission

status
node
node,
node,
node,
node
node,
node
node,
node,
node,
node,
node,
node

liver, spleen, BM
pI. effn., ascites, BM
lung, pI. effn., BM
liver, spleen, BM
BM
CNS, kidney, BM
liver, spleen
bowel
BM

3rd
2nd
2nd
2nd
2nd
3rd
2nd
3rd
1st
2nd
3rd
2nd
3rd
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II. In Vitro Treatment of BM
BM was aspirated from the anterior and
posterior iliac crests under general anaesthetic. The mononuclear cell fraction was
treated with three cycles of anti-B1 and rabbit complement (Pel-Freez) [9] and the cells
cryopreserved.
III. Therapy
Patients received cyclophosphamide, 60 mg/
kg IV on days 1 and 2, followed by total
body irradiation, 200 cGy bd on days 3, 4
and 5 (except for the first four patients, who
received a single dose of 900 cGy on day 3).
Marrow was reinfused within 24 h of completion of radiotherapy.
C. Results

54 days, except in one patient with follicular
lymphoma with a persistently hypocellular
bone marrow who continues to require
platelet transfusions at 5-month intervals.
Normal numbers of B cells were detectable
in the peripheral blood at 3 months. Circulating immunoglobulin M and G (IgM and
IgG) levels fell to <25% of normal 2-3
months after transplantation, returning towards normal at 6 months. The ratio of
T8 + ve (cytotoxic/suppressor) to T4 + ve
(helper/inducer) cells has reversed in all patients and this abnormality has persisted for
over 6 months. (Data not shown.)
II. Toxicity
Twelve patients were discharged from hospital 15-42 days after reinfusion of marrow,
one died of bronchopneumonia on day 9
(Table 2).

I. Haemopoietic and Immunological

Reconstitution

III. Survival

Neutrophil recovery (>0.5 x 10 9 /1) occurred
after 25 days (mean) with a range of 15-45
days. Platelet recovery (> 20 x 10 9 fl) occurred after 28 days (mean) with a range of 15-

Eleven patients are well without evidence of
disease; the patient with B-cell acute lymphoblastic leukaemia (B-ALL) has relapsed
and died.

Table 2. Haematological reconstitution
Patient

1
2
3
4
5
6
7
8
9
10
11
12
13

N. of cells
reinfused
(x 109 /1)

Days to

3.6
0.98
1.7
1.6
2.2
1.3
1.9
0.99
2.3
1.6
1.3
1.4
1.9

23
21
29
28
25
18
13
16
23
23
45
45
15
15
42
>5m
54
20
Patient died on day 9
25
35
25
25
25
25

Platelets
Neutrophils
(=0.5 x 10 9 /1) (>20x 10 9 /1)

All patients lost up t010% of their body weight.
a Oral ulceration.
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Complications

Fever, no organisma
Pneumonia x 2 a
Fever, no organism a
Fever, no organism
Septicaemia
Septicaemia a
Herpes simplex
Fever, no organism a
Fever, no organism
Bronchopneumonia
Fever, no organism
Fever, no organism 8
Fever, no organism

D. Conclusions

The experience to date confirms the feasibility of this approach. It remains to be established whether such intensive therapy given
as consolidation prolongs remission duration.
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Use of Autologous Bone Marrow Transplantation
in Acute Myeloid Leukemia
A. K. Burnett 1

A. Introduction
Progress in achieving initial remission of disease in acute myeloblastic leukaemia (AML)
has taken place in recent years, with rates of
70%-80% being reported [1-3]. This has
been effected by different scheduling of
drugs rather than by the introduction of new
chemotherapeutic agents. The ability of chemotherapy protocols to maintain remission
is less easy to demonstrate. Unlike remission
maintenance chemotherapy in acute lymphoblastic leukaemia (ALL), there is little
evidence to suggest that continuous chemotherapy has prevented subsequent relapse
for the majority of patients. Some improvements have been claimed for very intensive
protocols, with better results being achieved
in children [4, 5]. However, since the majority of patients with the disease are adults, alternative approaches are required.
Allogeneic bone marrow transplantation
(BMT) has proved to be an effective remission maintenance strategy, with approximately 50% of patients becoming long-term
survivors [6-8]. This approach, however, is
not without its limitations. When the procedure goes well, it is probably much less
toxic than conventional intensive chemotherapy, but in a proportion of patients who
do become long-term survivors, morbidity
can be significant and there are important
late consequences. Procedure-related deaths
due to the immunobiological problems of allograft represent a risk. About 30%-40% of

1 Glasgow Royal Infirmary, Castle Street, Glasgow 04 OSF, UK
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patients transplanted succumb to problems
such as pneumonitis, graft-versus-host disease (OVHD) or the consequences ofimmunosuppression. A crucial point is that the actuarial risk of relapse following allograft appears to be 15%-30%, which represents a
substantially better antileukaemic effect
than that achieved by any other approach.
Such results are only achieved in first remission. When allografts are attempted at
later stages of the disease, results are worse
primarily owing to a higher rate of relapse.
An important limitation of allograft with regard to the problem of cure in AML is that
it is only applicable to younger patients
(conventionally under 40 years of age) with
a fully HLA-matched donor, thus restricting
the technique to 10%-15% of those with the
disease. The prospects for younger patients
(under 20 years of age) are good, with 70%
-80% surviving; but conventional chemotherapy is also offering improved results in
these cases. It can be anticipated that morbidity and mortality of allograft patients will
be reduced by such measures as T-cell depletion to abrogate OVHD [9], and cytomegalovirus-negative blood product support for
seronegative recipients [10, 11].
The mechanism involved in the cures obtained by allograft may be complex. Two
major factors may operate. Allografted marrow rescue has permitted the administration
of ablative doses of cyclophosphamide and
total body irradiation (TBI) to the patient's
marrow, which may alone be capable of
eradicating leukaemia. There may in addition be an antileukaemic effect exerted by
the graft on any residual leukaemia [graftversus-leukaemia (OVL) effect]. Such an ef-

fect has been shown to operate in lymphoid
leukaemia models in mice [12, 13] and was
part of the rationale behind introducing
BMT into clinical practice.
Autologous remission bone marrow represents a source of replacement haemopoietic stem cells following ablative chemotherapy or chemoradiotherapy. Potential
advantages offered by autologous BMT
(ABMT) are: (a) there would be an additional option available to patients who lack
a donor; (b) procedural morbidity and mortality may be less; not only would GVHD be
eliminated as a complication but syngeneic
data suggest that pneumonitis and immunosuppression would be less; (c) if toxicity
was limited, this approach could be offered
to older patients and would thus represent
an option for more patients with the disease.
Theoretical objections must also be recognised, the first of which relates to loss of the
GVL effect. This mechanism may operate in
AML in remission in man, but such evidence
is indirect and the effect may not be great. It
should be borne in mind that the oftenquoted experimental data refer to lymphoid
models usually involved in transplantation
across histocompatibility boundaries. An
association of an antileukaemic effect of
acute GVHD, based on statistical prediction, in man is not significant for AML in remission, although there is apparent an effect
of AML in relapse and ALL in remission
and relapse [14]. Perhaps the most useful
parallel is the relapse rate in twin transplants
for AML in first remission, where half of a
relatively small number of patients with
various preparative protocols developed recurrent disease usually within the first 12
months after transplant [15].
The second objection is that orthodox assumptions about the nature of remission
suggest that the inevitability of relapse indicates that while the patient may fulfil the
clinical criteria of remission, residual cells
remain which are responsible for relapse.
Remission marrow therefore will contain
some residual leukaemic cells, and relapse is
therefore probable. This raises the important issue of the importance of cleansing (or
"purging") the bone marrow.
If the twin data are accepted at face value,
they have three important implications for
autograft: (a) there will predictably be a

higher relapse rate, perhaps at least 50% in
autograft, owing to lack of a GVL effect; (b)
further risk of relapse may occur if contamination of the autologous marrow is relevant; and (c) morbidity and procedural mortality will be low.
Purging of residual leukaemia in vitro in
the context of AML presents special problems. There is little evidence to suggest that
density separation is of value. Specific
monoclonal-antibody-based techniques are
not available at present, and most attention
currently centres around pharmacological
treatment in vitro [16]. This originated from
experimental data in a rat myeloid leukaemia model of efficacy which used a cyclophosphamide metabolite (4-hydroperoxycyclophosphamide) because the tumour was
very sensitive in vivo to cyclophosphamide
[17]. An unsatisfactory aspect of such an approach is that there is no way of assessing effectiveness in vitro in any individual case.
B. Choice of Ablative Protocol

On the basis of allogeneic experience, the
timing of the autograft is predictably going
to influence outcome. In relapsed disease
and second remission allograft, even with
the advantages of an uncontaminated graft
and the postulated GVL effect, relapse rates
are high; consequently, autograft is unlikely
to be of benefit. Subsequent clinical studies
confirm such an impression. For optimum
results, use in first remission is logical.
Cyclophosphamide and TBI constitute
the standard preparative protocol for allograft and represent a useful benchmark.
There is some evidence to suggest that substitution of cyclophosphamide by melphalan
may have enhanced antileukaemic effect
[18]. Although increased TBI has little effect
on reducing the relapse rate in allograft of
relapsed disease, it may offer some advantage if used in remission. Chemotherapy can
be an effective alternative preparative regime for allograft.
A number of studies involving chemotherapy-based protocols with ABMT are currently under way, but there is insufficient
follow-up at present to indicate whether a
TBI or chemotherapy protocol is superior.
An interesting approach is that of double
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autograft, whereby chemotherapy with
ABMT is given on two occasions. A possible
advantage of this approach, apart from the
fact that it intensifies treatment, is that a degree of "in vitro purging" may be achieved
[19].

C. Results of Autograft
in First Remission

In our own experience in Glasgow, with the
use of unpurged marrow, 22 patients have
received an autograft in first remission.
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These patients ranged in age from 13 to 53
years (median 36). The first 13 patients received cyclophosphamide and single fraction TBI (950 cGy) and autologous marrow
stored at 4 °C for 54 h. The next 9 patients
received melphalan (110 mg/m2) and fractionated TBI (6 x 200 cGy) with cryopreserved marrow. Nine patients have relapsed,
all within 12 months of transplant, 12 continue in remission and 8 have been in remission for over 2 years. There was no procedural mortality, and morbidity was acceptable. One patient died of a cerebral
haemorrhage in complete remission 35
months after ABMT. The actuarial survival
at 4 years is 46% and leukaemia-free survival 57% (Fig. 1).
In a review of data from other European
centres using unpurged bone marrow, 90
cases were assessed [20]. Of these cases, 5
died of non-leukaemic, usually infective
causes, 3 within 3 months of autograft. The
age range of patients was 10-57, but 33 patients were over 35 years old and may therefore be considered outside the acceptable
age range for allograft. A variety of cyto reductive protocols were used: singlepulse high-dose chemotherapy, double autograft, and cyclophosphamide and TBI; 53
patients received TBI, and 37 a chemotherapy protocol (including 14 as double autografts). Twenty-seven patients relapsed, all
but 2 within 1 year of autograft. The leukaemia-free survival at 3 years after ABMT
was 56% (Fig. 2).
Relatively few data are available to assess
whether purging confers additional benefit.
Such comparisons as have been made show
no advantage.

D. Conclusions
A vailable studies suggest autologous transplantation may have a contribution to make
to remission maintenance in AML in first remission. Prolonged follow-up of more patients is awaited with interest, but in the
meantime it is important to be aware ofpossible selection bias in these patients. In particular, they were in remission for variable
periods prior to autograft and may have selected themselves as having more responsive
disease; similarly, patients who relapsed

prior to autograft would be excluded from
the protocol. In the multi-centre study [20],
when leukaemia-free survival was stratified
according to time elapsed prior to autograft,
there were improved prospects for those
autografted at 4-8 months (58%) compared
with those at < 4 months (38 %). This could
obviously be due to the selection bias referred to above, but it may also indicate that
chemotherapy prior to autograft plays an
important role.
These results are of importance in the future evaluation of purging techniques, since
the leukaemia-free survival is similar to that
observed in syngeneic transplants. This may
suggest that the question of residual leukaemia in the graft is unimportant. It will
also be difficult to demonstrate, at least in
first remission, significant benefit from
purgmg.
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A. Introduction

Acute lymphoblastic leukemia (ALL) in
childhood is a curable disease for the majority of patients [1]. Most children who relapse, however, have a poor prognosis. Although second complete remission can
usually be obtained, the long-term diseasefree survival in most series is less than 10%
[2, 3]. Therefore, allogeneic bone marrow
transplantation has been considered the
treatment of choice for children with ALL in
second hematologic remission who have an
HLA-identical mixed leukocyte culture
(MLC) nonreactive sibling donor. An alternative approach has been autologous bone
marrow transplantation.
Since leukemic cells almost certainly contaminate remission bone marrow, methods
to eradicate leukemic cells in vitro have been
developed. The essential elements of in vitro
purging are removal of leukemic cells and in
vivo hematopoietic reconstitution by the
treated bone marrow. The two strategies for
in vitro removal of contaminating leukemic
cells include the use of pharmacologic
agents, mainly the cyclophosphamide derivatives ASTA Z 7557 [4] and 4-hydroperoxycyclophosphamide [5], and the use of heteroantisera [6] or monoclonal antibodies directed against cell surface antigens of leu-
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kemic cells. Monoclonal antibodies are utilized with exogenous complement [7, 8] or
immunotoxins [9, 10] or immunophysical
methods [11]. In a model system that utilizes
leukemic cell lines, one can demonstrate that
monoclonal antibodies, complement, and
drugs have a higher efficacy in the selective
elimination of clonogenic cells than either
modality alone [12, 13].
There are a number of practical and theoretical obstacles to overcome. Chemotherapeutic agents might have excessive toxicity
to stem cells, and, thus, hematopoietic recovery would be impossible. The antigenic
heterogeneity of malignant cells in the individual patient might mitigate against in vitro
cytolysis of all blast cells. Furthermore, antibodies may cross-react with normal cells,
especially progenitors or stem cells. The phenotype of a small population of progenitor
cells for leukemic blasts may not be the same
as the phenotype for the majority of blast
cells [14]. It would be more important to
purge these malignant progenitor cells and
perhaps their precursors. Finally, none of
the clinical studies that apply one or the
other method of in vitro purging of remission bone marrow has been done in a setting where the efficacy of the in vitro
manipulation could be compared to the use
of non purged bone marrow.
In this report, we provide an update and
critical evaluation of our clinical experience
in autologous bone marrow transplantation
for children with ALL in second and subsequent remissions. Moreover, we will compare these results with our concurrent allogeneic transplant experience.
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B. Methods and Materials

CALLA and gp26 antigen, there are instances when only one of these antigens is
present [18]. In over 90% of cases, leukemic
cells will express at least one of these
antigens, which independently might serve
as a target for monoclonal antibody binding
and complement lysis. The generation, characterization, and utilization of the monoclonal antibodies in the in vitro elimination of
leukemic cells have been described previously [7, 19, 20]. The first 13 patients had
marrow treated with only one antibody: J 5
in 12 patients and J2 in 1 patient. After an
experimental in vitro system indicated that
two antibodies resulted in higher cell kill
[21], the next 18 patients had their marrow
treated with both antibodies.

Between November 1980 and June 1986 we
transplanted 31 children under the age of 18
for non-T-cell ALL.
I. Elimination of Leukemic Cells
from Remission Bone Marrow In Vitro

Two murine monoclonal antibodies, J5 [15]
and 12 [16, 17], were utilized with rabbit
complement. The J5 antibody reacts with
the common acute lymphoblastic leukemia
antigen (CALLA), a 100-kd glycoprotein expressed on leukemic cells of approximately
80% of patients with non-T-cell ALL. J2
recognizes an associated 26-kd glycoprotein
(gp26). Although in the majority of cases of
non-T-cell ALL leukemic cells express both

II. Cytoreductive Chemotherapeutic
Treatment and Radiation Therapy In Vivo
Patients with relapsed ALL were eligible if
their leukemic cells expressed CALLA or
gp26. Patients with HLA-compatible
donors, as well as those in whom a complete
remission could not be induced with chemotherapy alone, were excluded. After remission induction (usually with vincristine,
prednisone, and asparaginase), all children
received at least one course of intensification
therapy consisting of VM-26, cytosine arabinoside (ara-C), and asparaginase, together
with intrathecal hydrocortisone and ara-C
(Table 1). Patients who had not previously

Table 1. Intensification therapy
Day

Vm-26
Ara-C
Asparaginase
Ara-C
Hydrocortisone

1

3

7

10

200mg/m 2 i.v. x
300mg/m 2 i.v. x
25000 IU/m 2 i.m. x

x
x

x
x
x

x
x

x
x

x
x

x
x

40mg i.t.
15mg i.t

x
x

Table 2. Ablation therapy
Pretransplant day

-9 -8 -7 -6 -5 -4 -3 -2 -1 0
200 mg/m 2
500 mg/m 2 x 5 n=22
500 mg/m 2 x 7 n= 6
3 g/m 2 x 6
n= 3
Cyclophosphamide
60mg/kg
TBI
850cGy
n=12
(200cGy x 6) n=16
1200cGy
1300cGy
(216cGyx 6) n= 3
Vm-26
Ara-C

Bone marrow reinfusion
N: number of patients treated;
TBI: total body irradiation.
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received intensive treatment with an anthracycline were also given a single dose of doxorubicin. After recovery from intensification
therapy, bone marrow was harvested and
ablation initiated (Table 2). During the
study period, several dose adjustments were
implemented. All patients received cyclophosphamide (60 mg/kg) in the days immediately preceding radiation therapy. They
also received ara-C during the days preceding cyclophosphamide treatment. Twentytwo patients were given ara-C (500 mg/m 2)
per day for 5 days by continuous infusion. In
an effort to improve antileukemic efficacy,
six children were given the same daily dose
for 7 days. This schedule was abandoned because of concern about increased morbidity
secondary to prolonged marrow aplasia.
The most recently treated patients were
given 3 gm/m2 for six doses. VM-26 was administered on the first and last day of the
ara-C infusion. Additionally, eight patients
were treated with asparaginase at the time of
the first VM-26 dose. All patients received
total body irradiation at 5 cGy per minute.
During the trial the total dose was increased
and fractionated. The first 12 patients received 850 cGy in a single fraction, and the
following 16 patients received 1200 cGy
fraction in six 200 cGy doses delivered twice
daily. Most recently, the total dose was further increased to 1300 cGy with 216 cGy
fraction twice daily. Small lead shields were
used to attentuate the pulmonary dose by
15%. Following the last dose of total body
irradiation, the antibody-treated autologous
bone marrow was thawed and directly infused by rapid intravenous bolus. No chemotherapy was administered after transplantation.
III. Study Population
Of the 31 patients, 21 were transplanted in
second remission, 8 in third remission, and 1
child in fourth remission. The analysis also
includes one child transplanted in first remission. This child had required more than
100 days to enter remission. Thirteen of the
children had experienced an initial relapse
while receiving therapy, and 17 had relapsed
after stopping treatment. The median duration of first remission was 24 months (range

2-84), and the median duration of the second remission for the nine children transplanted in subsequent remissions was 8
months (range 2-54). The last remission
prior to transplant had a median duration of
2 months (range 1-7).
Analysis of the sites of relapse prior to
transplantation showed that 18 patients had
bone marrow (BM) relapse, 2 had central
nervous system (CNS) disease, and 2 had
isolated testicular relapses only. Either consecutively or simultaneously, five children
had recurrent BM and CNS disease, two had
BM and testicular disease, and one had involvement of BM, eNS, and testis. The median age at the time of transplantation was
7.4 years (range 3.2-15.7). There were 24
males and 7 females.
Beginning in 1979, we adopted a treatment policy of allogeneic bone marrow
transplantation for all patients with relapsed
ALL who had histocompatible donors. This
policy was modified in 1981 to exclude individuals whose relapse occurred more than 1
year after stopping chemotherapy. Twentytwo patients received an allogeneic bone
marrow transplant at our own center, the
Memorial Sloan-Kettering Cancer Center,
the Seattle Bone Marrow Transplantation
Center, the University of Kentucky, or the
University of Iowa. The autologous and allogeneic transplant popUlations were comparable with respect to age and white blood
count at diagnosis, as well as to the duration
of the initial complete remission. There were
two major differences between the groups.
Most patients in the allogeneic group had relapsed after intensive chemotherapy,
whereas the majority of patients in the autologous group had relapsed after more conventional chemotherapy. Ablative therapy
for the allogeneic patients included only
cyclophosphamide and total body irradiation, as compared to the more intensive
preparative regimen for the autologous patients.
IV. Statistical Methods
For analysis of event-free survival, events
were defined as relapses or remission deaths.
Times were calculated from the day of bone
marrow transplantation. The Kaplan-Meier
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method was used to estimate survival distributions for event-free survival [33]. The
two-sided log-rank procedure was utilized to
assess the statistical significance of treatment differences between time distributions
[34]. The Fisher exact test was used to compare outcome with respect to prognostic features which were categorized [34].
C. Results

After autologous bone marrow transplantation, the probability of event-free survival at
5 years was 27% + 16% (Fig. 1). Of the 31
patients, 21 had an event and 10 remained in
continuous complete remission. There was a
high incidence of remission deaths (9 patients), with all deaths secondary to toxicity
occurring within 3 months of transplantation. Four patients died of aspergillosis,
three of hemorrhage, and two of interstitial
pneumonitis of unknown etiology. The majority of transplants were performed in single isolation rooms without high-energy particulate filtration. Hematologic recovery
was noted in all patients who survived more
than 20 days.

Twelve patients relapsed between 2 and 14
months (median 4.5 months) after transplantation. Nine of them relapsed in the BM
only, two simultaneously in the BM and an
extramedullary site, and one in the retro-orbital space. The three patients with recurrent
extramedullary disease were all individuals
who had previously relapsed in only extramedullary sites prior to the procedure. Of
the five patients with only extramedullary
disease prior to transplantation, one is in
continuous complete remission at 53
months, one died of toxicity, and three relapsed, all within the BM and an extramedullary site.
The occurrence of an isolated or combined extramedullary relapse prior to transplantation was not a prognostic factor, nor
was the initial presenting white blood count.
The duration of the initial remission, however, was prognostically highly significant (p
= 0.0028) for event-free survival post-transplantation (Fig.2). Of the 14 patients with
an initial remission of more than 24 months,
3 died secondary to toxicity, 2 relapsed, and
9 remained in continuous complete remission. Of the 17 children whose initial remission was shorter than 24 months, 6 died
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from toxicity, 10 relapsed, and 1 is in continuous complete remission 3 months after
transplantation. None of the children transplanted after a remission of 30 months or
longer has relapsed.
When the outcome of the 31 autologous
transplant patients was compared with that
of the 22 allogeneic patients, the probability
of event-free survival at 5 years was seen to
be very similar, with 27 ± 16% for the autologous patients and 18% + 18% for the allogeneic transplant patients (Fig. 3) [25]. The
median time to failure was shorter for the
autologous group owing to acute toxicity
and relapse.
D. Discussion

Thirty-one children received an autologous
bone marrow transplant for treatment of
ALL in second or subsequent remission.
Event-free survival at 5 years was 27%
+ 16%. Toxicity rate was high, with 9 out of
31 children suffering a remission death. Duration of initial remission prior to transplantation was prognostically highly significant
for long-term event-free survival after transplantation. The outcome of autologous
transplantation compared favorably with
that of our allogeneic transplant experience.
At the University of Minnesota, two consecutive studies of autologous bone marrow
transplantation for recurrent ALL have
been conducted since 1982 [8, 22]. Both studies utilized the same monoclonal antibodies,
BA-l (pan B cell), BA-2 (anti-gp26), BA-3
(anti-CALLA), and complement for in vitro
purging of the harvested bone marrow. The
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preparative regimen differed in the sequential studies.
In the first study, 23 children and 5 adults
were treated with two doses of cyclophosphamide (60 mg/kg) and total body irradiation (1320 cOy) delivered twice daily in
165 cOy fractions. The second study utilized
a single fraction irradiation dose of 850 cOy
followed by ara-C to a total dose of 38 gm/
m 2 . Thirteen patients were enrolled on this
study prior to December 1985. Toxicity in
both studies was low, with three toxic deaths
from infection: one in Study One and two in
Study Two [22]. Twenty-one of the 28 patients in the first study relapsed 1-9 months
after transplantation, with a median time to
relapse of 3.3 months. Seven of the 13 patients in the second study relapsed. The relapse-free survivals at 1 year are 22% and
30%, respectively. The duration of longest
remission prior to transplantation was not
of prognostic significance for post-transplant event-free survival [22].
In contrast to our study, all the Minnesota
patients' initial relapses occurred while they
were receiving treatment. Furthermore, a
higher percentage of patients were transplanted in third or fourth remission, and the
median duration of the longest remission
prior to transplantation was 14 months [23],
as opposed to 24 months in our study.
The high relapse rate after autologous
bone marrow transplantation for ALL
could be due to an insufficient conditioning
regimen or to inadequate removal of leukemic cells during the in vitro treatment. At
the University of Minnesota, the same conditioning regimen was used for allogeneic
and autologous transplants. A review of 121
patients transplanted between 1978 and
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1985 showed that patients with auto grafts
and allografts had a similar event-free survival at 2 years of 28% + 14% and 34%
± 16%, respectively [24]. Patients with autografts relapsed earlier and more frequently
than patients with allografts. However, patients who received allogeneic transplants
and did not have graft-versus-host disease
had the same relapse rate as those who received autologous grafts. This suggests that
the relapses in autologous transplant patients were due to refractory disease in vivo,
and possibly the lack of graft-versus-Ieukemia effect, rather than to reinfused leukemic cells.
The Seattle transplant group reported
similar survival rates for allogeneic transplantation of children with ALL in second
or subsequent remission, with 13 out of 15
patients in long-term remission [26]. Better
results for allogeneic transplantation have
been reported by the Memorial Sloan-Kettering Cancer Center, with a projected 2year disease-free survival for 22 patients in
second remission of 67% + 10% [27].
In our study, two out of ten patients in
continuous complete remission after autologous bone marrow transplantation had experienced an initial relapse more than 1 year
off therapy. It could be argued that those
children could have been treated as effectively with an intensive chemotherapy regimen without total body irradiation and
transplantation. Johnson and coworkers
compared the outcome of 24 children who
received allogeneic transplants in second or
subsequent remission to that of 21 children
treated with conventional chemotherapy
[28]. A follow-up of that study showed that
all 21 children treated with chemotherapy
died within 3.5 years of entering the study,
whereas 6 out of 21 children who were transplanted remained leukemia-free from 4.5-8
years after transplantation [29]. That study,
however, was hampered by the fact that the
median duration of initial remission was
only 13 months for the chemotherapy group,
as compared to 25 months for the transplant
group. A report from the Hospital for Sick
Children in London found no advantage for
15 children treated with allogeneic transplantation, compared to 40 children treated
with chemotherapy only [30]. In both
groups, there was a highly significant corre72

lation between the lengths of initial remission and disease-free survival after transplantation.
The relative efficacy of autologous or allogeneic transplantation versus more intensive
chemotherapy without transplantation remains unresolved at this time. Our current
policy offers autologous or allogeneic bone
marrow transplantation for all children with
ALL who relapse at any site while receiving
therapy or within 12 months after elective
cessation of therapy. If an HLA-matched
donor is available, an allogeneic transplant
is recommended; if not, the child who is
CALLA-positive is eligible for an autologous marrow transplant. Children who relapse more than 12 months after elective cessation of therapy are treated with only intensive chemotherapy.
Children with relapsed ALL have a dismal
prognosis. Recent reports [31, 32] suggest
that for a selected group of patients the outcome of intensive chemotherapy might be as
good as that reported with bone marrow
transplantation. For some time to come, we
will continue to be confronted by the problem of optimal therapy for treatment of children with relapsed ALL.
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The Use of Cultured Bone Marrow Cells for Autologous
Transplantation in Patients with Acute Myeloblastic Leukemia
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A. Introduction
The permissive or inductive environment
provided by bone marrow stromal cells in
long-term cultures allows the persistent proliferation and differentiation of haemopoietic stem and progenitor cells [1]. Cells
harvested from cultures of murine bone
marrow can reconstitute the haemopoietic
system when transplanted into lethally irradiated mice [2]. If bone marrow heavily infiltrated with leukaemic cells is cultured using
similar conditions, the leukaemic blast cells
become undetectable within 1 week, and the
cultured marrow can then be used to rescue

1 Department of Experimental Haematology,
Paterson Laboratories
2 Department of Haematology
3 Department of Medical Oncology, Christie
Hospital and Holt Radium Institute, Manchester
M20 9BX, England

lethally irradiated mice [3]. In cultures of
bone marrow cells from untreated patients
with chronic granulocytic leukaemia
(CML), the Philadelphia chromosome decreased, after being present in over 95% of
mitoses, to almost undetectable levels. In the
same cultures, Ph-negative cells became the
predominant mitotic population [4]. Similarly, in some cultures established from bone
marrow from patients with newly diagnosed
acute myeloblastic leukaemia (AML) , the
size of the leukaemic clone (assessed either
by chromosome markers or by a characteristic abnormal growth pattern in colony assays) diminished to undetectable levels,
while normal haemopoiesis became dominant ([5, 6] and our unpublished results). A
similar pattern may also be seen in cultures
established from bone marrow in relapse.
From these experimental data, summarized in Table 1, it would appear that the
conditions prevailing in vitro may both suppress the growth of leukaemic cells and fa-

Table 1. Emergence of normal cells in long-term cultures of leukaemic bone marrow

Bone marrow

Diagnosis

Parameters measured

Reference

Murine

Disseminated
thymoma

[3]

Human

CML

Disappearance of blast cells
Ability to reconstitute the haemopoietic system
upon transplant
Disappearance of Ph chromosome
Reappearance of Ph-negative (normal?) mitosis
Disappearance of chromosome markers
Disappearance of leukaemic colony growth pattern
Appearance of normal colony growth pattern
Appearance of normal chromosome pattern

AML

[4]
[5, 6]
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cilitate the regeneration of normal haemopoietic cells from the small numbers of normal progenitors still present in the leukaemic
marrows. These observations led us to perform autologous bone marrow transplants
(BMT), using cultured cells, in AML patients who were thought to be able to benefit
from bone marrow transplantation and who
had no HLA-matched donors.
B. Methods
Patient details are shown in Table 3. All patients had received three courses of combi-

nation chemotherapy, each consisting of a 7day infusion of cytosine arabinoside, oral
thioguanine and three injections of daunorubicin. Time elapsed from end of chemotherapy to bone marrow harvest is shown.
Two patients were harvested early in first relapse without having received additional
chemotherapy. Marrow was harvested
under general anaesthetic and used to establish long-term cultures (Fig. 1). The protocol
followed in the BMT is shown in Table 2.
The patients were nursed in a laminar-flow
tent, received prophylactic oral antimicrobials and a low-pathogen diet, prophylactic
transfusions of irradiated platelets and irra-

Table 2. Timetable for autologous transplantation of cultured bone marrow
Day

Patient protocol

Laboratory procedures

-9

Bone marrow harvest

1/2 for bone marrow culture (see
1/2 cryopreserved

-5}
-4
-2}
-1

o

r

..

Cyclophosphamide
(2 x 1.8 g/m2)
Total body irradiation
(6 x 200cGy)
Infusion of cultured cells

Fig. 1)

Harvest of cultured cells (see Fig. 1)

2X 108 marrow cells
Is cove 's medium( 100m!)
10% foetal calf serum
{ 10% horse serum
-7
Hydrocortisone(5x 10 molar)
Collect supernatant
and adherent layer

~\~

---.~

.......
.
........
........
........
........
........
........
........
........
........
........
........
........
........

........
.......

10 days
Centrifuge
(800g x 20minsJ

....
... ..
....
... ...
....
...
.
....
... ...
....
... ..
....
... ..
....
... ..
....

1

Express supernatant,
pool and resuspend cells
in 4.5% human albumin
Reinfuse!
B040201C

Fig. I. Long-term bone marrow cultures for autologous transplantation; 40-70 replicate flasks are established from one-half of the bone marrow harvested (see Table 2)
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diated red-cell transfusions and systemic antimicrobials, as indicated.
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Results

Details of BMT, haematological recovery
and outcome are shown in Tables 3 and 4.
The first patient was in early relapse at the
time of marrow harvest. Serial cytogenetic
studies performed during the preceding
clinical remission had shown that the 16q
abnormality which characterised his leukaemic clone had persisted in about onefifth of the mitoses from the bone marrow.
However, only normal mitoses were detected after the bone marrow had been in
culture for 7-14 days [6]. Following transplantation, full reconstitution was achieved,
the 16q marker became undetectable (for the
first time since diagnosis) and the patient entered a full remission. The second patient
transplanted in relapse (without a chromosomal marker) regenerated leukaemia 12
weeks after BMT. He continue sin good
clinical condition, leading an active life on
haematological support.
One patient transplanted in remission following chemotherapy for transformation of
a myelodysplastic syndrome reverted not to
normal haemopoiesis, but to myelodysplasia
after the transplant. She required support
transfusions until she died. Two patients
transplanted in first remission are in complete remission after 58 and 30 weeks, respectively.

Table 4. Haematological reconstitution
Parameter
Engraftment
Discharge from hospital
after BMT
Time of last red-cell
transfusion a
Time of last platelet
transfusion a
Time to reach >0.5 x 109 /1
neutrophils a

tr)

......

a

u

~

5/5
4.5- 9 weeks

10 -13 weeks
8 -12 weeks
7 - 8 weeks

Excluding relapse and patient FB; the latter

reverted to myelodysplasia and had low platelet
counts that required transfusions until her death.
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D. Discussion
The haematological recovery and lack of
procedural mortality in the five patients
transplanted strongly suggest that the cultured cells engrafted and that this technique
can be reliably used for autologous BMT.
The recovery of peripheral blood cells, and
especially of platelets, was slower than after
allogeneic transplantation, but prolonged
thrombocytopenia has been observed after
conventional autologous transplantation
[7]. In this context, as one of the patients in
this series shows, a history of myelodysplasia may be a contraindication for autologous transplant.
The altered balance between the leukaemic and normal populations in culture is
likely to be responsible for the remission
achieved in the first patient. However, the
high leukaemic load existing in the patient at
the time of the ablative therapy, prior to
transplantation, made the eventual relapse
not unexpected. It is probable that relapses
after autologous and allogeneic BMT are
usually due to leukaemic cells which remain
in the host after the conditioning treatment
preceding the transplant. Because of this, relapses are to be expected with the present
conditioning regimes in at least 25% of patients transplanted in first remission of
AML.
The results, although preliminary, are encouraging and allow us to consider the
possibility of manipulating the cultures by
regulatory molecules (colony-stimulating
factors, interferons and others) which may
induce differentiation of leukaemic cells [8]
and favour the growth of normal haemopoietic progenitors. Experiments along these
lines are in progress. In addition, the use of
cultured bone marrow for autologous transplants in CML, poor-prognosis acute lymphoblastic leukaemia or in some patients
with solid tumors are possible developments
for the future.
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Bone Marrow Transplantation in Leukemia in the Absence
of an HLA -Identical Sibling Donor
R. Dopfer 1, G. Ehninger 2, and D. Niethammer 1

A. Introduction

Bone marrow transplantation is a potentially curative treatment for patients with
leukemia, aplastic anemia, metabolic disorders, and immunodeficiency. One of the
main problems ofthis procedure is the graftversus-host reaction induced in the recipient
by the immune function of the transplanted
marrow. In order to minimize the risks of
graft rejection and graft-versus-host disease
(GVHD), marrow transplantation has in
general been limited to patients with HLAidentical sibling donors. The majority ofpatients, however, will not have such a family
member available. To cope with such patients, several alternative approaches have
been investigated. One of them is autologous
bone marrow transplantation (with or without antileukemic treatment of the marrow);
another is transplantation of haploidentical
marrow after T-cell depletion by separation
with lectins, E rosetting, or monoclonal antibodies. Most experience in this field has
been gained in patients with severe combined immunodeficiency. Another alternative for these patients is bone marrow transplantation with the marrow of an unrelated
but matched or partially matched donor, or
even a mismatched family donor. Only few
clinical data are available to assess the latest
acceptable limits for HLA incompatibility in
human bone marrow transplantations with
1 Department of Pediatric Hematology and Oncology, University Children's Hospital, Ruemelinstrasse 21-26, Tuebingen, FRG
2

Department of Internal Medicine, University of

Tuebingen, Otfried-Miiller-Strasse 23

a mismatched related or unrelated donor.
Such transplantations have been performed
to explore the limitations of this procedure,
mainly in the United Kingdom and the
United States. The results of these transplantations are described in this short overview.

B. Mismatched Unrelated Donors

It is evident that there are major logistic
problems in identifying suitable unrelated
donors quickly enough and in sufficient
numbers to make an impact on the management of leukemia or aplastic anemia.
Table 1 describes the probability for a given
antigen system that the donor pool will include at least one person phenotypically
identical to a random recipient [1]. Values
are applied to Caucasian donors and recipients,and are based on haplotype frequency
estimates published in Histocompatibility
Testing 1980, with the exception of HLAA,B, for which haplotype frequencies from
the Terasaki laboratory were used. As one
can imagine, the donor pool has to be very
large (for some rare haplotypes, over 1 million) to find a suitable donor. However, for
selecting donors who are only partially identical, the pool needed is significantly smaller.
Experience with matched and mismatched
bone marrow transplantations has been
gained in several centers. In Tables 2-5, the
results from the United Kingdom (Hammersmith and Westminster Hospitals) and the
United States (Seattle and Iowa City) are
summarized [2-5].
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Table 1. Pool size calculations for the search for HLA-identical bone marrow donors. (After [1])

Pool Size

A

B

DR

1
5
10
20
40
80
500
1000
5000
10000
50000
100000
500000

3.08
13.4
23.7
38.1
54.5
70.0
94.8
97.9
99.7

0.807
3.9
7.5
14.1
29.9
40.1
81.9
90.7
98.8

3.29
14.9
27.1
45.6
73.4
86.3
99.3
99.8
100.0

A,B

0.097

1.86
3.6
6.7
25.9
37.2
65.3
75.5
91.1

A,DR

B,DR

0.166

0.085

4.0
6.9
11.9
39.3
53.3
81.4
89.2
97.9

3.6
5.2
8.0
26.3
37.6
66.5
77.3
93.3

A,B,
DR
0.013

29.1
55.5
66.6
86.4

Table 2. Seattle experience with BMT from phenotypically identical unrelated donors (After [2])

BMT with phenotypically
identical donors
Survival
711
288+
224, 161, 29
61, 101,47, 31,
56,40+
139
349+

n

1
1
3

ALL II. rem.
AML I. rem.
AA
CML-CP

6

CML-AP
CML-BC-CP

1
1

GVHD, acute

o

II
II, II, I
III, IV, III, II,
IV, I
IV
I

Causes of death
relapse
Asp., no graft, bleeding
CMV, GVHD, VOD,

J.P.
GVHD

Table 3. Westminster experience with BMT from unrelated donors. (After [3])

Age

19
18
39
9
4
9
22
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Disease

ALL 2. CR
ALL 3. CR
AML 1. CR
ALL 3. CR
ALL1.CR
ALL1.CR
PreAML

HLA

A

B

=
=
=

=
=

DR

MLC

ND
ND

=

=

ND

=

=
=

=

=
=

=
=

GVHD
prophylaxis

Take

GVHD

Outcome

CyA
CyA
CyA
T-Dep
T-Dep
T-Dep
T-Dep

Early
Full
Full
Full
Full
Full
Full,
Rej

No
III
Chronic
II
No
No
No

Hemorrhage + 15
+45
Well> 1500 days
Aspergillus + 55
Metabolic + 27
Aspergillus + 27
Aspergillus + 66

CyA
CyA
CyA
CyA

Table 4. Hammersmith experience with BMT of unrelated donors. (After
[4])

Disease

Engraftment

GVHD

Survival

SAA 8
CGL- CP 2
CGL- AP 1

8/14

6/9
Grade 3-4

4/14 (120-1599 days)

Fanconi 3
SAA, severe aplastic anemia.
Table 5. Outcome of BMT with unrelated DR,D-matched donors in Iowa City (After [5])
Disease
ANLL

n

Survival: Continuous
and/or> 1 yr.

Causes of Death

2nd CR
3rd CR
4th CR
Relap

3
0
1
7

0
0

HSV/CMV
ARDS, Asp., Leg,
GVHD/HSV, Mucor,
Gm-, Gm-,

ALL

2nd CR
3rd CR
Relap

2
4
2

0
1
0

Gm-/CDS, GVHD
CMV, Crypto, P. carinii *
Asp., HSV

AUL

2nd CR

1

0

GVHD/Asp

CML

SP
AP

4
9

1
4

BC SP

2

0

GHVD/Gm-, P. carinii *
GVHD/HSV, GVHD, Asp.,
Can., GmGVHD, Gm-

3

RAEB

1

SAA

4

1

Total

39

11

NE/Asp, Asp, NEjVOD

* TMP-SM allergy
HSV, herpes simplex virus infection; CMV, cytomegalovirus infection; GVHD, graft-versus-host
disease; ASP, aspergillus infection; ARDS, acute respiratory distress syndrome; LEG, legionella
infection; Gm-, gram-negative sepsis; VOD, veno-occlusive disease; Crypto, cryptococcus infection;
Can, candida infection; Ne, engraftment failure.
Table 6. Correlation of GVHD with HLA class I match a . (From [5])
Grade aGVHD b
0
Number of
HLA A & B
Matches

Totals:
a

0
1
2
3
4

II

I

2
2

3
3
3
2

4

+11

All patients matched at HLA class II antigens.

1

2

+3
b

III

IV

1
1
1
1
1

1

+5

2
1
+4=27

Median time of onset GVHD, day 22 (12-40)
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Table 7. Clinical status of survivors. (From [5])
UPN

Age

Disease

Match,
(mos.)
HLA A,B8

Status

cGVHD b

94
101

18
39

CML-AP
CML-AP

1A,1B
1A

28+
24+

L
S,L

108
127
131
150
151
159

32
12
5
32
38
28

ANLL 2nd CR
SAA
CML
ANLL 1st CR
CML-AP
RAEB

2A
1A,1B
1B
1A,2B
1A,2B
2A,2B

25+
18+
15+
9+
8.8+
6+

Bronchitis
Sinusitis,
bronchitis
Well

S
Bronchitis
S
G
Bronchitis
S
CMV enteritis -

Karnofsky
90
90
100
100
80
80
90
90

all patients HLA D/DR matched
b S=skin, L=Liver, G=gut
RAEB, refractory anemia with excess of blasts.
a

Because the GVHD prophylaxis, state of
disease, and degree of HLA identity vary,
comparison of the results is difficult. However, it is possible to draw the conclusion
that bone marrow transplantation with
phenotypically identical or partially
matched marrow from unrelated donors is a
feasible method for patients lacking an
HLA-identical sibling donor. Fatal septic
complications would seem to be a major
problem. GVHD occurs more frequently
than with identical sibling donor transplants
and contributes to the cause of death in
some patients. But the frequency of severe
GVHD is not correlated with the degree of
mismatch
in
DR-matched
patients
(Table 6). The infections which occur are
probably due to the higher incidence of
GVHD. The long-term outcome is doubtful,
however, with regard to the clinical status of
the patients in Iowa City (Table 7). More
than half of the survivors suffer from
chronic bronchitis, which is well known as a
GVHD equivalent. These patients with
GVHD of the lung have clinical problems
with the trapped-air phenomenon and restrictive bronchitis.
It is not known whether in transplants
from fully HLA-matched (A, B, D, DR) unrelated donors the possibility of graft failure
or GVHD is due to undetermined histocompatibility antigens outside the major locus,
or whether different DP and DQ antigens
are responsible for these reactions. Basic research in HLA typing requires intensification to illuminate the correlations between
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different HLA antigens or minor antigens
and graft failure or GVHD.

c.

Mismatched Family Donors

Bone marrow transplantation from related
phenotypically
identical
or
related
mismatched donors has been performed in
greater number in Seattle than elsewhere [6].
A total of 105 patients have been grafted: 41
with acute leukemia in remission, 51 with
acute leukemia in relapse, 5 with chronic
granulocytic leukemia (CGL) in chronic
phase, and 8 with CGL in blast crisis. Engraftment was delayed in a significant
number of patients, thus resulting in persistent granulocytopenia. The risk of GVHD
was higher in mismatched transplantation
than in the control group, and this risk increased with the degree of HLA disparity
(Fig. 1). The survival of patients with one
unshared antigen was the same as in the control group (Fig. 2). These data clearly demonstrate that bone marrow transplantation
with mismatched family donors is feasible,
that results with one antigen mismatch are
good, but that engraftment and GVHD
problems have to be considered.
D. Strategies of Bone Marrow
Transplantation in Childhood

Data concerning bone marrow transplantation with unrelated donors and partially
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Table 8. Strategies for bone marrow transplantation in childhood leukemia in Germany (After [7]).
Mismatch transplantation in the absence of an HLA-Identical sibling donor
Sibling donor
lAg-mismatch> lAg-mismatch
CML
ALL 1.CR
ALL 2.CR
AML 1.CR
AML 2.CR

+
0*

+
(+ \T)
+(T)

Unrelated donor
lAg-mismatch> lAg-mismatch

(+h
0

+

+T

+T

0

0

(+h

E. New Developments to Prevent GVHD,
Engraftment Failure, and Relapse
of Leukemia

Even in the absence of an HLA-identical sibling, bone marrow transplantation can still
offer a curative chance for some patients using other donors. But the main problems of
engraftment, GVHD, and GVHD-related
infections have to be solved.
Controlled studies in Iowa City concerning the relevance of T-cell depletion for
GVHD prophylaxis in mismatched bone
marrow transplantation are now in progress. For mismatched transplantation in immunodeficient patients, it can be concluded
[8] that significant GVHD does not occur
but that engraftment failure can be a problem with T-cell depletion. Promising initial
results have been obtained in matched bone
marrow transplantation through the use of
such monoclonal antibodies as Campath I in
vitro for T-cell depletion and in vivo, after
bone marrow transplantation, for GVHD
prophylaxis [9]. The combination of T-cell
depletion in vitro and use of LFA1 monoclonal antibody in vivo after bone marrow
transplantation has been successfully employed in Paris in two patients with osteopetrosis and the Wiskott-Aldrich syndrome.
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(+h
0

(+h

+T

o = not recommended; + = recommended; T = T -cell depletion; (+) = (T) to be discussed;
discussed for high-risk patients

matched donors were presented and discussed in part at the 4th Expert Meeting of the
Kind-Philipp Foundation in November
1985. For the pediatric situation in Germany, we have drawn the conclusions presented in Table 8 [7].

0
0

0

*=

to be

The patients underwent rapid engraftment
and did not develop GVHD [10]. It can be
speculated that with the help of this protocol, the engraftment problems can be resolved. Intensification of total body irradiation (TBI) and chemoconditioning have
been associated with a significant increase in
toxicity, but there are some interesting data
on the combination of TBI and total nodal
irradiation to prevent engraftment failure
and relapse after bone marrow transplantation. As far as chemotherapy as a conditioning regimen is concerned, no promising new
approach offering a difference in survival
rates is in sight. Nevertheless, preliminary
data on the escalation of cyclophosphamide
up to the dose used in aplastic anemia indicate that survival can be improved by decreasing the relapse rate.
The GVHD-related infections and immunodeficiency are the major cause of death in
mismatched transplantation in the largest
number of cases available from Iowa City.
Through consequent administration of
trimethoprim for prophylaxis of pneumocystis carinii, prophylactic use of 7S immunoglobulins, adequate herpes virus prophylaxis with acyclovir and perhaps CMV hyperimmunoglobulin, and total decontamination with elimination of gram-negative
bacteria, the problems with infections may
prove to be of minor importance.
Both improvement in the prophylactic
treatment of graft failure and GVHD and
improvement in the prophylaxis of GVHDrelated infections may lead to increased survival rates in mismatched bone marrow
transplantation.
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Bone-Marrow Purging with Monoclonal Antibodies
and Human Complement in ALL and AML

o. Majdic l , K. Sugita 1, I. Touw 2 , u. Koller l , H. Stockinger 1, R. Delwel 2 ,
B. Lowenberg 2, and W. Knapp 1

High-dose treatment followed by infusion of
histocompatible allogeneic bone marrow
has been shown to be curative in many patients with acute leukemia. Inherent in this
treatment modality are a number of problems, however. Most prominent among
them: graft versus host disease or, when using T cell-depleted marrow, graft failure. In
addition, age restriction, conventionally applied to minimize morbidity and mortality,
reduces the application of allogeneic bone
marrowtransplantation to, on the average,
about one third of those with the disease,
and of these only about one in three will
have a suitable donor.
Autologous bone marrow support may
circumvent some of these problems and restrictions and, under certain conditions, be
more effective than currently available conventional treatment protocols. In autologous bone marrow transplantation one of
the major problems is the danger of reinfusing residual clonogenic leukemia cells. Remission is usually conceived to be a situation
where bone marrow function is apparently
normal but there is residual disease undetectable by conventional techniques. It is
therefore probable that at least a few leukemic cells will be included in the bone marrow autograft from the remission patient.
The numbers reinfused will nevertheless be
relatively low, and with the currently used
therapeutic modalities it would seem that
the observed relapses after ABMT are not
1 Institute ofImmunology, University of Vienna,
A-l090 Vienna, Austria
2

Dr. Daniel Den Hoed Cancer Center, Rotter-

dam, Netherlands
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infrequently due to endogenous recurrence
rather than to proliferation of reinfused tumor cells. It is therefore difficult to clearly
prove the additional beneficial effect of bone
marrow purging in autologous transplantation.
For this reason the safety requirements
for any purging protocol must be particularly stringent. The cytotoxic effects have to
be reproducibly selective and the procedural
handling as simple as possible. The easiest
way to achieve this is incubation with specific monoclonal antibodies which have the
capacity to lyse their respective target cells,
together with autologous serum as a complement source.
Lysis with MoAbs and human serum
makes the purging extremely easy and reproducible and eliminates any foreseeable risks
otherwise potentially introduced by the use
of heterologous sera as a complement
source. It can also be better controlled than
more drastic and less specific procedures
such as purging with pharmacologic agents.
We therefore have concentrated our efforts
on finding monoclonal antibodies or mixtures thereof which have that capacity.
Among acute leukemias, purging with
monoclonal antibodies has so far been restricted to ALL. For AML no immunologybased techniques were available because of
the lack of a suitable specific monoclonal
antibody.
In our laboratory as well, the first protocol developed for the elimination of leukemic cells with monoclonal antibodies and
human complement was a purging protocol
for ALL cells [1]. In this protocol lysis of
ALL blasts is induced with a cocktail of

Table 1. VIM2-reactivity of AML-CFU in AML patients
Patient no.
1
2
3
4

5
6
7
8
9
10
11
12
13
14
15
16
17

F AB classification

VIM2 reactivity a

M2

M4
M4
M4
M4
Ml
Ml
Ml
Ml
M2
M5
M2
M1

M4
Ml
M2
M2

+

+
+

++

++
++

++

++
++

++

++
+

+

Normal CFU-GM
Bone marrow cells from AML patients and healthy controls were
stained with VIM 2 antibody in indirect immunofluorescence and
then sorted with a fluorescence-activated cell sorter into three
fractions of relative fluorescence intensity, i. e., negative ( -) weakly
positive (+), and intensely positive (+ +) cells. These separated
fractions were inoculated in colony culture to determine the
distribution of AML-CFU as a function of antigen density expression in each of the cases.
a

three IgM-type monoclonal antibodies
(termed VIB-pool). These are directed
against the CALLA (CD10) antigen (VILA1
antibody) and against two different epitopes
of the CD24 surface structure (VIBC5 and
VIBE3 antibodies). The purging efficiency
was evaluated with leukemic cell lines of the
common ALL types (Reh6 and Nalm6) and
with blast cells from common ALL patients.
Optimal lysis was obtained with antibody
and human serum concentrations as low as
1 Jlg/ml and 7% respectively. As a standard
purging protocol we proposed one 20-min
incubation at room temperature with antibody, followed by two 30-min incubations at
37°C with 25% human complement. In dyeexclusion tests 99% purging efficiency and
in clonogenic assays detecting elimination of
up to 5 logs of clonogenic tumor cells
99.99% (=4 logs) purging efficiency was
achieved. Treatment with VIB-pool and human cumplement had no negative effect on
the growth of normal hemopoietic progenitor cells CFU-GM, CFU-E, and BFU-E.

Based on these encouraging results we
next screened all our monoclonal anti-leukocyte antibodies for lytic efficiency with human complement [2]. It turned out that some
anti-myeloid antibodies also had the capacity to lyse their respective target cells in the
presence of human complement.
The most interesting of these antibodies is
certainly the broadly reactive anti-myeloid
antibody VIM2 [3]. This antibody reacts in
> 90% of acute myeloid leukemias with a
considerable proportion of blast cells. It is
not expressed on day-14 CFU-GM cells [4],
but the clonogenic leukemia cells (AMLCFU) seem to be VIM2 positive in a considerable proportion of AML patients [5]
(Table 1).
Also cytolytic with human complement
are the anti-myeloid antibodies VIMD5 [6]
and VIM8 [7]. Like VIM2, they are not reactive with day-14 CFU-GM or with CFU-E
or BFU-E cells [4] and can, although not as
frequently, be found on AML blast cells [6,
7]. We therefore prepared a cocktail of these
87
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Fig.1. Proliferation of malignant myeloid cells
(HL-60 cells) after treatment with a cocktail of
three anti-myeloid monoclonal antibodies (VIM2,
VIMD5, VIM8 . - . ) and control antibody
(VILA1 0 - 0 ) respectively, in the presence of
human complement. Cell suspensions were first
incubated for 20 min at room temperature with
monoclonal antibody. After that, two rounds of
complement treatment for 30 min each were performed. The cells were then washed, resuspended
in the original volume, and seeded in 96 well
microplates at different cell concentrations (1-10 5
leukemic cells/well). Plates were cultured for 4
days and proliferation was measured by 3H-thymidine uptake
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three antibodies (VIM2, VIMD5, and
VIM8) and tested the lytic efficiency of this
cocktail in a model system using HL-60 cells
as target cells (Fig. 1). As can be seen, the
purging efficiency in the model system is
quite impressive. More relevant experiments
to evaluate the effect of this treatment on
clonogenic tumor cells (AML-CFU) in individual AML patients must still be done,
however.
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Purging of Bone Marrow with a Cocktail of Monoclonal
Antibodies (VIB-pool) for Autologous Transplantation *
F. Zintl, B. Reiners, H. Thdi.nhardt, J. Hermann, D. Fuchs, and 1. Prager

A. Introduction
Children with relapsed common acute lymphoblastic leukemia (ALL), B-non-Hodgkin
lymphoma (B-NHL), and B-acute lymphocytic leukemia (B-ALL) have a very poor
prognosis. If there is no HLA-identical
donor, the patient should be considered for
autologous bone marrow transplantation.
Collected autologous marrow should be
cleansed of contaminating tumor cells without destroying hemopoietic stem cells. We
report here the results of our investigations
with a cocktail of three monoclonal antibodies (VIL-A 1, VIB-C 5, and VIB-E 3 the VIB pool - kindly given to us by Dr.
Knapp of Vienna) concerning in vitro cytotoxicity against ALL blast cells and leukemic cells lines, lytic capacity with rabbit
and human complement, and stem cell toxicity, together with our findings concerning
the ex vivo purging of the marrow of four
children. The antibodies have the particular
advantage of being able to lyse blast cells of
common ALL-type and B cells very effectively with human complement [5].
B. Material and Methods

(VIL-A 1, VIB-C 5, and VIB-E 3) and reacts
with the common ALL antigen (CALLA)VIL-A 1 - and with two different epitopes of
the CD 24 surface structure - VIB-C 5 and
VIB-E 3.
II. Complement
We used as complement human AB serum
and selected rabbit serum batches not toxic
against human hemopoietic stem cells, and
autologous serum for the ex vivo purging.
III. Cells
Target cells were fresh or cryopreserved leukemic cells from children with ALL, hemopoietic cell lines Reh and NaIrn, and mononucleated bone marrow cells from healthy
adult volunteers.
IV. Treatment of Cell Mixtures
The cotoxicity of the antibodies for the target cells was tested by using the trypan blue
exclusion test and the specific 51Cr-release.

I. Antibodies

The VIB pool used is a cocktail consisting of
three monoclonal antibodies ofthe IgM type

* This investigation was supported by the Internationale Gesellschaft fUr Chemo- und Immunotherapie, Vienna
Department of Pediatrics, University Hospital of
Jena, GDR

V. Purging Protocol
Bone marrow cells from four children (three
Burkitt-type NHL, stage III, and one common ALL) were harvested from the anterior
and posterior iliac crest, and anticoagulated
with preservative-free heparin. Mononuclear cells were isolated on Ficoll-Amido-
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trizoate gradients and resuspended at a concentration of 1-2 x 10 7 cells/ml. They were
incubated with the antibody cocktail (30 Jlg/
ml) at room temperature for 20 min. This
procedure was followed by a twice-repeated
30-min treatment with autologous serum (final concentration 50%). The cells were cryopreserved in RPMI medium containing 5%
dimethyl sulfoxide, 20% human albumin,
and 20% autologous serum.
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The enumeration of CFU-GM by a modified technique of Irvine et al. (1984) [2] was
done in all patients at each stage of the investigation: (a) on the fresh marrow; (b) after
incubation before freezing; and (c) after
thawing.
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1. It was possible to demonstrate a high
lytic capacity of the antibody cocktail
(VIB pool) with complement against
CALLA-positive leukemic cells, blast
cells of a child with B-ALL, and NaIrn
and Reh cells. There was no difference in
the lytic capacity, whether rabbit serum
or human AB serum was used as complement source (Fig. 1).
2. Lysis of CALLA-positive leukemic cells
was detectable at antibody concentrations of as low as 0.08 Jlg/ml. The per-
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centage oflysed cells ranged from 82% to
100% with leukemic cells and amounted
to 100% with Reh cells (Fig. 2).
3. Treatment with the VIB pool and rabbit
or human complement did not cause a
significant loss of CFU-GM. The loss of
CFU-GM due to cryopreservation
amounted to 15 + 9% (Fig. 3).
4. After the ex vivo purging of remission
marrow of four children (3 B-NHL, 1
common ALL) with the VIB pool and
human complement for autologous

transplantation, there was a sufficient recovery ofCFU-GM for cryopreservation
(2.2-10 x 104 CFU-GM/kg).
According to different investigations, an
in vitro purging procedure with a combination of several monoclonal antibodies is
more effective than with only one antibody
[1]. All three components of the VIB pool
are able to lyse leukemic cells of the common
ALL type. The VIB-C 5 and VIB-E 3 components react with leukemic cells of the BALL type [3]. All three components are able
to lyse CALLA ALL cells with human complement, as was shown by Sugita et al. (1986)
[5] and ourselves. Compared to other monoclonal antibodies used for purging bone
marrow [4, 1], which, as a rule, react with
heterologous complement only, the VIB
pool has the advantage of binding the rabbit
and human complement. This results in a
number of advantages for clinical application.
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Autologous Bone Marrow Transplantation
in Paediatric Solid Tumours
R. Pinkerton, T. Philip

A. Introduction
In leukaemia allogeneic bone marrow transplantation is a method by which high-dose,
often curative therapy can be given without
regard to marrow toxicity. Applying the
same principle to paediatric solid tumours
should allow selection of the most active
agents for use in combinations, at doses
limited only by extramedullary toxicity. The
availability of HLA- and DR-matched allografts is very limited, however, restricting
this type of marrow transplant to less than
one in five children with malignancy. Other
options are to use either autologous grafts or
mismatched allografts, and at present, autologous bone marrow transplantation
(ABMT) is the alternative of choice. ABMT
is used either to shorten the period of aplasia
after non-ablative high-dose chemotherapy
such as melphalan [8] or as a rescue after
massive myeloablative chemotherapy, often
with total-body irradiation (TBI).
The use of high-dose melphalan in childhood solid tumours was pioneered by the
Royal Marsden Group [9], and subsequently
a wide variety of multiagent "massive therapy" regimens have been developed. Highdose TBI was introduced by a number of
American groups [4, 11] and is now also
widely used in European centres. In this review, we consider the application of massive
therapy and ABMT to paediatric tumours,
with particular reference to the three in
which it has been most widely used, namely
neuroblastoma (6.2 children/10 6 populaDepartment of Paediatric Oncology, Centre Leon
Berard, Lyon, France
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tion), rhabdomyosarcoma (3.7/10 6 ) and Ewing's sarcoma (2.0/10 6 ).
B. Chemo-Radiotherapy Regimens
There are several issues still to be resolved in
devising massive therapy protocols. These
include determining the effects of extending
the time of exposure to a given drug after increasing its absolute concentration and investigating the possible interaction of drugs
and irradiation. The choice of agents at high
dose has been based either on the known responsiveness of particular tumours at conventional dosage or on theoretical considerations.
Extramedullary toxicity must be balanced
against the possible benefits of dose escalation. High-dose therapy inevitably produces
toxicity in other organs, particularly the oral
mucosa and gastrointestinal tract, which
share with the bone marrow a rapid cellular
proliferative rate. Also of note are pneumonitis; hepatotoxicity - predominantly venoocclusive disease; urological toxicity - acute
renal failure, haemorrhagic cystitis; neurological complications - leukoencephalopathy, seizures, and cardiomyopathy.
The problems of age and other pre-existing disease encountered in adults are obviously not applicable to paediatric practice,
but the extent of initial disease and the nature and complications of previous chemotherapy must be taken into account in anticipating treatment-related complications.
The radiosensitivity of most paediatric tumours is taken advantage of in many conventional treatment regimens, and it is a

logical step, therefore, to study the efficacy
of this treatment modality in high dose.
There is an understandable reluctance to use
TBI in young children because of the early
and, as yet ill-defined, long-term toxicity.
Similarly, the advantages of fractionated
TBI remain controversial. Although pulmonary toxicity is reduced, the relative cytotoxic effect in tumours with "shouldered"
response curves remains to be clarified.
Alternative strategies to TBI are the further intensification of mUltiple chemotherapyand the use of double auto grafts (6], but
the long-term consequences of high-dose alkylating agents must also be taken into account if these procedures are introduced for
other than very poor prognosis patients.

bone marrow in vitro and has been shown to
be active in some human neuroblastoma cell
lines. However, although 4-HC has been
used in clinical practice, the effectiveness of
this procedure still needs to be determined
[6].
The most widely applied technique for removing neuroblasts from bone marrow is
one employing a cocktail of monoclonal antibodies and magnetic micro spheres coated
with anti-mouse immunoglobulin. A panel
of six anti-neuroblastoma antibodies are
used in the procedure to maximize binding
to tumour cells and attempt to overcome the
problem of antigenic heterogeneity [20].

D. Clinical Results

C. Autologous Bone Marrow
One of the major problems associated with
autologous transplantation is to ensure that
the marrow is free from tumour cells. As
many "small round cell tumours" appear
similar to normal haemapoietic progenitors
on conventional histological and cytological
examination, new approaches to the detection of malignant cells in bone marrow have
been sought. The ability to produce monoclonal antibodies has greatly enhanced the
possibility of detecting tumour cells in bone
marrow [7]. The conventional way to define
bone marrow status at harvesting is by aspiration or biopsy. Experience in Lyon relating to neuroblastoma has confirmed that
biopsies are more effective than aspirates for
detecting tumour involvement. Moreover,
increasing the number of sampled sites
markedly increases the yield of positive results. Even in the absence of demonstrable
tumour there may be residual disease, and
this provides a rationale for attempting to
"purge" the marrow.
Whilst the use of monoclonal antibodies
and complement has found favour for purging leukaemic bone marrow, this is not the
case for solid tumours. However, a recently
reported anti-ganglioside antibody that fixes
human complement may have a role here
[18].
The
drug
4-hydroperoxycyclophosph amide (4-HC) has been used extensively
as an agent for destroying leukaemic cells in

Neuroblastoma is the most common solid
malignancy in early childhood (up to 5 years
age). Despite considerable progress in paediatric oncology, neuroblastoma is still a fatal
disease for 90% of patients with stage-IV
disease (which accounts for at least 70% of
cases in children more than 1 year of age).
Phase-II studies using high-dose melphalan
or chemoradiotherapy followed by ABMT
have shown promising response rates [1, 46, 15]. Several groups, including ours, have
reported preliminary results in cases of
stage-IV neuroblastoma using massive therapy and ABMT as an early consolidation
procedure for children over 1 year of age, in
either partial remission (PR) or complete remission (CR) [6, 13]. A study led by the European Neuroblastoma Study Group
(ENSG) is one of the few in which a massive
therapy regimen has been evaluated in a prospective randomized fashion. This has demonstrated that in patients with stage-III and
-IV disease who received a common initial
chemotherapy regimen "OPEC" [19], consolidation with high-dose melphalan increased
the duration of relapse-free survival [16].
The southern French cooperative group
(LMCE) is currently evaluating a regimen
comprised of vincristine infusion, 4 mg/m 2 ,
melphalan, 180 mg/m 2 , and total-body irradiation with 12 Gy (1200 rads), fractionated
at 6 x 2 Gy with lung shielding after 10 Gy.
This is given to all stage-IV patients who are
over 1 year old at diagnosis and who achieve
93

at least partial remission within initial chemotherapy.
Of 38 such patients, seven died of toxicity
(18%) and 13 relapsed; 18 are alive with
NED, with a median observation time of 17
months post diagnosis. Our preliminary
conclusions are that this massive therapy is
effective in very poor prognosis neuroblastoma (76% response rate in evaluable patients), but that toxicity is high and may be
related to the total-body irradiation. This
unselected group of patients shows a clear
improvement in duration of remission compared with the previous series without
ABMT, although long-term survival cannot
yet be assessed.
The Villejuif group have studied the use of
combination regimens, excluding the use of
TBI (6]. A double procedure was used, and
autologous marrow was purged with Asta Z.
The first regimen comprised carmustine
(300 mg/m 2), viomycin 26 (1 g/m2) and melphalan (180 mg/m 2), and this was repeated
3-4 months later. Of 14 patients thus
treated, there were two early toxic deaths
and one relapse, and 11 are alive in CR 4-20
months after ABMT (median 12 months). It
should be emphasized that these patients
were a highly selected subgroup who responded well to initial therapy and were
grafted only after extensive staging confirmed CR.
Phase-II studies in children with relapsed
or resistant rhabdomyosarcoma have demonstrated a high response rate to high-dose
melphalan with autologous marrow rescue
(greater than 90%). The duration of response was almost invariably brief, however, with few long-term survivors. As this is
a radiosensitive tumour, it seemed appropriate to build on the basis of melphalan and
study the value of TBI in such patients. In
addition, because the long-term survival of
children with stage-IV disease remains poor,
massive therapy could be considered for
consolidation treatment once CR had been
achieved. To date, eight patients (median
age 4 years) have been treated in our group:
four received massive therapy in first CR,
having presented with advanced disease involving metastases of bone in all cases, with
or without metastases of marrow, lymph
nodes or lungs; two were in second CR after
responding to salvage therapy.
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Massive therapy comprised vincristine infusion (4 mg/m 2 over 5 days), melphalan
(140 mg/m 2 ), TBI (12 Gy in six fractions),
followed by autologous bone marrow
(purged with Asta Z in some patients), or
melphalan (120-140 mg/m2) and TBI (9 Gy
in a single dose), followed by unpurged autologous marrow. Four patients remain disease free, all of whom were in CR at the time
of massive therapy (three first CR and one
second CR). Clearly, it is too early to make
any firm conclusions about the value of such
a procedure or the need to purge the marrow. However, it would appear that, as with
most other tumours, one course of massive
therapy, even including TBI, is unlikely to
salvage patients with progressive or resistant
disease.
The use of double procedures is also being
studied in rhabdomyosarcoma. In the current International Society of Paediatric Oncology (SLOP) trial, stage-IV patients who
achieve CR after chemotherapy alone are
randomized (in certain major centres) to receive vincristine, carmustine and melphalan
with ABMT (Asta-Z purged), followed after
3-4 months by procarbazine, VP16 and
cyclophosphamide. A similar approach is
taken for patients less than 5 years old with
stage-II/III parameningeal disease who do
not receive high-dose cranial irradiation.
In an American series of selected cases
with very bad prognosis (relapses, initial
stage IV), a combination of vincristine, actinomycin, cycophosphamide and Doxyrubicin (adriamycin) (VACA) followed by TBI
(8 Gy, 2 fractions) has produced 45% survivors (1 year median follow-up) (10].
In Ewing's sarcoma, promising preliminary results were obtained by Cornbleet et
al. [3] using melphalan as a single agent. In
a review of 35 cases in 1984, the European
Bone Marrow Transplant (EBMT) Group
similarly demonstrated a response rate of
66% in evaluable patients [12]. However, the
general pattern of outcome of lymhoma patients after massive therapy is also observed
with this solid tumour. The results are good
for patients grafted in CR (80% survival at
12 months), reasonable for relapses still responding to rescue protocol (30%), and very
poor despite a high response rate for patients grafted in progressive disease. In studies by the NCI of a group of 57 selected very

bad prognosis patients [10] using the VACA
massive therapy regimen and TBI (8 Gy, 2
fractions), 26 are survivors at 2 year's follow-up.
There are also several reports of the use of
ABMT procedures with other tumours such
as osteosarcoma [10], Wilms tumour [17],
malignant germ cell tumours [2], and glioma
[14]. However, the results are too preliminary to comment on the precise role of
ABMT in these diseases.
In conclusion, therefore, massive therapy
with ABMT is now an established treatment
modality in paediatric oncology. The technical aspects and most treatment-related complications have been clarified, and many
phase-II studies have shown encouraging results. In the future, management of poorprognosis diseases such as neuroblastoma
may involve the use of more intensive induction regimens to improve the quality of remission at the time of ABMT, which remains the single most important prognostic
factor.
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Cytokines with Possible Clinical Utility
R. Mertelsmann 1, J. Kolitz 2 , K. Welte 2, and F. Herrmann 1

A. Introduction
Biological response modifiers (BRM) are
agents aimed at reducing tumor growth, not
primarily by exerting direct cytotoxic effects
but by modulation of tumor gene expression
(e.g., induction of differentiation) or by enhancing host defense mechanisms directed
against cancer cells. BRM as primary therapy or as adjuncts to cytotoxic agents in the
treatment of cancers have attracted increasing interest in view of stagnating clinical results in many areas (1], and there is increasing evidence of in vitro and in vivo efficacy
of these agents. Furthermore, advances in
molecular biology suggesting that oncogenes and their products playa crucial role
in oncogenesis support approaches to
modulation of regulatory mechanisms as a
means of controlling tumor cell growth.

1 Department of Hematology, University of
Mainz, Mainz, Federal Republic of Germany
2 Laboratory of Cytokine Biology, Sloan-Kettering Institute, New York, NY, USA

Clinical trials of BRM are more complex
than those evaluating cytotoxic agents
which are generally given at maximum tolerated dosages. Maximum tolerated doses of
BRM are not necessarily optimal for modifying biological response, nor are they always the most efficacious doses. A tentative
classification for BRM with some representative agents is presented in Table 1.
Agents such as retinoic acid affect tumor
cell proliferation and differentiation, apparently through modulation of tumor cell gene
expression rather than through host mechanisms. It should be kept in mind, however,
that tumor-host interactions are subject to
an intricate regulatory network of cells and
cytokines, similar to the endocrine system.
Modulation of one parameter could have
additional, indirect effects on the biological
response network. Table 2 describes cytokines that have been cloned and have thus
been identified as unique gene products.
It has now become increasingly clear that
the original hypothesis of "one producer cell
type - one cytokine - one target cell type"
does not reflect the biological facts. Ample

Table 1. Biological response modifiers
Group

Examples

1.
2.
3.
4.

Anti-melanoma, anti-T cell
IL1, 2, 3; IFN 0(, 13, ')I; TNF 0(, 13; G-, g/MO-, MO-CSF, EPO, EPA
retinoid acid, vitamin D 3, HMBA
Tuftsin, endorphins

Monoclonal antibodies
Cytokines
Synthetic agents
Immunoregulatory peptides

IL 1, 2, 3; Interleukin 1, 2, 3; IFN 0(, 13, y, interferon Ct, 13, y; TNF 0(, 13, tumor necrosis factor 0(, 13;
CSF for G, G/MO, M, colony stimulating factors for granulocytes, granulocytes/macrophages,
macrophages; EPO, erythropoietin; EPA, erythroid potentiating activity; HMBA, hexamethylene
bisacetamide

97

\0

00

Table 2. Recombinant human cytokines

Agent

Receptor

Hemopoietic
producer cell

cDNA cloning reported by

Growth factor for

Activation factor for

ILl
IL2
IL3
IFNcx
IFNP
IFN)'
TNFcx

- a

MO
T
T
B, MO, Nk

March et al. (1985) Nature 315:641
Taniguchi et al. (1983) Nature 302:305
Not published
Goeddel et al. (1980) Nature 287:411
Derynck et al. (1980) Nature 285:542
Gray et al. (1981) Nature 295:503
Shirai et al. (1985) Nature 312:803
Gray et al. (1984) Nature 312:721
Souza et al. (1986) Science 232:61
Wong et al. (1985) Science 228:810
Kawasaki et al. (1985) Science 230:291
Lin et al. (1985) Proc Nat! Acad Sci
USA 82:7580
Gasson et al. (1985) Nature 315:768

T,B
T, NK, B, Moe
G/MO-PC, early RBC-PC

T,B
TC, NK e, B, Moe
nd d
NK e

Tac

TNFP
G-CSF
GM-CSF
M-CSF
EPO
EPA

fes (?)e
fms

T,NK
MO
T
MO
T
MO
T

T (?)
nd
G-PC
G/MO-PC, early RBC-PC

NK, Moe
Moe
T
G

MO
MO

late RBC-PC e
early and late RBC-PC

Not cDNA cloned. MO, macrophages; T, T cells; B, B cells; NK, NK cells; G, granulocytes; RBC, red blood cells; PC, progenitor cells.
Documented in clinical trials.
e Not determined.
d Related oncogene.

a

b

evidence has been accummulated demonstrating that a given cytokine can be produced by different cell types (e.g., ILl) and
can exert effects on different cell types (e.g.,
IL2 on T cells, B cells, and monocytes). The
biological effect appears to be dependent
upon receptor density, receptor affinity, and
ligand concentration, as well as on the functional state of the responder cell [2]. Since so
far only one of these agents, IL2, has undergone more than preliminary clinical evaluation, the following brief review will focus on
this agent.
B. Interleukin 2

The long-term proliferation of normal Tlymphocytes in suspension culture was first
achieved by Morgan et al. [3], using the Tcell-derived cytokine inti ally designated "Tcell growth factor" (TCGF) and later renamed interleukin 2 (IL2).
The biochemical purification of IL2 and
the molecular cloning and expression of its
gene have led to a growing appreciation of
the protean functional capabilities of this
molecule. It supports the growth of human
cytotoxic T cells (CTL) [4, 5] and natural killer (NK) cells [6], it enhances the functional
capabilities of NK cells [1, 8], and it is the
factor essential for the induction and growth
of human lymphokine-activated killer
(LAK) cells [9]. It induces antigen-specific
T -cell lines to produce B-cell growth factor-I
[10], and it is capable of enhancing gammainterferon (gamma-IFN) production either
alone [11] or in conjunction with mitogen [2].
An even broader immunoregulatory role for
IL2 is suggested by its recently demonstrated
ability to drive B cell proliferation and immunoglobulin production (13-16) and by
the recent description of functionally active
IL2 receptors on macrophages [12].
Not surprisingly, a number of human disease states have been found to be associated
with varying defects in IL2 production and
response. Among those affected are patients
with primary and acquired immunodeficiency diseases, including common variable immunodeficiency (CVI) [18] and the
acquired immunodeficiency syndrome
(AIDS) [19, 20], bone marrow transplant recipients [21], and patients with severe burns

and hemophilia [22] (K. Welte, unpublished
observations). Furthermore, several immunosuppressive drugs appear to exert their effects by blocking IL2 gene expression [23,
24]. Defects in lectin- and mitogen-induced
T-cell proliferation are frequently reversible
in vitro by exogenous IL2. These observations, coupled with the demonstrated ability
of IL2 to enhance the cytotoxicity of NK
and LAK cells, have provided a rationale for
clinical evaluation of IL2 in human malignancy and immunodeficiency.
The human IL2 gene has been cloned and
sequenced [25], and its position on chromosome 4 has been determined by us and others
[26, 27]. Several recombinant IL2 (rIL2)
preparations (Cetus, Amgen, Biogen) have
been compared in our laboratory with human purified IL2 (hpIL2) and, except for
higher background mitogenic activity on the
part of rIL2, no differences were detected in
a variety of human in vitro and murine in vitro and in vivo systems (K. Welte, V. J. Merluzzi, unpublished observations).
C. IL2 in the Treatment of Cancer

The ability ofIL2 to restore T cell functional
defects in vivo and in vitro and to induce and
enhance cytoxicity against fresh and cultured tumor targets led to early exploration
of its potential as an agent in the treatment
of cancer. The anti-tumor activity of IL2 has
been most clearly demonstrated in conjunction with the infusion of specific immune
cultured T cells or nonspecific LAK cells.
B6 mice with syngeneic Friend virus-induced FBL-3 leukemia are cured with the
combination of noncurative doses of cyclophosphamide and administration of tumorimmune congeneic lymphocytes cultured in
vitro and expanded in vivo with IL2 (28].
High doses of IL2 and infusions of autologous LAK cells cause major regressions of
murine transplantable sarcomas and melanomas [29], with IL2 inducing in vivo proliferation of the adoptively transferred cells
[30]. IL2 alone causes major regressions of
murine sarcomas when given in extremely
high doses (400000 U intraperitoneally every 8 h) [31].
Following i.v. bolus administration of
Jurkat hplL2, the serum half-life of IL2 in
99

man was 5-7 min, with a second component
of clearance of 30-120 min [32]. Such a twocompartment model is compatible with our
own observations following treatment of 30
patients with rlL2 (Cetus) given by 6 hour
continuous i.v. infusion [35].
We completed an initial trial of hplL2 in
human malignancy and immunodeficiency
at Memorial Hospital in 1983 [33]. The IL2
was purified from human PBL-conditioned
medium in our laboratory [34]. The s.c.
route of administration was chosen in order
to achieve maximal lymphatic drainage. Escalating doses were given, to a maximum
daily dose of 20000 U/m2 and a maximum
total dose of 855000 U 1m2, administered
over 77 days.
Sixteen patients with malignancy and
AIDS were treated. Except for occasional
skin irritation at the injection site, no toxicity was observed. One patient, a child with
probable Nezelofs syndrome who died of
infectious complications after 5 days oftherapy with IL2 and after an unsuccessful Tcell-depleted bone marrow graft from a
haplotype-identical half brother, was found
at autopsy to have all lymph nodes lymphocyte depleted, except for inguinal nodes
proximal to s.c. IL2 injection sites, where
lymphoid follicles were noted. This was an
early suggestion of the in vivo biological activity of IL2.
While there was some suggestion of improved responsiveness to OKT3-inducible
T-cell activation in the only two patients receiving treatment for at least 50 days, there
was no clear evidence for significant biological response modification in this trial.
A trial of lurkat hpIL2 in human malignancy has been completed at the National
Cancer Institute [32J. Twelve patients with a
range of solid tumors received IL2 at doses
of up to 2000 ~g by i.v. bolus or continuous
infusion weekly for 4 weeks. Biological observations included an acute decrease in peripheral blood T cells, affecting all major T
cell subsets, and an increase in circulating
cells capable of responding to IL2 and expressing LAK activity. No clinical response
was seen. Toxicity consisted primarily of
fever, chills, malaise, and reversible hepatopathy.
In a recently completed clinical trial, we
administered rlL2 (Cetus) as a continuous 6100

h i.v. infusion to 17 patients with advanced
malignancy and to 13 patients with AIDS
[35]. The maximum tolerated dose was
1000000 U/m2, with dose-limiting toxicity
consisting of fever > 40°C, thrombocytopenia, and diarrhea at the 2000000 U 1m2 dose
level. Except for one patient with a myelodysplastic syndrome, who had a fall in marrow blasts from > 10% to 1% over a 2month period, no significant clinical responses were seen. Dose-dependent biological response-modifying effects were observed, however.
At the higher dose levels a reproducible
lymphocytosis occurred, peaking on day 15
of each treatment cycle, with an up to fivefold increase in the absolute lymphocyte
count. The expansion consisted of a polyclonal increase in all T-cell subsets, with no substantive change observed in any T-cell
marker or in the T4/T8 ratio.
Twenty patients with solid tumors were
treated with rlL2 (Cetus) at the National
Cancer Institute [36J using i.v. bolus administration. No clinical responses were seen,
but a Tac+ lymphocytosis was also observed, along with induction of detectable
gamma-interferon serum levels.
Much interest has recently been generated
by the report of major tumor regressions in
patients with solid tumors (primarily melanoma, colon carcinoma, and hypernephroma) treated with infusions of autologous LAK cells and high doses (100000 UI
kg every 8 h i.v.) ofrIL2 [37]. A major focus
of research activity will be to reduce the considerable toxicity of this approach, which
has included marked fluid retention, pulmonary edema, hypotension, and reversible renal dysfunction. Whether the therapeutic effect is due primarily to the infusions of LAK
cells or to the high doses of rIL2 is also presently unclear.
Given the ability of IL2 to induce LAK
cells with wide anti-tumor efficacy both in
vivo and in vitro and the clear demonstration of potent biological effects achievable in
treated patients, additional efforts will have
to be made to translate the promise of this
lymphokine into clinically meaningful results. Subcutaneous, i.p., (P. Chapman et aI.,
submitted) and intralesional administration
might achieve sufficiently high local concentration of IL2 to generate LAK cells in vivo

with acceptable toxicity. The use of cyclophosphamide in low doses directed against
suppressor T cells is a potential means of
countering regulatory mechanisms limiting
the efficacy of IL2 (J. Kolitz, manuscript in
preparation). Defining the phenotype and
optimizing the activation conditions for
LAK cells may lead to therapies with reduced toxicities. The use of monoclonal antibodies directed against tumor antigens
might lead to local inflammatory infiltrates
in tumor sites [38]. CTL numbers and NKj
LAK cytotoxicity could then possibly be
amplified in vivo by IL2. These approaches
are being utilized in current or planned clinical trials at Memorial Hospital, New York,
and at the Department of Hematology of the
University of Mainz.
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Biological Approaches to Cancer Therapy
K.A.Foonl

A. Introduction

Progress had been made over the past 5
years toward the development of specific biological approaches to the treatment of
cancer. The techniques of genetic engineering and mass cell culture, and improved
techniques in protein and nucleic acid sequencing have made available biologics as
highly purified molecules. The most definitive investigations have been carried out
with natural and cloned interferon-oc preparations, and it is clear that the latter are capable of inducing responses primarily in patients with certain types of lymphomas and
leukemias. Preliminary trials with murine
monoclonal antibodies have demonstrated
excellent in vivo tumor localization and
transient clinical responses, but durable responses are rare events. Antibodies conjugated to drugs, toxins, and isotopes have
greater antitumor activity in vitro and in
animal models; clinical trials are currently
under way.
B. Monoclonal Antibodies

Clinical trials with monoclonal antibodies in
humans have been designed to approach
preliminary questions with respect to the
feasibility and toxicity of monoclonal antibody therapy and to the rationale for the use
of these reagents. While most of these trials
1 Division of Clinical Immunology, Roswell Park
Memorial Institute, 666 Elmst, Buffalo NY
14263

have involved single patients or small series
of patients, early indications are that an unlabeled monoclonal antibody alone may
have some therapeutic effect, albeit rather
limited.
Results of serotherapy trials in patients
with a wide variety of hematologic malignancies and solid tumors are shown in
Table 1 [1-18]. Transient reductions (2448 h) in circulating leukemia cells were common, as were transient improvements in cutaneous lesions in patients with cutaneous T cell lymphoma. At least 50% of patients
with B-cell lymphomas/leukemias treated
with anti-idiotype monoclonal antibodies
had partial responses; one patient had a
complete response (lasting over 4 years). Excellent targeting of antibody to tumor cells
was reported in most of these studies.
Sears and coworkers [15, 16] treated 20
patients with gastrointestinal tumors with
the 17-1A IgG 2a antibody, 3 of whom remained tumor-free 22, 13, and 10 months
after therapy. Houghton and coworkers [18]
reported 3 partial responses in 12 patients
with melanoma treated with an IgG 3 antibody recognizing a ganglioside antigen
(GD3 ). Interestingly, this antibody is cytotoxic in vitro with human complement and
human effector cells. Inflammatory reactions were observed around tumor sites in
some of the patients treated with this antibody.
Toxicities associated with monoclonal
antibody therapy are generally quite mild.
Fevers, chills, and urticaria are quite common but are not treatment-limiting toxicities. Rare patients have developed shortness
of breath associated with the rapid infusion
103

Table 1. Monoclonal antibody clinical trials

-

Disease

Antibody jclass

Specificity

B-Iymphoma

Ab89jIgG 2a

Lymphomas

B-Iymphoma
B-Iymphoma

Idiotype
Idiotype

1
10

Idiotype

1

B-CLL

4D6jIgG 2b
Anti-idiotype/
IgG 1 of IgG 2a
or IgG 2b
Anti-idiotype/
IgG 2b and
IgG 1
Tl0ljIgG 2a

T65

13

B-CLL

Tl0ljIgG 2a

T65

4

ATL
CTCL

L17F12 (anti- Leu-l
Leu-l)jIgG 2a
L17F 12jIgG 2a Leu-l

CTCL

Tl01jIgG 2a

T65

12

CTCL

Tl01jIgG 2a

T65

T-ALL

L17F12jIgG 2a
12E7jIgG 1
4H9/IgG 2a
J5jIgG 2a

Leu-l
T & B cells
T cells
CALLA

PM/81/IgM
AML-2-23j
IgG 2b
PMN 29/IgM
PMN 6jIgM
17-1AjIgG 2a

NR+
NR
NR
NR
NR

20

9.2.27/IgG 2a
R25/IgG 3

250K
G D3

20
12

0

No. of
patients

Toxicity

Effect

Institution

Reference

Renal (transient)

Transient reduction
in circulating cells
Complete remission
5 objective responses

Dana-Farber

[1 ]

None
Fever, chills, nausea,
vomiting, headache,
diarrhea, transient dyspnea
Fever, urticaria
Transient reduction
in circulating cells

Stanford
Stanford

[2]
[3]

NCI

[4]

Transient reduction
in circulating cells
Transient reduction
in circulating cells
Transient reduction
in circulating cells
Minor remission in
5 out of 7 patients
Minor remission in
4 patients
Minor remissions

NCI

[5]

U. Calif.
San Diego
Stanford

[6, 7]

Stanford

[9, 10]

NCI

[11]

4

Dyspnea, hypotension,
fever (101-102° F), urticaria
Dyspnea, hypotension,
fever, malaise, urticaria
Renal, hepatic
(transient)
Dyspnea, hives,
cutaneous pain
Dyspnea, fever
(101 °-102° F)
Dyspnea, fever

[7]

8

Sporadic coagulopathy

Transient reduction
in circulating cells

U. Calif.
San Diego
Stanford

[12]

4

Fever (101 °_102° F)

Transient reduction
in circulating cells
Transient reduction
in circulating cells

Dana-Farber

[13]

Dartmouth

[14]

Wistar/
Fox Chase
NCI
Memomrial
SloanKettering

[15, 16]

+>-

B-CLL

cALL
AML

Gastrointestinal
Melanoma
Melanoma

1

1
6

3

Fever, back pain,
arthralgia, myalgia

Urticaria, bronchospasm,
mild hypotension
Fever, serum sickness
Urticaria, pruritis,
fever, wheezing, vomiting

Limited response
None
Major tumor regressions in
3 patients

[8]

[17]
[18]

cALL, common acute lymphoblastic leukemia; ATL, adult T-cell leukemia-lymphoma; CTCL, cutaneous T-cell lymphoma; B-CLL, B-chronic lymphocytic
leukemia; AML, acute myelogenous leukemia. NR, not reported.

of monoclonal antibodies, and others have
developed hypotension and tachycardia. A
limited number of patients have developed
transient reduction in their creatinine clearance and elevation of their liver enzymes,
thought to be secondary to immune complexes. In conclusion, murine-derived
monoclonal antibodies can be safely infused;
although side effects can be expected, they
are usually mild.
Another attractive therapeutic application of monoclonal antibodies is to "clean
up" autologous bone marrow prior to bone
marrow transplantation. Patients who are in
clinical remission will often have morphologically undetectable tumor cells in their
bone marrow which theoretically could be
detected and destroyed with specific antibodies and complement (or antibodies conjugated to toxins). Most of the obstacles and
toxicities with monoclonal antibody infusion would be eliminated by using this technology. Such an approach has been reported
when using the B1 monoclonal antibody to
clean up autologous bone marrow from patients with non-Hodgkin lymphoma [19] and
a variety of antibodies to clean up bone marrow from patients with acute lymphoblastic
leukemia [20, 21]. Early results have demonstrated that bone marrow reconstitution
takes place in virtually every patient. Therapy is tolerated quite well, and most of the
patients will enter a complete remission.
However, for acute lymphoblastic leukemia
only one-third of the patients have been
maintained for more than 1 year in remission, and this is not different from what
is seen in allogeneic bone marrow transplantation. The results for non-Hodgkin lymphoma are more promising, with over 50%
of the patients remaining in remission with a
median duration of 22 months. Long-term
disease-free survival will be necessary before
concluding that these therapies have been
curative.
Antibodies conjugated to drugs, toxins,
and radionuclides can be used for therapy
and radioimaging. There is considerable evidence, at least in animal tumor models, suggesting that antibodies covalently linked to
certain toxins such as ricin or diphtheria
toxin have a greater antitumor effect both in
vitro and in vivo than unconjugated free antibodies [22, 23]. A number of centers are

currently studying monoclonal antibodies
conjugated to radio nuclides such as 111 In or
131 I to determine diagnostic efficacy in
man.
C. Interferon

Interferons are a family of proteins produced by cells in response to virus, doublestranded ribonucleic acid, antigens, and mitogens. In addition to antiviral activity, the
interferons have profound effects on a
number of components of the immune system, including B cells, T cells, natural killer
cells, and macrophages, and have antiproliferative activity. With respect to the interferons and cancer therapy, it is still unclear
whether the interferons work primarily by
their antiproliferative activity or through alterations of immune responses. It is clear,
however, from both preclinical and clinical
studies that interferons have antitumor activity in a number of tumor systems [29].
The most extensively studied interferons
clinically are the natural and recombinant
interferon-ex preparations (Table 2). Antitumor activity for the alpha interferons has
been quite limited in regard to solid tumors.
The best results have been achieved in
AIDS-related Kaposi's sarcoma, with approximately a 50% response rate [30, 31].
Results for breast cancer have been mixed,
with 30%-40% responses reported in some
studies and no responses in others [32-34].
Renal cell carcinoma is among the tumors
most unresponsive to any known cytotoxic
agents, and approximately a 15% partial response rate to interferon-ex has been reported
[35]. Partial response rates of around 10%20% have been reported for patients with
melanomas, similar to the chemotherapy response rates [36, 37]. Responses for other
common solid tumors such as bronchogenic
carcinoma and colon cancer have been negative. Preliminary trials with crude interferon-ex preparations from Yugoslavia suggested some activity for head and neck
cancers; however, these results have not
been confirmed outside Yugoslavia.
The most impressive results for interferon-ex have been obtained in the hematologic malignancies. Approximately 50% response rates for patients with low-grade
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Table 2. Clinical trials with interferon-oc a

Tumor

Number of
evaluable
patients

Response rates
CRa

PR a

MRa

Total
response
%

14b
9
1

69
30
4

35
6
2

95
42
14

2
0
3b
2
3

7
12
18
46
0
19 c

2

45
18
17
81
75
31

44

9

12

15
167
252
187
42
20

0
6
6
0
5
10

13

2

37
14
3
8

28
10

66
9
10
70

0
0
0
0

2
6
0
1

Hematologic malignancies
121
Hairy-cell leukemia
Non-Hodgkin lymphoma (low-grade)
92
Non-Hodgkin lymphoma (intermediate- 36
and high-grade)
Cutaneous T-cell lymphoma
20
Chronic lymphocytic leukemia
67
Multiple myeloma
177
Chronic myelogenous leukemia
68
Essential thrombocythemia
4
Acute leukemia
62

7

Solid Tumors
Kaposi's sarcoma
(AIDs-related)
Osteogenic sarcoma
Melanoma
Renal cell
Breast
Ovarian
Bladder (papillomatosis
or superficial)
Colorectal
Carcinoid
Lung, small-cell
Lung, non-small-cell

48

1

7
11

17
7

19
90
3

67

o
1

a Special thanks to Dr. Mark Roth for compiling the data shown in this table. CR, complete response;
PR, partial response; MR, minor response. Complete response means absence of hairy cells in the bone
marrow (in most studies) and normalization of peripheral blood white cells, platelets, and erythrocytes.
Partial response means a normalization of peripheral blood white cells, platelets, and erythrocyte counts,
and> 50% reduction in hairy cells in the bone marrow. Minor response generally means improvement in
hemoglobin to more than 10 g/dl or improvement in platelets to more than 100 x 109 /1 or improvement
in neutrophils to more than 1 x 109 /1.
b Complete response and partial response not available from all trials; % total response includes all
responses.
c Most responses were of short duration.

non-Hodgkin lymphoma and cutaneous Tcell lymphoma have been reported [38-41].
These responses have lasted from 6-10
months, and in many patients, responses
have continued for a number of years. Patients with chronic lymphocytic leukemia
have been reported to have approximately
an 18% response rate, and in our trials at the
National Cancer Institute (NCI) we reported only two brief responses among 18
evaluable patients [42].
We and other investigators have reported
excellent ,responses for patients with hairy106

cell leukemia treated with recombinant leukocyte A interferon [43-46]. Responses appear to be equivalent for patients who have
not had prior splenectomy. Greater than
90% response rates have been widely reported. While complete responses are not
common (careful evaluation of the bone
marrow usually reveals residual hairy cells),
partial responses and even minimum responses usually lead to a dramatic improvement in blood counts. We also reported immunologic improvement, with natural killer
cell activity returning in most patients fol-

lowing therapy with interferon, as well as
normalization of T-Iymphocyte subpopulations.
Chronic myelogenous leukemia also appears to be responsive [47] to interferon-a,
with hematologic remission reported in 55
out of 68 patients (81 %). These patients
have had improved hematologic parameters
as well as reduction in size of enlarged
spleens and suppression of the Ph 1 chromosome.
These studies have demonstrated that interferon-a has the highest reported response
rate for any standard or experimental agent
in advanced, previously treated cutaneous
T-cell lymphoma patients. They also establish interferon-a as a new non-cross-resistant
modality of therapy for low-grade- and possibly intermediate-grade-histology nonHodgkin lymphoma. Interferon-a may be
the most active single agent for hairy-cell
leukemia and should be considered first for
therapy when splenectomy is no longer effective in controlling the disease. Whether
2'-deoxycoformycin is more effective than
interferon-a for hairy-cell leukemia remains
to be determined. Phase III trials for previously untreated patients with non-Hodgkin lymphoma, cutaneous T-cell lymphoma,
and hairy-cell leukemia, and chronic myelogenous leukemia patients are clear avenues of future investigation.
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A. Introduction

The induction of aT-cell immune response
to a foreign antigen requires the activation
of T -lymphocytes that is initiated by the interaction of the T-cell antigen receptor with
antigen presented in the context of products
of the major histocompatibility locus and
the macrophage-derived interleukin-1. Following this interaction, T cells express the
gene encoding the lymphokine interleukin-2
(IL-2) [1, 2]. To exert its biological effect, IL2 must interact with specific high-affinity
membrane receptors. Resting T cells do not
express IL-2 receptors, but receptors are
rapidly expressed on T cells after activation
with an antigen or mitogen [3-5]. Thus, the
growth factor IL-2 and its receptor are absent in resting T cells, but after activation the
genes for both proteins become expressed.
Progress in the analysis of the structure,
function, and expression of the human IL-2
receptor was greatly facilitated by the production of the anti-Tac monoclonal antibody that recognizes the human receptor for
IL-2 [6-8] and blocks the binding of IL-2 to
this receptor.
Using quantitative receptor binding studies employing radiolabeled anti-Tac and radiolabeled IL-2, it was shown that activated
T cells and IL-2 dependent T-cell lines express 5- to 20-fold more binding sites for the
Tac antibody than for IL-2 [9, 10]. Employing high concentrations of IL-2, Robb et al.
[11] resolved these differences by demonMetabolism Branch, National Cancer Institute,
National Institutes of Health, Bethesda, Maryland 20892, USA
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strating two affinity classes of IL-2 receptors. One had a binding affinity for IL-2 in
the range of 10- 11 -10 12 M, whereas the remaining receptors bound IL-2 at a much
lower affinity, approximately 10- 8 or 10- 9
M. The high-affinity receptors appear to mediate the physiologic responses to IL-2, since
the magnitude of cell responses is closely
correlated with the occupancy of these receptors. As outlined below, the anti-Tac
monoclonal antibody has been utilized to:
(a) characterize the human receptor for IL-2;
(b) molecularly clone cDNAs for the human
IL-2 receptor; (c) analyze disorders of IL-2
receptor expression on leukemic cells; and
(d) develop protocols for the therapy of patients with IL-2 receptor-expressing adult Tcell leukemia and autoimmune disorders,
and for individuals receiving organ allografts.

B. Chemical Characterization
of the IL-2 Receptor
Using the anti-Tac monoclonal antibody,
the IL-2 binding receptor on phytohemagglutinin (PHA)-activated normal lymphocytes was shown to be a 55-kd glycoprotein
[7, 8]. Leonard and coworkers [7, 8] showed
that the IL-2 receptor is composed of a 33kd peptide precursor that is cotranslationally N-glycosylated to 35-kd and 37-kd
forms and then O-glycosylated to the 55-kd
mature form. Furthermore, the IL-2 receptor was shown to be sulfated [12] and phosphorylated on a serine residue [13].
There are a series of unresolved questions
concerning the IL-2 receptor that are diffi-

cult to answer when only the 55-kd Tac peptide is considered. These questions include:
(a) what is the structural explanation for the
great difference in affinity between high- and
low-affinity receptors; (b) how, in light of
the short cytoplasmic tail of 13 amino acids
(see below), are the receptor signals transduced to the nucleus; and (c) how do certain
Tac-negative cells (e.g., natural killer cells)
make nonproliferative responses to IL-21 To
address these questions, we have investigated the possibility that the IL-2 receptor is
a complex receptor with multiple pep tides in
addition to the one identified by anti-Tac. A
leukemic T -cell line was identified that binds
IL-2 yet does not bind four different antibodies (including anti-Tac and 7G7) that
react with the Tac peptide. This cell line
manifests 6800 receptors per cell with an affinity of 14 nM (Tsudo, Kozak, Goldman,
and Waldmann, unpublished observations).
On the basis of cross-linking studies using
125
[
I]IL_2, this IL-2-binding receptor peptide was shown to be larger than the Tac
peptide with an approximate Mr of 75000.
When similar cross-linking studies were performed on human T-Iymphotrophic virus I
(HTLV-I)-induced T-cell lines (e.g., HUT
102) that manifest both high- and low-affinity receptors, IL-2 binding pep tides of both
55 kd and 75 kd were demonstrated.

c. Molecular Cloning of cDNAs
for the Human 55-kd Tac IL-2
Receptor Peptide
Three groups [14-17] have succeeded in
cloning cDNAs for the IL-2 receptor protein. The deduced amino acid sequence of
the IL-2 receptor indicates that this peptide
is composed of 251 amino acids and a 21amino acid signal peptide. The receptor contains two potential N-linked glycosylation
sites and multiple possible O-linked carbohydrate sites. Finally, there is a single hydrophobic membrane region of 19 amino acids
and a very short (13-amino acid) cytoplasmic domain. Potential phosphate acceptor
sites (serine and threonine, but not tyrosine)
are present within the intracytoplasmic domain. However, the cytoplasmic domain of
the IL-2 receptor peptide identified by antiTac appears to be too small for enzymatic

function. Thus, this receptor differs from
other known growth factor receptors that
have large intracytoplasmic domains with
tyrosine kinase activity. Leonard and coworkers [15] have demonstrated that the single gene encoding the IL-2 receptor consists
of eight exons on chromosome 10p14. However, mRNAs of two different sizes approximately 1500 and 3500 bases long have been
identified. These classes of mRNA differ because of the utilization of two or more polyadenylation signals [14]. Receptor gene transcription is initiated at two principal sites in
normal activated T-Iymphocytes [15]. Furthermore, sequence analyses of the cloned
DNAs also indicate that alternative
messenger RNA splicing may delete a 216base pair segment in the center of the protein
coding sequence encoded by the fourth exon
[14, 15]. Using expression studies of cDNAs
in COS-1 cells, Leonard and coworkers [14]
demonstrated that the unspliced but not the
spliced form of the mRNA was translated
into the cell surface receptor that binds IL-2
and the anti-Tac monoclonal antibody.
D. Distribution of IL-2 Receptors
As discussed above, the majority of resting T
cells, B cells, or macrophages in the circulation do not display IL-2 receptors. Specifically, less than 5% of freshly isolated, unstimulated human peripheral blood T -lymphocytes react with the anti-Tac monoclonal
antibody. The majority of T-Iymphocytes,
however, can be induced to express IL-2 receptors by interaction with lectins, monoclonal antibodies to the T-cell antigen receptor
complex, or alloantigen stimulation. Furthermore, IL-2 receptors have also been
demonstrated on activated B-Iymphocytes
[18, 19].
Rubin, Nelson, and their coworkers [20]
have demonstrated that in addition to cellular IL-2 receptors, activated normal peripheral blood mononuclear cells and certain
lines of T - and B-cell origin release a soluble
form of the IL-2 receptor into the culture
medium. Using an enzyme-linked immunoabsorbent assay, which employs two
monoclonal antibodies that recognize distinct epitopes on the human IL-2 receptor, it
was shown that normal individuals have
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measurable amounts of IL-2 receptors in
their plasma and that certain lymphoreticular malignancies are associated with elevated
plasma levels of this receptor. The release of
soluble IL-2 receptors appears to be a consequence of cellular activation of a variety of
cell types that may playa role in the regulation of the immune response. Furthermore,
the analysis of plasma levels of IL-2 receptors may provide an important new approach to the analysis oflymphocyte activation in vivo.

E. Disorders of IL-2 Expression
in Adult T-Cell Leukemia

A distinct form of mature T-cell leukemia
was defined by Takasuki and coworkers [21]
and termed adult T-cell leukemia (ATL).
ATL is a malignant proliferation of mature
T cells that have a propensity to infiltrate the
skin. Cases of ATL are associated with hypercalcemia and have a very aggressive
course in most cases. They are clustered
within families and geographically, occurring in the southwest of Japan, the Caribbean basin, and in certain areas of Africa.
Human T-cell lymphotrophic virus I has
been shown to be a primary etiologic agent
in ATL [22]. All the populations of leukemic
cells we have examined from patients with
HTLV-I-associated ATL expressed the Tac
antigen [23]. The expression of IL-2 receptors on A TL cells differs from that of normal
T cells. First, unlike normal T cells, ATL
cells do not require prior activation to express IL-2 receptors. Furthermore, when a
3H-Iabeled anti-Tac receptor assay was
used, HTLV-I-infected leukemic T-cell lines
characteristically expressed five- to tenfold
more receptors per cell (270000-1 000000)
than did maximally PHA-stimulated T-Iymphoblasts (30000-60000). In addition,
whereas normal human T -lymphocytes
maintained in culture with IL-2 demonstrate
a rapid decline in receptor number, adult
ATL lines do not show a similar decline.
Leonard et al. [12] and Wano et al. [24] also
demonstrated that some but not all HTLVI-infected cell lines display aberrantly sized
IL-2 receptors owing to differences in glycosylation. It is conceivable that the con112

stant presence of high numbers of IL-2 receptors on ATL cells and/or the aberrancy
of these receptors may play a role in the
pathogenesis of uncontrolled growth of
these malignant T cells.
As noted above, T-cell leukemias caused
by HTLV-I, as well as all T-cell and B-cell
lines infected with HTLV-I, universally express large numbers of IL-2 receptors. An
analysis ofthis virus and its protein products
suggests a potential mechanism for this association between HTLV-I and IL-2 receptor expression. In addition to the presence of
typical long-terminal repeats (LTRs), gag,
pol, and env genes, and retroviral gene sequences common to other groups of retroviruses, HTLV-I and HTLV-II contain an
additional genomic region between env and
the LTR referred to as pX or more recently
as tat. Sodroski and colleagues [25] demonstrated that this pX or tat region encodes a
42-kd protein, now termed the tat protein,
that is essential for viral replication. These
authors demonstrated that the tat protein
acts on a receptor region within the LTRs of
HTLV-I and -II, stimulating transcription.
Greene and co-workers [26] have demonstrated that this tat protein could also play
a central role in directly or indirectly increasing the transcription of host genes such as
the IL-2 receptor gene involved in T-cell activation and HTLV-I-mediated T-cellleukemogeneSlS.

F. The IL-2 Receptor as a Target for
Therapy in Patients with ATL and Patients
with Autoimmune Disorders, and
Individuals Receiving Organ Allografts

The observation that ATL cells constitutively express large numbers of IL-2 receptors identified by the anti-Tac monoclonal
antibody, whereas normal resting cells and
their precursors do not, provides the scientific basis for therapeutic trials using agents
to eliminate the IL-2 receptor-expressing
cells. The agents that have been used or are
being prepared include: (a) unmodified antiTac monoclonal; (b) toxin (e.g., Pseudomonas toxin) conjugates of anti-Tac; and (c)
conjugates of alpha-emitting isotopes (e.g.,
212Bis) with anti-Taco

We initiated a clinical trial to evaluate the
efficacy of intravenously administering antiTac monoclonal antibody in the treatment
of patients with ATL [27]. None of the five
patients treated suffered any untoward reactions and none produced antibodies to the
mouse immunoglobulin or to the idiotype of
the anti-Tac monoclonal antibody. Three of
the patients with a very rapidly developing
form of ATL had a very transient response.
Two of the patients had a temporary partial
or complete remission following anti-Tac
therapy. In one of these patients, therapy
was followed by a 5-month remission, as assessed by routine hematologic tests, immunofluorescence analysis of circulating T
cells, and molecular genetic analysis of arrangement of the genes encoding the p-chain
of the T-cell antigen receptor. After the 5month remission, the patient's disease relapsed, but a new course of anti-Tac infusions was followed by a virtual disappearance of skin lesions and an over 80% reduction in the number of circulating leukemic
cells. Two months later, leukemic cells were
again demonstrable in the circulation. At
this time, although the leukemic cells remained Tac-positive and bound anti-Tac in
vivo, the leukemia was no longer responsive
to infusions of anti-Tac and the patient required chemotherapy. This patient may
have had the smoldering form of ATL initially when he responded to anti-Tac therapy
wherein the leukemic T cells may still require
IL-2 for their proliferation. Alternatively,
the clinical responses may have been mediated by host cytotoxic cells reacting with the
tumor cells bearing the anti-Tac mouse immunoglobulin on their surface by such
mechanisms as antibody-dependent cellular
cytotoxicity.
These therapeutic studies have been extended in vitro by examining the ability of
toxins coupled to anti-Tac to selectively inhibit protein synthesis and viability of Tacpositive ATL lines. The addition of anti-Tac
antibody coupled to Pseudomonas exotoxin
inhibited protein synthesis by Tac-expressing HUT 102-B2 cells, but not that by the
Tac-negative acute T-cell line MOLT-4,
which does not express the Tac antigen
[28].
The action of toxin conjugates of monoclonal antibodies depends on their ability to

be internalized by the cell and released into
the cytoplasm. Anti-Tac bound to IL-2 receptors on leukemic cells is internalized
slowly into coated pits and then endosomic
vesicles. Furthermore, the toxin conjugate
does not pass easily from the endosome to
the cytosol, as is required for its action. To
circumvent these limitations, an alternative
cytotoxic reagent was developed that could
be conjugated to anti-Tac and that was effective when bound to the surface of leukemic cells. It was shown that 212Bi, an alpha-emitting radionuclide conjugated to
anti-Tac by use of a bifunctional chelate,
was well suited for this role [29]. Activity
levels of 0.5 /lei or the equivalent of 12 rad/
ml of alpha radiation targeted by 212Bi-antiTac eliminated over 98% of the proliferative
capacity of the HUT 102-B2 cells, with only
a modest effect on IL-2 receptor-negative
lines. This specific cytotoxicity was blocked
by excess unlabeled anti-Tac, but not by human IgG. Thus, 212Bi-anti-Tac is a potentially effective and specific immunocytotoxic agent for the elimination ofIL-2 receptor-positive cells.
In addition to being used in the therapy of
patients with ATL, antibodies to the IL-2 receptors are being evaluated as potential therapeutic agents to eliminate activated IL-2 receptor-expressing T cells in other clinical
states, including certain autoimmune disorders and in protocols involving organ allografts. The rationale for the use of anti-Tac
in patients with aplastic anemia is derived
from the work of Zoumbos and coworkers
[30], who have demonstrated that select patients with aplastic anemia have increased
numbers of circulating Tac-positive cells. In
this group of patients, the Tac-positive but
not Tac-negative T cells were shown to inhibit hematopoiesis when cocultured with
normal bone marrow cells. Furthermore, we
have demonstrated that anti-Tac inhibits the
generation of activated suppressor T cells
(Oh-ishi and Waldmann, unpublished observations). Studies have been initiated to
define the value of anti-Tac in the therapy of
patients with aplastic anemia. The rationale
for the use of an antibody to IL-2 receptors
in recipients of renal and cardiac allografts is
that anti-Tac inhibits the proliferation of T
cells to foreign histocompatibility antigens
expressed on the donor organs and prevents
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the generation of cytotoxic T cells in allogeneic cell cocultures. Furthermore, in studies
by Strom and coworkers [31], the survival of
renal and cardiac allografts was prolonged
in rodent recipients treated with an anti-IL-2
receptor monoclonal antibody. Thus, the
development of monoclonal antibodies directed toward the IL-2 receptor expressed on
ATL cells, on autoreactive T cells of certain
patients with autoimmune disorders, and on
host T cells responding to foreign histocompatibility antigens on organ allografts may
permit the development of rational new
therapeutic approaches in these clinical conditions.
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Application of Interleukin 2 in Neuroblastoma
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A. Introduction

Neuroblastoma is one of the most common
solid tumors in childhood, with some unusual neoplastic behavior depending on the
age of the affected children. Patients older
than 1 year who have metastatic disease
have a very poor prognosis. However, in
children younger than 1 year who have disseminated disease, regression of neuroblastoma often occurs after only minimal therapy, or even spontaneously. This latter feature and other observations led to longstanding speculations that cytotoxic effector
cells of the tumor-bearing host may contribute to this biological behavior of human
neuroblastoma [1]. Recently, Main et al. [2]
published data concerning the interaction of
human neuroblastoma cell lines with effector cells. They demonstrated that the neuroblastoma cell lines CHP 100 and CHP 126
were lysed by natural killer (NK) cells but
not by cytotoxic T -lymphocytes [2]. This was
interpreted as a consequence of the weak expression of HLA class-I antigens on neuroblastoma cells [3].
In this study we examined whether other
neuroblastoma cell lines are susceptible targets for effector cells from healthy individuals and from patients with neuroblastoma.
Since Interleukin 2 (IL-2) has considerable
stimulating activity on the cytotoxic functions of lymphocytes, we further investiUniversitatskinderklinik, Abtlg. Hamatologie
und Onkologie, Riimelinstrasse 19-23, 7400 Tiibingen, FRG
2 Medizinische Universitatsklinik, Otfried Muller
Strasse 10, 7400 Tiibingen, FRG
1
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gated whether IL-2 can also stimulate the cytotoxic effects of lymphocytes against the
neuroblastoma targets. We next addressed
the question of whether the concept of the
recently described adoptive immunotransfer
of lymphokine-activated killer (LAK) cells
as an alternative or additional approach to
cancer therapy may also be a new therapeutic approach in human neuroblastoma [4].
Since this requires large amounts of cytotoxic lymphocytes, we tried to optimize the
conditions for the in vitro generation of activated killer cells using only IL-2.

B. Materials and Methods
I. Isolation and Preincubation

of Effector Cells with IL-2
Peripheral mononuclear blood cells
(MNBC) from healthy individuals and from
children with neuroblastoma before therapy
were isolated by Ficoll-Hypaque gradients.
Cells were incubated in a 5% CO 2 incubator
at 37°C for 3 days in RPMI 1640 culture
medium, supplemented with either 10%
heat-inactivated human AB serum or 10%
heat-inactivated fetal calf serum (FCS) in
the presence or absence of the indicated concentrations of recombinant IL-2 (rIL-2,
Biogen).
II. Cultivation of Lymphocytes with rIL-2
For cultivation of lymphocytes, RPMI 1640
culture medium supplemented with 10% AB
serum was used. After isolation, lympho-

cytes were seeded at 3-5 x 105 cells/ml in the
presence of 100 U/ml rIL-2. Fresh culture
medium and rIL-2 were added every 3-4
days, and cell concentration was readjusted
to 3 x 10 5 cells/ml.
Ill. Target Cells
Four established neuroblastoma cell lines
with different biological features were used:
The well differentiated SK-N-SH, which is
dopamine-p-hydroxylase positive and has
no N-myc amplification, the only weakly
differentiated SK-N-LO, the IMR-5, which
has N-myc amplification, and the SK-NMC, with cholinergic features. For measuring NK activity, the NK-sensitive erythroleukemic cell line K 562 was used.
IV. Proliferation of Lymphocytes
Proliferation ofMNBC cultured with different concentrations of rIL-2 for 6 days was
quantified with the MTT-proliferation assay
[5].
V. Determination of Cell Surface Markers
Lymphocytes were stained with the monoclonal antibodies OKT-3(CD3), OKT4(CD4), OKT-8 (CD8), Leu-11(CD16), and
anti-IL-2 receptor mAb Tii 69(CD25) and
were analyzed with a FACS analyzer.
VI. Chromium 51-Release Assay
of Cytotoxicity
Briefly, 1 x 106 target cells were labeled with
100 JlCi 51Cr for 1 hour, washed, and adjusted to 5 x 104 cells/ml. Aliquots of 0.1 ml
were added in triplicates to the effector cells
and incubated for 4 hours.
C. Results and Discussion

Controls consisted of MNBC cultured only
in culture medium. Since it is known that
FCS may contain some unspecific lymphocyte-stimulating factors, we additionally
compared the influence of culturing the
MNBC for 3 days in either 10% FCS or
10% AB serum in the absence of rIL-2.
There was a significant difference in the
spontaneous cytotoxicity of the effector cells
against the neuroblastoma targets. MNBC
cultured in RPMI 1640-10% FCS consistently became more cytotoxic compared
with the effector cells cultured in RPMI
1640-10% AB serum, which showed only
modest or no detectable cytotoxicity against
the neuroblastoma cells. However, preincubation of the MNBC with 100 U/ml rIL-2
for 3 days resulted in a considerable augmentation of their cytotoxicity against all
four neuroblastoma targets. Figure 1 summarizes the results of these experiments.
Since preincubation of MNBC in culture
medium supplemented with FCS can stimulate the cytotoxicity of lymphocytes through
factors present in FCS, and this may therefore mimic an NK sensitivity of target cells,
all further experiments were performed in
culture medium supplemented with 10% AB
serum.
II. Influence of rIL-2 on Effector Cells
from Patients with Neuroblastoma
We next investigated whether rIL-2 can also
augment the cytotoxicity of lymphocytes
isolated from patients with neuroblastoma
before therapy. As shown in Table 1, preincubation of MNBC from all patients with
rIL-2 for 3 days resulted in a considerable
augmentation of the cytotoxicity of the effector cells against the neuroblastoma targets and against the K 562. Unstimulated effector cells showed almost no detectable cytotoxicity against all targets.
III. Proliferation of MNBC in rIL-2

I. Preincubation of Effector Cells

with rIL-2 Stimulates the Cytotoxicity
Against Neuroblastoma Targets
MNBC from healthy individuals were preincubated with 100 V /ml rIL-2 for 3 days.

MNBC were incubated with various concentrations of rIL-2 for 6 days. The optimal
conditions for inducing proliferation of
MNBC were obtained in the presence of
100 V/ml rIL-2 in the culture medium.
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Table 1. Percent of specific 51-Cr-release after 3-day incubation of MNBC with and without IL-2
(E:T= 10:1)
Patient

Target cells
SK-N-LO
100 IL-2

o
1
2
3
4
Healthy person

SK-N-MC
100IL-2

o

100IL-2

-0.3%-+66.3%

0.3%-+54.1 %
1.8%-+30.3%

K 562

IMR-5

o

2.2%-+36.2%
-1.4%-+18.1 %
1.1 %-+21.9%
0.9% -+ 26.1 %

o

100 IL-2

1.4% -+66.6%
3.1 %-+30.7%
5.8%-+36.7%
1.7%-+18.5%
11.2%-+48.3%

Higher or lower concentrations of rIL-2 resulted in a lower proliferation rate of lymphocytes, as shown in Fig. 2.
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IV. Cultivated Lymphocytes Retain
Their Cytotoxic Potential
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Fig. 2. Proliferation kinetics of MNBC after
6 days' culture with different amounts of IL-2
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MNBC from patients with neuroblastoma
were cultured in the presence of 100 U/ml
rIL-2. Generally, lymphocytes started to
proliferate after about 6 days. Starting with
1 x 10 6 MNBC, about 30 x 10 6 lymphocytes
were obtained after 10-12 days. Cultured
lymphocytes were still capable of killing

both the neuroblastoma targets and the
K 562 cells to the same degree as after 3 days
incubation with 100 U/ml rIL-2. After 1216 days in continuous culture in the presence
of 100 U Iml rIL-2, lymphocytes stopped
proliferating and started to disintegrate.
However, when the rIL-2 concentration was
reduced or omitted for a short period at this
point, a following restimulation of MNBC
with the original rIL-2 concentration resulted in further proliferation. In this way,
prolonged survival of cultured lymphocytes
for up to 30 days was possible. Surface
marker analysis of the cultured lymphocytes
revealed only minimal or no expression of T
cell markers or NK cell markers. The phenotype of these cells has still to be determined.
In summary, we showed that the four investigated neuroblastoma cell lines are only
weakly susceptible targets for spontaneous
cell-mediated cytotoxicity by unstimulated
MNBC. Preincubation ofMNBC with rIL-2
for 3 days, however, resulted in a strong
stimulation of their cytotoxicity against the
neuroblastoma targets. Furthermore, it is
possible to cultivate MNBC for certain periods of time using rIL-2 alone while retaining their cytotoxic potential. It still has to be
tested whether MNBC from patients with
neuroblastoma activated with IL-2 are also

capable of killing autologous neuroblastoma cells. If this is the case, treatment of
these patients with IL-2 and the immunotransfer of lymphokine-activated killer cells
could be a new therapeutic approach to neuroblastoma, serving as an adjunct to conventional therapy.
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Biological materials, either alone or in combination with cancer chemotherapeutic
agents, have been used in treatment for almost 20 years. Initially, agents such as BCG,
pseudomonas vaccine, and MER were used
in the hopes of enhancing normal immunity
and retarding the proliferation of neoplastic
cells. In addition, it was felt that these agents
might enhance the production of normal hematopoiesis, allowing for early bone marrow recovery and thus enabling increasing
doses of chemotherapy to be administered
with lower toxicity and a consequent reduction in morbidity and mortality. A number
of studies from many institutions using this
approach showed a prolongation of complete remission, particularly in leukemia, but
there was no clearcut increase in the percentage of patients cured. Additional studies of
solid tumors, particularly breast cancer and
small-cell carcinoma of the lung, produced
similar but less convincing data. No longterm benefit was obtained as related to freedom from disease and eventual survival.
The 1980s have been associated with a
rapid increase in the development of naturally occurring compounds that control different aspects of proliferation, differentiation, and immunity (biological response
modifiers).
Interferon has long been recognized as the
body's front-line defense against viruses.
Commercially, it was initially prepared from

leukocytes by the Finnish Red Cross for
clinical trial. The success of the osteogenic
sarcoma program in Sweden led in the early
1980s to a more widespread investigation of
human leukocyte interferon. Responses
were seen particularly in patients with hairy
cell leukemia, renal cell carcinoma, and
chronic granulocytic leukemia.
Developed in parallel with the use of the
crude interferon preparations, a number of
companies, using cloning techniques, have
been able to produce purified preparations
of alpha, beta, and gamma interferon, and
these materials are undergoing extensive
clinical trials throughout the world
(Table 1).
A number of other materials are now becoming available for clinical testing. Tumor

Table 1. Results of clinical investigations of alpha
interferon
Sensitive Tumors
Remission rate 75%-90%
Hairy cell leukemia
Cutaneous T-cell lymphoma
Chronic myeloid leukemia

Remission rate 40%-50%
Kaposi's sarcoma
Nodular poorly differentiated lymphoma
Moderately sensitive tumors

Remission rate 20%-30%
Renal cell carcinoma
Multiple myeloma

1,2 Departments of Hematology and of Clinical
Immunology and Biological Therapy, The University of Texas M.D. Anderson Hospital and Tu-

Relatively resistant tumors

mor Institute, 6723 Bertner Avenue, Houston,

Lung cancer

Texas 77030, USA
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necrosis factor has advanced to combination
clinical trials in a number of centers. Future
use of these materials either singly, in combination, or in combination with chemotherapy or other modalities of therapy would
add a significant number of new methods for
better biological control of tumor proliferation over the next few years. Following is a
list of biological agents that are currently
used in clinical practice:
Human leukocyte interferon
Alpha recombinant interferon
Gamma recombinant interferon
Tumor necrosis factor
Interleukin 2
Granulocyte-macrophage colony-stimulating factor
Pluripoitin and pluripoitin A
Antidiotypic antibodies
For a number of years we have been investigating the use of the various interferons as
a modality of therapy for patients with
chronic granulocytic leukemia. The initial
studies were done [1] with human leukocyte
alpha interferon given intramuscularly to a
series of seven patients. Hematological remission obtained in five patients was associated with reduction of their white cell count
from an average of 97 to an average of
4.2 x 103/mI3. Associated with this fall in peripheral white cell count was normalization
of the platelet count and the serum B-12 and
LDH levels. Enlarged spleens, seen in half
the patients, became smaller again. These
patients continued to respond to treatment
and showed reduction in the number of cells
containing the Philadelphia (Ph) chromosome.
These studies were subsequently extended
to use the human recombinant interferon alpha-A in chronic myeloid leukemia (CML)
in 17 patients [2]; of these, eight showed hematological remission with cytogenic improvement, five showed hematological remission without cytogenic improvement,
and one patient had a partial hematological
improvement. Three patients were considered treatment failures, either because of
toxic reactions to interferon or because the
interferon failed to control the disease [1].
The disappearance of cells containing the
translocation and the return of cells of normal karyotype was encouraging. Results of

preliminary studies with probes related to
the abnormal protein production seen in the
Ph-positive leukemias suggest that the abnormal protein and abnormal gene expression disappeared in patients who became Ph negative.
The study has now been extended to 51
patients with previously untreated or minimally treated benign-phase chronic granulocytic leukemia. Eighty percent of the patients demonstrated a response; 71 % obtained a complete hematological remission
as judged by the criteria previously reported.
More than half of the patients showed a reduction in the number of chromosomes.
These changes have persisted for periods of
30 or more months, and there appears to be
continuing reduction in the Ph-positive
metaphases seen over time in these patients.
They have been followed up for longer than
2 years, and 28 remain in continued diseasefree control on the therapy. The current projected 3-year survival rate is 74% [2].
Risk factors have been defined from our
past experience in treating patients with
chronic granulocytic leukemia, and these include such adverse blood and bone marrow
parameters as anemia with thrombocytosis
or thrombopenia, a high proportion of peripheral blasts and promyelocytes or
basophils, a high proportion of marrow
blasts or basophils, a decrease in bone marrow megakaryocytes, and cytogenetic abnormalities in addition to the Ph chromosome [3]. In a multivariant regression analysis ofthese features we found that age, blood
and marrow basophilia, and additional cytogenetic abnormalities had a strong predictive relationship to survival. Patient groups
could be divided into low-, intermediate-,
and high-risk groups according to these
prognostic factors, their median survivals
being 53, 39, and 25 months respectively. As
defined by this multi variant prognostic
model, patients on alpha interferon did significantly better than those in the control
groups.
Ten patients developed blastic transformation without clonal evolution, and of
these, six were of lymphoid origin and two
had an undifferentiated morphology, which
suggests a suppression of the myeloid clone
and reversion to the more primitive lymphoid disease. In the blastic phase, this has
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been easier to treat with intensive chemotherapy.
The use of intensive chemotherapy for the
treatment of chronic granulocytic leukemia
has been previously reported, and in
younger patients it shows a significant advantage over treatment with conventional or
single-drug therapy. This type of therapy [3]
is now being combined with interferon in an
attempt to combine a biological response
modifier with intensive chemotherapy and in
the hope of substantially prolonging the survival of these patients. In addition to intensive chemotherapy, attempts are being made
to render these patients Ph negative for prolonged periods, during which marrows are
harvested for use substantially in autologous
transplantation, as the disease progresses
from the more benign to the accelerated
phase.
In an attempt to look at the mechanisms
of resistance to interferon, we have correlated interferon receptor binding and induction of 2',5' -oligoadenylate synthetase. A
study of 14 patients treated with partially
purified human interferon suggested an association between the absence of clinical response to interferon therapy and a failure of
induction of 2' ,5'-oligoadenylate synthetase
activity. In the sensitive patients, enhancement of enzyme activity was seen during the
responsive phases despite reduction of interferon receptor density on the cell surface.
The absence of clinical response may in fact
be initiated by events subsequent to receptor
binding, and thus result in a failure of induction of the enzyme activity which activates
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interferon and leads to control of proliferative activity [4].
The initiation of new therapies with combinations of interferons and tumor necrosis
factor, the use of factors that control proliferation and differentiation of granulocytes
and macrophages, and an understanding of
the role played by the rearranged chromosome at the her-abl region and its associated
production of an abnormal protein may increase our ability to control CML.
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Human B-Cell Growth and Differentiation Factors,
and Their Effects on Leukemic B-Cells
F. C. Rawle 1,2, R. J. Armitage 1, and P. C. L. Beverley 1

A. Introduction

A wealth of data on B-cell growth and differentiation factors has been published recently, and so many different factors have
been shown to act on B cells [1] that it is difficult to determine which, if any, of these
factors are physiologically relevant. Initial
models assumed that B-cell activation leads
to an ordered expression of receptors for
specific growth and then differentiation factors, but these now appear to be incorrect.
Firstly, most of the factors with functional
effects on B cells are not specific for cells of
that lineage. IL2, ILl and IFNy have all
been shown to have effects on B cells [1, 2].
Secondly, BSF-2 (B-cell differentiation factor BCDFy), which has recently been cloned
[3], has been shown to activate mast cells and
basophils, and to cause T-cell proliferation
[4], while BCGF II acts as a differentiation
factor for eosinophils [5].
The same lymphokine may also have different effects at different stages of B-cell differentiation. BSF-l acts on resting B cells to
induce expression of class II antigens and
prime cells for subsequent activation by
anti-,u, but also acts on Staphylococcus A
Cowan activated B cells to promote switching to production of the IgGl subclass [3].
Since BSF-l acts on resting B cells, it also
appears that the assumption that antigenspecific activation is required before B cells

1 ICRF Human Tumour Immunology Group,
Faculty of Clinical Sciences, and 2 Department of
Zoology and Comparative Anatomy, University
College London, London, UK

can respond to non-specific lymphokines derived from T helper cells is not correct.
It is clearly of great importance to define
at which stages of maturation and activation
B cells express receptors for, and are capable
of responding to, the various lymphokines.
We have adopted two complementary approaches; first, the use of monoclonal antibodies to define molecules of functional importance on the B-cell surface, and second,
the purification of cytokines for use in identifying receptors and in studies of their functional effects.

B. Methods

BCDF activity was measured using the
CESS assay [6]. Briefly, 5000 cells per well
were cultured in flat-bottomed 96-well
microtitre plates for 5 days, and IgG in the
supernatant was measured by enzymelinked immunosorbent assay (ELISA). Peripheral blood lymphocytes from prolymphocytic leukaemia (PLL) patients were cultured at 10 6 per well in 2 ml costar wells,
with or without T24 supernatant at 10%.
Cells were fixed with 70% ethanol and then
subjected to ribonuclease digestion and propidium iodide staining, followed by analysis
on the FACS IV (Becton Dickinson). For
measurement of IgM secretion, PLL cells
were cultured at 10 5 per well in flat-bottomed 96-well microtitre plates; supernatants from triplicate cultures were harvested at day 7, pooled and assayed for IgM
by ELISA.
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Table 1. BCDF activity in supernatants of
bladder carcinoma cell lines in the CESS assay
,

IgG secreted (ng/ml)
Experiment A

Experiment B

Medium control 24
MLR a
343
5637
340
T24
426

76
988
613
772

Supernatant concentration 20%

10%

MLR is the supernatant from a 4-day mixed
lymphocyte reaction with peripheral blood
lymphocytes from three donors, cultured at a
total concentration of 2 x 106 /ml.
a

,

>

f:

L ~""'___-If'--.l ~___.........,I

control
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+ T24

DNA Fluorescence

Scatter

Fig. I. Cell cycle analysis and cell size (measured
by forward-angle light scatter) of PLL cells cultured for 5 days with T24 supernatant (10%) or
medium only

C. Results and Discussion

We have found that the human bladder carcinoma cell lines T24 and 5637 secrete
BCDF detectable in the CESS assay
(Table 1). The factor from T24 is a soluble
molecule which elutes from an ACA54 gel
filtration column as a single peak with a molecular weight of approximately 25 kD, and
has a pI in the range 5.5-6.0 on isoelectric focusing (data not shown). We are in the process of purifying this molecule in order to determine its relation to the T -cell-derived
BCDF described by other workers [7].
We have also found that supernatants
from these two cell lines cause PLL cells to
undergo a significant increase in cell size, as
measured by forward-angle light scatter,
and to enter cell cycle (Fig. 1). In contrast,
chronic lymphocytic leukaemia (CLL) cells
do not respond to these supernatants, and
preliminary data indicate that normal non-T
cells can respond with an increase in size but
do not enter cycle. Normal T cells show no
response.
PLL cells stimulated with 5637 or T24
supernatant are also induced to secrete IgM
(Table 2), and this is accompanied by a decrease in expression of surface IgM detected
by staining with monoclonal anti-,u and
F ACS analysis (data not shown). Thus, the
PLL cells appear to differentiate into antibody-producing cells. It is not clear whether
this is due to the BCDF or whether proliferation and differentiation are both due to a
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Table 2. IgM secretion by PLL cells stimulated
with bladder carcinoma supernatants
IgM secreted
(ngjml)
Control
T2420%
T24 2%

5
121
97

563720%
5637 2%

78
167

single signal, as in the response of murine
BCLl cells to BCGF II [1].
These cell lines had been repeatedly tested
for mycoplasma contamination by orcein
acetate staining and culture, with negative
results. However, recent data suggest that
the growth-promoting activity for PLL cells
may be associated with a mycoplasma or
ureaplasma. It is not yet clear whether production of BCDF is associated with mycoplasm infection.
Regardless of their origin, these factors/
activities have clearly defined effects on B
cells and are thus likely to be binding to receptors of functional importance. They can
therefore be used to investigate the normal
function of these receptors and of the signals
transmitted through them.

Identification of the receptors should be
possible either by receptor-ligand cross-linking or by blocking studies with monoclonal
antibodies. We have already used the latter
strategy to search for antibodies which interfere with differentiation induced by mixed
lymphocyte reaction (MLR) supernatant,
and have identified several B-cell surface
molecules with functional roles [8, 9].
It is of interest that cells at different stages
of differentiation (PLL and CLL cells) differ
in responsiveness to bladder carcinoma factors. Clearly, future strategies for treatment
of leukaemia, based on manipulation of
growth and differentiation, need to define
which receptors and factors are important in
regulation of each stage of B-cell development. Cytokines and monoclonal antibodies
provide powerful tools for approaching
these questions.
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Production of Three Monoclonal Antibodies AOl, B05, and Cll- Against B-CeU Leukemia
P. Chen \ C. Chiu 1, T. Chiou 1, C. Tzeng 1 , C. H02, S. Lin 1, R. Hsieh \ H. Yeh \ and B.N.
Chiang 1

A. Introduction

The advent of MoAb technology has greatly
facilitated the identification of various subsets oflymphoid cells [1, 2]. However, most
studies have been concentrated on acute
lymphoblastic and myelocytic leukemias [14], and relatively few MoAbs that are directed against surface determinants of
chronic lymphocytic cells have been reported [5-7]. The reason may be that CLL
cell lines are few in number and are not as
well characterized as acute lymphocytic or
acute myelocytic leukemia cells. In this report we describe the establishment of three
hybridomas which secrete MoAbs against
an antigen present on malignant B-Iymphocytes in the peripheral blood of most CLL
and some non-T, non-B ALL patients.
These newly established MoAbs have
unique patterns of reactivity to normal and
leukemic cells distinct from other reported
MoAbs and may be useful for the characterization of certain malignant B cells, either
for clinical purposes or for the staging ofleukemic cells.
B. Methods and Materials
I. Leukemic Cells

Taipei. Initial diagnosis was based upon the
morphology and cytochemistry of cells from
bone marrow (BM) aspiration. All samples
were first separated on Ficoll-Hypaque
gradient and further characterized by differentiation-linked markers. The cells were either used within 24 h after collection or
cryopreserved in liquid nitrogen until use.
The different types of leukemia/lymphoma
cell lines listed in Table 1 were kind gifts of
Dr. J. Minowada [8] and were cultured in
RPMI 1640 medium supplemented with
10% FBS and antibiotics at 37°C in 5%
CO 2 ,
II. Normal Cells From Various Sources
Blood and bone marrow cells were donated
by healthy volunteers. Thymic biopsies and
tonsil cells were 0 btained from children
undergoing cardiovascular surgery and tonsillectomy respectively. In some experiments, leukemic cells were separated into Blymphocytes by a sequential method of filtration through a nylon-wool column, as described by Aota et al. [9]. Red blood cells,
platelets, and granulocytes were obtained
from normal blood donors using an IBM
2991 separator. Monocytes were separated
by a method previously described [10].

All leukemic cell samples were obtained at
the onset of disease from patients referred to
the Veterans General Hospital (VGH) in

III. Hybridomas

Departments of Medicine 1 and Medical Research 2, Veterans General Hospital and National
Yang-Ming Medical College, Taipei, Taiwan, Republic of China

Female balb/c mice 8-10 weeks old were immunized i.p. with 1 x 10 7 leukemic cells from
patients with B-cell CLL, and 3 weeks after
the first injection the mice were boosted once
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with more of the same cells; fusion was carried out 4 days later using the method of
Kohler and Milstein [11]. Mouse spleen cells
and NS-l myeloma cells were induced to
fuse in a SO% polyethlene-glycol solution
and then cultured in HAT selection medium.
After about 4 weeks in culture, supernatants
from HAT-resistant cultures were tested for
the presence of antibodies reactive to the
eliciting CLL cells, leukemic cell lines, and
pnmary leukemic cells by immunofluorescence and immunoperoxidase assays.
IV. Radioimmunoprecipitation
Daudi cells (S x 10 7 cells/ml) were surface labeled with O.S mCi 125 1 by the lactoperoxidase technique as described by Lebien et al.
[12]. The labeled cells were lysed and added
to an equal volume ofMoAbs and then incubated overnight at 4 DC. The immune complex formed was adsorbed onto protein Asepharose CL-4B, and the immunoprecipitated proteins were analyzed by sodium dodecyl SUlphate polyacrylamide gel electrophoresis (SDS-PAGE), followed by autoradiography.

C. Results

I. Establishment of MoAbs

Three MoAbs, designated A01, BOS, and
C11, were obtained from three different
clones of cells from a successful fusion experiment. The MoAbs were prepared by immunization against cells from a 39-year-old
female patient with B-CLL. The patient was
admitted to the VGH in February, 1984,
with an initial PB cell count of 12 x 104 /
mm 3 , 90% of which were sIg + and Ia + lymphoid cells. Clones that secreted the MoAbs
had been maintained in vitro for over a year
with no apparent change in growth characteristics and properties. All MoAbs were of
the IgG 1 subclass with kappa light chain, as
revealed by immunodiffusion.

II. Reactivity to Hematopoietic Cell Lines
Sixteen different established cell lines of
various types of leukemia/lymphoma, as
listed in Table 1, were examined for their
reactivity to MoAbs A01, BOS, and Cll,
and, as shown in the same Table, all three

Table 1. Reactivity of A01, B05, and Cll MoAbs with leukemia/lymphoma cell lines
Cell line

Origin

Compartment at
differentiation
stage

T cell lines
Molt-3
CCRF-CEM

ALL
ALL

T-blast
T-blast

B cell lines
RPMI6410
BALL
Daudi
Nalm-6
Nalmava
SA

ALL
ALL
BL
ALL
ALL
ALL

B-blast
B-blast
B-blast
B-blast
B-blast
B-blast

Non-T, non cell lines
NALL
HL-60
K562
U-937
Kg-1
CTV-2

ALL
APL
CML in ABC
Lymphoma
AML
AMOL

N-blast
Promyelocyte
Pre-Ery
Histiocyte
Myeloblast
Monoblast

AOl

B05

Cl1

+

+

+
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MoAbs reacted with the B lymphoma cell
line Daudi but not with any other cell lines.
III. Reactivity
to Normal Hematopoietic Cells
MoAbs A01, B05, and Cll did not react
with peripheral blood lymphocytes (PBL),
transformed lymphocytes, granulocytes,
monocytes, platelets, RBCs, or thymocytes,
and only the Cll MoAb reacted with 3%9% of tonsil cells. The reactivity of the Cll

MoAb to tonsil cells was confirmed by immunoperoxidase staining of frozen sections
of the tonsil, which showed that a few cells
in the follicular center and the intrafollicular
areas were reactive to the Cll MoAb but not
to AOl or B05 (data not shown).
IV. Reactivity to Leukemic Cells

Specificity to the A01, B05, and Cll MoAbs
was tested against a total of 125 cases of
various types of leukemia and lymphoma.

Table 2. Reactivity of A01, B05, and C 11 MoAbs to cells from patients
with different leukemias and lymphomas
AOl (%)
ALL
cALL
TALL
NALL
CLL
B
T
Myeloma
AML
AMOL
CML
CML in ABC
B-Lymphoma

B05 (%)

C11 (%)

12/36 (33.3)
0/4
1/10 (10.0)

9/26 (34.6)
0/5
1/8 (12.5)

5/27 (18.5)
0/3
1/5 (20.0)

14/16 (87.5)
0/1
011
0/24
0/14
0/1
0/3
1/8 (12.5)

14/15 (93.3)
0/1
0/1
0/23
0/13
0/1
0/2
0/5

15/18 (83.3)
0/1
0/1
1/24 (4.17)
3/19 (15.8)
0/1
0/1
0/4

Table 3. Reactivity of A01, B05, and Cll MoAbs to cells from selected
cALL patients
Patient
no.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
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MoAbs
A01

BOS

C11

cALL

Ia

90
99
99
80
99
90
90
70
90
98
0
0
0
0

90
90
99
80
0
5
0
0
0
0
80
80
80

90
0
0
5
90
80
95
65
0
0
0
2
0
0

90
95
90
72
99
90
95
75
85
98
85
90
85
75

90
90
90
74
90
90
90
65
75
95
80
85
80
68

60

from surface radiolabeled Daudi cells,
mixed with the MoAbs, and sorted out by
immunoprecipitation with protein A-Se-

116·

pharose beads. As shown in Fig. I , all three
MoAbs immunoprecipitated a single protein

97 ·

66·----

with an approximate mol.wt. of 66. This
suggests that all three MoAbs react with the
same surface antigen but presumably with
different determinants on Daudi cells.

D. Discussion
This report describes the establishment of

G5·

three MoAbs, AOI, B05, and Cl1, against
cells from a patient with B-CLL. These
MoAbs were selected after repeated cloning

A

B

c.

Fig. I. Autoradiogram of I15I_labeled Daudi cell
membrane proteins immunoprecipitated by AOt
(A), B05 (D) and CII (C) monoclonal antibodies.
The markers, in descending order, were B-galactosidase (116 K), phosphorylase B (97 K), bovine

serum albumin (66 K) and ovalbumin (45 K)

of hybridomas from different culture wells.

All three MoAbs reacted selectively with the
B-Iymphoma cell line Daudi but not with
other tested cell lines (Table I). This suggests that the MoAbs recognize a unique
surface antigen present only on certain B

cells. Furthermore, it appears that the
antigen reactive to AOI, B05, and CII is not

our B-eLL cells (83%- 93%) were reactive

present on normal lymphoid cells, since,
with the exception of a few Cll-reactive cells
in the tonsil, the MoAbs do not react with
cells of normal lymphoid tissues (data not

to all three MoAbs, and 12% of our B-Iymphoma cells were positive for the AOl reactive antigen. Furthermore, 18%-35% of

cently identified an infrequent B-Iymphocyte subpopulation in nonnal tonsil and

cells from our cALL patients also reacted

lymph nodes which carries a 65-K ceil-sur-

with one or all of the MoAbs (Table 2). In
addition, MoAb Cl1 reacted with 4% of
AML and 16% of AMOL cells (Table 2).
Among the positive cALL cases, 14 were selected for more detailed studies. Table 3
shows that cells from only one cALL patient
reacted with all three MoAhs, cells from
four patients with only one MoAb, and cells

face determinant. Coincidently. the antigen

The results (Table 2) showed that most of

from the remaining nine patients with two
types of MoAbs. These results suggest that

the MoAbs are of different clonal origins

shown). Caligaris-Cappio et a!. [13] have re-

recognized by Cl1 as well as by the other
two MoAbs has a similar mol.wt. (Fig. I).
Therefore, one might speculate that the few
Cll-positive cells in the tonsil may be the infrequent B-Iymphocytes that are presumably distinct from conventional B-Iymphocytes.
When tested against different leukemia

and lymphoma cells, the three MoAbs

and that aU three MoAbs are selective for B-

showed distinct patterns of reactivity . The
B05 is most selective, in that it recognizes

lymphocytes.

mostly the B-CLL cells and some cALL
cells; the AOI reacts with some B-lymphoma

cells in addition to B-CLL cells, while the
V. Characterization

of the MoAb Reactive Antigen
In order to determine the molecular weight

of the antigen(s) reactive to MoAbs AOI ,
B05, and Cl1, cell extracts were prepared

Cli exhibits a more diverse pattern of reactivity. as it can react with both AML (4%)

and AMOL (15%) cells other than malignant B cells (Table 2). Furthermore, the
three MoAbs react differently to cALL cells
from different patients (Table 3). These re129

sults strongly suggest that the MoAbs have
different clonal origins and identify antigenic determinants present mostly on certain
neoplastic B cells or their putative precursors, which may be very heterogeneous in
antigenicity. Although, the three MoAbs are
obviously distinct from one another, they
have many properties in common. Thus, all
three react mostly with B-CLL cells and
some cALL cells, and they all immunoprecipitate a single surface antigen from
Daudi cells with a mol.wt. of about 66
(Fig. 1). Based on these results, it is very
likely that A01, B05, and Cll all recognize
the same antigen but at different determinant sites.
The MoAbs reported on in the present
study are distinct from those described by
other investigators. Thus, the Bl [14], B2
[15], Tl0l [7, 16], Y 29/55 [6, 17] and BA-l
[18] all recognize malignant B cells, but they
also react with normal T or B cells from certain tissues. In conclusion, we have been able
to establish three MoAbs which react selectively with B-CLL and some cALL cells but
not with lymphocytes from normal tissues.
These MoAbs may have unique diagnostic
value, in that they can distinguish neoplastic
from normal B cells, and may be powerful
tools in identifying a small number of abnormal B cells in the peripheral blood, either
following chemotherapy or at the subleukemic stage of ongoing diseases. Finally, the
A01, B05, and Cll MoAbs may also be useful in distinguishing B-cellieukemia from Bcell lymphoma cells since they all react
mostly with leukemic cells.

3.

4.

5.

6.

7.

8.

9.

10.
Acknowledgments. This work was supported by
grants from the Clinical Research Center, the Institute of Biomedical Sciences, Academia Sinica,
and the National Science Council of the Republic
of China.

11.
12.

References
13.
1. Greaves MF, Verbi W, Kemshead J, Kennett
R (1980) A monoclonal antibody identifying
a cell surface antigen shared by common
acute lymphoblastic leukemias and B-lineage
cells. Blood 56:1141-1148
2. Pirruccello SJ, Lebien TW (1985) Monoclonal antibody BA-1 recognizes a novel human

130

14.

leukocyte cell surface sialoglycoprotein complex. J Immunol134:3962-3968
Griffin JD, Ritz J, Nadler LM, Schlossman
SF (1981) Expression of myeloid differentiation antigens on normal and malignant myeloid cells. J Clin Invest 68:932-941
Maruyama S, Naito T, Kakita H, Kishimoto
S, Yamamura Y, Kishimoto T (1983) Preparation of a monoclonal antibody against human monocyte lineage. J Clin Immunol 3:5764
Hirt A, Baumgartner C, Forster HK, Imbach
P, Wagner HP (1983) Reactivity of acute lymphoblastic leukemia and normal bone marrow cells with the monoclonal anti-B-Iymphocyte antibody, Anti-Y 29/55. Cancer Res
43:4483-4485
Royston I, Majda JA, Baird SM, Meserve
BL, Griffiths JL (1980) Human T cell
antigens defined by monoclonal antibodies:
the 65000-dalton antigen of T cell (T65) is
also found on chronic lymphocytic leukemia
cells bearing surface immunoglobulin. J ImmunoI125:725-731
Stashenko P, Nadler LM, Hardy R, Schlossman SF (1980) Characterization of a human
B-Iymphocyte-specific antigen. J Immunol
125:1678-1685
Minowada J, Sagawa K, Lok MS, Kubonishi
I, Nakazawa S, Tatsumi E, Ohnuma T, Goldlum N (1980) A model of lymphoid-myeloid
cell differentiation based on the study of
marker profiles of 50 human leukemia-lymphoma cell lines. In: Serrou B, Rosenfeld C
(eds) International symposium on new trends
in human immunology and cancer immunotherapy. Doin, Paris, pp 188-199
Aota F, Chang D, Hill NO, Khan A (1983)
Monoclonal antibody against myeloid leukemia cell line (KG-1). Cancer Res 43:10931096
Chen P, Kwan S, Hwang T, Chiang B, Chou
C (1983) Insulin receptors on leukemia and
lymphoma cells. Blood 62:251-255
Kohler G, Milstein C (1975) Continuous cultures of fused cells secreting antibody of predefined specificity. Nature 259:495-497
Lebien TW, Boue DR, Bradley JG, Kersey
JH (1982) Antibody affinity may influence
antigenic modulation of the common acute
lymphoblastic leukemia antigen in vitro. J Immunol 129:2287-2292
Caligaris-Cappio F, Gobbi M, Bofill M,
Janossy G (1982) Infrequent normal B-Iymphocytes express features of B-chronic lymphocytic leukemia. J Exp Med 155:623-628
Nadler LM, Ritz J, Hardy R, Pesando LM,
Schlossman SF (1981) A unique cell surface
antigen identifying lymphoid malignancies of
B cell origin. J Clin Invest 67:134-140

15. Nadler LM, Stashenko P, Hardy K, van Agthoven A, Terhorst C, Schlossman SF (1981)
Characterization of a human B-cell-specific
antigen (B2) distinct from B1. J Immunol
126:1941-1948
16. Wormsley SB, Collins ML, Royston I (1981)
Comparative density of the human T-cell
antigen T65 on normal peripheral blood T
cells and chronic lymphocytic leukemia cells.
Blood 57:657-662

17. Forster HK, Gudat FG, Girard M-F, Albrecht R, Schmidt J, Ludwig C, Obrecht J-P
(1982) Monoclonal antibody against a membrane antigen characterizing leukemic human
B-Iymphocytes. Cancer Res 42:1927-1934
18. Abramson CS, Kersey JH, Lebien TW (1982)
A monoclonal antibody (BA-1) reactive with
cells of human B-Iymphocyte lineage. J ImmunoI126:83-88

131

Haematology and Blood Transfusion Vol. 31

Modern Trends in Human Leukemia VII
Edited by Neth, Gallo, Greaves, and Kabisch
© Springer-Verlag Berlin Heidelberg 1987

Natural Killer Activity in Preleukemic States
P.

Obl~kowski

1

A. Introduction

B. Patients and Controls

Natural killer cells (NKC) were first identified by their ability to kill without prior immunization certain tumor target cells grown
in vitro [15, 16,20]. In preliminary observations they were defined only in negative
terms: that is, they were not thymus-derived
(T) or bone marrow-derived (B)-lymphocytes, nor were they adherent or phagocytes,
and they lacked demonstrable surface membrane immunoglobulin [17]. Most human
blood NKC bear an Fcy receptor [23]. As
with rodents, a number of observations suggested that NKC were not necessarily
divorced from the T-cell lineage. For example, they reacted with anti-T serums and
anti-T monoclonal antibodies [5, 9, 11]. On
the basis of the partial isolation of NKC on
Percoll, they were characterized as identical
to large granular lymphocytes (LGL) with
cytoplasmic azurophilic granules [1, 21].
NKC and their regulation by interferons
(lFN) and interleukin-2 (lL-2) are proposed
to be one of the important factors in tumor
immunosurveillance and tumor resistance
[3,4,8, 14, 18,22]. A significant reduction in
NKC activity has been demonstrated in patients with various disorders such as the
Chediak-Higashi syndrome which are
known for their high incidence of malignant
diseases [6, 13]. It was of interest to examine
NKC activity in preleukemic states and to
determine its influence on the development
of the disease.

Natural killer (NK) activity was determined
in 20 patients ranging in age from 30 to 79
years (mean 59.9). There were six cases of acquired idiopathic sideroblastic anemia
(AISA), nine cases of refractory anemia
(RA), four cases of refractory anemia with
an excess of blasts (RAEB), and one case of
refractory anemia with an excess of blasts in
transformation (RAEBt). The patients were

1 Department of Internal Medicine, Institute of
Hematology, 00-957 Warsaw, Poland
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Table 1. Diagnosis in 20 patients examined
No. of patients

Acquired idiopathic
sideroblastic anemia
(AISA)
Refractory anemia (RA)
Refractory anemia with
an excess of blasts
(RAEB)
RAEB in transformation

Female

Male

5

1

7
3

2
1

0

1

classified as AISA, RA, RAEB, and RAEBt
according to the F AB classification of myelodysplastic (preleukemic) syndromes [2]
(Table 1). All patients had less than 10% of
blasts in peripheral blood, and none received
drugs which might influence NK cell activity. A control group constituted of 56
healthy blood donors.

C. Effector Cells

Effector cells were obtained by sedimentation of heparinized blood on "Lymphoprep". Mononuclear cells were washed and
resuspended in MEM supplemented with
10% FCS.
D. Target Cells
Cells of the K562 line derived from a patient
with blast crisis in CML were used as targets
[7]. K562 cells were cultured in RPMI 1640
medium containing 10% FCS, gentamicin
and L-glutamine, under standard conditions.
E. Cytotoxicity Assay
NK activity of mononuclear cells was measured in a 4-h cytotoxicity test with 51Cr-Iabeled K562 cells as targets [16]. After 4-h incubation of effector cells together with targets in a 20: 1 ratio, cells were centrifuged
and supernatants were collected for determination of released 51Cr in a gamma scintillation counter.
The percentage of cytolysis was calculated
according to the formula:
0/
/0

C

TX=

Maximal cpm was obtained by the incubation of target cells in the presence of 1 %
Triton X-100; spontaneous cpm was obtained by the incubation of target cells in
MEM containing 10% FCS.
The results revealed strong suppression of
NK activity in all of the preleukemic patients (11.5% + 10.1 %) and in each of the diagnosed syndromes, as compared with the
control group (30.6% + 11.5%; Table 2 and
Fig. 1). The difference was statistically significant (P<0.01) in the Wilcoxon-MannWhitney test. Similar changes in NK activity
in preleukemia have been detected by others
[12, 19]. There are reports that suppression
of NK activity was not connected with dilution of effector cells by blasts or by a reduced
frequency of LGL in mononuclear cells of
examined patients. Takagi and co-workers
suggested that suppression ofNK activity in
preleukemic patients was caused by the impaired IFN-linked regulatory system of
NKC [19].
In this study, two of the 20 investigated
patients developed leukemia 2-3 months
after diagnosis. Both cases showed very low
NK activity:
1. Patient M.S. (RAE B) %CTX = -4.2%
2. Patient W.M. (RAEBt) %CTX -1.7%

experimental cpm - spontaneous cpm 100
.
x
maXImal cpm - spontaneous cpm
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Fig. I. NK activity in preleukemic patients compared with healthy controls. Mean ± SD is indicated for
each group
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Table 2. Percentage of NK activity in 20 patients according to preleukemic

syndrome
Patient
Female

AISA
Male

W.L.
J. S.
S. P.
S. G.
K.K.
M.W.
I. D.

RA

RAEB

Cytotoxicity (%)
8.0
25.9
27.6
8.6
13.1
10.9
3.9
8.7
11.4
11.2
8.9
2.4
2.9
25.7
30.2

Z.N.
K.L.
T. S.
A.G.
M.K.
J. F.
E.M.
M.N.
M.S.

- 4.2
4.9
12.2
25.4

T.H.
H.K.
F.D.
W.M.
Mean

-1.7
15.6

9.7

These preliminary observations show that
very low NK activity might be connected
with a high risk for overt leukemia. Furthermore, the preleukemic patients were divided
into two groups on the basis of their risk for
leukemic transformation. The "high-risk"
group, consisting of patients with RA,
RAEB, and RAEBt, showed a mean NK activity of 5.8%. The "low-risk" group, consisting of patients diagnosed as having
AISA, which has a better prognosis for long
survival, showed a higher mean percentage
of NK activity (15.6%), but the difference
was not statistically significant (Table 2).
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Some Karyotypic Aspects of Human Leukemia
H. Van den Berghe and C. Mecucci 1

A. Introduction

Chromosome abnormalities are found in the
vast majority of hematologic malignancies.
A great number of these changes are very
specific, and some unambiguously identify
the nature and type of the malignant disorder in which they are found.
The purposes of this paper are (a) to update the list of characteristic chromosome
changes occurring in human hematologic
neoplasia; (b) to bring together data presently known about the nature of trisomies
found in these disorders; and (c) to review
which genes, other than oncogenes, located
near the chromosomal breakpoints may
playa role in the cellular proliferation and
differentiation, as well as in some other
phenotypic manifestations.

Table 1.
changes

Recently

di!;covered

chromosome

LymphoproliJeration
pre-B ALL
T-ALL
T-cell proliferation
T-cell proliferation
T-cell proliferation

t(1;19)(q23;p13)
t(11;14)(p13;q11)
9pinv(14)(ql1q32)
t(14; ... )(q11; ... ),
several translocations
possible
T-cell lymphoma
6p-jt(6; ... )(p23; ... )
Malignant histiocytosis t(2;5)(p23;q35)

MyeloproliJeration
t(1;7)(p11;p11)
t(1 ;15)(q12;pll)
t(2;11)(p21;q23)
Trisomy 4
t(1 ;3)(p36;q21)
t(3;5) (q21-q25;q35)
t(3;17)(q26;q22)

MDS, secondary
MDS
ANLL
ANLL
ANLL
ANLL
Myeloproliferative
syndromes

B. Recently Discovered Characteristic
Chromosome Changes
in Human Hematologic Malignancies
I. Lymphoproliferative Disorders

Six anomalies are to be added to the existing
list of characteristic chromosome changes in
lymphoid proliferations (Table 1). A t(1;19)
characterizes some cases of pre-B-ALL [1].
All other specific changes were found in Tcell leukemias and lymphomas. The 9p
anomaly is found predominantly in child-
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hood ALL [2]. Lymphomas with 9p are
found in adults [3]. The T-cell lymphomas
with involvement of 6p23 [4] might be the
counterpart in man of aT-cell lymphoma
occurring in mice with activation of the pimoncogene after insertion of Moloney murine
leukemia virus [5]. The other three chromosome changes have one breakpoint in common, 14q11, where the alpha chain of the Tcell receptor is located [6]. Finally, a t(2;5)
clearly characterizes a subset of malignant
histiocytic proliferations [7].

II. Myeloproliferative Disorders
An even larger series of characteristic chromosome changes have been discovered recently in myeloproliferative disorders
(Table 1). The first of these changes, t(1;7),
is invariably found in myelodysplastic syndromes (MDS) occurring as secondary disorders (iatrogenic or environmentally induced). The long arm and centromere of
chromosome 7 are lost; the remaining short
arm is translocated on the remainder of a
chromosome 1 which had lost the short arm.
Furthermore, two normal no.l chromosomes are present. Therefore, the leukemic
cells are trisomic for lq and monosomic for
7q:t(1;7)(pll;p11) [8]. Partial trisomy of
chromosome 1 is also seen in another anomaly, but this time the long arm is translocated
upon the short arm of chromosome 15. This
t(1;15)(q12;p11) is found in MDS [9].
Chromosome 1 is involved in a
t(1;3)(P35;q21), but this time in an apparently balanced rearrangement, found in
acute myelogenous leukemia (ANLL) [10].
Two other balanced translocations show a
rearrangement between chromosome 3 and
either chromosome 5 or chromosome 17.
The t(3;17) is found in myeloproliferative
syndromes (MPS) and the t(3;5) in ANLL
[11, 12].
Some ANLL are characterized by a
t(2;11), with the breakpoint in chromosome
11 being at q23 as in monoblastic and myelomonocytic leukemia [13] and also in the
t(4;11), which is by now a well-known entity
frequently occurring as a congenital leukemia. A very remarkable anomaly is trisomy 4 occurring as the sole anomaly [14]. It
is associated with a myelomonocytic leukemia and very clearly constitutes a new entity which, remarkably, was not discovered
earlier, despite its conspicuous chromosomal change. It is possible that this type of
leukemia may only recently have arisen.

C. Nature of Trisomy Occurring
as the Sole Anomaly
in Hematologic Malignancies

Trisomy 8 is found ubiquitously in myeloid
proliferation and more rarely in lymphoid

malignancies. It is found as the sole anomaly
in 10% of de novo ANLL; it appears in
transformation of CML, as well as in a
number of other hematologic conditions.
Trisomy 9 is more than occasionally
found as an early event in polycythemia
vera. Trisomy 12 characterizes chronic lymphocytic leukemia (CLL). Trisomy 4 identifies a subgroup of ANLL. In the light of oncogene activation by chromosomal changes,
one does not readily see how chromosomal
trisomies could be instrumental in this respect. Taking the example of chromosome 4,
there are three genes on this chromosome
which could be proliferation related: T-cell
growth factor, epidermal growth factor, and
the Kit-oncogene. Is a 50% increase in gene
product sufficient to cause transformation
or increased proliferation? Questions were
raised, therefore, with regard to the nature
of these trisomies. Could they not be in fact
a triplication of one parental chromosome
with the other parental chromosome missing? In trisomy 4 we used the G8 probe
which detects an RFLP sequence linked to
the Huntington gene on 4p and found a 2+ 1
and not a 3 x 1 situation. By a similar approach it was shown in CLL with trisomy 12
that there was a similar situation of 2 + 1. By
morphological analysis of C-polymorphism
in chromosome 9, we were able to show that
in trisomy 9 also no parental chromosome
was missing and that one of the homologs
was duplicated. These preliminary data seem
to indicate that if these trisomic changes are
crucially important in the malignant process, it could be through a 50% increase of
their gene products.
D. Chromosome Breakpoints Involving
Genes of Specific Cell Differentiation
and/or Functions
I. Differentiation Genes
It has been clearly demonstrated that chromosome breakpoints in B- and T -type lymphoproliferative disorders are related to two
groups of genes specifically expressed in Band T-cell differentiation; the immunoglobulin genes and the T-cell receptor genes.
Some additional examples indicating a nonrandom involvement of differentiation genes
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Table 2. Differentiation genes
Lymphocytic Cells (Burkitt's lymphoma; non-Hodgkin lymphomaleukemia)
B-type
i4q32

Heavy chain immunoglobulin

2p11
22q11

K-chain immunoglobulin
A-chain immunoglobulin

T-type (T-cell lymphoma-leukemia)
14q11
(X chain T-cell receptor
7q35
7p15
11q23
11q22
10q23
2pii
12

f3 chain T-cell receptor
y chain T-cell receptor
T3 subunit of T3-T cell receptor
Thy-i antigen
TdT
T8 antigen
T 4 antigen

t(8;14)(q24;q32);
t(11;14)(q13;q32);
t(14;18)(q32;q21)
t(2;8)(p11 ;q24)
t(8;22)(q24;q11)
inv(14)(q11q32);
t(11;14)(p13;q11)
t(7; 14)
t(7;14)
(1;6;11)(p33;q16;q23)
(1 ;6;11)(p33;q16;q23)
t(10; ... )(q23; ... )
t(2;17)(P11 ;p11)

Erythrocytic cells (Erythroleukemia-ANLL, M6-F AB)
11p15

f3 globin cluster

i6pter-p12

(X

globin cluster

in chromosome aberrations accompanying
malignant T-cell proliferations are shown in
Table 2.
A single patient with a T-cell lymphoma
with T8-positive malignant lymphocytes
and a t(2;17) translocation involving the region where the T8 antigen is located has
been observed [15]. Additional breakpoints
in T -cell lymphomas possibly corresponding
to T-stage differentiation genes affect 11q23

t(7;11)(q22;p15)
t(9;11)(q11;p15)
t(16;17)(p13;q2i )

at the level of or close to the genes for the T3
subunit of the T-cell receptor and the Thy-1
antigen. Moreover, more than one case has
been observed with a chromosome rearrangement in 10q23, where the gene for terminal deoxynucleotydil transferase is located.
In addition, a few chromosome translocations involving the genes for ex and f3 globin
have been associated with acute leukemias

Table 3. Growth factors/growth factor receptors
Chromosome
localization

Gene

Chromosome
aberration

Malignant
disorder

3q21-q26/3q26-qter

Transferrin/Transferrin
receptor
Interleukin 2 receptor

inv(3)(q21q26)3q-3q+
t(8;10)(q12;p14)

Interferon (X/ f3
EGF/Interleukin 2
Insulin receptor
G M -CSF /glucocorticoid
Receptor
Homeobox region

t(9;11 )(P21 ;q22)
trisomy 4
t(1;19)(q23;p13)
del(5)(q12q33)

ANLL with
thrombocytosis
Malignant
lymphoma
ANLL, M5-FAB
ANLL
pre-B ALL
MDS-ANLL

t(15;17)(q22;q21);
iso(17q);
t(3;17)(q26;q22)

ANLL-M3 FAB
Acute myeloproliferative disorders

10p14-p15
9pter-p13/p24-p13
4q25-q27/4q26-q28
19p13.3-p13.2
5q33/5q11-q13
17q
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Table 4. Metal ions regulating genes
Chromosome
localization

Gene

Chromosome
aberration

Malignant
disorder

16q22

Metallothionein genes

inv(16)(p13q22)

11q(13?)

Ferritin

del(11)(q14)j
del(11)(q14q23)

ANLL,M4
with eosinophilia
Acquired idiopathic
sidero blastic
anemia

characterized by predominant erythrocytic
differentiation [16].
II. Growth Factors
and Growth Factor Receptors
There are two lines of evidence supporting
an involvement of these genes in neoplastic
processes (for review see Goustin et al.
[17]).
First, c-sis and c-erb- B correspond to the
platelet-derived growth factor and the
epidermal growth factor respectively. Furthermore, it is known that tumor cells may
"autocontrol" their own proliferation by
producing specific growth-controlling polypeptides.
In the t(9;11) translocation associated
with M5-F AB leukemias an oncogene, c-ets1, moves to the short arm of chromosome 9,
adjacent to interferon genes [18]. The insulin
receptor gene on 19p13.3-p13.2 corresponds
to the breakpoint ofthe t(1;19) translocation
described in pre-B ALL [19].
Other well-established chromosome aberrations in malignant hematologic disorders
that possibly involve genes controlling cell
growth are indicated in Table 3.

Another typical association has been
found between a subgroup ofmyelodysplastic syndromes with sideroblastosis and a deletion of chromosome 11, with breakpoints
apparently located in q14 and/or q23, close
to the active gene for the subunit H of ferritin (Table 4).
These examples illustrate how several
genes important for differentiation and cell
proliferation are located on a number of
chromosomes, in or near breakpoints specifically known to be involved in malignant
hemopoietic cells. Some of these genes are
very clearly involved in the mechanism(s)
that govern the proliferation and phenotype
of the malignant cell. Further work along
these lines will undoubtedly lead to more insight into how these genes contribute to the
malignant process or to its phenotypic expression.
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Nonisotopic In Situ Hybridization for Mapping Oncogenic Sequences
P. F. Ambros \

c. R. Bartram 2, a.A. Haas 1, H.I. Karlic 3, and H. Gadner 1

A. Introduction

In situ hybridization techniques are currently the most direct way of determining the
localization and quantification of repetitive
sequences or umque genes, e.g. oncogenes,
in tissues or on chromosomes. This method
involves the annealing of labeled polynucleotide sequences to chromosomal or cellular preparations whose DNA or RNA has
been denatured (or otherwise exposed) to
enable hybridization with the labeled probe.
Along with autoradiographic techniques [5,
6], the use of nonisotopic in situ hybridization methods has brought a better resolution
of the signal and a considerable shortening
of the procedure.
The rapid biotin/streptavidin method [8]
combined with a specific microscopic set up
[7] is a powerful tool for locating unique sequences on metaphase chromosomes [1, 2].
Using biotinylated DNA probes and a streptavidin-peroxidase detection system we are
now able to trace cellular oncogenes on human chromosomes by in situ hybridization
with DNA probes less than 2 kb in size. Sequential staining of the preparations with
chromomycin A3 and DA/DAPI [10] allows
unequivocal chromosome identification and
an exact assignment of the in situ hybridization signals in the target chromosomes.
In the present study we applied this highresolution in situ hybridization technique to
1 St. Anna KinderspitaI, Kinderspitalg. 6, A-1090
Vienna, Austria
2 VniversiHitskinderkIinik VIm, Prittwitzstr. 43,
D-7900 Vim, Federal Republic of Germany
2 Ludwig-Boltzmann Inst. f. Leukamieforschung
Hanusch-Krankenhaus Vienna

chromosomes of the human leukemia cell
line K562. This cell line, originating from a
patient with CML in blast crisis, has turned
out to be an ideal model for molecular biological studies: A marker chromosome contains nearly identical amplified e-abl(5'ber
and lambda light-chain constant-region immunoglobulin genes (CL ) [3]. The aim of our
study was to analyze the exact positions of
the e-abl and 5' ber sequences in the genome.

B. Material and Methods
Two pUC plasmids (kindly provided by G.
Grosveld) were used, one containing a 1.8kb EcoRI c-abl, and the other one a 2.0-kb
Bg/ II/HindIII 5'ber insert. Labeling of the
DNA probes was done with biotinylated
dUTP (ENZa Biochem., Inc., New York)
with an Amersham Nick-Translation Kit.
K562 cells grown according to standard
techniques (RPMI 1640 supplemented with
10% FCS) were used for chromosome preparations. The in situ hybridization protocol
was performed as described previously in detail [1, 2]. Briefly, after RNase treatment and
dehydration of the slides, the hybridization
solution was applied. Slides were covered
with ethanol-cleaned glass coverslips and
sealed with rubber cement. Denaturation
was done at 75°-78°C for 10 min in a humid
chamber and followed by overnight incubation at 37 DC in the same chamber. After extensive washing in several steps with 2 x SSC
(2xSSC/50% formamide), PBS, and PBS
with 0.1 % triton, signal detection of the la141

Fig. I. a Partial chromosome spread from a K562
celJ after hybridi zation wit h a biotinylated c-abl
probe and detection of the signals with peroxi·
dase~ labeled streptavidin , which were visualized
with a renection~contras t microscope on chromo-

some 9 (9q34) chromosome 2 (2q37) and on a
marker chromosome. b R-banding of the sa me
cell with chromomycin A3 - c Dislamycin AI DA PI
banding

beled DNA probes was performed as described in the DETEK I-hrp signal-generating systems instruction manual (ENZO Biochern., Inc., New York). The diaminobenzidine development was carried o ut for
5 min at room temperature.
After analysis of the slides with reflectioncon trast microscopy [7] chromomycin-dis tamycin-DAPI staining was performed with a
slight modification according to Schweizer

[10[.
C. Results and Discussion

Nonisotopic detcction systems such as the
rapid biotin/streptavidin system offer
marked advantages over auto radiographic
methods currently in use: In view of the considerably shortened procedure, in situ hybridization is no longer res tricted to research
laboratories and has proven to be a reliable
tool for diagnostic and routine work. An increased resolving potential, highlighting sin142

Fig. 2. Chromosome spread from a K562 cell aner
hybridization with a biotinylated 5'ber probe and
peroxidase-strcptavidin detection

Fig. 3 a--c. Marker chromosome

probed with a biotinylated c-abl
probe a, and sequentially stained
with chromomycin A3 band DA/
DAPI c, indicating the centromere
position (arrow). The bright spots
in a represent the saltatory amplified c-abl sequences on this chromosome

gle sequences down to less than 2 kb, gives
more detailed information about chromosome organization and gene localization.
Using the biotin-HRP-streptavidinjreflection-contrast microscopy technique and sequential staining of the chromosomes with
chromomycinfdistamycinfDAPI after the
signal detection, we demonstrated that both
the e-abl oncogene (1.8kb EcoRI fragment)
and the S'ber (2.0kb BglII fHindJJI fragment)
are located on the same acrocentric marker
chromosome (presumably derived from a
Phi chromosome) in the human K562 cell
line (see Figs. 1-3), amplified four to seven
times.
Besides the germline position of the c-ab/
oncogene on chromosome 9 (9q34), this
DNA probe hybridized to a specific site on
chromosome 2 (2q37), indicating a further
translocation in the genome (Fig. 1). ]n addition to the rearranged position of this gene,
the site of 5'bcr on 22q was also clearly visible by this technique (data not shown in detail).
In accordance with molecular biological
(3) and in situ hybridization data obtained
previously with radioactively labeled e-abl
and c-Iambda probes (11], we clearly identified an amplification of the e-abl oncogene
and 5'ber gene on the Phi-like marker chromosome. The most striking information
gained from this study is a result of the increased resolution obtained by this specific
technique: the amplified e-ab/ seq uences also
include the second molecular hallmark of
CML, the ber sequences [a region on chro-

mosome 22 (22q) within which the majority
of Ph 1 breakpoints are clustered], in a saltatory pattern, interspersed with other DNA
segments (Fig. 3). A further transio(tation of
the c-ab/ oncogene could be seen in a terminal position of the long arm of chromosome
2 in this specific cell line.
This method has considerable advantages
over time-consuming autoradiographic in
situ hybridization techniques and expensive
molecular biological assays, and recent data
show that the methods presented in this
study will be useful for future routine diagnosis of unusual translocations in CML or
other leukemias and tumors.
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Persistence of CML Despite Deletion of Rearranged
ber/ e-abl Sequences
C. R. Bartram 1, J. W. G. Janssen 1, and R. Becher 2

A. Introduction
Chronic myelocytic leukemia (CML) is clinically divided into a chronic phase lasting for
about 4 years, followed by an acute phase
(blast crisis) of a few months' duration [5].
The cytogenetic hallmark of 95% of CML
cases is the Philadelphia (Ph) chromosome,
resulting from a reciprocal translocation between chromosomes 9 and 22 [21, 22] that
places the e-abl oncogene into the breakpoint cluster region (ber) on chromosome 22
[7, 11]; this area is part of a gene of yet unknown function [17, 24]. An involvement of
e-abl and ber sequences in the development
of Ph-positive CML has been deduced from
(a) the consistent rearrangement of both
genes in all cytogenetic subtypes of this leukemia [1, 7, 14, 15], (b) the concurrent detection of a novel 8.5-kb hybrid ber/abl RNA
transcript [6, 10, 15], and (c) the expression
of an altered e-abl protein that differs from
its normal counterpart in having a higher associated tyrosine kinase activity [18, 19].
B. Material and Methods

showed a second Ph chromosome as an additional chromosomal aberration. Both Ph
chromosomes in blast crisis were similar in
size to the single pH chromosome in the
chronic state. Combination chemotherapy
achieved clinical remission; the patient has
been in the chronic state for 14 months.

II. DNA Analysis
Bone marrow DNA (15 J,lg) was digested
with appropriate enzymes, electrophoresed,
blotted, and hybridized to 2-kb 5'bcr, 1.2-kb
3'ber, and 1-kb 5'8E ber cDNA probes as described elsewhere [2, 12, 25].

III. RNA Analysis
RNA was isolated from bone marrow cells
as described by de Klein et al. [8]; 10 J,lg of
poly-(A)-RNA was electrophoresed in the
presence of formaldehyde, blotted, and hybridized to 0.6-kb e-abl and 2-kb 5'ber
probes as previously described [3].

I. Patient
IV. In Situ Hybridization
A 49-year-old man developed blast crisis 45
months after diagnosis of Ph-positive CML.
Blast cells were of the T-cell phenotype and
genotype (TfJ gene rearrangement) and
1 Department of Pediatrics II, University ofUlm,
D-7900 UIm, FRO
2 Department of Internal Medicine, University of
Essen, D-4300 Essen, FRO

Chromosomes obtained from bone marrow
were prepared according to standard techniques and treated for in situ hybridization
as described [1]. The tritiated probe was a
1: 1 mixture of human 1.1-kb 3' and 0.6-kb
5' e-abl plasmids [1]. After exposure for 12
days, slides were developed and stained with
quinacrine mustard.
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Table 1. Results of in situ hybridization to e-abl

C. Results

probes
A recombination within the ber gene of this
patient was established by Southern blot
analysis of acute phase cells to a 3'ber probe
(Fig. 1, lane b). However, in contrast to all
Ph-positive CML patients investigated to
date, 5'ber sequences detected only a 5-kb
germline fragment for this man (Fig.1,
lane a). Hybridization of different digests of
blast-cell DNAs to a cDNA probe covering
most 5'ber sequences known thus far [12]

a

b

~5Kb

Fig. 1. Southern blot analysis of 15 flg DNA ob-

tained from blast crisis. Bgi II digests were hybridized to a 5'bcr probe (lane a) and to a 3'bcr probe
(lane b) that detect 5-kb germline bands. Note the
rearranged 3'ber fragment in lane b

285-

--7 Kb
-- 6 Kb

185_
Fig.2. Northern blot analysis of 10 flg poly-(A)-

RNA obtained from blast crisis cells and hybridized to c-ab/ sequences
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ChroChronic phase
mosome
Grains
ExObserved 8 pected b
1
2
3
4
5
6
7
8
9
9q+
10
11
12
13
14
15
16
17
18
19
20
21
22
Ph
X
y

7
12
4
9
6
2
5
2
13
5
2
3
0
6
1
2
3
5
0
1
0
0
3
9
4
0

9.0
8.8
7.3
7.0
6.7
6.3
5.8
5.3
2.5
3.0
4.9
5.0
4.9
3.9
3.7
3.5
3.2
3.1

2.9
2.3
2.5
1.7
0.9
0.5
2.8
1.0

Blast crisis
Observed
24
14
12
7
11

6
10
8
34
7
8
6
11

4
5
2
9
8
5
5
0
1

0
4C
7
3

Grains
Expected
18.1
17.7
14.6
14.0
13.4
12.6
11.6
6.5
5.0
5.7
9.7
10.0
9.8
7.8
7.5
7.1
6.5
6.2
5.9
4.5
5.0
3.4
1.8
2.2c
5.6
1.9

Grains were counted on complete, well-spread
metaphases.
b Number of grains expected according to DNA
content [26].
c On two Ph chromosomes.
8

likewise failed to detect rearranged fragments (not shown). These results suggested a
deletion of rearranged 5' ber sequences on
the Ph's in blast crisis. Since cell samples
from the chronic state of this patient were
not available for Southern blot analysis, we
performed in situ hybridization studies of
the e-abl oncogene to metaphases obtained
from both phases to investigate a possible
concurrent deletion of abl sequences.
Distribution of silver grains was uniform
and random on 21 chromosomal spreads obtained from the chronic state, except for specific signals (P<O.01) on chromosomes 9
and 22q - (Table 1). This result demon-

strated the expected translocation of e-abl
sequences to the Ph chromosome. However,
49 metaphases from blast-crisis cells demonstrated a significant (P<0.01) grain accumulation only on chromosome 9 (Table 1),
and thus established a deletion of e-abl sequences from the blast-phase Ph chromosomes.
Northern blot analyses were in agreement
with these data. Hybridization to e-abl and
ber sequences exhibited normal 6-kb and 7kb e-abl (Fig. 2), as well as 4.5-kb and 7-kb
ber transcripts (not shown) respectively.
Neither probe detected the hybrid 8.5-kb
ber/abl RNA species usually observed in Phpositive CML.

maintenance of a leukemic state. In this respect it would be of interest to investigate in
vitro the effect of antisense RNA or monoclonal antibodies directed against altered
ber/abl sequences in chronic-phase cells of
Ph-positive CML patients. While the reported case appears to be a unique in vivo
model, it can address only the respective
roles of these genes in blast crisis.
Acknowledgements. We thank Drs. A. de Klein
and G. Grosveld for probes and helpful discussions, Dr. Brittinger for providing cell samples
and clinical information on the patient, and
Angela Erkert for help with the preparation of the
manuscript. This study was supported by the
Deutsche Forschungsgemeinschaft and the Ministeriumfur Wissenschaft und Kunst, Baden-Wurttemberg.

D. Discussion

Various data suggest a multistep pathogenesis of CML, with the development of the cytogenetically visible Ph chromosome as well
as the molecularly detectable ber/e-abl rearrangement being a second event in this process [9, 13, 16, 20]. Transition from the
chronic to the acute phase of Ph-positive
CML would represent a third step, characterized by marked differences in the biology
of leukemic cells and additional chromosomal aberrations [23]. The detection of
identically rearranged ber fragments as well
as of comparable levels of the 8.5-kb abl/ber
transcript in blast cells and chronic-state
cells of the same patient suggest that genes
other than e-abl and ber induce this terminal
shift of biological properties within leukemic
cells [4, 10].
However, the data presented here may indicate a possible modulating effect on the
clinical course of this leukemic phase. In this
respect it seems to be noteworthy that the
patient has survived the acute phase for
more than 14 months already in remarkably
good condition. A deletion of the rearranged
abl/ber sequences, i.e., the withdrawal of the
second step on the way to CML blast crisis,
may result in the manifestation of a leukemic
state different from the more aggressive
blast crisis usually observed in CML.
On the other hand, the results of the present study suggest that once a leukemic cell
has entered blast crisis, rearranged abl/ber
sequences are no longer essential for the
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Similar Molecular Alterations Occur in Related Leukemias With
and Without the Philadelphia Chromosome
L. M. Wiedemann, K. Karhi, and L. C. Chan

A. Introduction

The reciprocal translocation between the
long arms of chromosomes 9 and 22,
t(9 : 22), results in the Philadelphia (Ph1)
chromosome, the karyotypic hallmark of
chronic myeloid leukaemia (CML) [1]. The
molecular consequences of this translocation have been well characterized, although
their contribution to the disease process is
less clear. The translocation creates a hybrid
transcription unit consisting of the 5' end of
the so-called breakpoint cluster region (ber)
gene on ch22q 11 and the e-abl proto-oncogene on ch9q34 [2]. This new gene is capable
of being expressed as a chimeric 8.7 kb
mRNA [3] which, when translated, produces
a fusion protein (p210) with an enhanced
phosphorylating activity [4] compared, in vitro, to the normal e-abl protein (p145).
This translocation event can be seen at the
DNA level in the ber gene, since it usually
occurs within an 5.8 kb region of DNA and
can be detected with a specific probe for this
region (bcr probe) [2]. Involvement of e-abl
is more difficult to demonstrate since the
break on ch9q34 can occur anywhere within
50 kb or more [5] upstream of the proto-oncogene. We therefore chose to look at the
size of the abl protein-tyrosine kinase as well
as the level of its activity, as an assay for eabl involvement. Using these criteria we
analysed two other types of leukaemias (a)
Ph1-positive acute lymphoblastic leu-

Leukaemia Research Fund Centre, Institute of
Cancer Research, Fulham Road, London SW3
6JB

kaemia, (Ph1 + ALL) and (b) Ph1-negative
(Ph1-) CML.
The Ph1 chromosome is present in about
10% of adult ALL and is associated with a
poor prognosis. It is not clear, however,
whether Ph1 + ALL represents blast crisis of
previously undiagnosed Ph1 + CML,
whether it is a clinically distinct group, or
(what is more likely) a mixture of the two
[6].
The Ph1 - CML group, represents 5% of
patients diagnosed as CML whose cells do
not contain the Ph1 chromosome. However,
the need for more accurate assessment of
these cases has been demonstrated by Pugh
et al. [7], who examined 25 cases originally
diagnosed as Ph1 - CML and reclassified all
but one as myelodysplastic syndromes including various refractory anaemIaS,
chronic
myelomonocytic
leukaemia
(CMML) and polycythaemia rubra vera.
B. Results
DNA was isolated and purified from peripheral blood and/or bone marrow leukocytes
of samples from patients diagnosed on the
basis of clinical and haematological criteria
by Prof. D. Galton (Royal Postgraduate
Medical School, Hammersmith, London) as
Ph1 + CML (1 case), bona fide Ph1- CML
(2 cases), atypical Ph1- CML (aCML) (2
cases) and Ph1- CMML (1 case). The DNA
was digested with the restriction endonuclease BgllI, fractionated by electrophoresis
through a 0.7% agarose gel, and blotted
onto nitrocellulose according to the method
of Southern [8]. Relevant restriction frag149

1234567
Fig.t. DNA analysis of the breakpoint
cluster region (ber) on chromosome 22.
The restriction map of the region of chromosome 22 is illustrated in the lower portion as well as the probe used for hybridization analysis for rearrangement (kindly
supplied by Dr. J. Groffen of Oncogene
Sciences, USA). The dashed region of the
probe was deleted due to the presence of
repetitive sequences. The normal size of
the BglII fragments detected by this probe
are delineated. The known positions of
the ber exons are also shown. Bg, BglII;
Ba, BamHI; E, EcoRI; and H, HindIII.
BglII digested DNA from cells with the
normal ber configuration, Bri-7, lane 1;
Ph1 +, CML, lane 2; Ph1- CML-1, lane 3;
Ph1- CML-2, lane 4; Ph1- aCML-1,
lane 5; Ph1 - CMML, lane 6, and Ph1 aCML-2, lane 7, were hybridized to the
ber probe and autoradiographed. The
normal bcr bands are labelled in kb.
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ments were identified by hybridization with
the bcr probe (kindly supplied by Dr. J.
Groffen, Oncogene Science, USA) and visualized using Kodak XAR-5 film (Fig. 1).
In germline DNA from cells without a
Ph1 chromosome, the ber probe reveals
three bands reflecting the normal restriction
fragment sizes of the nonrearranged chromosome 22 region (Fig. 1, lane 1). When a
translocation occurs in Ph1 + CML, one or
two new bands are detected by the probe,
(i.e., Fig. 1, lane 2) depending on the position of the break and the retention of the 3'
as well as 5' portion of the translocation
products (deletion of the 3' region ofber appears not to be uncommon [6]).
When the DNA from the six patients was
analysed, new bands were detected in the
Ph1 + CML (Fig. 1, lane 2) as well as two
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bona fide Ph1 - CML (Fig. 1, lanes 3 and 4),
suggesting that the DNA is rearranged in the
ber locus in the DNA from these leukaemias.
DNA samples from the two aCML and the
CMML did not give rise to additional bands
(Fig. 1, lanes 5-7). This information shows
an interesting correlation with the diagnosis
based solely on clinical and haematological
features and confirms the conclusion
reached in a recent report [9] although our
data on aCML is in conflict with a study by
Ganesan et al. [10]. DNA from the cells from
the bona fide Ph1 - CML patients, although
karyotypically apparently normal, appear to
have a "masked" Ph1 chromosome as analysed by bcr rearrangement and will be refered to as bcr-positive.
To exclude the possibility of polymorphism associated with BglII in a published

report of Phl - CML [11], several enzymes
were used to confirm the rearrangement of
bcr in the DNA from bona fide CML patients and the lack of rearrangement in the
bcr- group.
Detection of the Abl-Kinase Activity
Mononuclear cells from selected samples
were isolated on Ficoll-Hypaque (acute or
blast crisis cases) or Percoll density gradients
(chronic cases) and analysed by a modification of the in vitro autophosphorylation assay of the abl protein tyrosine kinase [2].
Briefly, 4-10 million cells were lysed in the
presence of protease inhibitors and an antiserum raised against a synthetic peptide
which was derived from the abl protein
tyrosine kinase sequence (a kind gift of Syd
Raytner, NIMR, London), was added in the
presence or absence of the peptide antigen.

1

2

a b

a b

3

4

a b a b

5

a b

P 210-

Fig. 2. Analysis of samples for bcr-abl protein
tyrosine kinase. Blast cells were purified on density step gradients, abl-related proteins were isolated from the lysed cells in the presence (lanes b)
or absence (lanes a) of the synthetic peptide used
to generate the antiserum. Proteins were allowed
to autophosphorylate in the presence of y_ 32 P_
ATP and were analysed by PAGE. The autoradiographic results shown were from Nalm-i cells,
lanes 1; Ph1 + CML-myeloid blast crisis, lanes 2;
Ph1- CML-2, lanes 3; Ph1 + ALL, lanes 4, and
Ph1- ALL, lanes 5. The position of the p2i0 protein tyrosine kinase as determined from markers,
is indicated.

The lysate was clarified after 15 min and
added to Sepharose 4B-CL-protein-A
beads. The beads were collected and washed
and the bound material was allowed to autophosphorylate in the presence of y- 32p_ATP.
The products were analysed by SDS-polyacrylamide gel electrophoresis.
Lysates from a cell line Nalm-l which
bears the Phl chromosome and in which bcr
is rearranged, were used as positive controls.
The addition of the peptide 4 completely
eliminated the precipitation and subsequent
autophosphorylation of the p210 in Nalm-l
demonstrating specificity of the anti-abl
antiserum for this protein (Fig. 2, lane 1 b).
The p210 activity was observed in all
samples that had been shown to rearrange in
the ber locus. These included a Phl + CML
in myeloid blast crisis (Fig. 2, lane 2) the
Phl - CML-2 (Fig.2, lane 3) and a Phl +
ALL (Fig. 2, lane 4) that had previously
been shown to rearrange in the ber locus,
(see [6], patient L8), while we were unable to
detect any abl-related products in Phl - ,
bcr- samples of aCML (data not shown) or
in a Phl -, bcr- All (Fig. 2, lane 5).

C. Conclusion

We have shown the importance of the protein kinase assay as a complementary study
to bcr analysis in leukaemias that are related
to Phl + CML. We find that: (a) Phi- bona
fide CML and Phi + CML appear to be the
same disease as measured at the DNA level
by bcr rearrangement and at the protein
level as measured by the p210 abl protein
tyrosine kinase assay (b) Ph1 + ALLs which
rearrange in bcr also express the p2i0 kinase
activity. Since the protein kinase assay is
quick « 36 h) and requires only 5 million
enriched blast cells, it could be used as an alternative to DNA analysis for identification
ofbcr-positive samples in clinical specimens.
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Rearrangement of the ber Gene
in Philadelphia-Chromosome-Negative Chronic Myeloid Leukemia
T.S. Ganesan 2 , F. Rassool1, A.-P. Guo 1 , B.D. Young 2, D.A.G. Galton 1,
and J. M. Goldman 1

A. Introduction
The majority of patients with chronic myeloid leukaemia (CML) have a characteristic
deletion of a portion of the long arm of one
chromosome 22, the Philadelphia (Ph l )
chromosome, in their myeloid cells. The
missing material is reciprocally translocated
to chromosome 9 such that the usual karyotype is described as t(9;22)(q34;ql1). In Ph l _
positive CML, the oncogene (c-abl) normally present on chromosome 9 is translocated to chromosome 22 [1, 2] where it
comes into juxtaposition with a region
named the "breakpoint cluster region" (ber) .
[3]. A chimeric abl-related mRNA has been
identified in cells from patients with CML
[4] and is associated with the presence of a
fusion protein that has tyrosine kinase activity [5J. Thus, patients with Phl-positive
CML show evidence of rearrangement of
DNA within the ber region.
About 10% of patients regarded on clinical and haematological grounds as having
CML lack the Phl chromosome. Some of
these have a leukaemia that is totally indistinguishable from Ph 1 -positive disease in all
other respects, while in other cases clinical
and haematological features suggest that the
disease is different. We report the results of
studying the clinical, haematological, cytogenetic and molecular biological features in
seven patients with Phl-negative CML. Two
1 The MRC Leukaemia Unit, Hammersmith
Hospital and Royal Postgraduate Medical
School, London, UK
2 The ICRF Medical Oncology Unit, St. Bartholomew's Hospital, London, UK

further patients who were classified as having chronic myelomonocytic leukaemia
(CMML) are also included.
B. Materials and Methods
I. Patients

We selected for study nine patients who had
attended the Hammersmith Hospital within
the previous 2 years with a diagnosis of Ph 1 _
negative CML. Their clinical and haematological features at diagnosis are shown in
Table 1.
II. Cytogenetic Analysis
Cytogenetic studies were carried out on
fresh bone marrow cells or on fresh or cryopreserved buffy-coat cells collected from the
patients at the time of diagnosis. Mononuclear cells were prepared from the blood
samples by centrifugation on a Lymphoprep
(Nyegaard, Oslo, Norway) density gradient.
Cells from marrow or blood were then incubated at 37°C at a final concentration of
1 x 10 6 Iml in RPMI 1640 medium supplemented with 20% foetal calf serum, L-glutamine and antibiotics for a period of 2472 h. Co1cemid was then added, and the cells
were harvested 1 h later. Chromosomes were
prepared according to standard methods
and analysed after Giemsa banding [6]. In a
number of the cultures, mitoses were synchronized by addition offluorodeoxyuridine
(FDU) in accordance with the method of
Webber and Garson [7). For this purpose,
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Table 1. Clinical and haematological details of nine patients with PhI-negative CML

~

Patient

Age/
sex

Spleen

Peripheral blood at diagnosis

em
Hb
g/dl

WBC
x
10.9/1

Platelets
x
10,9/1

Differential (% of 300 cells)
B1

Pm

My
Neut
+ Met

Eos

Baso

Mono
0
0.5
1

NAP

1.
2.
3.

M/24
M/58
M/31

25+
0
0

8.3
11.2
12.1

174
170
46

941
53
375

6
1
0

6
3
0

21
28
10

41
61
56

6
0
17

14
0.5
2

4a

F/33

0

10.5

77

492

0

0

17

68

4

2

5. a
6.
7.

M/62
F/43
F/54

3
12
3

10.6
10.3
7.0

105
506
163

87
319
545

0
2
2

4
4
4

31
28
22

58
59
58

0
2
2

8. b
9. b

M/63
M/61

0
15

9.4
14.2

15
42

116
74

9
0

0

22
6

28
73

6
4

Treatment
and
response

Lymph NRBCs
4
6
14

0
0
0

0
0-12
NA

3

6

0

0

0
3
9

1
1
1

2
1
1

2
0.3
0.3

NA
0
0

1
1

12
13

27
4

0
4

94
NA

HU;PR
HU;PR
BU, Hu;
CR.BMT
BU,HU;
CR.BMT
SRT; CR
BU;CR
BU,HU;
CR
NYT
NYT

HU, hydroxyurea; BU, busulphan; SRT, splenic irradiation; NYT, not yet treated; CR, complete haematological ressponse; PR, partial haematological response;
BMT, Bone marrow transplantation; NA, not available; NAP, neutrophil alkaline phosphatase (normal range 30-100 units).
a Blood film morphology not typical of PhI-positive CML.
b Morphological diagnosis: CMML.

cultures were incubated for an initial period
of either 24 or 48 h, after which FDU was
added at a concentration of 0.1 11M. Incubation was continued for a further 18 h, after
which thymidine was added to release cells
from the FDU-induced block of division.
Incubation was continued for a further 6 h,
after which colcemid was added and the cells
were harvested 30 min later. Chromosomes
were prepared as described above.

III. Southern Analysis
Leukaemic cells were isolated from the peripheral blood or marrow samples, and high
molecular weight DNA was prepared by
standard procedures. All the samples of
DNA were digested with restriction enzymes
(BamHI, BgIII, EeoRI, and HindIII), separated on a 0.8% agarose gel by electrophoresis and transferred to Hybond-N (Amersham) by the Southern technique [8]. The
filters were prehybridized and then hybridized [9] at 43°C with radiolabelled 2 p)
probe. They were washed twice for 60 min in
0.1 x SSC/O.1 % sodium dodecyl sulphate at
43°C and autoradiographed for 3-5 days at
-70°C.
The 0.6-kb intron fragment (ber-G) was
subcloned from a commercially available ber
probe (Oncogene Sciences, Mineola, New
York) and labelled by the oligonucleotide

e

priming method to a specific activity of 13 x 10 9 cpm/l1g [10].
C. Results

I. Haematology
The haematological findings for the nine patients are shown in Table 1. Their leucocyte
counts ranged from 46 to 506 x 10 9 /1 at diagnosis. Minor dysplastic changes were present in the granulocyte series in three cases
(patients 2, 5, and 7). The neutrophil alkaline phosphatase score was low in the five
patients studied at diagnosis. Two of the patients were thrombocytopenic. In each case
the bone marrow in aspirate smears, trephine sections or in both was hypercellular
and showed gross granulocytic hyperplasia
with maturation and no excess of blast cells.
The morphology in five cases (1, 2, 3, 6, and
7) was indistinguishable from that characteristic of Ph 1-positive chronic granulocytic
leukaemia (CGL) [11]; in two cases (4 and 5)
it was atypical, and in two others (8 and 9)
was characteristic of CMML. In five cases,
treatment usually effective in Ph 1 -positive
CGL was effective in restoring the patient's
blood counts to normal, but in two cases
only partial responses were observed. All
seven patients were alive at the time of writing. Two patients (3 and 4) had been treated

Table 2. Cytogenetic findings in the nine patients
Patient

Source of cells

Number of
metaphases

Karyotype

1.

PB

2.
3.

BM
BM a
PB
BM a
PB
BM

38
2
30
30
20
20
25
30

BM
BM

20
20

46, XY (n = 38)
46, XY, del(22) (pter-q11:)
46, XY del (16) (pter---+q22:)
46, XY
46, XX
46, XY
46, XX
46, XX, t(4;9;22)
(9pter---+9q34: :22qll---+qter;
22pter---+ 22q11: :4p11---+4pter)
46,XY
46,XY

4.

5.
6.
7.

8.
9.

Except in two cases, blood (PB) or bone marrow (BM) for these studies was collected before any
treatment was administered. Marrow cells from patients 3 and 5 were studied after the patients had been
treated with chemotherapy and splenic irradiation, respectively.
a
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Fig. 1. Partial karyotype of three
G-banded metaphases from myeloid cells of patient 1, showing
t(4;9;22)(Pll ;q34;qll). Chromosomal material has been reciprocally translocated between chromosomes 9 and 22, resulting in
9q+. Moreover, material from
the short arm of chromosome 4
has been translocated to the long
arm of chromosome 22. These
changes are indicated by arrows

4

9

22

by allogeneic bone marrow transplantation
and were well 6 and 12 months after transplant, respectively.

Table 3. Schematic representation of ber gene

rearrangements in the nine patients
Patient

II. Cytogenetics
The results of cytogenetic studies are summarized in Table 2. Patient 7 had a complex
translocation and her karyotype may be regarded as showing a "masked" Phi chromosome (Fig. 1). Patient 2 had a deletion involving chromosome 16, but the karyotype
was otherwise normal. A third patient (1)
had a minority popUlation of myeloid metaphases that showed 22q- (but no 9q + ), but
the majority of metaphases were normal.
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1.

2.
3.
4.

5.
6.
7.
8.

9.

Rearrangement detected with restriction
BamHI

BgIII

EeoRI

+

+

+

+
+

+
+
+

+
+
+
+

HindIII

+
+

B9

HB
I

H

I

,

B9
I

I

P E
-

a

H

8
I

H

89

I

I

I

Bg

B

BCR-G

L.-.J

1KB

1

2

R

6

5

4

3

7

'R
N

N

R

R

8

N

R
R

N
R
N

N

Fig. 2. a Schematic representation
of the ber region (3), showing the
position of the probe (ber-G) used.
For the sake of clarity, not all Pst!
sites are indicated. E, EeoRI; B,
BamHI; Bg, BgIII; H, HindlII; P,
Pst!. b Composite of Southern
blots from the seven patients,
showing patterns of rearrangement
for each patient. Lanes 1-7 show
blots from each patient using
DNA digested with one of the restriction endonucleases that displayed a rearrangement. The
numbers correspond to the
numbers given to each patient in
Table 1. Lane 8 shows DNA from
a patient with PhI-positive CML,
digested with EcoRI and hybridized with the ber-G probe. The enzyme used in each case is indicated
below the corresponding lane. N,
normal band; R, rearranged
band(s)

N

R

R
N

R

b

B

H

Bg

E

E

6g

The other six patients had entirely normal
karyotypes.
III. Southern Analysis
Southern blots prepared from leukaemic
cells and probed with the bcr-O probe
(Fig,2A) showed abnormal restriction
bands in seven of the nine cases (Table 3). A
representative Southern blot for each patient exhibiting rearrangement with one of

6

E
the restriction enzymes is shown in Fig. 2 B.
Patients 8 and 9 did not show any rearrangements of the ber region with multiple enzymes and different probes of that region
(data not shown).
D. Discussion

The common form of CML is COL (90% of
cases): it has a highly characteristic clinical
157

and haematological profile and is associated
with the presence of the Phi chromosome.
The remaining 10% of Phi-negative cases
are heterogeneous and include a number of
possibly unrelated conditions that have little
in common, except high leucocyte counts involving the granulocytic lineage and usually
enlargement of the spleen. The named variants include juvenile CML, which is confined to children under 4 years of age, and
CMML and chronic neutrophilic leukaemia, confined to elderly patients. The remaining cases, found at all ages, include
firstly, examples identical with the common
Phi-positive COL in all respects except the
lack of the Phi chromosome, and secondly,
others with atypical features which lead the
haematologist to predict that the Phi chromosome will not be found.
The atypical features referred to are as follows: (a) the spleen is often smaller at corresponding leucocyte counts than in the Ph i _
positive disease; (b) thrombocytopenia is
common at presentation; (c) the myelocyte
"peak" characteristic of the Phi-positive
disease is often absent; (d) monocytosis is
common; (e) basophilia is exceptional; and
(f) dysplastic morphology in the granulocytic series is common. Because there are no
generally accepted guidelines for the recognition of these latter cases, it is possible that
some at least have been called CMML and
myelodysplastic syndrome in other reports
on Phi-negative CML [12, 13, 15].
Two of our patients (4 and 5) are examples of atypical CML, two (8 and 9) had
CMML and five (1,2,3,6, and 7) were indistinguishable clinically and haematologically
from Phi-positive COL. None of the nine
patients had the classical t(9;22), though one
(7) had a "masked" Phi chromosome; three
had various chromosome abnormalities and
six had normal karyotypes. This work suggests that among cases of Phi-negative
CML, patients whose disease is clinically
and haematologically indistinguishable
from classical Phi-positive CGL are likely to
show evidence of ber rearrangement; the
only two "atypical" cases studied also
showed rearrangement, but the two cases of
CMML did not. We do not know whether cabl is the oncogene involved in the seven patients with rearranged ber. abl-related genetic material was demonstrated on chro158

mosome 22 in one of the cases reported by
Morris et al. [14]. Moreover, Bartram et al.
[16] described a patient with clinically typical COL who had a complex chromosomal
translocation t(9;12;22); cytogenetic analysis
and molecular biological studies suggested
that a ber-abl hybrid gene was present but
was located on chromosome 12 rather than
on chromosome 22 as in classical Phi-positive CGL. However, in another case of Ph i _
negative COL, ber rearrangement was demonstrated without apparent translocation
involving c-abl or expression of a novel ablrelated mRNA species [17]. Thus, it remains
uncertain whether in such cases the ber gene
is involved with c-abl or some other unknown oncogene.
In conclusion, it seems that the involvement of the ber gene is a characteristic feature of "classical" COL, whether or not the
karyotype is abnormal, and of some cases of
atypical CML. Phi-negative CML is a heterogeneous group, and molecular studies in
conjunction with clinical, haematological
and cytogenetic studies are certain to be of
major importance in understanding it.
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Rearrangement of ber and e-abl Sequences
in Ph-positive Acute Leukemias and Ph-negative CML - an Update
C. R. Bartram 1

A. Introduction
The molecular hallmark of the Philadelphia
(Ph) translocation in CML is a rearrangement between the e-abl oncogene and a gene
provisionally called ber [7, 11, 13, 19]. As a
consequence of this genomic recombination
on the Ph chromosome, CML cells transcribe a chimeric 8.5-kb RNA species, consisting of both 5'ber and e-abl sequences [6,
10, 20], that is translated into a p 210 abl
protein [15, 16]. As yet the normal cellular
functions of e-abl and ber have not been
characterized. However, e-abl belongs to a
family of genes coding for proteins with associated tyrosine kinase activity; it is tempting to speculate that the ber moiety of the
hybrid ber/abl molecule has altered the
structure of the ablprotein and thus changed
its tyrosine kinase activity. Recently, we extended the analyses of e-abl and ber sequences to Ph-negative CML and Ph-positive acute leukemias. The results are summarized below.
B. Ph-negative CML
About 5% of all CML patients exhibit no Ph
chromosome in leukemic cells. While Phnegative CML is associated with a generally
less favorable course, it is widely accepted
that this entity constitutes a heterogeneous
group of prognostically distinct disorders
[21]. In our studies we included only cases
Department of Pediatrics II, University of UIm,
D-7900 Ulm, FRO
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that met stringent criteria of CML [5]. As
listed in Table 1, these patients usually lack
e-abl and ber rearrangements in Southern
blot and in situ hybridization studies. However, in seven cases an involvement of both
genes was established. Among these seven
patients, two exhibited an involvement of
chromosome region 9q34 on the cytogenetic
level, i.e., t(8;9) and t(9;12) and this may represent masked complex Ph translocations.

Table 1. Ph-negative CML (n = 31 8 )

I No ber rearrangement,
no e-abl translocation
II bcr/e-abl rearrangement
III ber rearrangement,
no e-abl translocation

23
7
1

Data of some patients have been published
elsewhere [1-5, 7, 11, 13].
8

The other cases showed no chromosomal
abnormality, even when high-resolution
banding techniques were used. Yet Southern
blots revealed a ber rearrangement, and in
situ hybridization studies demonstrated a eabl translocation toward chromosome 22. In
one patient, Northern blot analysis exhibited the 8.5-kb abl/ber transcript. Similar
results have recently been reported by Morris et al. [17]. Leukemic cells of only one Phnegative CML patient showed a ber rearrangement without juxtaposition of e-abl sequences [3]. In leukemic cells of this patient
Northern blots revealed a novel 7.3-kb ber
transcript.

C. Ph-positive ALL and AML

been cloned (Mes-Masson et aI., this volume), this problem can now be investigated
directly. However, the observation that
Northern blots of one of our ALL patients
and of an ALL cell line [8, 9J detect normalsize ber and abl transcripts argues against
this interpretation.
Thus far we have analyzed four Ph-positive AML patients (Table 2). As in Ph-positive ALL, two cases exhibited abl/ ber rearrangements and thus may be regarded as in
CML blast crisis. In situ hybridization studies of one variant Ph-positive AML patient
lacking a ber recombination showed e-abl sequences exclusively on chromosome 9 [12].
This case may be an example of yet another
leukemic subgroup comprising cytogenetically defined "Ph-like" leukemias that exhibit no alteration of either e-abl or ber sequences.

Initially considered specific for CML, the Ph
chromosome has been described in other hematopoietic neoplasias; in adult ALL the Ph
translocation is the most frequent detectable
chromosomal aberration, with an incidence
of about 20% (van den Berghe, this volume).
The question of whether Ph-positive acute
leukemias represent distinct clinical entities
or comprise CML patients initially diagnosed in the acute phase is still a matter of
controversy [14]. Since Ph chromosomes in
CML and acute leukemias are indistinguishable cytogenetically, we applied molecular
approaches to further elucidate this problem.
Ten Ph-positive ALL patients exhibited a
ber/e-abl rearrangement comparable to Phpositive CML (Table 2); moreover, Northern blots showed the 8.5-kb abl/ber transcript in two of these ten cases that could be
investigated. It may be sensible to assume
that those patients are suffering from CML
blast crisis. Three other Ph-positive ALLs
likewise revealed a ber rearrangement, but
3' ber sequences, usually transferred to chromosome 9q +, have been deleted. The biological meaning of this observation remains
obscure, but similar deletions have never
been detected in Ph-positive CML.
Despite the presence of a Ph chromosome,
a third group of ALL patients showed no ber
rearrangement (Table 2). Similar results
have recently been reported by other investigators [9, 18]. In situ hybridization studies
exhibited a e-abl translocation in three of
our patients. The possibility remains that at
least in some of the patients e-abl translocated to 5' sequences of the ber gene mapping outside the CML-specific cluster region. Since the entire ber gene has recently

D. Discussion
These data, although still preliminary, emphasize the possible value of e-abl and ber sequences in the subclassification of heterogeneous leukemic entities as Ph-negative CML
or Ph-positive acute leukemias. However,
these differences on the molecular level cannot readily be correlated with specific clinical, morphological, or immunological features. Thus, in contrast to a recent report
based on five cases [17], we detected no significant distinctions in the clinical course of
our 31 Ph-negative CML patients. The same
holds true for Ph-positive ALL. While nine
cases of childhood Ph-positive ALL investigated by us and others [8, 9,18] exhibited no
ber rearrangement, the demonstration of a
similar genomic configuration in four adult

Table 2. Ph-positive ALL and AML
Molecular hallmark
I
II
III
3

e-abl/ber rearrangement as in
Ph-positive CML
Rearrangement of 5' ber and e-abl,
deletion of 3'ber
No ber rearrangement

Ph-pos ALL (n = 23 3 )

Ph-pos AML (n=4 3 )

10

2

3
10

2

Data of some patients have been published elsewhere [8, 12].
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cases [8] at least rules out a restriction of this
molecular pattern to pediatric patients. Nevertheless, investigation of more cases with
longer follow-up may finally unravel the
possible clinical importance of molecular
differences among these heterogeneous leukemic entities and supplement our rather incomplete understanding of what overall biological consequences are triggered by such
genomic rearrangements as those discussed
above.
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Molecular Cloning and Serological Characterization
of an Altered c-abl Gene Product Produced in PhI CML Patients
A.-M. Mes-Masson, J. McLaughlin, and O. Witte

Summary
The reciprocal translocation between human chromosomes 9 and 22, termed the
Philadelphia chromosome (Ph!), is observed
in more than 90% of patients with chronic
myelogenous leukemia. This translocation
fuses sequences from a variable distance 5' to
the c-abl locus on chromosome 9 to sequences in a breakpoint cluster region (ber)
on chromosome 22. The appearance of the
Ph 1 chromosome is correlated with the production of a novel 8.7-kb RNA transcript
containing both ber and c-abl sequences as
well as with a 210-kd phosphoprotein
(p210c - abl ) representing non-abl polypeptide
sequences fused to c-abl-derived sequences.
Antibodies prepared to a number of different c-abl domains and to ber determinants
were employed to characterize the normal
and altered c-abl gene products. By combining a variety of cDNA cloning techniques,
we have isolated ber/abl clones representing
8.7 kb of contiguous mRNA sequence.
A. Introduction

The c-abl gene is the normal cellular homolog of v-abl (P160), the transforming gene of
Abelson murine leukemia virus (A-MuLV)
(Witte et al. 1979; Goff et al. 1980). AMuLV is a replication-defective, rapidly
transforming retrovirus which can transform early B lymphoid and other hematopoietic cell types both in vitro and in vivo
Molecular Biology Institute, University of California, Los Angeles, CA 90024, USA

(Rosenberg et al. 1975; Rosenberg and Baltimore 1976; Whitlock and Witte 1986). The
v-abl protein is a chimeric protein in which
the amino terminal sequences of the protein
are derived from the group antigen gene
(gag) of the Moloney murine leukemia virus,
while the remaining carboxy terminal sequences of the protein are derived from a
large protein of the murine c-abl gene (Witte
et al. 1979; Reddy et al. 1983; Wang et al.
1984). Several lines of evidence have shown
that the tyrosine-specific kinase activity of
the v-abl protein, encoded by c-abl-derived
sequences, mediates the ability of A-MuLV
to cause neoplastic transformation (Witte et
al. 1980; Rosenberg et al. 1980; Prywes et al.
1983).
Recently, c-abl cDNA cloned from both
human and mouse cell lines (Shtivelman et
al. 1985; Ben-Neriah et al. 1986a) has been
used to map the c-abllocus. The mature cabl mRN A represents the assembly of 11 different exons whose sequences are brought
together by virtue of an RNA splicing mechanism (Fig. 1). Exons 1, 2, and part of exon
3 represent 5' c-abl sequences not found in vabl. In addition, four different ex on 1 species, which are individually spliced to the remaining exons, have been found in murine
cells (exon 1jtypes 1--4) (Ben-Neriah et al.
1986a). Exon l/type 1 and exon 1/type 4 are
the most common forms of exon 1 found in
mature murine c-abl mRNA. To date, exon
1jtype 1 has been identified in human cells
and shares extensive sequence homology
with the murine form of exon 1jtype 1.
Chronic myelogenous leukemia (CML) is
a disease of the pluripotent stem cell which
progresses through a series of stages
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Fig. I. Model for generating the CML-specific 8.7kb mRNA and P210 c- abl _ The bcr locus on chromosome 22 (Heisterkamp et al. 1985) and the cabl locus on chromosome 9 (Shtivelman et al.
1985) are partners in the Ph! translocation whose
breakpoints occur within a 5.8-kb region on chromosome 22 within the ber gene (~) and at a more
variable distance 5' to the c-abl gene (Groffen et
al. 1984; Heisterkamp et al. 1983). The variable
breakpoint and intron sequences are removed by
splicing to generate the 8.7-kb mRNA. As indi-

cated in the figure, microheterogeneity in the
splicing pattern of the 8.7-kb mRNA has been observed (Shtivelman et al. 1985)_ cDNA cloning results demonstrated the presence of approximately
1 kb of novel sequence at the 5' end of the 8_7-kb
mRNA (hatched box) which does not form part of
the normal bcr gene transcript (Mes-Masson et al.
1986). The 8_7-kb mRNA gives rise to an altered
form of c-abi, P210c- abl , which has a structurally
altered amino terminus (Konopka et al. 1984a)

(chronic, accelerated, and blast crisis) where
cells become less regulated in their growth
and differentiation properties (for review see
Koeffler and Golde 1981). Translocation of
the c-abl gene from chromosome 9 to 22
(t9: 22), resulting in the Philadelphia chromosome (PhI), occurs in over 90% of CML
patients (Rowley 1973). The translocation
breakpoint generally occurs within a limited
region in a gene on chromosome 22 (termed
the ber gene) and at a variable distance 5' to
the c-abl gene on chromosome 9 (Heisterkamp et al. 1983; Groffen et al. 1984)_ Analysis of RNA expression in PhI-positive
CML cell lines has detected a unique 8.7-kb
c-abl mRN A (Cananni et al. 1984; Collins et
al. 1984). cDNA cloning ofa portion of this
8.7-kb mRNA suggests that transcription
begins on chromosome 22 and continues
through the junction with chromosome 9 to
some point downstream of the c-abl gene
(Shtivelman et al. 1985; Grosveld et al.
1986). RNA splicing joins exons from the
ber gene on chromosome 22 to the first common exon of c-abl (exon 2) in such a way as
to preserve the reading frame of the c-abl
gene (Fig. 1). A structurally altered c-abl
protein (P210 c - abl ), with an in vitro kinase

activity similar to that of the v-abl protein,
has been detected in a number of PhI-positive CML cell lines and direct clinical specimens (Konopka et al. 1984 a; Konopka and
Witte 1985). These results have strongly implicated c-abl in the pathogenesis of CML.
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B. P145 and P210 Protein Structure

Large regions of the v-abl protein, expressed
as fusion proteins in bacteria, were used as
immunogens to prepare antisera specific for
different regions of the v-abl protein
(Konopka et al. 1984 b). Since v-abl-specific
antisera displayed cross-reactivity to c-abl
and P210 c - abl , these immunological reagents
were used to characterize both forms of the
abl protein (Konopka et al. 1984 a;
Konopka and Witte 1985). The P210 c - abl
form has acquired new amino acids at its Nterminus, while C-terminal sequences remain indistinguishable from c-abl, a configuration reminiscent of the relationship between v-abl and c-abl. A similar, if not identical, protein is seen in a number of CML
lines and patient samples, despite the wide
range of different t9 : 22 breakpoints. In vivo

tyrosine phosphorylation has been observed
for P210 c - ab1 but not P145, although both
display in vitro tyrosine activity. Although
either protein can act as its own substrate in
the in vitro tyrosine kinase assay, c-abl appears to be phosphorylated at one or two
major sites, whereas P210 is phosphorylated
at two to three major sites and a number of
minor sites. The direct relationship between
the 8.7-kb mRNA and P210 has recently
been demonstrated using antiserum prepared against ber determinants (Ben-Neriah
et al. 1986b). This antiserum was able to immunoprecipitate P210 and a 190-kd protein
which is a candidate for the normal ber protein.
C. Hybrid 8.7-kb mRNA Structure

The CML-specific 8.7-kb mRNA has been
shown, by partial cDNA cloning, to be a hybrid transcript of ber and c-abl sequences
(Shtivelman et al. 1985; Grosveld et al.
1986). While a portion of the hybrid gene
had been cloned, we were interested in isolating a clone which represented the entire
mRNA, with special attention to clones
reaching the 5' end. To enhance recovery of
abl-related mRNA, poly (A) selected RNA
from K562 cells, a CML-derived cell line,
was initially size selected over a sucrose
gradient generating a ten fold enrichment of
the CML-specific mRNA. Since the hybrid
8.7-kb mRNA represents a long transcript, a
cDNA cloning protocol which optimized the
recovery of large cDNA clones was established. Although this protocol is described in
more detail elsewhere (A.-M. Mes-Masson,
J. McLaughlin and o. N. Witte, in preparation), a few features stand out as being important in the recovery of large cDNA
clones. These include optimizing conditions
for first-strand cDNA synthesis, priming
first-strand synthesis with both oligo d(T)
and an internal oligonucleotide from the
conserved tyrosine kinase domain of c-abl,
and, after second-strand synthesis and the
addition of EcoRI linkers, size-selecting the
resulting cDNA library over a sucrose
gradient before ligation to lambda arms.
When this cDNA library was initially
screened with a v-abl homologous probe,
over 1000 phage plaques scored positive. In

order to concentrate our efforts on clones
which would provide information on upstream sequences of the hybrid mRNA, a
subset (300) of the phage DNA was tested
for its ability to hybridize to a number of
probes, including exon 1, exon 2, and exon
3 of c-abl, as well as to oligonucleotides complementary to known ber mRNA sequences.
In this manner, clones which putatively represent the entire CML-specific 8.7-kb
mRNA were isolated.
In order to establish the identity ofthe isolated cDNA clones, we sequenced regions
corresponding to those reported to be found
in ber- and c-abl-specific sequences. Partial
sequence analysis confirmed the identity of
these clones. In addition, we determined the
sequence at the 5' end of various cDNA
clones, which will be reported elsewhere
(Mes-Masson et al. 1986). The cDNA clones
were analyzed by using various portions of
the cDNA clones as probes in a Northern
analysis of RNA from two different CMLderived cell lines, K562 and EM2, as well as
from HL60, a promyelocytic leukemia cell
line. Sequences derived from the c-abl gene
(approximately 5.7 kb at the 3' end of the
8.7 mRNA) hybridized with the CML-specific 8.7-kb mRNA in K562 and EM2 cells,
in addition to the normal 7-kb and 6-kb cabl mRNA in all cell lines. Sequences from
the 5' end of the mRNA up to, but not including, the first kb of sequence were also
able to hybridize with the 8.7-kb mRNA in
K562 and EM2 cells, as well as to normal
4.5- and 6.7-kb ber mRNA in all cell lines. A
different pattern of hybridization was observed when the first Kilobases of 5' cDNA
sequences were used to probe the Northern
blot. In this instance, while hybridization
still occurred with the 8.7-kb mRNA in
K562 and EM2 cells, the sequence failed to
hybridize with either of the normal ber
mRNAs. However, this sequence does appear to hybridize strongly to an RNA species of approximately 4 kb in length in all
three cell lines tested. The identity of this 4kb RNA is presently being investigated.
These results suggest the presence of non-ber
sequences at the 5' end of the 8.7-kb mRNA
(Fig. 1).
We are presently attempting to express the
P210 c - abl protein produced by the 8.7-kb
mRNA in normal cel1lines in order to assess
165

the role of P210 c - abl in oncogenic transformation. We hope that eventually the
overexpression of the P210 c - abl protein in either eukaryotic or prokaryotic vectors will
allow us to study the function of this protein
in greater detail.
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Human Follicular Lymphomas:
Identification of a Second t(14;18) Breakpoint Cluster Region
N. Galili, M. L. Cleary, and J. Sklar

A. Introduction

Most follicular lymphomas, which comprise
nearly two-thirds of the non-Hodgkin's lymphomas occurring in U.S. adults, have been
shown by cytogenetic analyses to contain a
t(14;18) translocation [1, 2]. This breakpoint
on chromosome 14 has been localized to
band 14q32, the site of the immunoglobulin
heavy chain genes. It was thus possible to
use human /g gene fragments to clone out a
breakpoint DNA fragment (PFL-l) from
tissue biopsy specimens of these lymphomas
and from cell lines containing this translocation. When used as a hybridization probe,
rearranged pFL-l containing DNA was detected in approximately 60% of follicular
lymphomas. Thus, a significant percentage
of follicular lymphomas failed to show a
breakpoint on chromosome 18 within 1520 kb on either side of the breakpoint region. We describe here the cloning of a chromosome 18 DNA fragment (PFL-2) that detects t(14;18) rearranged DNA in most of
these negative follicular lymphomas.

B. Materials and Methods
I. Tumor Tissues and Cell Lines

Lymphoma tissues serving as a source of
DNA for cloning were obtained from a single patient with follicular lymphoma. The
Laboratory of Experimental Oncology, Department of Pathology Stanford University, Stanford,
California 94305, USA

hybrid cell lines UV20 HL21-7 (containing
human chromosomes 4, 8, 18, and 21) and
UV20 HL 21-27 (human chromosomes 4, 8,
and 21) have been described previously [3].
The cell line SU-DUL-5 was provided by
Jean Jang and Dr. H. Kaplan (Stanford
University).

II. Genomic Southern Blot Analyses
DNA was extracted from lymph node
biopsy specimens and cultured cell lines and
SUbjected to Southern blot analysis using
procedures previously described [4].

III. Construction and Screening
of Genomic DNA Libraries
To isolate rearranged IgH genes, follicular
lymphoma DNA was digested to completion
with the appropriate restriction enzyme, and
size-fractionated in 0.8% agarose gel. Regions of the gels that contained DNA fragments of 3-6 kb for Hind III (productive Ig
allele) and from 20-23 kb for EcoRI (translocated allele) were excised. DNA was electroeluted from the gel slices, purified, and ligated into appropriate phage vectors as described previously [4]. The recombinant
DNAs were packaged in vitro and", 10 6 recombinant phages were plated and screened
using a radiolabeled J H hybridization probe
according to methods previously described
[4]. Hybridizing plaques were purified by
three successive platings.
167

IV. Nucleotide Sequencing
Nucleotide sequences were obtained using
the dideoxy chain termination method [5],
using DNA fragments subcloned into M13
phages [6].

C. Results and Discussion

All t(14;18) breakpoints that have been analyzed [4, 7-9] occur in chromosome 14 DNA
adjacent to or within the heavy chain J region segment. Thus, using the probe specific
for the human J H region, the breakpoint of
a follicular lymphoma lacking the previously
described breakpoint cluster region pFL-l
chromosome 18 rearrangement was molecularly cloned from genomic DNA.
The cloned DNAs are shown in Fig. 1. As
expected, each was homologous in part to
the human J H region. The homology is terminated 5' ofthe joining segment 14 for both
alleles. In addition, C il has been deleted from
one allele and replaced by Cy sequences.
Since the malignant cells of the lymphoma
expressed Il-containing Ig, the Cy allele must
represent the nonproductive (i.e., translocated) Ig gene. This apparent class switch is,
in our experience [2], a frequent but unexplained finding in follicular lymphomas.
In order to see whether this nonproductive allele DNA fragment contained a
t(14;18) breakpoint, a 5' subclone (fragment

+

123456

y

II III I VI

A

JH

~II
T

I

I

S~

I.l.t
C~

vEZ:]v

SW"Y

v

A

C"Y

B in Fig. 1) was used as a hybridization
probe on genomic Southern blots of DNA
from a series of hamster/human hybrid cell
lines (Fig. 2B). The 3' half of this 5 kb DNA
probe contained sequences derived from the
J H region, while the 5' end contained sequences of unknown origin. Two EeoRI
fragments were detected in human germline
DNA (lane 1). The 19 kb band corresponds
to the expected EeoRI germline J H region.
The 4 kb EeoRI band resulted from hybridization with the 5' end of this probe. No
cross-hybridization was seen with the parent
hamster cell line UV20 (lane 2). The human/
hybrid cell line UV20HL21-7 DNA in lane 3
lacks the human chromosome 14, but has
chromosome 18 [3]. This lane correspondingly lacks the 19 kb band but contains the
4 kb band. The hybrid UV20HL21-27 in
lane 4 has lost chromosome 18 and thus no
hybridizing sequences can be detected.
These results indicated, therefore, that the 5'
half of this probe contains DNA from chromosome 18. The nonproductive IgH allele
thus contained a t(14;18) breakpoint.
Restriction enzyme mapping of the cloned
breakpoint DNA fragment indicated that
the site oft(14;18) fusion had occurred near
the joining segment 14. Nucleotide sequencing was thus carried out on fragments subcloned into M13 phages. As seen in Fig. 3,
the breakpoint DNA sequence diverged
from germline J H immediately 5' of 14. The
sequence also showed that the D-1 joint in

Germline 14

A

A

.

t(14;18)

A

B

Functional 14

.11
t----1

2kb

Fig. 1. Graphic depiction of the cloned DNA fragments representing the two rearranged heavy
chain alleles shown along with the germline configuration for comparison. The cloned DNAs are
oriented 5' to 3'. Solid boxes represent CH-containing regions, the open boxes denote switch region
sequences, and the stippled box represents VH-
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containing sequences of the productive /g gene.
The cross-hatched box represents DNA sequences
derived from chromosome 18. A indicates the
chromosome 18-specific probe pFL-2; B indicates
the breakpoint DNA fragment used as a probe on
the human/hamster cell lines. Restriction sites as
follows: EcoRI U), BamHI (6), HindIII (\7)
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Fig. 2. a Southern blot analyses of genomic DNAs
containing pFL-2 (fragment A) as shown in Fig. 1.
Germline BamHI and HindIII containing pFL-2
bands are", 17 kb each. Lane 8, lymphoid cell line
SU-DUL-5; all other lanes, follicular lymphomas.

b Southern blot analyses of hamster/human hybrid cell line DNAs digested with EeoRI and
probed with a t(14;18) DNA probe. Lane 1, germline human DNA; lane 2, UV20; lane 3 ,
UV20HL21-7; lane 4, UV20HL21-27
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Fig. 3. Nucleotide sequences of the t(14;18) breakpoint DNA and the productive V-D-J joint isolated from a follicular lymphoma. Orientation is

5' to 3'. Arrow indicates presumed point of translocation

the functional allele has occurred at J4 in a
position nearly identical to the breakpoint
on the translocated allele. We have reported
similar patterns of nearly identical t(14;18)
breakpoint and D-J joint in the productive
allele for two other lymphomas using the
pFL-l probe [4]. These structural similarities
implicate D-J recombination enzymes as
mediators of t(14;18) translocations.
Follicular lymphomas negative for rearranged pFL-1 containing DNA fragments
were screened by genomic Southern analyses
using the subcloned pFL-2 fragment (fragment A in Fig. 1) as the probe. Ten of these
lymphoma DNAs are shown in Fig.2A. A
significant fraction of follicular lymphomas

contained a chromosome 18 DNA rearrangement detectable with pFL-2, thereby
defining a second breakpoint cluster region
for this translocation. Table 1 summarizes
our results with 30 follicular lymphoma
DNA biopsy specimens and cell lines examined with pFL-l and/or pFL-2. More than
90% of these randomly selected samples
contained a chromosome 18 DNA rearrangement falling within one or the other
cluster region. This correlates well with the
reported [2] frequency of cytologic t(14;18)
translocations.
In order to determine a possible linkage
relationship of pFL-l and pFL-2 on chromosome 18, the pFL-2 fragment was used as
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Table 1. Gene configuration of pFL-1 or pFL-2 containing DNA

Patient

1
2
3
4
5

pFL-2

pFL-1
Bam HI

Hind III

EcoRI

Bam HI

Hind III

G
G

G
G

G
G
G
G
G

R
R
R
R
R

R

R
R
G
G

G

R
R
G

6
7
8
9
10

G
G
G
G

G
G
G
G
R

11
12
13
14
15

G
R
R
G
R

G
R
R
G
R

R
G
G
R
G

16
17
18
19
20

G
R
R
G

R
G
R

G
G
G
R

G

R

21
22
23
24
25

R
R
R
R
R

R
R
G
R
R

G
G
G
G
G

26
27
28

R
G
R

R
R

G
G
G

eel/line
SU-DHL-4
SU-DUL-5

R
G

R
G

G

G

G
R

G
R

R, rearrangement ofpFL-1 or pFL-2 containing DNA, respectively; G, germline
configuration.

a probe against recombinant phages whose
inserts contained '" 40 kb of germline chromosome 18 DNA flanking pFL-1 [4]. No hybridization was detected (not shown), indicating that the cluster region defined by
pFL-2 is not within 20 kb on either side of
pFL-1.
The finding of two major cluster regions
for the t(14;18) translocation suggests two
different outcomes of such crossovers.
Breakpoints in either region may, in some as
yet unknown way, affect the transcription of
the same gene product despite the distance
(>20 kb) between them. Alternatively, each
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cluster region may affect different transcriptional units. The use of the two DNA probes
pFL-1 and pFL-2 will enable further study
of the biological or clinical significance of
these two classes of t(14;18) translocations
and may be useful for the diagnosis of this
type of lymphoma.
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Amino Acid Substitution at Position 13
of the N-ras Gene in a Non-Hodgkin's Lymphoma Patient
A. Wodnar-Filipowicz 1,2, H.-P. Senn 1, J. Jiricny1, E. Signer 2, and Ch. Moroni 1

A. Introduction
In many human tumors, cellular proto-oncogenes are structurally modified by gene
translocation, gene amplification, or point
mutations. Modification by the latter is observed in members of the ras gene family.
Single-base substitutions occurring at defined positions and resulting in a change in
the corresponding amino acid significantly
alter the biological properties of ras-encoded
p21 protein [1]. The relevance of "activated"
p21 in the neoplastic development of the cell
is not yet understood, but it is thought that
such mutations contribute to the developFriedrich Miescher Institute, PO Box 2543, 4002
Basel, Switzerland
2 Children's Hospital, University of Basel, 4058
Basel, Switzerland
1

ment of malignancy. Ras genes activated by
point mutations have been demonstrated in
10%-20% of certain human tumors, e.g.,
acute leukemias [2, 3]. Here one observes
mainly mutations in the N-ras gene at positions 12 and 61 [1,4]. More recently, an altered codon 13 of N-ras leading to Gly ~
Valor Asp substitution was reported in
acute myeloid leukemia (AML) cases [5]. A
novel point mutation at codon 13 of N-ras,
leading to Gly ~ Cys change, which was detected in a T-cell malignancy is described in
this paper.

B. Results and Discussion
The NIH/3T3 transfection assay combined
with a direct in vivo selection of transfected

Table 1. Tumorigenicity of DNA-transfected NIH/3T3 cells in nude mice
DNA used for transfection

Experiment

Number of
tumors/inoculation sites

Calf thymus/pSV 2neo

A
B

0/6
1/8

Patient DNA/pSV 2neo

A
B

7/12
12/18

Calf thymus/pEJ(H-ras) /pSV 2neo

A
B

4/4
2/2

Latency period
(days)
42
39-53
21-35
14
10

Results from two independent experiments (A and B) are presented. 37.51lg of cellular DNA and
0.3751lg of plasmids were precipitated with calcium phosphate into 100-mm plates seeded 1 day
previously with 5 x 10 5 NIH/3T3 cells. After 6 h, the precipitate was washed off and cells incubated in
Dulbecco's modified Eagle's medium + 10% calf serum for 20 h. Cells were then trypsinized and each
plate seeded into 3, containing selective medium with 1 mg ofG418. After 12 days, colonies were pooled
and 2.5 x 106 cells were injected subcutaneously into each of 2 sites in nude mice.
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Fig. I. Detection of N-ras sequences in DNA from
primary NIH/3T3 tumors induced by patient's DNA.
Southern blot of EcoRI-HindlII-digested DNA was
probed with an isolated portion of the intron of the
human N-ras gene (EcoRI-SacI) fragment. Lane: 1,
mouse fibroblast DNA; lane 2, patient's DNA; lanes 3
and 4, DNA from two 1 tumors induced by NIH/3T3
cells transfected with patient's DNA. An arrow marks
the position of a 1-kb EcoRI-HindIII fragment of the
human N-ras gene
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Fig.2. Hybridization of synthetic oligonucleotide
probes to genomic DNA from NIH/3T3 primary
tumor induced by patient's DNA (panels A and B)
and to DNA isolated from patient's malignant
lymphoblasts (panel C). PstI-digested DNA was
hybridized directly in agarose gel to the synthetic
oligomer probes. Lane 1, mouse fibroblast DNA,
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lane 2, human fibroblast DNA; lane 3, DNA from
the primary NIH/3T3 tumor; lane 4, DNA from
patient's malignant lymphoblasts. Probes: wt 12/
13 and 61 - nonmutated exons I and II; 12 and 13,
p1 and p2 - mutated exon I at codons 12 or 13,
base 1 or 2. Arrows mark positions of human PstI
N-ras gene fragments (exons I and II)
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cells in nude mice has been used to identify
a transforming gene in DNA from malignant lymphoblasts of a non-Hodgkin's lymphoma patient. Table 1 presents data on the
tumorigenicity of that DNA. Mice developed tumors at the site of inoculation after
3-5 weeks, and DNA from those tumors
contained human alu sequences. Southern
blot analysis with a human-specific N-ras
probe revealed the presence of human N-ras
sequences in 1 transfectants (Fig. 1). To analyze the transfected gene for mutations at
the critical codons (12, 13, and 61), we used
synthetic oligonucleotide probes specific for
the normal and various mutated sequences
(Fig. 2). Digestion of the N-ras gene with
Pst I separates exons I and II, containing codons 12/13 and 61, respectively. When 10
transfectant DNA was analyzed with the
wild-type (wt) probes for codons 12/13 and
61, only the exon II signal was seen, thus
suggesting that the mutation is located in
exon I (panel A', lane 3). Subsequent probing with oligomers distinguishing between
different mutations within codons 12 and 13
identified the first base of codon 13 as the
mutation site (panel A", lane 3). This was
further determined as G-+ T substitution
(panel B).
0
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Direct analysis of the N-ras gene in a patient's tumor DNA confirmed the results obtained by transfection assay. A probe specific for "T" present in position 1 of codon
13 detected a mutated N-ras allele (panel e",
lane 4), while wt probes detected a second
normal allele ofN-ras gene of the malignant
cells (panel C', lane 4).
The mutation described above changes
the GGT codon into TGT and results in replacement of gly by cys in the ras protein.
Hence, a structural change brought about by
the presence of cys in position 13 can be responsible for the transforming potential of
N-ras p21. Our results extend the previous
report [5] on the occurrence of N-ras mutations in position 13. So far, they have been
observed only in AML, but our results provide evidence that they also occur in T-cell
lymphoma.
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Loss of Hematopoietic Progenitor Cells CFU-GEMM,
BFU-E, CFU-Mk, and CFU-GM
in the Acquired Immunodeficiency Syndrome (AIDS)? *
A. Ganser 1, C. Carlo Stella 3, B. V6lkers 1, K. H. Brodt 2, E. B. Helm 2, and D. Hoelzer 1

A. Introduction

Hematological abnormalities have been
found in the majority of patients with AIDS,
in addition to immunological derangements
[1]. Furthermore, treatment of opportunistic
infections with folic acid antagonists and of
neoplasms with cytostatic drugs is frequently complicated by profound thrombocytopenia, neutropenia, and anemia, thus
resulting in the withdrawal of the drugs.
In the present study we therefore analyzed
the hematopoietic progenitor cell compartments, using an in vitro culture system that
allows colony formation by the pluripotent
progenitor cells CFU-GEMM and by the
unipotent erythroid progenitors BFU-E, the
megakaryocytic progenitors CFU-Mk, and
the granulocytic-monocytic progenitors
CFU-GM [2].

B. Materials and Methods
Bone marrow cells from patients with AIDS
and from normal controls were obtained
from the posterior iliac crest after informed
consent. Light-density cells « 1.077 g/ml)
or cells that had been depleted of T cells by
a rosetting technique with AET -treated
sheep red blood cells [3] were cultured at 10 5
cells/ml in Iscove's modified Dulbecco's me-

* Supported by a grant from the Bundesgesundheitsamt.
Departments of Hematology 1 and Infectious Disease 2, University of Frankfurt, FRG
3 Department of Internal Medicine, University of
Pavia, Italy

dium supplemented with 30% fresh frozen
human plasma, 5%-10% PH A-leukocyte conditioned medium, 50 J..1M 2-mercaptoethanol, and 1 U /ml erythropoietin (Connaught, Step III). After 14 days at 37°C and
5% CO 2 in air, colonies were counted using
an inverted microscope [4].
C. Results and Discussion

A total of nine patients with AIDS (n = 7) or
advanced lymphadenopathy syndrome (n =
2) were analyzed. All of the patients with
AIDS had Kaposi's sarcoma. T4-lymphocytes in the blood were reduced to 149/mm 3
(range 11-681; normal 1100-1300) and T8lymphocytes increased to 533/mm 3 (range
107-1308; normal 350-450). At the time of
bone marrow aspiration, anemia was observed in six of the patients, thrombocytopenia in two, and neutropenia in one.
In all patients, the in vitro colony formation was reduced for all four types of progenitor cells (Table 1). To find out whether the
reduction in colony formation was due to an
actual deficiency of progenitor cells or due
to their impaired in vitro proliferation resulting from altered "accessory" T-cell subsets [5], T -cells were depleted from the bone
marrow cells prior to culture. In contrast to
normal controls, T -cell depletion from
AIDS-derived bone marrow cells was followed by a significant increase in colony formation of all four types of progenitors; however, normal values were obtained only in
three out of nine patients. Colony formation
significantly increased from 1.0 + 0.3 to
3.4 ± 1.3 (mean ± standard error of mean)
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Table 1. Growth of hematopoietic progenitors m AIDS (colonies per 10 5
cells±SEM)
CFU-GEMM
1.0±0.3
AIDS (n=9)
Normal (n=24) 15 ±4
P value
< 0.01

CFU-Mk
1.4±0.7
15 ±2
<0.05

per 10 5 cells for CFU-GEMM; from
5.3 ± 2.5 to 19.9 ± S.7 for BFU-E; from
1.4±O.7 to 5.6+2.2 for CFU-Mk; and from
17.9+5.2 to 42.S±13.2 for CFU-GM.
Readdition of the previously isolated T
cells to the autologous T -cell-depleted marrow cells at a 1 : 1 ratio again resulted in a
significant decrease in colony formation
which was not observed in the normal controls. Since the percentage of inhibition was
inversely correlated to the T4:TS ratio, the
reduced in vitro growth ofthe hematopoietic
progenitor cells can partially be explained by
growth inhibition due to the T4:TS imbalance.
To exclude impairment of in vitro colony
growth of AIDS-derived progenitor cells by
soluble factors, cocultures of AIDS-derived
bone marrow cells with irradiated or nonirradiated normal bone marrow cells were carried out. However, no change in the in vitro
growth of normal or AIDS-derived progenitor cells was observed in either case. While
inhibition by soluble factors, e.g., interferons, is unlikely, inhibition by cell-cell interaction could still account for the effects
observed, because these interactions might
depend on autologous coculture conditions
[6].
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BFU-E
5.3± 2.5
117 ±42
<0.001

CFU-GM
18± 5
84±16
<0.001

However the inability in the majority of
our cases to completely restore colony formation by T-cell depletion might indicate
that in more advanced infections with
HTLV-III/LAV the number of pluripotent
and unipotent hematopoietic progenitor
cells is reduced owing to a still unknown
mechanism which might include infection of
stem cells by HTLV-III/LAV, leading to
failure of the hematopoietic system in situations of stress.
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Sensitivity of Stromal Elements from Human Bone Marrow Cells
to Cytosine Arabinoside In Vitro
E. Elstner, H. Goldschmidt, M. Wachter, and R. Ihle

A. Introduction

B. Material and Methods

Cytosine arabinoside (Ara-C) is one of the
most effective agents in the treatment of
acute myelogenous leukemia (AML). Recently, low-dose Ara-C therapy has been the
subject of topical interest in view of its differentiation-inducing effect on leukemic
blast cells. Many patients, however, develop
severe aplasia with low-dose Ara-C therapy
[1,6,10,11]. The aim of our study was to obtain some information about causes of this
aplasia, i.e., to determine whether the lesion
is primarily in the hemopoietic stem cells or
whether there is any additional damage done
to stromal elements.
Bone marrow cells (BM C) were exposed
to concentrations of Ara-C in cultures, reflecting the plasma Ara-C concentrations in
low-dose-treated patients (10- 6 -10- 8 M)
[9].

Human BMC were obtained from normal
volunteers. Iliac bone marrow aspirates were
used, diluted with the same volume of
McCoy's SA medium containing preservative-free heparin. Cultures of granulocytemacrophage colony-forming cells (GMCFC) were performed with mononuclear
BMC from eight normal volunteers in double-layer agar cultures [7]. To study hemopoietic stroma (stroma cell layer), we used
the Dexter culture [2] modified for human
BMC [3, 4]. Briefly, after spontaneous sedimentation of erythrocytes without washing,
the diluted BMC were added to the culture
medium (McCoy's SA supplemented with
10% fetal calf serum SIFIN, GDR, and
10% horse serum, Flow) in order to obtain
a cell concentration of S x 10 5 cells per milliliter suspension. The cells were cultivated
in Petri dishes at 37 DC in 7.S% CO 2 for 14
days without feeding.
All dilutions of Ara-C were freshly made
from a stock solution of Alexan (Mack) and
were added to the agar or Dexter cultures on
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day O. The influence of Ara-C on the ability
of stromal elements to induce active hemopoiesis was studied in suspension cultures.
Fresh autologous mononuclear BMC from
five normal volunteers were given over a
stromal layer formed during exposure to
Ara-C at concentrations of 10- 6 -10- 5 M
(Fig. 1).

Results

Figure 2 shows that GM-CFC were damaged at a concentration of 10- 8 M Ara-C
and completely disappeared at a concentration of 10- 5 MAra-C. In the modified 2week-old Dexter culture, we found a decreased ability of Ara-C-exposed BMC to
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signed a score from 1 to 4, corresponding to a
stromal layer covering from 25% to 100% of the
area of the culture dish

Table 1. Effects of different Ara-C concentrations on growth
characteristics of bone marrow cells in the modified 2-week-old
Dexter culture
Ara-C
concentration (M)

NAC

F

CS

0
10- 10
10- 9
10- 8
10- 6
10- 5

24/24 a
8/9
4/8
3/9
1/11
0/9

24/24
9/9
8/8
9/9
11/11
9/9

24/24
9/9
6/8
2/9
0/11
0/9

NAC, nonadherent cells (trypan-blue - negative); F, fibroblasts;
CS, cobblestones.
a Number of growth characteristics present/number of investigations.

establish an adherent stromal layer (Fig. 3).
The formation of active hemopoietic areas
("cobblestones") was rapidly affected at a
concentration of 10- 8 M, and no cobblestones were detectable at concentrations
from 10- 6 M Ara-C and upward. Fibroblasts, however, could still be observed at a
concentration of 10- 5 M Ara-C (Table 1).
After 2 weeks of 10- 5-10- 6 M Ara-C treatment, adherent stromal cells were unable to
support cobblestone formation from fresh
autologous mononuclear BMC added after
removal of the drug (Fig. 1).
D. Discussion

During the last 5 years, low-dose Ara-C
therapy of patients with AML and preleukemic syndromes has been assessed optimistically and with increasing interest among
clinicians, because Ara-C in low dosage
might exert a differentiation-inducing effect
on leukemic blast cells, in addition to its cytotoxic action. Many patients, however, develop severe aplasia with this therapy. Although the dose of Ara-C in low-dose therapy is about ten times lower than conventional intravenous dosages, it is, however,
administered for a much longer period. Furthermore, the effect of Ara-C on GM-CFC
in vitro is more dependent on time than on
dosage [8]. We showed that long-term exposure (7 days) to Ara-C concentrations of
10- 8-10- 6 M produces toxic effects on
GM-CFC. The latter completely disappear
at an Ara-C concentration of 10- 5 M.

There is some evidence that normal hemopoiesis is dependent on intact stromal cells,
and vice versa. Thus, busulfan-related
aplasia is connected with damage to the
stroma cells [5]. It has also been demonstrated that the ability of BMC from patients with aplastic anemia to form a stromal
layer in Dexter culture is defective [3].
The results presented here indicate that
Ara-C concentrations reflecting the plasma
Ara-C concentrations in low-dose-treated
patients produce toxic effects on the ability
of BMC to form a stromal layer. Moreover,
the marrow stromal cell layer formed by
BMC continuously exposed to Ara-C at
concentrations of 10- 5 or 10- 6 M lost the
ability to support normal hemopoiesis.
Whether our results can be extrapolated to
the in vivo situation has still to be proved,
because the stromal progenitors with usually
low proliferation in vivo proliferate during
Ara-C exposure in our system.
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The Secretion of Plasminogen Activators
by Human Bone Marrow Progenitor Cells
E. L. Wilson 1 and G. E. Francis 2

A. Introduction
Leukaemic cells from patients with acute
myeloid leukaemia (AML) and chronic myeloid leukaemia (CML) secrete plasminogen
activators either of the urokinase (u-PA) or
of the tissue plasminogen activator (t-PA)
type. The enzyme has prognostic signifi. cance in that those individuals with AML
whose cells secreted only t-PA failed to respond to combination chemotherapy,
whereas those whose cells released u-PA
alone or a combination of u-PA and t-PA
could be induced to remission (Wilson et al.
1983).
Poor responses to chemotherapy are also
seen when leukaemic cells display features of
the early progenitor phenotype (Francis et
al. 1979, 1981 a, b). It seemed likely, therefore, that secretion of the two species of pi asminogen activator by haemopoietic cells
might be differentiation-linked and that the
association between u-PA secretion and favourable therapeutic outcome would reflect
the tendency of early cells to release t-PA,
whereas later cells would release u-PA.
B. Materials and Methods
Bone marrow cells were separated on the basis of differences in buoyant density in continuous Ficoll-Isopaque gradients (Loos
1 Department of Clinical Science and Immunology, University of Cape Town Medical School,
Observatory, Cape Town, South Africa
2 Department of Haematology, Royal Free Hospital, Pond Street, Hampstead, London, England

and Roos 1974). Granulocyte-macrophage
colony-forming cells (CFU-GM) were cultured using the method of Pike and Robinson (1970). The culture method for CFUGM was that of Fauser and Messner (1978).
Plasminogen activator and caseinolytic
plaque assays have previously been described in detail (Wilson et al. 1980, 1983;
Wilson and Francis 1987).

C. Results

Marrow samples from 11 normal subjects
were fractionated by equilibrium density
centrifugation, and cells from each fraction
were examined to determine the type and
rate of plasminogen activator that they produced. Representative results from two experiments are presented in Fig.1 in two
ways. In the first (Fig. 1 a, b), the rate of enzyme synthesis by all the cells in each
gradient fraction is plotted as a function of
gradient density. In the second (Fig. 1 c, d),
the rate of synthesis has been corrected for
the number of cells in each fraction and is expressed in terms of milliunits of enzyme/1 0 7
cells for 24 h. It is evident from both graphic
presentations that the low-density cells (approximately 1.045-1.065 - 3 g cm - 3) synthesized exclusively t-PA. More mature, higher
density cells (approximately 1.07-1.085 g
cm- 3 ) released a mixture oft-PA and u-PA.
It can also be noted from the profiles plotted
in Fig. 1 a and b that the cells which produced t-PA comprised two populations.
When they were corrected for cell number,
only one peak of t-PA production (density
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approximately 1.060 g cm - 3) was observed,
thus indicating that although these cells can
be divided into two populations on the basis
of their density, they constituted a single
population on the basis of the rate of enzyme
production per cell.
The bimodal distribution in the t-PA-producing cell populations was observed in 7
out of 11 cases. The mean densities for the
two t-PA-containing peaks were 1.063 and
1.072 g cm- 3 , respectively.
The u-PA, in contrast, was produced by
cells which fractionated in either a single
peak or one which had a low broad profile.
The mean density of the u-PA-producing
cells was 1.076 g cm - 3. In vitro agar bone
marrow cultures of the cells in the different
gradient fractions revealed that the first and
second t-PA-producing cell populations
most closely resembled CFU-OM and
cluster-forming cells, respectively. The
modal density for myeloblasts was found to

be between the two t-PA-producing cell
peaks. Promyelocytes and myelocytes had
modal densities of 1.069 and 1.072 g cm - 3,
respectively. These populations appeared to
correspond to the second peak of t-PA,
which had a density of 1.072 g cm - 3. The uPA-producing cells with a density of 1.076 g
cm - 3 corresponded to the neutrophil-granulocyte population.
In order to assess more directly the cellular species secreting each enzyme type, the
low-density bone marrow cells (less than
1.063 g cm - 3) were cultured in semi-solid
agar for varying periods of time. Developing
clones were examined for the species of enzyme produced. Developing clones on day 3
produced t-PA exclusively. Clones examined
on days 6-9 secreted both enzyme species; by
day 11, large neutrophil and/or macrophage
colonies were present and all the secreted enzyme was u-PA. Macrophages were also
found to produce u-PA.

182

D. Discussion

These results showed that the secretion of tP A and u-P A by haemopoietic cells was a
differentiation-linked property, with t-PA
being produced by primitive progenitors
and u-PA being secreted by more differentiated cells (Wilson and Francis 1987).
It has been shown that a variety of human
cells release plasminogen activators of either
the t-PA or the u-PA type (Tucker et al.
1978; Vetterlein et al. 1979; Wilson et al.
1980). Apart from the involvement of t-PA
in the fibrinolytic system (Collen et al. 1983),
the physiological role of these two enzymes
is obscure. The enzymes are produced by a
wide variety of cells, including macrophages
(Vassali et al. 1977) and neutrophil polymorphonuclear leucocytes (Granelli-Piperno et
al. 1977; Wilson et al. 1983), where they may
be involved in a number of processes, including proteolysis of inflammatory exudates,
generation of chemotactic pep tides and processes that require regulated local proteolysis (Reich 1978).
Tissue plasminogen activator was secreted
by two populations of bone marrow cells,
one with a mean density of 1.063 g cm - 3 and
the other with one of 1.072 g cm - 3. The first
population corresponds to the modal density for CFU-GM. We cannot exclude the
possibility that other progenitor types also
produce t-PA. Analysis of the density distribution of the fractionated cells suggested
that myelocytes and possibly promyelocytes
were responsible for the second t-PA peak.
Urokinase was secreted by cells with a density of between 1.067 and 1.082 g cm - 3. Promyelocytes, myelocytes and neutrophil granulocytes are present in these fractions. It
thus appears either that the promyelocytes
and myelocytes produce both types of enzyme or that the switch from t-PA to u-PA
production occurs over a range of maturation stages.
The functional properties of AML clonogenic cells have been shown to relate to response to chemotherapy (Moore et al. 1974;
Francis et al. 1981 b; McCulloch et al. 1982).
The results indicating that early normal progenitor cells secrete t-PA (Wilson and Francis 1987), together with the previous observation (Wilson et al. 1983) that patients
whose AML cells secreted t-PA alone failed

to respond to chemotherapy, suggest that
these patients have an accumulation of a
primitive t-PA progenitor secreting cell population.
While it appears that neutrophils and
macrophages require u-PA for their role in
inflammation, the reason why primitive haemopoietic cells produce t-PAis less readily
apparent. The production of proteases by
progenitor cells may be necessary to provide
a local proteolytic mechanism for generating
biologically active peptides. In addition,
stem cells are endowed with the capacity for
migration and implantation in specific haemopoietic sites, and this process could also
require proteolytic enzyme secretion.
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Leukemic Colony-Forming Cells in Acute Myeloblastic Leukemia:
Maturation Hierarchy and Growth Conditions *
F. Herrmann 1, W. Oster 1, A. Lindemann 1, A. Ganser 1, B. Dorken 2, W. Knapp 3,
J. D. Griffin 4, and R. Mertelsmann 4

A. Introduction

Despite their primitive morphological appearance, the majority of leukemic blasts in
acute myeloblastic leukemia (AML) are endstage, nonproliferating cells. Only a small
subset of AML blasts are capable of a sufficient number of divisions to form colonies in
semisolid medium [1, 2]. It has been suggested that these leukemic colony-forming
cells (L-CFC) may act in vivo as progenitor
cells to maintain the rest of the leukemic cell
population [3, 4]. L-CFC share several properties with normal myeloid progenitor cells,
including self-renewal potential and high
thymidine suicide index [2, 3]. As in the case
of normal myeloid progenitor cells
(NMPC), colony growth of L-CFC from
most patients requires exogenous colonystimulating factors (CSF) which are routinely supplied by the addition of media conditioned by activated T cells, placental tissue, or media derived from various tumor
cell1ines, including GeT [5], MO [6], or 5637

[7]. As NMPC proliferate in the presence of
CSF, differentiate, and acquire new differentiation-associated surface antigens during
this process, so L-CFC have the capacity to
undergo at least limited, although abnor-

* Supported in part by a grant (He 1380-2/1) from
the Deutsche Forschungsgemeinschaft.
1 Departments of Hematology, Johannes Gutenberg University, Mainz, FRG, Johann Wolfgang
Goethe University, Frankfurt, FRG
2 Ruprecht-Karls University, Heidelberg, FRG
3 Immunological Institute, University of Vienna,
Austria
4 Dana Farber Cancer Institute, Division of Tumor Immunology, Boston, Massachusetts, USA

mal, differentiation to nonproliferative cells
[3, 8].
It has previously been shown that in some

AML samples the majority of leukemic
blasts expressed differentiation-associated
antigens not present on L-CFC from the
same donors [8-10], thus suggesting immaturity of L-CFC. In this study, we tested the
presence of L-CFC in 62 patients with
AML, using a standard agar colony assay
system [11] and GCT-conditioned medium
as source ofCSF. Under these conditions, 21
leukemic samples did not grow in vitro, 22
formed clusters of fewer than 20 cells per aggregate, and 19 formed blast-like colonies
with a buoyant density greater than 20 cells
per aggregate. These 19 leukemic samples
provided the basis for further studies with
the goal of (a) comparing L-CFC with the
majority of the leukemic cells in each
sample; (b) comparing L-CFC with normal
bone marrow colony-forming cells; (c) replacing GCT medium, which is known to
contain a multiplicity of hematopoietic
growth factor, by recombinant granulocytemacrophage colony-stimulating factor
(GM-CSF) [12] and HPLC-purified G-CSF
[7] in order to identify specific L-CFC
growth factors; and (d) exploring the possibility of autocrine secretion of CSF by the
leukemic blast cells of some AML samples.
B. Material and Methods

I. Leukemic Cells
Peripheral blood or bone marrow aspirates
were obtained at diagnosis. Leukemic cells,
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recovered by Ficoll-Diatrizoate density
gradient centrifugation, were further enriched by rosetting with AET-treated sheep
red blood cells to remove T cells, and by
plastic adherence at 37°C to remove monocytes. All samples tested contained more
than 90% blasts. The diagnosis of AML was
established by morphology, cytochemical
staining, and surface antigen analysis, using
a panel of monoclonal antibodies (mcAbs).

II. Colony Assay

Freez, Rogers, AR) at a dilution of 1 : 5 for
90 min at 37°C. After two further wash
steps, cells were resuspended in Iscove's
modified Dulbecco's medium containing
20% fetal calf serum. Negative controls included treatment with complement alone
and treatment with a lytic but nonbinding
IgG monoclonal antibody (MZ4; F.
Herrmann, unpublished results) and complement. Monoclonal anti-beta-2 microglobulin antibody HD46 (B. Dorken and F.
Herrmann, unpublished results) was used as
a positive control.

Colonies derived from normal marrow
colony-forming unit granulocyte-macro- VII. Immunofluorescence Staining
phage (CFU-GM) and L-CFC were assayed
in a double-layer agar system in quadrupli- Antibody reactivity with the whole leukemic
cate by a modification of the method of Pike cell population was determined by indirect
and Robinson as described [13]. In this sys- immunofluorescence staining using a flow
tem, either highly purified NMPC (2 x 10 31 cytometer (Coulter Epics C) as described
well) or leukemic blasts (S x 104 Iwell) were [13]. Negative and positive controls included
incorporated in the agar overlayer. CFU- the same mcAb as described above.
GM were enumerated on days 7 and 14, LCFC on day 10.
VIII. Monoclonal Antibodies
III. Growth Factors
GCT-conditioned medium (GCT-CM) was
obtained from Gibco (Grand Island, New
York). Recombinant GM-CSF was obtained from Behring (Marburg, FRG) and
HPLC-purified G-CSF was a gift from Dr.
K. Welte (Sloan-Kettering Cancer Center,
New York, NY). In selected experiments,
media conditioned by short-time (3 days)cultured AML blasts (AML-CM) was used.
Growth factors were incorporated in the
agar underlayer (GCT-CM: 10% v/v; recombinant GM-CSF: 1 ~g/ml; HPLC-purified G-CSF: SOO U/ml; AML-CM: 1-10%
v/v).

Besides MZ4 and HD46, a panel of five lytic
antimyeloid mcAbs was used, including
anti-MY9, -MZ17, -VIM2, -VIM DS, and
-MY3. The reactivity of anti-MY9, -VIM2,
VIM DS, and -MY3 has been described before [14]. MZ17, produced in the own laboratory, is an IgM murine mcAb which is
reactive with 9S% of AML samples and all
permanent myeloid leukemia lines tested, including Kg1, Kgla, HL60, HL60BII, and
U937. MZ17 reacts with granulocytes,
monocytes, and 3 % of ALL samples but
does not react with resting T cells or B cells.
Preliminary biochemical data suggest that
MZ17 binds to a carbohydrate moiety.

IX. Northern Blot Hybridization
IV. Complement Lysis
To determine the surface antigen phenotype
ofthe CFU-GM and L-CFC, aliquots of 10 6
cells were incubated with lytic antimyeloid
mcAb (1: 2S0 dilutions of ascites) for 30 min
at 4 0c. After two wash steps, cells were suspended in baby rabbit complement (Pel186

In selected experiments, Northern blot hybridization of leukemic cell mRNA with
complementary oligonucleotide probes corresponding to GM-CSF and G-CSF (kindly
provided by Dr. D. Blohm, BASF, Ludwigshafen, FRO) was performed using standard
procedures [1S]. In additional experiments,

Table 1. Surface antigen phenotypes of the total AML population and of L-CFC
Patient
no.
1

2
3
4

5
6
7

8
9
10

11
12
13

14
15
16

17
18
19

HD46
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L-CFC

Total

+++
+++
+++
+++
+++
++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
++
+++

+++b
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++

++
+
+++
+++
++
++
+
++
+
+
++
+
+++
+
++
+
++
+++
+++

+++
++
++
++
+++
++
+
++
++
+++
++
++
+++
++
++
+
+++
+++
+++

+++
++
+
+
+
++
+
++
+++
+
++
+
++
+++
+
++
+++
++
++

++
+++
+++
+
++
+++
+++
++
+++
++
++
++
++
+++
++
+++
+++
+++
+++

++
+++
+
++
+
++
++
+
++
+++
++
+
+
+++
++
++
++
++
+

++
+++
+++
++
+
+++
+++
++
+++
+++
+++
++
+++
+++
++
++

++
++

L-CFC
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L-CFC
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MZ4
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L-CFC were plated at 5 x 104 /well. Results are expressed as the mean of quadruplicate cultures. Total number ofL-CFC per 5 x 104 cells counted at day 10 ranged
from 132±17 to 148±46.
b +, 25%-50% antigen-positive cells; + +,50%-75% antigen-positive cells; + + +, >75% antigen-positive cells .
a

.....

00
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hybridized blots were washed with boiling
0.1 x SSC/O.l % sodium dodecyl sulfate and
rehybridized with a probe for the constant
region of the alpha chain of the T-cell
antigen receptor (kindly provided by Dr.
H. D. Royer, DFCI, Boston, Massachusetts).

c.

I I I I I I

I I I I I I

Results and Discussion

Clonogenicity of leukemic cells from 62 patients with AML was investigated in an agar
culture system. In 19 of the AML samples
tested, L-CFC giving rise to clonal growth
into blast-like colonies was detectable. Expression of myeloid surface antigens on
these L-CFC was monitored by complement
lysis experiments using antimyeloid mcAb
described above, and L-CFC phenotypes
were compared with phenotypes of surface
antigens obtained from normal bone marrow (day 7 and day 14 CFU-GM), which
were assayed in an identical agar system. To
investigate the relationship between L-CFC
and the total leukemic cell population, immunofluorescence studies of all the leukemic
populations were performed. As shown in
Table 1, L-CFC formed a distinct subset of
cells in AML that could be separated from
the majority of the AML blasts in the same
patient by immunological analysis of the
surface antigen phenotype. Furthermore,
surface antigen phenotypes of L-CFC
showed a considerable heterogeneity among
different patients. L-CFC from 3 out of 19
cases studied expressed only HD46, MY9
and MZ17; a second group of 13 cases expressed HD46, MY9, MZ17 and VIM2; in a
third group of 2 cases, L-CFC were lysed
with HD46, MY9, MZ17, VIM2, VIM D5,
and complement, and in one case MY3 was
additionally expressed.
Comparison of the phenotypes of NMPC
(days 7 and 14 CFU-GM; Table 2) with LCFC revealed that these antigens are acquired in both the normal and the malignant
ontogeny in an analogous maturation-associated sequence, thus suggesting that
AML can arise at multiple stages corresponding to the normal differentiation pathway. In vitro testing of L-CFC biology may
be of value for the clinical evaluation of patients with AML. The identification of L188
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Table 3. Presence of biologically CSF with G M -CSF properties in a medium conditioned by fresh AML

cells with autonomous L-CFC growth
Source of CSF

Concentration
ofCSF

CFU-GM (day 14)/2 x 10 3 purified NMPca
CAE+
colonies

AML-CM 5

1% v/v
5% v/v
10% v/v
10% v/v
1 J..Lg/ml
500U/ml

GCT-CM
Recombinant GM-CSF
HPLC-purified G-CSF

99
100
105
101
86
150

ANAE+
colonies

LFB+
colonies

82
81
76
88
75
48

15
15
17
17
14
1

a CFU-GM were enumerated at day 14. Values are expressed as colonies of quadruplicate cultures.
Colonies were stained in situ for chloroacetate esterase (CAE; granulocytes), alpha-naphthyl acetate
esterase (ANAE; monocytes), and Luxol fast blue (LFB; eosinophils).

CFC has the potential to predict effective
drug combinations in cases of resistance and
could also playa role in the preclinical setting of new therapies. This may be important in the evaluation of monoclonal antibodies as therapeutic in vivo agents or for in
vitro purging of leukemic clonogenic cells
from autologous bone marrow transplants.
As in the case of normal CFU-GM, L-CFC
colony growth requires the addition of exogenous growth factors, in most cases provided by CSF-containing media, although

-

some L-CFC may be independent of exogenous CSF, probably owing to production of
CSF by leukemic cells in an autocrine pathway.
We tested the L-CFC growth of 16 out of
19 AML samples in response to various
sources ofCSF, including GCT-CM, recombinant GM-CSF, and HPLC-purified GCSF. In all cases, L-CFC growth occurred in
the presence of GCT-CM. In each of those
cases which required exogenous growth factors for L-CFC growth, recombinant GM-
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Fig. I. a GM-CSF message of 1.0-Kb length in
Northern blot analysis. Total cellular RNA
(10 J..Lg) was glyoxilated and then fractionated in a
0.8% agarose gel. RNA was transferred to a nylon
membrane and hybridized to a complementary
oligonucleotide (GM-CSF probe) labeled with
X 32 ATP, using T4 oligonucleotide kinase, or to
a complementary TlX-DNA labeled with p32
dCTP, using the random primer method. Lane A:

A

B

AML with autonomous L-CFC growth; lane B:
phorbol myristate acetate stimulated T -lymphocytes. b The same blot as shown in Fig. 1 a was
washed and rehybridized with a probe for the (t.chain constant region of the T-cell antigen receptor, thus demonstrating the absence of this T-cellspecific message in the AML case (lane A) and
presenting the 1.7 Kb mRNA in phorbol myristate acetate T-lymphocytes (lane B)
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CSF but not HPLC-purified G-CSF could
fully replace GCT -CM, thus suggesting that
GM-CSF provides a major growth support
for L-CFC in vitro (data not shown). However, in two cases, L-CFC growth occurred
autonomously (patient no. 5: M2-type AML
according to FAB classification; patient no.
17: M5-type AML).
It was found that medium conditioned by
leukemic cells from patient no. 5 (AML-CM
5) supported normal bone marrow granulocyte, monocyte, and eosinophil colony
growth (Table 3), whereas AML-CM derived from patient no. 17 (AML-CM 17) did
not (data not shown). Since induction of
eosinophil colony growth by AML-CM 5
suggested similarity between AML-CM 5
and GM-CSF (G-CSF and M-CSF do not
induce eosinophil colony growth), we performed Northern blot hybridization of leukemic cell mRNA from this patient, using a
complementary oligonucleotide for the GMCSF and G-CSF gene respectively as probes.
As shown in Fig. 1 a, Northern blot hybridization experiments with leukemic cells of
patient no.2 revealed, using the GM-CSF
probe, a 1-Kb message which was indistinguishable in size from the GM-CSF message
detected in phorbol myristate acetate stimulated T cells. No GM-CSF mRNA was detected in patient no. 17. G-CSF mRNA was
absent in both cases (data not shown). Rehybridization of the blots with a probe for the
alpha chain of the T-cell antigen receptor
failed to demonstrate this T-cell-specific
message, thus suggesting the absence of T
cells in the leukemic sample (Fig. 1 b).
These results suggest that the constitutive
expression of the GM-CSF gene results in
the constitutive secretion of the GM-CSF
protein, leading to autonomous in vitro
growth of L-CFC in some cases of AML.
However, there may exist additional mechanisms, as seen in patient no.17, which may
not involve the GM-CSF gene.
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Hexosaminidase I Indicates Maturation Disarrangement
in Acute Leukemias *
1. R. Novotny 1, S. Brendler 2, H.l. Kytzia 2, K. Sandhoff 2 , and G. Gaedicke 1

A. Introduction
For a number of lysosomal hydrolases, abnormally expressed forms have been found
to occur in childhood and adult leukemia.
Most of these abnormalities are confined to
the physicochemical properties of the enzymes, e.g., abnormal electrophoretic mobility, change of isoelectric point, and alteration of isoenzyme pattern. All this has been
described for the hexosaminidase system in
human leukemia cells. The most-investigated phenomenon is the occurrence of hexosaminidase I [1-3, 5, 6, 19J. Other abnormalities, such as the anodic shift of the
Hex A isoenzyme [2, 6] or a relative decrease
of the Hex B form [1], are found in various
leukemia subtypes.
In our study, we found that the Hex I
isoenzyme is present in excess in cells from
typical cALL, pre B-ALL, AUL, and AML.
This has also been described in T-ALL, pre
T-ALL, T-CLL, and multiple myeloma
cells. However, this isoenzyme has so far not
been found to be raised in CML and B-CLL.
An anodic shift of Hex A and a decrease in
Hex B activity appeared independently in a
few cases from among all investigated leukemia forms.
In normal leukocytes, hexosaminidases
occur in two isoenzymatic variants: Hex A

* Supported by the Deutsche Forschungsgemeinschaft (Grants SFB 112, Project Bi0 and Project
Ga 167/4-1).
1 Abteilung Padiatrie II, Universitats-Kinderklinik, PrittwitzstraBe 43, 7900 Ulm/Donau, FRG
2 Institut fUr Organische Chemie und Biochemie
der Universitat, Gerhard-Domagk-StraBe 1,5300
Bonn, FRG

and Hex B. Hex A is a heteropolymer enzyme composed of one alpha subunit and
one beta subunit, whereas Hex B is a homopolymer enzyme consisting of two beta subunits [16,17].
Since there are only few data available
about the nature of the hexosaminidase I or
the "shifted" hexosaminidase A in human
leukemia cells, we have investigated their
subunit composition and enzymatic properties.

B. Methods
All methods used are described elsewhere [4,
7,8, 10-15].

C. Results

I. Biochemical and physicochemical prop-

erties of hexosaminidase I demonstrate that
Hex I belongs to the hexosaminidase system
and behaves like Hex B, whereas the
"shifted" hexosaminidase A resembles
Hex A. cALL cells and REH -6 cells contain
an excess of hexosaminidase I isoenzyme, as
compared to normal lymphocytes.
II. Immunochemical analysis of preparations from such cells shows that Hex I is a
homopolymer of beta subunits. Since the
molecular weight is about 100000 daltons, it
must be made up of two beta subunits. The
"shifted" Hex A is a heteropolymer of one
alpha and one beta subunit.
III. The processing of the enzyme subunits in REH-6 cells shows striking differ191

Table 1. Comparison ofhexosaminidase I and "shifted A" hexosaminidase from leukemia cells with the
hexosaminidase isoenzymes A and B
Property

Hexosaminidase Hexosaminidase Hexosaminidase "Shifted"
I
A
B
hexosaminidase A

Isoelectric point
Stability at 50 DC
Precipitation with
antibodies to
hexosaminidase B
Precipitation with
specific antibodies to
hexosaminidase A
Molecular weight
Proposed composition

5.0

7.3

about 6.5

about 4.6

+

+
+

+
+

+

About 100000
Alpha/beta

About 100000
Beta/beta

About 100000
Beta/beta

Not determined
Alpha/beta

Hydrolysis of:
MUF-JpNP-G1c-NAc
MUF-JpNP-Gal-NAc
MUF-/pNP-G1c-NAc-6-S
Ganglioside GM 2 *

+
+
+
+

+
+

+
+

+
+
+
+

+

+

* In presence of the physiological activator

Table 2. Molecular weights of precursor proteins, intermediate forms, and "mature" polypeptides of
beta hexosaminidase from human cells (modified from 9, 18)
Intermediate
form

"Mature" enzyme
subunit

Enzyme

Cell system

Enzyme
precursor

Beta hexosaminidase
Alpha subunit

Fibroblasts
Macrophages
Monocytes
Lymphocytes
Granulocytes
Smooth-muscle cells
Endothelial cells

67

Beta hexosaminidase
Beta subunit

Fibroblasts
Macrophages
Monocytes
Lymphocytes
Granulocytes
Smooth-muscle cells
Endothelial cells

63

52

29

Leukemia cells
(REH -6 cell line)

66

51.5

Not formed

54

In leukemia cells (REH-6 cell line), hexosaminidase alpha precursors and mature alpha subunits are
formed only in traces.

ences in quantitative and qualitative synthesis, in comparison to normal fibroblasts.
Thus, an abnormal precursor of the hexosaminidase beta chain (about 1000 daltons
larger than the regular beta precursor) and
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an abnormal beta subunit (slightly smaller
than the regular one) are formed, while no
normal alpha or beta precursors or alpha
subunits occur in REH-6 cells. Mature beta
chains do not appear in these cells.

D. Discussion

References

Although a raised Hex I level has been
found in most cases of cALL, pre B-ALL,
AML, and roughly half of the cases of A UL,
it has also been demonstrated in cases of
other leukemia subtypes (e.g., T-ALL, TCLL, and mUltiple myeloma). The abovementioned abnormalities, such as the shifted
Hex A or the decreased Hex B, seem not to
be strictly confined to certain leukemia subtypes. It is therefore suggested that the abnormalities described might be more general, as they affect a number of lysosomal
enzymes in various leukemia subtypes.
Hexosaminidase I is an isoenzyme which
shows a different physicochemical behavior,
as compared to isoenzymes A and B. Our results from heat inactivation of isoenzyme I
activity, as well as the lack of any specific activity against sulfated synthetic substrates or
ganglioside GM 2 , clearly demonstrate that
hexosaminidase I must be largely composed
of beta subunits. This is further strongly
supported by our immunodiffusion assays
using antisera against pure hexosaminidase B and specific antibodies against hexosaminidase A. Thus, we conclude from our
data that hexosaminidase I from cALL cells
is a homopolymer polypeptide like hexosaminidase B and is composed of hexosaminidase beta units only. In contrast, shifted
hexosaminidase A is a heteropolymer enzyme like the normal Hex A and consists of
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Data from determination of apparent molecular weight by gel filtration do not reveal
major differences. On the basis of these findings, we favor the hypothesis that the difference may be due to an abnormal post-translational processing of the beta subunits of
isoenzyme I, as compared to that of the regular isoenzyme B. This view is supported by
labeling experiments in which we were able
to show an abnormal beta precursor and
beta subunit of Hex I, as well as a lack of
mature beta chains in cALL cells. These differences could be due to an altered composition of the carbohydrate chains of the molecules. Corresponding mechanisms may lead
to the anodic shift of hexosaminidase A. In
summary, we conclude that the findings described may indicate maturation disarrangement in acute leukemias.
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Membrane-Microfilament Interactions in the Cells
of B-Chronic Lymphocytic Leukemia
F. Caligaris-Cappio, L. Bergui, G. Corbascio, L. Tesio, F. Malavasi, P. c. Marchisio, and
F. Gavosto

In the present study we have investigated the
association between cell surface molecules
and the cytoskeleton in malignant B-chronic
lymphocytic leukaemia (B-CLL) cells. The
rationale was the observation that close interactions between surface receptors and cyto skeletal proteins are involved in the regulation of several major lymphocyte functions, including activation and recirculation
[1]. B-CLL cells were selected for this study
for three reasons. First, B-CLL monoclonal
B cells have a well-characterized phenotype
[2]: they express on the membrane the monoclonal-antibody (MoAb)-defined cluster differentiation (CD) 19, 20, 21, 24 and 5 structures. Second, they have abnormalities that
suggest defects of cytoskeleton function,
such as the inability to cap surface immunoglobulins (sIg) and other ligand receptors
[3]. Finally, these cells have a peculiar organization of F-actin that is predominantly associated with dot-shaped close-contact adhesion sites which have recently been characterized and described as podosomes [4,5].
On those bases, our experimental approach
was devoted to answering the following
questions: (a) Can the different CDs present
on the B-CLL cell surface be capped? (b) If
such a phenomenon occurs, does it modify
the cytoskeleton organization? (c) Can the
perturbation of membrane-cytoskeleton interactions lead to any functional change in
B-CLL cells?

Dipartimento di Scienze Biomediche e Oncologia
Umana, Sezione Clinica e Istologia, Istituto de
Genetica Medica, Universita di Torino, Italy

Monoclonal B cells from 12 patients with
typical B-CLL were studied utilizing RFT1,
B4 (Coulter), RFB7, RFB6 and BA1 (Menarini) to characterize CD5, 19,20,21 and 24,
respectively. The analysis of cytoskeleton
structures was performed as detailed in [5];
F -actin-containing microfilamentous structures were identified by means of rhodamine-isothiocyanate-Iabelled
phalloidin
(R-PHD). Short-term cultures were set up at
37°C in air containing 5% CO 2 with RPMI
medium and 10% fetal calf serum. The results indicate that CD5 can be capped on the
surface of B-CLL cells by treating the cells
with anti-CD5. The capping phenomenon
becomes evident after 2 h of incubation, is
maximal after 24 h and is more prominent
when CD5 is cross-linked with an antimouse Ig Ab. In contrast, the CD5 molecules on the surface of normal and B-CLL Tlymphocytes cannot be capped. CD21 (C3d
receptor) is the only other CD which can be
capped on the surface of B-CLL cells. CD5
and CD21 co-cap on the surface of B-CLL
cells and co-modulate. Finally, the incubation of B-CLL cells with anti-CD5 and/or
anti-CD21 either abolishes or largely inhibits the organization of intracellular F -actin into podosomes.
The above data indicate that the lateral
movements of CD5 and CD21 on the surface of B-CLL cells interfere with the organization ofF-actin in the cytoplasm, and point
to the existence of a strict spatial relationship on the membrane between CD5 and
CD21. The possible functional significance
of CD21 has been investigated in four cases.
The in vitro stimulation of B-CLL cells with
anti-CD21 does not modify their morphol195

ogy and phenotype. The picture changes
drastically when anti-CD21 Sepharoselinked MoAb is used. After 72 h of stimulation, B-CLL cells transform into large blastlike elements with nucleoli, become CD5-,
CD1O+ and lose sIg. These activated cells
are not proliferating, as they are unable to
incorporate bromodeoxyuridine (BUDR -).
However, a very active wave of proliferation
can be obtained by culturing B-CLL cells
preactivated with Sepharose-linked antiCD21 in the presence of 10% B-Cell Growth
Factor (BCGF; CPI). The vast majority of
cells enter the S phase of the cell cycle
(BUDR +) and reach a peak (>20%) after
72 h of culture. The same BCGF-induced
proliferative activity can be observed in BCLL cells pre activated with Sepharoselinked CB04 MoAb which detects the receptor for the C3b fraction of complement [6].
These data indicate that B-CLL cells may be
a valuable model for investigating the interactions between surface receptors, i.e. complement receptors, and cytoskeleton. Their
abnormalities may help in understanding
the differentiation and proliferative properties of malignant B-Iymphocytes.
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ts-Oncogene-Transformed Erythroleukemic Cells:
A Novel Test System for Purifying and Characterizing
Avian Erythroid Growth Factors
E. Kowenz 1 ,2, A. Leutz 1 ,2, G. D6derlein 1, T. Graf 1 , and H. Beug 1

A. Introduction

An emerging, important characteristic of
many leukemic cell types is their altered dependence on and/or response to hematopoietic growth factors [6, 17]. In mammals,
many of these growth-regulatory proteins
have been purified and the respective genes
molecularly cloned [16, 26], but the mechanism by which they regulate growth and differentiation of normal hematopoietic precursors is still poorly understood. This is due
partly to the fact that such hematopoietic
precursors do not self-renew in vitro and
constitute only a minor fraction of bone
marrow cells, precluding their purification
in large numbers [25]. One particularly successful approach to circumventing this problem was the use of avian retroviral oncogenes that transform hematopoietic precursors [10].
For instance, avian retroviruses containing tyrosine kinase oncogenes such as verbB, v-sea, or v-src, as well as the v-Ha-ras
oncogene, readily transform avian erythroid
progenitor cells [late BFU-E (burst-forming
unit erythroid) to early CFU-E (colonyforming unit erythroid)] from chick bone
marrow [8, 11]. By transformation, these
precursors are induced to self-renew and
thus to grow into mass cultures of immature,
precursor-like cells. The transformed cells,
however, retain the ability to undergo termi-

nal differentiation at low frequency [3, 7, 12].
At the same time, they become independent
of an activity present in anemic chicken
serum that induces CFU-E-like colonies in
chicken bone marrow and probably represents avian erythropoietin (EPO) [1, 21].
Recently, our laboratory described the
use of erythroblasts transformed with temperature-sensitive mutants of v-erbB (ts
AEV) and v-sea (ts S13) containing retroviruses as novel systems for studying differentiation of normal and leukemic erythroid
cells. Upon a shift to the nonpermissive temperature, ts-AEV and ts-S13 erythroblasts
are induced to differentiate synchronously
into erythrocytes. At the same time, the cells
regain their dependence on a factor(s) from
anemic chicken serum [1-3] (H. Beug et al.,
unpublished work).
Since little information was available on
the nature of this avian erythropoietin-like
factor(s) and its possible relationship to
mammalian erythropoietin [5, 20], we were
interested in using ts-oncogene-transformed
erythroblasts to attempt its purification and
characterization. Here we describe two
simple assay systems for avian erythroid
growth factors and their use in partially purifying and characterizing chicken erythropoietin, which is shown to be a glycoprotein
of 38 kd, resembling mammalian EPO in
many respects.
B. Materials and Methods

European Molecular Biology Laboratory, Postfach 10.2209, 6900 Heidelberg, FRO
2 Present address: University of New York at
Stonybrook, Dept. of Microbiology, Life Sciences
Bldg., Stonybrook, NY 11790
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I. Viruses and Cells

A temperature-sensitive mutant of the S13
strain of avian erythroblastosis virus [2], re199

ferred to as ts1-S13, was obtained from Peter
Vogt (Los Angeles) and biologically cloned
by preparing nonproducer erythroblasts [2].
Its properties will be described elsewhere
(Knight et aI., manuscript in preparation).
ts1-S13 erythroblast clones were generated
as described below and grown in CFU -E
medium [19] in the absence of anemic
serum.
II. Selection of ts-S13 Test Cell Clones
Colonies of ts1-S13-transformed erythroblasts were induced from infected SPAF AS
chick bone marrow cells as described earlier
[2]. A large number of colonies were picked
into CFU-E medium and clones were propagated for 3 days in 96-well plates (Falcon).
Equal aliquots of each clone were then distributed to two 96-well plates; one was kept
at 37 DC in CFU-E medium, whereas the
other was kept at 42 DC after addition of differentiation medium plus anemic serum (see
below). Three days later, a small aliquot of
each clone was stained for hemoglobin with
acid benzidine [9]. Clones exhibiting> 95%
benzidine-positive cells were centrifuged
onto slides, stained with neutral benzidine
and histological dyes, and evaluated for the
presence of terminally differentiated cells, as
described earlier [1]. Finally, those clones
that contained more than 95% erythrocytes
plus late reticulocytes [1] were tested for
their response in both EPO assays (see below) and for their in vitro lifespan by repeated passage (1 in 3) in CFU-E medium.
One clone (clone 30), which showed a particularly prominent response to anemic
serum in both assays and exhibited a lifespan of > 45 generations in vitro, was frozen
in many aliquots in liquid nitrogen and used
for the experiments described in this paper.
III. Production of Anemic Serum
Chickens (5-12 months, SPAFAS) were
made severely anemic by bleeding them by
heart puncture on 3 consecutive days (15-30
ml/day/kg). They were then bled on day 4 to
generate anemic serum. Since EPO titers
generated by this method proved to be
highly variable, we changed to phenylhy200

drazine injection. Four grams of phenylhydrazine (p.A., Merck, Darmstadt) were dissolved in 400 ml of aq bidest, the pH was adjusted to 7.0 with 2N NaOH, and the solution was immediately frozen and kept at
- 40 DC. Thawed solutions were used for injection within 15 min. Chickens were injected i.m. with 2 ml solution/kg on day 1,
with 1 ml/kg on day 2, with 0.3-0.5 ml/kg on
day 3, and were bled on day 4. Sera were allowed to clot for only 1-2 h and the clots
were then spun at 40000 g (15000 rpm, SS34
for 30 min) to obtain the anemic serum.

IV. Assays for Erythropoietin Activity
from Anemic Serum
In both assays, anemic serum or test samples
(for instance column fractions) appropriately diluted with modified Iscove's DMEM
(see below) were applied to the wells of 96well multidishes (Falcon) in duplicate or
triplicate, not exceeding a volume of 10 Ill.
Then 90 III of differentiation medium were
added [consisting of 16.4 ml of Iscove's
modification of Dulbecco's modified Eagles
(lscove's DMEM, Gibco, minus mercaptoethanol and selenite; salt concentrations
changed according to the recipe for
DMEM); 4.28 ml sterile distilled water;
32 11110 -1 M mercaptoethanol; 150 III ironsaturated ovotransferrin (15 mg/ml; Conalbumin, Sigma); 690 III detoxified BSA (20%
w/v solution; Behring-Werke, Marburgj
Lahn [2]); 920 III NaHC0 3 , 5.6%; 3 ml fetal
calf serum (pretested batch); and 12 III porcine insulin (Actrapid, Bayer-Leverkusen,
1.7 mg/ml), if not stated otherwise]. Then
the test cells (ts-S13 c130) were separated
from spontaneously differentiated cells by
centrifugation through Percoll (density
1.072) and 30000-50000 cells were seeded
per well, suspended in 5-10 III differentiation medium.
For the DNA synthesis assay, 3H-thymidine (0.2-0.4 IlCi in 5 III DMEM per well)
was added after 40--48 h of incubation at
42 DC and 5% CO 2 , The labeled cells were
then harvested onto fiberglass filters using a
Skatron cell harvester, the filters were dried,
and the cells were counted in a beta-counter
(Fig. 2).

For the photometric hemoglobin assay
(measuring accumulated hemoglobin in viable cells) cells were incubated for 50-72 hat
42°C and 5% CO 2 . They were then transferred to 96-well, V-bottomed microtiter plates
and washed twice with Hanks' balanced salt
solution containing 0.1 % detoxified BSA.
Cells were lysed in 20 III H 2 0 for 20 min,
and 200 III of developing reagent was added
(0.5 mg/ml O-phenylenediamine in 0.1 M citrate/phosphate buffer, pH 5.0, containing
5 IlI/ml 30% H 2 0 2 added just prior to use).
The color was allowed to develop for 1530 min in the dark at room temperature, and
the solutions were transferred to a flat-bottomed 96-well micro titer plate containing
30 III of 4 M sulphuric acid per well to stop
the reaction and enhance the color. Absorbances were read at 492 in a Kontron
SLT210 ELISA photometer, using 630 mm
as the reference wavelength (Fig. 1).
V. Partial Purification
of Chicken Erythropoietin
We centrifuged 200 ml of pooled anemic
chicken sera for 90 min at 150000 g (Ti45
rotor Beckman, 40000 rpm). The clear
supernatant was then applied to a Sephadex
G25 column (Sephadex G25 fine; 5 cm in diameter, 50 cm long, equilibrated with
50 mM (NH 4 hC0 3 buffer, pH 8.0). Protein-containing fractions eluting before or at
the exclusion volume were then directly applied to a DEAE ion-exchange column
(DEAE Sephacel; 6 cm in diameter, 25 cm
long, equilibrated with 50 mM (NH 4 hC0 3
buffer, pH 8.0). After washing with 500 ml
of starting buffer the column was eluted
with a linear gradient of 50-400 mM
(NH 4 )zC0 3 ; pH 8.0; gradient volume 21.
Active fractions eluting at 150-200 mM
(NH 4 hC0 3 were combined and lyophilized.
F or size-exclusion chromatography, the
lyophilized fractions from DEAE ion-exchange chromatography were dissolved in
10 ml of 50 mM (NH 4 hC0 3 buffer, pH 8,
and applied to a size-exclusion column (Biogel P60, BioRad; 200-400 mesh, 5 cm in diameter, 90 cm long, 20 ml/h). The activity
eluted behind the main protein peak (at a
mol. wt.) range of 50000-30000). Active
fractions were pooled and lyophilized.

For affinity chromatography, the lyophilized material was dissolved in 50 ml phosphate-buffered saline plus 0.1 mM MnCl 2
and 0.1 mM CaCI 2 , pH 7.4, and applied to
two connected columns containing immobilized lentil-lectin (Affi-Gel P10, 8 mg lentillectin/ml gel, column volume 50 ml) and immobilized wheat-germ agglutinin (WGA,
Pharmacia, Sepharose 4B, 10 mg lectin/ml
gel, column volume 20 ml). After application of the sample and washing with 1 I of
the above buffer, the two columns were separated. The lentil-lectin column was eluted
with
100 mM methyl-alpha-n-mannopyranoside, the WGA column with 200 mM
N-acetyl glucosamine in the same buffer. No
biological activity was found in the flowthrough of both columns or in the lentil-lectin eluate. The WGA eluate containing all
the biological activity was concentrated by
ultrafiltration (Amicon, PM 10), dialyzed
against 50 mM (NH 4 hC0 3 , and lyophilized. It was then dissolved in PBS and chromatographed on a small Sephadex G25 column (10 ml) in PBS to remove traces of Nacetyl glucosamine, which were toxic in the
bioassays.

VI. Characterization of Chicken
Erythropoietin by High-pressure
Liquid Chromatography (HPLC)

1. Reversed-phase HPLC
An aliquot of partially purified chicken EPO
(250 III from a total of 5 ml) was adjusted to
100 mM Tris-HCI, pH 6.8, and applied to a
C-3 column (Ultrapore, RPSC, Altex,
0.5 ml/min). The column was washed consecutively with HPLC-water and 0.1 % trifluoroacetic acid (TF A) in water (buffer A) and
eluted with an acetonitrile gradient as follows: 10 min 0%-45% buffer B (75% acetonitrile in 0.1 % TFA), 60 min 45%-70%
buffer B. Fractions (2 ml) were collected
during the second phase of the gradient elution, lyophilized, and dissolved in DMEM
for testing of their activity.

2. Size-exclusion HPLC
Another aliquot of partially purified EPO
was adjusted to 100 mM sodium phosphate
buffer, pH 6.8, and applied to two coupled
201

size-exclusion columns (pre-column, LKB
TSK 4000, 0.7 cm in diameter, 10 cm long,
plus two separation columns, LKB. TSK
3000,0.7 cm in diameter, 60 em long). Columns were eluted at 0.5 ml/min and fractions (1 ml, 2 min/fraction) were collected
40 min after injection. Fractions were diluted appropriately with DMEM before
testing in both available EPO assays.
C. Results and Discussion
1. Assay Systems for Avian Erythroid

Growth Factors Using Is-Oncogenetransformed Leukemic Erythroblasts
Previous work had shown that erythroblasts
transfonned by temperature-sensitive mu-
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tants of v-erbB or v-sea required factors in
anemic chicken serum for tenninal differentiation in vitro after a shift to the nonpermissive temperature. Pilot experiments designed to test the usefulness of these cells in
possible assay systems for erythroid growth
factors quickly demonstrated that Is-sea erythroblasts were much more suitable for such
assays than ts-erbB cells (probably because
of the presence of v-erbA in the latter) [13].
In addition, it soon became evident that suitable test-cell clones had to be selected, exhibiting the potential for complete in vitro
differentiation as well as an extended in vitro
lifespan [I] (see Materials and Methods).
Investigation of the differentiation behavior of such a selected ts-S13 erythroblast
clone (clone 30) after shift to 42 °C with and
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Fig.l. Differentiation of ts-S13 erythroblasts in
the presence and absence of anemic serum. ts-S13
erythroblasts (clone 30) were incubated at 42 0 in
differentiation medium plus or minus anemic
serum. At the times indicated, aliquots were cy-
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tocentrifuged onto slides, stained with neutral
benzidine plus histological dyes, and photographed under blue light (480 J.lm) to reveal histo·
chemical hemoglobin staining [1). Arrowheads in·
dicate lysed and moribund cells
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Fig.2. Essential features of two assay systems for
chicken erythroid growth factors employing tsS13 erythroblasts. Erythroblasts (open circles) are
seeded into 96-well tissue culture plates with
(+ EPO) or without (- EPO) anemic serum or
samples to be assayed. After 48 hat 42 DC the cells
start to differentiate (dotted circles) but still proliferate in the presence, but not in the absence of
EPO, allowing assessment of EPO activity by
measurement of 3H TdR incorporation (DNAsynthesis assay). After 72 h at 42 DC, cells have
differentiated into late reticulocytes in the presence of EPO, whereas they have mostly disintegrated (broken circles) in the absence of EPO and
therefore released their hemoglobin into the
supernatant. At this point, photometric determination of hemoglobin accumulated in viable cells
therefore constitutes a second, independent measurement of EPO activity (photometric assay)

without anemic serum revealed that the cells
continued to proliferate in the presence of
anemic serum for at least 2 days, whereas
they rapidly withdrew from the cell cycle in
the absence of anemic serum, being essentially at rest after 3~8 h. Furthermore,
in the presence of anemic serum, very few
cells died during differentiation, whereas
anemic serum-deprived cells mostly disintegrated within 24-48 h after shift, then being
at the early-to-Iate reticulocyte stage (Fig. 1).
However, for those cells which survived in
the absence of anemic serum differentiation
into erythrocytes was only slightly slower
than for control cells in the presence of anemic serum (Fig. 1) [24].
These observations enabled us to devise
two assay systems for avian erythroid
growth factors, the principles of which are
schematically depicted in Fig. 2. The first as-
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Fig. 3. Time course of proliferation and hemoglobin accumulation during differentiation of ts-S13
erythroblasts at 42 DC. ts-S13 cells were incubated
in the presence (closed symbols) or the absence
(open symbols) of anemic serum and assayed for
3H TdR incorporation (e-e) or hemoglobin accumulation (.-.) at the times indicated, using
the two assay systems described in legend to
Fig.2. Data were normalized with respect to the
maximum values obtained in the two assays after
48 and 72 h respectively

say exploited the fact that anemic serum
stimulates cell proliferation of ts-S13 cells
for 48-55 h, whereas cells kept without anemic serum ceased to proliferate after 24-30 h
(Fig. 3). The second assay was based on the
observation that anemic serum-treated IsS13 erythroblasts reached a maximum of hemoglobin accumulated in viable cells at a
time when most of the cells that were shifted
to 42 DC in the absence of anemic serum had
lysed and therefore released their accumulated hemoglobin into the medium (Figs. 2
and 3; see Materials and Methods).
The availability of these two different assay systems for erythroid growth factor(s)
facilitated the study of whether the initial
proliferation and the terminal differentiation of ts-S13 erythroblasts are regulated
by one or more than one active molecule in
anemic serum. To simplify matters, we have
assumed in the following that the putative
avian erythropoietin, like mammalian hematopoietic growth factors, stimulates both
proliferation and differentiation. In most ex203

periments, we have therefore used the more
rapid and simple EPO assay based on quantitating anemic serum-induced cell proliferation. However, all important conclusions
derived from these measurements have been
checked by using the second EPO assay
based on measuring terminal erythroid differentiation by hemoglobin production.
II. Normal Serum Components
Influencing Erythroid Differentiation
Before being able to use the above assay systems to purify avian erythropoietin, we had
to determine which other factors present in
chicken serum that would be separated from
the hypothetical EPO during purification
would affect proliferation/differentiation of
ts-sea erythroblasts. An obvious candidate
was avian transferrin, since erythroid differentiation requires massive iron uptake mediated through iron-saturated transferrin [24].
Furthermore, we had observed that insulin
seemed to stimulate proliferation/differentiation of both normal and ts-oncogene-transformed erythroid cells (J. Schmidt, personal
communication; H. Beug et aI., unpublished). We therefore titrated the effects of
these two proteins, either alone or in combination with each other and with anemic
serum, using a medium devoid of other
chicken proteins and containing as essential
components detoxified bovine serum albumin, mercaptoethanol, and a preselected
batch of fetal calf serum that did not stimulate erythroid differentiation on its own (see
Material and Methods). The essential features of these results are summarized in
Table 1. As expected, high concentrations of
avian, iron-saturated transferrin were absolutely essential for both proliferation and
differentiation of ts-sea erythroblasts. On its
own, however, transferrin exhibited only
weak, if not absent growth factor-like activity. Similarly, insulin had only a weak
growth-promoting ability in the absence of
anemic serum, but it significantly enhanced
erythroid cell proliferation in the presence of
anemic serum (Table 1). More careful inspection of this phenomenon revealed that
insulin enhanced early proliferation of ts-sea
erythroblasts shifted to 42°C and prolonged
their lifespan in the absence of anemic
204

Table 1. Effects of avian transferrin and insulin

Additions

Percent maximal
3H TdR incorporation
Minus
anemic
serum

None
Transferrin
10 Jlg/ml
150 Jlg/ml
Insulin 1 Jlg/ml
plus transferrin
150 Jlg/ml
Insulin plus transferrin
plus normal chicken
serum (10%)

< 0.2

Plus 2%
anemic
serum
1

4
16

20
69

29

100

25

94

* Many batches of normal chicken serum were
toxic at this concentration.
serum, leading to disintegration of the cells
at the late rather than the early reticulocyte
stage and to formation of some malformed
erythrocyte-like cells (data not shown).
To test whether we had in fact optimized
our test conditions sufficiently to rule out effects of normal chicken serum proteins, we
titrated a high-titer batch of anemic chicken
serum (Table 1) or purified chicken erythropoietin (data not shown) in the presence or
the absence of 10% normal chicken serum.
From more than 20 batches tested, no serum
could be found that further stimulated ts-sea
erythroblast proliferation/differentiation in
the presence or absence of anemic serum,
many batches being in fact inhibitory
(Table 1).
III. Partial Purification
of an Erythropoietin-like Activity
from Anemic Serum
Adult chickens were made anemic by repeated heart puncture (or, more recently, by
injection of phenylhydrazine; see Materials
and Methods), and the anemic sera obtained
were tested individually for activity. Hightiter anemic sera were then pooled, ultracentrifuged to remove aggregated protein, and

bound to the second column, containing immobilized WGA, from which it could be
eluted with N-acetyl glucosamine.
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Fig. 4. Partial purification of chicken erythropoietin. Unfractionated anemic serum (.) and pooled,
active fractions after DEAE ion-exchange and
size-exclusion chromatography (.) and after combined lentil- lectin-WGA affinity chromatography (_) were assayed for their biological activity
by titration in the photometric EPO assay and
plotted against protein concentration

consecutively subjected to DEAE ion-exchange chromatography, size-exclusion
chromatography, and affinity chromatography on plant lectins (see Materials and
Methods). The main difficulty in these experiments was substantial loss of EPO activity during the first steps of the purification
procedure. This was probably due to proteases liberated by platelets during serum
clotting (data not shown) and could be partially overcome by addition of protease inhibitors, rapid performance of the purification steps, and use of lyophilizable buffers
for concentration of column fractions.
Figure 4 shows the result of a typical purification procedure. Starting with about
200 ml of anemic serum, the erythropoietinlike activity could be purified about 80-fold,
recovering 25% of the original activity. The
most effective purification step was the combination of lentil-lectin and wheat - germ agglutinin affinity chromatography (see
Materials and Methods). Most serum glycoproteins, but not EPO, bound to the first
column, containing immobilized lentil lectin, whereas the EPO activity was effectively

The partial purification of chicken erythropoietin described above yielded enough activity to further characterize this avian erythroid growth factor by HPLC. Figure 5 a
demonstrates that the activity eluted as a
single sharp peak after separation ofthe partially purified EPO preparation of a reversed-phase HPLC column (see Materials
and Methods). Figure 5 a also shows that reversed-phase HPLC resulted in a further 20fold purification of chicken EPO without
further significant losses of biological activity.
In a different approach, two aliquots of
partially purified EPO were separated by
size-exclusion HPLC in two separate experiments. Fractions from the first size-exclusion run were assayed by the photometric
EPO assay, whereas those from the second
run were assayed by the DNA-synthesis assay. Figure 5 b shows that the EPO activity
again eluted as a single sharp peak at about
38 kd, regardless of whether ts-S13 erythroblast proliferation or differentiation was
used to determine EPO activity. Furthermore, size-exclusion HPLC also resulted in a
20-fold further purification of chicken EPO.
Titration of the HPLC-purified EPO
preparation on ts-sea erythroblasts together
with unfractionated anemic serum demonstrated that the activity in the purified material was indistinguishable from the activity
in anemic serum in both assay systems
(Fig. 6a). Furthermore, the purified EPO allowed formation of healthy, mature erythrocytes to an even larger extent than anemic
serum did (Fig. 6 b), indicating that a single,
acidic glycoprotein of approximately 38 kd
is responsible for the erythropoietin-like activity in anemic chicken serum. Finally, the
purified EPO preparation stimulated the
formation of normal erythroid colonies
(CFU-E) from chick bone marrow at dilutions similar to those active on ts-S13 erythrob lasts (data not shown), further con205
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firming that the growth factor required by
temperature-induced ts-sea erythroblasts indeed represents chicken EPO.
V. Chicken EPO Is Species Specific
and Acts Like a Typical Hematopoietic
Growth Factor
Comparison of purified chicken EPO with
mammalian EPO reveals several striking
similarities: Like human EPO, the chicken
factor represents an acidic glycoprotein of
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34-39 kd that binds to wheat-germ lectins,
but not to concanavalin A or lentil lectin [22,
23]. It was therefore interesting that, despite
this similarity, the chicken EPO was unable
to induce CFU-E colony formation in
mouse bone marrow cultures under conditions where human EPO was fully active.
Conversely, human and mouse EPO were
completely inactive in chicken CFU-E assays, even at high concentrations (> 10 U)
(data not shown), indicating major differences in the receptor binding domain(s) of
both molecules.
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Fig. 6 a, b. Comparison of the biological activities
of anemic serum and purified chicken erythropoietin. a Unfractionated anemic serum (A-A),
purified EPO (after reversed-phase HPLC; e-.), and normal chicken serum (.--.) were titrated for biological activity by measuring hemoglobin accumulation (photometric assay, left
panel) or 3H-TdR incorporation (DNA-synthesis

assay, right panel). b Phase-contrast micrographs
of ts-S13 erythroblasts kept for 3 days at 42°C in
the presence (highest concentrations shown in a)
of purified EPO (left panel), anemic serum (middle
panel), or normal chicken serum (right panel) are
shown. Note well-differentiated erythrocytes
formed in purified EPO and anemic serum (ar-

OUf studies using homogeneous, synchronously differentiating erythroid cells as
targets for chicken EPO demonstrate, however, that chicken EPO acts like a typical hematopoietic growth factor, in that it is required for both survival and proliferation of
hormone-dependent progenitor cells preprogrammed to undergo erythroid differentiation. In addition, the studies presented

here help to resolve some ambiguities in the
literature concerning avian EPO. Our finding that differentiating avian erythroid cells
absolutely require high concentrations of
avian Fe-transferrin explains why this molecule was claimed to represent an avian erythroid growth factor in a nonoptimized test
system [5]. For the same reason, the possibility cannot be excluded that an EPO-like ac-

rows)
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tivity of 60 kd found in anemic serum [20] represents transferrin, or more probably a
mixture of this molecule with avian EPO.
Finally, our assay systems made it possible to demonstrate that avian erythroid progenitors respond to other growth-promoting
factors than EPO. First, insulin cooperates
with avian EPO, probably by lowering the
concentration of EPO required for promoting growth/differentiation of ts-oncogenetransformed erythroblasts (Beug et aI., unpublished). A similar cooperativity of insulin with growth factors was reported for
PDOF [18] and IOFII [14] and has also been
observed for cMOF, an avian growth factor
active on myelomonocyte progenitors [15]
(A. Leutz and H. Beug, unpublished). In addition, we have recently identified an erythroid growth factor secreted by avian leukemic pre-B, pre-T cells (REVT-Iymphoblasts; [1] that stimulates early proliferation of ts-sea erythroblasts and promotes
terminal erythroid differentiation only in the
presence of low concentrations of chicken
EPO (A. Leutz and H. Beug, unpublished).

-

---.

D. Conclusions

In this paper we have shown that ts-oncogene-transformed erythroleukemic cells can
be successfully used to assay, purify, and
characterize avian erythroid growth factors.
Although these erythroid leukemic cells appear to be completely growth-factor independent at the permissive temperature, when
the oncogene is fully active, they become dependent for survival, growth, and differentiation on specific erythroid growth factors as
soon as the oncogene product is temperature
inactivated. Our studies also clearly show
that chicken EPO does not induce or modulate the erythroid differentiation program,
but rather controls the cell's ability to
undergo a series of preprogrammed differentiation events. Since no growth factor detectable in the two assay systems described
or in CFU-E assays is secreted by the leukemic cells [2, 3], the oncogene seems to induce factor independence by an intrinsic
mechanism, for instance by producing a
constitutive signal normally generated by
the EPO receptor after ligand binding [4].
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Although it appears difficult at present to
achieve a complete purification of chicken
EPO, due to the limited availability of anemic chicken serum, purification of other erythroid growth factors secreted by cell lines is
currently underway, using the assay systems
described. In the long run, we hope to identify the respective growth factor receptors in
order to be able to study how tyrosine kinase
oncogenes such as v-erbB or v-sea can bypass signaling pathways employed by erythroid-specific growth factor receptors, with
the outcome of fatal leukemia.
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A. Introduction

Within the family of hematopoietic growth
factors, murine G-CSF was first recognised
as acting predominantly upon mature neutrophils and neutrophil progenitors, stimulating murine neutrophil colonies characterized by small size, maturity, and relative infrequency [1, 2]. G-CSF is synthesized in
many murine tissues and organs, possibly by
common populations of macrophages or endothelial cells [3], and the factor has been
purified from the lung tissue of endotoxintreated mice as a 24000-25000 Mr glycoprotein [4]. In contrast to GM-CSF and interleukin-3 (IL-3), G-CSF exerts a potent differentiation-inducing action on myeloid leukemic cells such as the WEHI-3 myelomonocytic leukemic cell line [4---6] and the M1
myeloblastic leukemic line [7]. Characterization of human CSF in human placental [8]
and bladder carcinoma cell line [9] conditioned medium by hydrophobic chromatography or by ion-exchange chromatography
and reversed phase-high performance liquid
chromatography (RP-HPLC) [10, 11] revealed two species. The least hydrophobic
activity, called CSF-alpha [8,9] or pluripoietin alpha [11], is structurally and functionally homologous to murine GM-CSF (al-
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though not species cross-reactive), and the
hydrophobic species called CSF-beta [8, 9]
or pluripoietin [2,10] is the human analogue
of murine G-CSF since these two CSFs exhibit similar activities on murine and human
cells [2, 8, 10] and are fully cross-reactive
with each other's specific cellular receptors
[8]. This latter CSF species was purified to
homogeneity from the conditioned medium
of the human bladder carcinoma cell line
5637 and was shown to be O-glycosylated
and to have a molecular weight of 19600
[10]. The gene encoding this pluripotent human G-CSF was subsequently cloned and
expressed in E. coli [12]. The E. coli rhGCSF was comprised of 174 amino acids with
a deduced molecular weight of 18700 and it
had no significant homology with any other
previously sequenced growth factors. Recently, the cDNA sequence coding for murine G-CSF has been isolated from a cDNA
library prepared with mRNA derived from
murine fibrosarcoma NFSA cells, which
produce G-CSF constitutively [13]. The nucleotide sequence and the deduced amino
acid sequence of murine G-CSF cDNA were
69% and 73% homologous, respectively, to
the corresponding sequences of human GCSFcDNA.
Native and recombinant G-CSF had comparable biological activity, stimulating neutrophil granulocyte colonies of mouse and
man with a specific activity of 1 x 108 units/
mg of pure protein [12]. Our earlier observations with purified G-CSF, showing that at
high concentrations the factor stimulated
BFU-E and CFU-GEMM in methylcellulose cultures of adherent and T -cell-depleted
human marrow [10], were confirmed using

rhG-CSF [12]. More recent studies in our
laboratory [14], using highly enriched hematopoietic progenitor cells, failed to demonstrate a direct effect of human G-CSF on
BFU-E and CFU-GEMM, suggesting that
the earlier observations may have been the
consequence of an indirect mechanism involving non-T accessory cells. In this context, sequential observations in mouse bone
marrow culture indicate that murine G-CSF
can initiate proliferation in many progenitor
cell populations, including multipotential
and erythroid progenitors, but fails to sustain proliferation in these lineages beyond 24 days [15]. The action of G-CSF on mature
hematopoietic cells appears to be confined
to an action on neutrophils involving increased expression of chemotactic receptors,
enhanced phagocytic ability, cellular metabolism associated with the respiratory burst,
antibody-dependent cell killing, and the expression of function-associated cell surface
antigens [2, 16]. The action of G-CSF on leukemic cells is receptor mediated, and competitive binding studies with 125I-Iabeled
hG-CSF [12] or murine G-CSF [9] revealed
receptors on fresh human leukemic marrow
cells classified as M2, M3, and M4 and on
murine WEHI-3 and human HL-60 and
U937 leukemic cell lines. Furthermore, these
leukemic cell lines and receptor-positive human leukemic cells were induced by recombinant G-CSF to undergo terminal differentiation to macrophages and granulocytes
[12].
The ability of endotoxin to elicit production of G-CSF can account for most reports
of the leukemia-differentiating action of
postendotoxin serum in mouse and man [6,
17]. However, the elevation of bioactive GCSF in postendotoxin serum is partially
masked at high serum concentrations by an
inhibitory activity which is particularly evident in postendotoxin sera of mice primed
with bacille Calmette-Guerin (BCG) or C.
parvum [6,17]. This hematopoietic or colony
inhibitory activity was shown to be directed
at both normal CFU-GM and myeloid leukemic cells, and biochemical characterization showed that it copurified with an activity with both in vitro L-cell cytotoxicity and
in vivo tumor necrosis action [6, 17]. Subsequent studies distinguished between the
anti proliferative effects of tumor necrosis

factor (TNF) on CFU-GM and myeloid leukemic cells and the proliferation- and differentiation-inducing action of the G-CSF coinduced with similar kinetics in the serum of
C. parvum-endotoxin-treated mice [17].
With the availability of recombinant human
TNF alpha [18], it was possible to demonstrate that human CFU-GM, BFU-E,and
CFU-GEMM were inhibited by relatively
low concentrations of TNF ( < 100 units/ml)
and that the inhibition was potentiated by
the addition of gamma interferon [19]. We
have explored the antagonism between CSF
species and TNF alpha in both short-term
clonogenic assays and long-term bone marrow cultures and have obtained evidence
that TNF may playa physiological role in
antagonising G-CSF action in generation of
neutrophil granulocytes.
B. Methods
I. CFU-GM Colony Assay

For human assay, 2.5 x 10 4 -1 x 105 lowdensity, nonadherent, and T -cell-depleted
normal marrow or unseparated cells from
long-term bone marrow culture (L TBMC)
were cultured in 0.3% agar in 1 ml supplemented McCoy's medium in the presence of
200-1000 units rhG-CSF or rhGM-CSF. In
some studies, 5% 5637 cell line CM, or G- or
GM-CSF purified from this source were
used as sources of stimuli. Colonies were
scored at days 7 and 14. For murine assay,
2.5 x 104 marrow cells or 1 x 10 5 spleen cells
were cultured in Iscove's Modified Dulbecco's medium containing 15% fetal calf
serum (FCS) and 0.3% agarose. Cultures
were stimulated with interleukin-3 (IL-3)
purified from WEHI-3 CM, CSF-l purified
from L-cell CM, G M -CSF purified from
mouse lung CM, and rhG-CSF at 200-1000
units/ml. Cultures were scored at 5-7 days
and in some studies, colony morphology was
determined on fixed, stained agar plate preparations.
II. WEHI-3 Leukemic Colony
Differentiation Assay
The differentiation-inducible D + subline of
the WEHI-3B murine myelomonocytic leu211

kemic cell line was used to monitor the differentiation-inducing action of G-CSF [6,
10]. 3 x 10 2 WEHI-3 cells were incubated in
0.3% agar in supplemented McCoy's medium containing 12.5% FeS with 0.2 ml/
well in 24-well tissue culture trays (Costar,
Cambridge, MA) and in replicates at 37°C
in 5% CO 2 in air. Cultures were scored on
day 7 for induction of dispersed, differentiated colonies or tight, blast-cell colonies.
Total cloning efficiency was close to 30% at
7 days of culture and was not changed significantly in the presence of G-CSF.
III. Long-term Human Bone Marrow
Cultures
Obtained by aspiration from the posterior
iliac crest of healthy volunteers who had
given informed consent, 10 7 normal human
bone marrow nucleated cells were inoculated into 25 cm tissue culture flasks in 10 ml
McCoy's medium containing 15% FCS,
15% horse serum, and 10- 6 M hydrocortisone ("Gartner's medium"). After being gassed with 5% CO 2 in air, the cultures were incubated at 37°C for 3 days, all suspension
cells removed and Ficoll-Hypaque (Pharmacia) separated, and were returned to the culture flasks, together with fresh medium and
the appropriate concentration ofrhTNF-alpha (a generous gift from Cetus, Inc.) or
rhG-CSF (provided by Amgen). Long-term
cultures were subject to demidepopulation
of suspension cells and medium at weekly intervals and assayed for total cells, differential count, and CFD-GM at days 7 and 14 in
agar assays stimulated with G- or GMCSF.
IV. In Vivo Studies of rhG-CSF
C3H/HeJ mice, 8-12 weeks old, purchased
from Jackson Laboratories and maintained
in our Institute in laminar air-flow rooms
were injected intraperitoneally twice daily
with 1.5 ~g rhG-CSF in 0.2 ml hydroxethylpiperazine ethanesui phonic acid (HEPES)
buffered balanced salt solution (BSS) containing 1.5 ~g purified bovine serum albumin (BSA). Control inocula consisted of
buffer containing 3 ~g BSA and 1.5 ng E.
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coli endotoxin (Difco). The endotoxin con-

tamination of the rhG-CSF was <0.5 ~g/
mg of protein. Mice were bled retro-orbitally for total white blood cell count (WBC)
and hematocrit, and a smear was obtained
for a blood differential. After lor 2 weeks of
G-CSF treatment, groups of three mice were
killed and cell suspensions prepared from femurs, spleen, and thymus. In addition, peritoneal lavage with 10 ml ice-cold BSS containing 10 units/ml heparin was used to obtain unstimulated peritoneal exudate suspensions. Liver hematopoietic cell populations were obtained by collagenase treatment of a minced liver preparation, with
subsequent passage through a wire mesh
sieve and percoll separation to remove debris and hepatocytes. Cytocentrifuge preparations oflymphohematopoietic tissues were
made for morphological assessment, and cell
suspensions were assayed for CFU-GM,
BFU-E and CFU-GM in standard clonogenic assays. In addition, hematopoietic
(CFU-S) determinations were made by injecting 10 5 cells intravenously into groups of
5 C3H/HeJ mice lethally irradiated with
950 rad gamma irradiation. Mice were killed
after 12 days and colonies enumerated on
Bouin's-fixed spleens.

c.

Results

I. Interaction Between G-CSF, GM-CSF
and TNF Alpha on Human Myeloid Colony
Formation
As previously reported [11], colonies stimulated by GM-CSF were maximal at day 14 of
culture, when approximately one third of
colonies contained eosinophils and the remainder were neutrophil or mixed neutrophil-macrophage, and at day 7 most clones
were of subcolony size «40 cells). In contrast, with rhG-CSF, neutrophil clones of
colony size were present at day 7 and their
numbers remained approximately constant
to day 14, when the majority were neutrophil and a minority « 20%) were neutrophil-macrophage mixed. Synergism between
G-CSF and GM-CSF was noted in the context of increased colony size and number.
Dose-response analysis revealed that a more
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shallow titration of response was evident
when day 14 was the endpoint, and at both
days 7 and 14 the G-CSF dose-response
curve was steeper than that of GM-CSF
when either colonies or colonies plus clusters
were used as the endpoint (Fig. 1).
The inhibitory influence of rhTNF alpha
on the CFU-GM assay has been reported
elsewhere [19], but we have observed additional variables that determine the degree of
inhibition, specifically the quantity and species of CSF used to stimulate the assay and
the influence of accessory cell populations.
With unseparated normal human marrow,
colony formation was not significantly inhibited by 100 units/ml TNF when cultures
were stimulated with 30-2000 units GMCSF, and with 1000 units TNF 20%-80%
inhibition was seen; in both instances, comparable inhibition was seen at days 7 and 14
of culture (Fig. 1). With G-CSF as a source
of stimulus, > 80% inhibition of colony and
cluster formation was seen at day 7 with 100
units TNF even in the presence of high concentrations of stimulus, and at day 14 total
inhibition of colony formation was ob-

served. Particularly evident in the case of GCSF at concentrations of < 500 units and to
a lesser extent with GM-CSF at < 30 units,
the degree of TNF inhibition was amplified
at these lower, nonplateau levels of stimulation. Removal of mature granulocytes and
monocyte-macrophage populations by adherence and density separation did not significantly alter the TNF dose-response curve
since 50% day-14 colony inhibition was seen
with 50 units rhTNF in cultures stimulated
with 1000 units G-CSF and 400 units TNF
was required to give comparable inhibition
in cultures stimulated with 1000 units GMCSF (Table 1). Additionally, while all
colony formation was inhibited in G-CSFstimulated cultures with 500 units TNF, a
substantial number of colonies (22%) were
found to be resistant to TNF even at concentrations of 10000 units in GM-CSF-stimulated cultures. Further depletion of accessory cells and enrichment for progenitor cell
populations using immunoadherence "panning" and complement-mediated cytotoxicity increased the sensitivity ofG-eSF-stimulated CFU-GM to TNF inhibition but did
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Table 1. Inhibitory activity of TNF on human CFU-GM stimulated by G or GMCSF
rh-TNFct Accessory cell depleted
(units)
NALD BM a
G-CSF

0
1
10
50
100
500
1000
5000
10000

BMb
G-CSF

GM-CSF

GM-CSF

Cols
1 x 10 5

Clus
%contr

Cols
1 x 10 5

Clus
%contr

Cols
2x 104

Clus
%contr

Cols
2x 104

Clus
%control

22±1
24±3
18±1
10±1
4±1
0
0
0
0

100
109
82
45
18
0
0
0
0

37±2
36±2
38±2
26±3
20±1
16±2
12±2
7±1
8±1

100
97
103
70
54
43
32
19
22

182± 14
173±25
47±2
11 ±3
2±1
0
0
0
0

100
95
26
6
1
0
0
0
0

154±29
128±28
117± 6
111 ± 11
105± 15
63±11
36±1
30±4
36±1

100
83
76
72
68
41
23
19
23

Nonadherent light density normal human marrow cells cultured in 1 ml McCoy's modified medium
and 0.3 % agar in the presence of 1000 U G-CSF or GM -CSF purified from 5637 CM. Colonies scored at
day 14.
b Low density bone marrow separated by Ficoll-Hypaque density centrifugation was enriched 10-fold
for progenitor cells by depletion of mature myeloid, monocytic, lymphoid and erythroid cells using
mAbs Mol, MY8, MY3, N901, B4, OKT4, OKT8, OKT11 and antiglycophorin by immunoadherence
"panning" and complement-mediated cytotoxicity.
a

not alter the sensitivity of the GM-CSFstimulated colonies (Table 1). Fifty percent
inhibition of G-CSF-stimulated colonies in
such accessory cell-depleted marrow was
now evident with 5 units TNF, a 2-log lower
concentration than required to produce
comparable inhibition in GM-CSF-stimulated cultures.
II. Action of G-CSF and TNF
in Human Long-term Bone Marrow
Culture
The inoculation of 10 7 normal human marrow cells in 10 ml of Gartner's medium, with
weekly demidepopulation and no additional
recharging, resulted in the establishment of
a confluent, adherent layer of marrow stromal cells with extensive adipocyte development and sustained hematopoiesis. After an
initial falloff from the maximum cellularity
in the 1st week, total cells were produced at
a level of 7.4 x 10 5 per flask for the first 2
months with polymorphonuclear neutro214

phils (PMN) comprising 12%-52% of total
cells (mean of 35%, Fig. 2). CFU-GM responsive to GM-CSF fell from a maximum
of 29 000 per flask at 1 week to 1600 after 2
months, and G-CSF-responsive CFU-GM
were 28 800 at 1 week and 2200 at 2 months.
Neutrophil and CFU-GM production persisted for 14 weeks. The weekly addition of
rhG-CSF (10 000 units/ml) resulted in a
marked, sustained elevation of neutrophil
production. Between 2 and 8 weeks of culture, cell production averaged 4.0 x 10 6 neutrophils per flask, a level of neutrophil production ten times higher than in control cultures, sustained for 2 months. CFU:.GM
production in the early stages of culture in
the presence of G-CSF exceeded control
values by approximately a factor of 2 regardless of whether the colonies were stimulated by G- or GM-CSF, and no evidence
was found for depletion or premature exhaustion of G-CSF-stimulated long-term
marrow cultures, since despite the chronic
elevation of mature neutrophil production,
total CFU-GM produced by 2 months were
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Fig. 2. Long-term cultures
of 1 X 107normal human
bone marrow cells were established in 10 ml of
Gartner's medium and subject to weekly demidepopulation and weekly addition
of rhG-CSF (10 000 units/
ml), rhTNF alpha (10-1000
unitslml), or control media
to groups of three flasks.
Colony assays were established at weekly intervals
and CFU-GM responsive
to 1000 units rG-CSF or
GM-CSF per milliliter were
quantitated. Numbers expressed as total per culture
flask. Note the log scale

WEEKS

comparable in control and G-CSF-stimulated culture.
In contrast to the proliferative stimulus
provided by G-CSF, TNF inhibited neutrophil production and CFU-GM production.
At concentrations of 1000 units/ml TNF alpha, cell production was 50% of control in
the first 3 weeks, 25% by 4 weeks and only
7% of control with no neutrophil production by 9 weeks; no CFU-GM were produced after 5-6 weeks. At 100 unitslml TNF
no difference from control cultures was evident till8-9 weeks, but by 9 weeks cellularity
was 7.5% of control and PMN production
was 2% of control with no CFU-GM produced. The lowest concentration of TNF
tested (10 unitslml) produced an average
50% reduction in PMN production, otherwise no difference in either CFU-GM production or culture longevity was found.
These observations were reproduced in four

subsequent experiments and in one study
(data not shown), attempts to reverse the
TNF-mediated suppression of myelopoiesis
by coaddition of G-CSF were unsuccessful.

111. Ability of G- and GM-CSF
to Generate CFU-GM in Suspension
Cultures of Accessory Cell-Depleted
Human Marrow
The preceding studies on G-CSF action in
long-term marrow culture indicated that in
the first few weeks of culture the total
number of CFU-GM responsive to either GCSF or GM-CSF was increased substantially over control values. This observation,
together with earlier studies indicating that
G-CSF could generate CFU-GM in simple
1-week suspension cultures of human mar-

row in a "pre-CFU-OM assay" [2], suggested that O-CSF acted on a cell earlier in
the developmental lineage than the CFUOM or alternatively promoted enhanced
CFU-OM self-renewal. A third explanation
could be that some accessory cell population
produced a factor in response to O-CSF that
caused recruitment of new CFU-OM by an
action on a precursor cell population. In our
earlier studies using the "pre-CFU-OM" assay, adherence and T-cell depletion were
used to remove some types of accessory cell;
however, it is known that other hematopoietic growth factor-producing cells are not
removed by this procedure, e.g., natural killer (NK) cells. We therefore subjected normal human marrow to a more rigorous accessory and differentiating cell depletion
procedure using a spectrum of monoclonal
antibodies in conjunction with immunoadherence panning and complement-mediated
cytotoxicity [14]. With this procedure, a ten
fold increase in CFU-OM responding to GCSF or GM-CSF was found. In the absence
of exogenous CSF, 2.5 x 10 5 of these accessory cell-depleted populations generated a
doubling in total numbers of CFU-OM responsive to O-CSF and a fivefold increase in
GM-CSF-responsive CFU-GM associated
with a fourfold increase in cellularity. This
factor-independent response was unexpected and was not observed with unseparated marrow. It is possible that the accessory

cell depletion procedure also removes cell
populations with a suppressor action against
CFU-GM. This "autonomous" proliferative response was short-lived, since by the
end of the second passage at 14 days of culture CFU-GM responsive to either species
of CSF were reduced to 3 %-4 % of input
numbers (Table 2). The addition of 5000
units rhG-CSF or GM-CSF to the suspension cultures of accessory cell-depleted marrow increased the numbers of CFU-GM responding to either species of CSF by a factor
of 6-7 in 1 week, and by the end of the second passage approximately 150-fold more
CFU-GM were generated in G-CSF-stimulated, and 30- to 50-fold more in GM-CSFstimulated suspension cultures than in cultures incubated without CSF (Table 2). It
should be noted that G-CSF was at least as
effective in generating CFU-GM responsive
to GM-CSF as was GM-CSF itself, and
these CFU-OM generated by G-CSF exposure in suspension phase gave rise to colonies of eosinophil and macrophage as well as
neutrophil morphology when stimulated in
agar culture with GM-CSF.
IV. In Vivo Action
of rhG-CSF in C3H/HeJ Mice
In order to substantiate the role of G-CSF as
a true physiological regulator of granulopoi-

Table 2. Suspension culture of accessory cell depleted normal human bone marrow

7-Day passages of Stimulus
2.5 x 105
5000/ml
CELLS/ml

Total
CELLS x 10 5

Total CFV-GM
(G-CSF
stimulated)

Total CFV-GM
(GM-CSF
stimulated)

Input
1st Passage
1st Passage
1st Passage
2nd Passage
2nd Passage
2nd Passage

2.50
9.45
35.50
12.80
2.10
5.60
2.70

9950± 560
22500± 1900
56500±2400
55600±2300
345± 15
54520±1700
10250± 930

6500± 1300
34400±2000
48000±2200
56600± 1900
250± 40
34000±1500
12000± 1000

0
0
G-CSF
GM-CSF
0
G-CSF
GM-CSF

Cells separated by panning procedure as in Table 1 and incubated in suspension cultures at 2.5 x 10 5
cells per ml in Iscoves modified Dulheeeo's mediulll with 20% fetal calf serum. At 7-day intervals cells
were recovered, wash~J, and assayed for CFU2<IJM (day 14) in agar cultures stimulated by 1000 V of
rh-G-CSF or natural GM-CSF purified from 5637 CM. Passage was undertaken with 2.5 x 10 5 cells at
day 7 and day 14.
Suspension cultures were incubated with control medium or 5000 V/ml ofrh G-CSF or OM-CSF with
fresh stimulus added at each passage.
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esis, we investigated the action of rhG-CSF
in normal endotoxin-hypo responsive C3H/
HeJ mice. The almost complete biological
and receptor cross-reactivity of normal and
leukemic hematopoietic cells to murine and
human G-CSF [9] indicated that the human
recombinant molecule should have biological activity in vivo in the murine system.
Indirect evidence for this has been obtained
in clinical situations where tumor-associated
neutrophil leucocytosis could be transferred
to nude mice bearing G-CSF-producing human tumor implants [20-23]. Injection of
rhG-CSF intravenously into mice, with
monitoring of serum levels by a human marrow or WEHI-3 leukemic colony assay, revealed a biphasic decay curve with a rapid
initial decline and a subsequent slower rate
of decay with a half-life of > 2.5 h. Intraperitoneal injections of 1.5 ~g of rhG-CSF
twice daily produced serum levels of 5000075000 units/ml serum after 1 h and plateau
levels were maintained for 6-8 h. Within
48 h of initiation of daily G-CSF therapy,
blood neutrophil numbers doubled and then
rose progressively to 26000/mm 3 by day 5
and fluctuated between 11000 and 54000/
mm 3 thereafter. The average increase in
blood neutrophils was ninefold over control
injected mice and the number of blood
monocytes, while variable, increased on
average threefold from days 5 to 14. The absolute number of eosinophils remained un-

changed and a persisting mild lymphocytosis was induced with a twofold increase from
4 to 14 days of treatment.
The influence of G-CSF therapy on hematopoietic tissue was particularly evident in
the spleen, whose cellularity increased threeto fourfold by day 7 of G-CSF treatment
with a conversion from a lymphoid tissue to
a myeloid organ with > 50% neutrophilic
granulocytes at all stages of differentiation,
extensive erythropoiesis and marked megakaryocyte development (Fig. 3). Marrow
cellularity was not changed following GCSF treatment but the marrow population
became almost exclusively granulopoietic
with loss of marrow lymphopoiesis and
marked suppression of marrow erythropoietic activity. Total neutrophil granulopoietic mass in treated animals increased
4.5-fold by day 7 and the decrease in marrow
erythropoiesis was more than compensated
for by an increase in splenic erythropoiesis,
with total erythroid mass more than doubling in treated mice. Megakaryocyte
numbers fell progressively in the marrow of
treated mice, but the marked increase in
splenic megakaryocytes resulted in a threefold increase in total body megakaryocytes.
The increase in immature erythroid and
megakaryocytic cells was not associated
with changes in hematocrit or platelet levels.
The total splenic lymphocyte population remained unchanged and there was no evi-

7DAYS x 2 DAILY i.p. TREATMENT OF C3H/HeJ MICE
WITH 1.5#'9 r-h-PLURIPOTENT G-CSF
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Fig. 3. Hematological parameters
in C3H/HeJ mice treated for 7
days with 1.5 Jlg rhG-CSF administered intraperitoneally twice per
day. Three mice were assayed in
the treated (P) and control (c)
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dence of stress-induced involution of thymic
lymphopoiesis.
Analysis of the various progenitor populations responsive in colony assay to IL-3,
CSF-1, GM-CSF, and G-CSF revealed little
change in the marrow compartment in GCSF -treated mice, but a dramatic increase in
the splenic CFU -G M population (50- to
150-fold) resulted in an overall increase of
IL-3-responsive CFU-GM (fourfold) and of
CSF-1-, GM-CSF-, and G-CSF-responsive
CFU-GM (threefold). Pluripotential stem
cells detected in the day-12 CFU-S assay
showed that this compartment remained unchanged in the marrow, but the marked increase in splenic CFU-S resulted in a 2.5fold total body increase in these stem cells.

D. Discussion
In vitro studies using accessory cell-depleted
marrow indicate that the direct action of
hG-CSF is restricted primarily to proliferation and differentiation in the neutrophil
granulocyte lineage [14] and the factor does
not support directly differentiation into the
erythroid, megakaryocytic or eosinophil lineage. Evidence for a possible direct action on
early stem-cell proliferation and subsequent
generation of BFU-E, CFU-GEMM, and
megakaryocyte (CFU-M) is equivocal [15]
and awaits a demonstration of G-CSF receptors on enriched populations of these
cells or a proliferative response involving
pure popUlations of such cells. Here we have
documented that G-CSF can stimulate the
generation of new CFU-GM in suspension
culture of accessory cell-depleted human
marrow, suggesting a recruitment action on
some pre-CFU-GM population and/or enhanced self-renewal of preexisting CFUGM, capable of responding to both G-CSF
and GM-CSF. This observation provides
evidence for a stimulatory action of G-CSF
on a progenitor popUlation with a differentiation potential more extensive than that of
neutrophil lineage-restricted CFU-GM,
since the CFU-GM generated in suspension
cultures with G-CSF responded to GM-CSF
in colony assay by a normal pattern of differentiation into eosinophils and macrophages as well as neutrophils.
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In vivo administration of G-CSF by the
intraperitoneal route led to sustained serum
levels of bioactive G-CSF comparable to
those found 3-6 h post injection of endotoxin in endotoxin-responsive strains of
mice [6]. The use of highly purified recombinant G-CSF, the absence of significant contamination of our G-CSF with endotoxin,
and the use of C3H/HeJ mice allow us to
conclude that the in vivo responses seen were
due to the action of G-CSF, rather than any
contaminant acting directly or synergistically on neutrophil production. The predominant response involved elevation of peripheral blood neutrophils by a factor of 6-9
in C3H/HeJ mice, which was somewhat
lower than we have observed in other
strains, since up to a 20-fold increase in
blood neutrophils can be obtained in Balb/c
mice. Studies in hamsters also indicated a
specific action on the neutrophil lineage with
a three- to sixfold increase in peripheral
blood neutrophils [24], and in monkeys receiving 10 Ilg rhG-CSF per kilogram per
day, neutrophil counts rose fivefold, and up
to 12-fold with 100 Ilg/kg per day [25]. In
mice, demand for increased hematopoiesis
following such insults as endotoxin treatment, irradiation, or cytotoxic drug treatment is met by a marked expansion of
splenic hematopoiesis with little absolute
change in marrow cellularity. Thus, it was
not surprising that the major expansion of
neutrophil production elicited by chronic GCSF treatment was met by a rapid onset of
extensive splenic myelopoiesis. What was
surprising was that the splenic phase of hematopoiesis was associated with increased
erythropoiesis, megakaryocytopoiesis, and
elevated numbers of pluripotential stem cells
and progenitors of all hematopoietic lineages. Indeed, the splenic increase led to an
absolute total body expansion of production
of these cell populations, although only neutrophils and to a lesser extent monocytes,
and not red cells, platelets, and eosinophils
increased in the circulation.
It is possible that G-CSF acts directly to
activate pluripotential stem cells, detected
by the day-12 CFU-S assay, leading to their
enhanced proliferation, mobilization, migration to the spleen, and subsequent expansion. In this scenario, progenitors for lineages other than neutrophil could be gener-

ated in increased numbers as a result of stochastic mechanisms believed to operate at
the level of pluripotential stem-cell self-renewal and differentiation. Alternatively,
indirect mechanisms may operate, whereby
G-CSF-induced differentiation depletes a
population of neutrophil progenitors, which
in turn triggers activation of the pluripotential stem-cell pool and expansion of the marrow microenvironment. A third possibility is
that G-CSF acts in vivo upon an accessorycell population to induce release of other hematopoietic growth factors known to influence multiple hematopoietic lineages. This
third possibility was suggested by the original observations that G-CSF stimulated
BFU-E and CFU-GEMM in marrow cultures depleted of T cells but not otherwise
depleted of accessory cells. Indirect induction of a growth factor acting on pluripotential stem cells has been invoked as a mechanism to explain the marked stimulation of
splenic hematopoiesis following administration of endotoxin [26]. Staber et al. [26] reported a mouse serum factor induced following endotoxin treatment, that, when injected into normal mice, elicited splenomegaly and a marked rise in splenic CFU-GM
by 5 days, with concordant elevation of erythroid and megakaryocytic progenitors. The
serum factor was thought not to be GMCSF or residual endotoxin, although its
peak appearance in the serum between
30 min and 3 h after endotoxin injection
would coincide with the kinetics of endotoxin-induced G-CSF. This serum factor
stimulating murine splenic hematopoiesis
could be G-CSF itself or a molecule induced
by G-CSF and mediating the more general
effects on stem-cell proliferation and mobilization seen in the in vivo studies.
The stimulation of increased granulopoiesis persists as long as G-CSF is administered
in vivo, although the duration of studies to
date has been limited to 4-5 weeks. In longterm marrow culture much longer periods,
up to 4 months with sustained high levels of
G-CSF, have been obtained with persisting
elevation of neutrophil production relative
to control cultures, and no evidence was obtained for premature exhaustion of stem
cells or accelerated depletion of cultures.
The ability of low concentrations of TNF
alpha to counteract the proliferative action

of G-CSF in vitro in clonal assay and longterm bone marrow cultures suggests a physiological role for TNF as a natural inhibitor
of neutrophil granulopoiesis. The coordinate inducibility of G-CSF and TNF alpha
following endotoxin activation of macrophages may provide a mechanism self-limiting the chronic generation of neutrophils
from marrow progenitors following bacterial infection. Alternatively, the relative resistance to TNF inhibition of myeloid progenitors stimulated by GM-CSF may provide an alternate pathway for the generation
of neutrophils in the face of elevated TNF
levels. The interrelationship of TNF and
CSF in the production and function of neutrophils is further emphasized by the observation that TNF can enhance both the
phagocytic ability and the antibody-dependent cytotoxicity of neutrophils, increase
their superoxide anion production, and
stimulate their adherence to endothelial cells
[27]. In addition, TNF has been shown to
stimulate growth factor production by endothelial cells, due in part to activation of transcription of the GM-CSF gene [28]. The interplay of direct marrow-suppressive action
of TNF and its role in mature neutrophil activation and induction of CSF production
by accessory cells such as endothelium must
be considered when extrapolating to an in
vivo action of TNF in granulopoiesis.
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Molecular Properties and Biological Activity
of Human Macrophage Growth Factor, CSF-l
P. Ralph!

A. Introduction
CSF-1 belongs to a family of colony-stimulating factors (CSF) that regulate the production of the blood cells (Metcalf 1986).
CSF-1 is a specific growth and differentiation factor for bone marrow progenitor
cells of the mononuclear phagocyte lineage
and also promotes the proliferation of mature macrophages via specific receptors on
the responding cells (Das et al. 1981; Das
and Stanley 1982). CSF-1 also has a variety
of stimulatory effects on the function of
macrophages and monocytes. This paper
summarizes the cloning of the cDNA and
the genomic structure of human CSF-1, and
describes properties of the macrophage
growth factor that may make it a useful drug
in several clinical settings.
B. Results

ated mRNA which was positive for a nucleotide probe and for directing the production
of bone marrow growth activity in oocytes.
Using a genomic probe, a cDNA clone was
obtained that codes for bioactive CSF-1
upon transfection of the primate COS cell
line (Kawasaki et al. 1985). CSF-1 appears
to be encoded by a single-copy gene, which
is about 18 kb in length and contains nine
exons (Kawasaki et al. 1985; Ralph et al.
1986 b), as shown in Table 1. The signal peptide is encoded by segments of exons 1 and
2. The mature polypeptide is encoded by
exons 2-8.
The cDNA specifies a 32 amino-acid
leader peptide followed by a 224 residue
polypeptide. There are two potential Nlinked glycosylation sites. At residue 59 of
the mature protein, the cDNA codes for
tyrosine, whereas the genomic codon is aspartic acid. This could be due to a natural
polymorphism or to a reverse transcriptase
error when making the cDNA library. The

I. Genomic and cDNA Structure

Genomic clones for human CSF-1 were
identified using DNA probes based on Nterminal sequence data of the human urinary protein. The human pancreatic carcinoma line MIA PaCa-2 was used as a source
of CSF-1 protein and mRNA during induction with phorbol myristate in serum-free
medium (Ralph et al. 1986a). A cDNA library was constructed from size-fraction-
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Table 1. Exon-intron structure of the human

CSF-1 gene
Exon

Size (bp)

Intron

Size (kb)

1
2
3
4

I

7

217
123
63
171
148
131
53

8
9

3.0
1.4
1.7
4.5
2.0
0.7
0.3
0.7

670

5
6

56

II
III
IV
V
VI
VII
VIII
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cDNA predicts an unusual structure for a secreted protein, namely a very hydrophobic
region of23 amino acids (residues 166 to 188
of the mature protein) fdllowed by Arg-TrpArg-Arg-Arg. This is typical of membrane
proteins which have a transmembrane hydrophobic domain followed by three positively charged residues acting as an anchor
on the cytoplasmic side (Sabatini et al.
1982). Exon 6 ends exactly after the Arg triplet, further suggesting that the gene is designed to code for a membrane protein.
II. Protein Structure and Amino Acid
Homology with Murine eSF-1
Three CSF-1 molecules have been purified
to homogeneity and partially sequenced:
from murine L929 cells (Kawasaki et al.
1985; Ben-Avram et al. 1985; Ben-Avram
1985), human urine (Kawasaki et al. 1985),
and the MIA PaC a cell line (Csejtey and
Boosman 1986; Boosman et al. 1986). The
sequence data to date show that the human
molecules are identical to each other and to
the protein predicted from the cDNA and
genome (Table 2). The human and murine

molecules show 74% amino acid identity
over the 65 residues of the regions which
have been sequenced, and are thus highly
homologous.
Native human and murine eSF-1s are
heavily glycosylated dimer proteins of 45000
to 70000 daltons. The unglycosylated subunits of murine and human urinary CSF-1
are reported to have a size of 14.5 daltons
(Das and Stanley 1982), whereas the human
cDNA predicts a polypeptide of 26 daltons.
Thus, the larger translated product may
have another function as a membranebound molecule, with intracellular protein
processing or perhaps a differently spliced
mRNA used to produce the secreted CSF-1.
There is evidence for a cell-surface bound
form of CSF-1 (Stanley et al. 1976).
III. Human eSF-1 as a Growth Factor
for Human Bone Marrow Progenitors
The activity of purified human CSF -1 has
been controversial. Das et al. (1981) reported that urinary CSF -1 supported the
growth in agar of diffuse colonies of macrophages which were difficult to detect unless

Table 2. Homology between human and murine CSF-1 proteins
Source

Position

Human urine
Human MIA PaCa
Human cDNA
Murine L cell

21
11
1
EEVSE Y*S
EEVSE Y*SHM IGSGH LQSLQ RLIDS QMETS
EEVSE YCSHM IGSGH LQSLQ RLIDS QMETS
xx
x
x
x
x

MIA PaCa
cDNA
L cell

41
31
*QITF EFVDQ EQL
CQITF EFVDQ EQL
x
x
* *

MIA PaC a
cDNA
L cell

81
88
71
65
(M)(R)F(R)DN TPNA(I) A (I) (V) (Q) L Q E(L) S (L)(R) * *
M R F R DN TPNA I AI V Q L QE L S L R LK
x x x
x
x x x
x
( )( x) x

Murine protein to human eDNA homology: 48/65 = 74% identity. Human MIA PaCa and murine L-cell
CSF-1 proteins were purified to homogeneity and partially sequenced (Boosman et al. 1986). Amino acid
residues are shown from the N-terminus to position 88 in single letter code. Blanks indicate identity to the
translation of the cDNA. Residues not determined (*) and residues different from the eDNA ( x) are
also shown. Residues from position 44 to 64 in the native protein not been determined. Empty
parentheses indicate a tentative identification agreeing with the cDNA. Parentheses containing x
indicate a tentative identification different from the cDNA.
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Fig. 1. Dose titration of human CSF-l in colony
formation by human and murine bone marrow
cells. Bone marrow cells were cultured in agar
with varying concentrations of purified human
MIA PaCa CSF-l (s.a. varying from 2 x 10 5 to
2 X 10 7 U/mg) and colonies scored at day 14 for
human (range shown by closed circles) and day 7
for murine bone marrow cells (open circles) as described by Ralph et al. (1986a). Maximum colony
numbers were 30-70 per 10 5 for human and 150300 per 10 5 for mouse bone marrow cells. The
variation in the human data depended on the
donor response. The range of human data was
seen with both partially purified CSF -1 and highly
purified (about 40% pure protein, less than 0.1 ng
LPS per 20000 U). Approximately 90% of the human and mouse colonies were macrophage type

persisting cells in the adherent fraction of the
bone marrow population were first removed. Waheed and Shadduck (1982) found
no colony-stimulating activity of human urinary CSF -1 like factor on human marrow
cells, whereas Wu et al. (1981) showed that
a similar factor from MIA PaCa cells stimulated human colony formation at 5% of that
seen with murine cells at day 7 of culture,
and at 34% by day 13 of culture. Motoyoshi
et al. (1982) described a urinary protein similar to CSF-l which stimulated granulocyte
colony formation by human marrow cells
through the induction of a myeloid CSF in
monocytesjmacrophages.
We find that purified MIA PaCa CSF-l
does induce bone marrow colonies of intensely staining macrophages (Ralph et al.
1986a). Colonies of 50 or more cells can be

scored at day 14, but not day 7 of culture;
they are disperse with no central concentration of cells, so that 10 5 or fewer cells should
be plated. Colony formation is similar with
total marrow mononuclear cells or the
nonadherent fraction, and half-maximum
colony formation for human progenitors occuring at 10 to 100 times the concentration
required for murine cells (Fig. 1). Several of
these conditions may explain why no human
activity was detected in the previous studIes.
IV. Effects of CSF-l on Mature
Monocytes and Macrophages
CSF-l has direct stimulating effects on the
mature monocyte and macrophage, in addition to being a growth and differentiation
factor for bone marrow precursors
(Table 3). It stimulates the production of
prostaglandins and interferon (IFN), the intracellular killing of Candida, the production of plasminogen activator, interleukin-l,
oxygen metabolites, ferritin, and a G-CSF
(reviewed in Ralph et al. 1986a). Table 4
shows that CSF-l had no immediate effect
on macrophage tumoricidal activity. However, pretreatment of murine macrophages
for one day with murine CSF-1 stimulated
the spontaneous killing and greatly augmented the lymphokine-induced killing of
TU 5 sarcoma targets. The timing of the two
signals was important. Pretreating macrophages with lymphokine (LK) and adding
CSF-l at the time of the cytotoxic assay did
not show augmented killing (Ralph and
Nakoinz 1986).
One or two days of pretreatment of macrophages with CSF-l were optimal for the
stimulation of spontaneous and LK-induced
killing. Pretreatment of macrophages with
300 U jml CSF -lor more augmented tumor
lysis induced with LK or LK plus CSF-1 in
the killing assay, whereas 1200 Ujml CSF-l
was required for a large increase in spontaneous killing. The stimulatory activity in Lcell conditioned medium copurified with
CSF-l on a monoclonal immunoabsorbent
column. The activity was not due to lipopolysaccharide (LPS) because the preparations had low LPS content, were active on
LPS-hyporesponder C3HjHeJ
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Table 3. Stimulation of mature macrophage and monocyte functions by CSF-1
References

Function

Human

Mouse
Plasminogen activator production
PGE production
Ferritin production
IL-1 production
Myeloid CSF production
IFN production
Oxygen metabolites
Intracellular killing of Candida
Tumor cytostatic activity
Tumor cytotoxin
Tumor cytotoxic activity
Resist viral infection

Lin and Gordon 1979
Ralph 1984
Broxmeyer et al. 1985 a
Moore et al. 1980
Metcalf and Nicola 1985
Ralph 1984
Wing et al. 1985
Ralph 1984
Wing et al. 1982

Warren and Ralph 1986
Warren and Ralph 1986

Warren and Ralph 1986
Ralph and Nakoinz 1986
Warren and Lee 1986

Table 4. Tumoricidal activity of 1-day cultured but not freshly harvested macrophages is enhanced by
CSF-1
Treatment

Day 0

o

CSF-1
LK
LK+CSF-1

Day 0-1

o
o

8
8
34
35

Effect of CSF-1

No effect
No effect

Day 1

CSF-1

CSF-1
CSF-1
CSF-1

LK
LK
CSF-1
LK+CSF-1

o

Cytotoxicity (%)

o
o

o
o

o

Day of assay

1
1
1
1
1
1

10
16
19
58
22
66

Moderate stimulation
Strong stimulation
Moderate stimulation
Moderate stimulation
by additional CSF-1

Adherent peritoneal exudate cells from proteose peptone-injected C3H/HeN mice were tested without
preincubation or after 1-day preincubation with medium or CSF-1 (300 U 1m! in conditioned medium of
L929 cells) for killing 3H-thymidine labeled TU5 sarcoma cells at 40:1 in a 48-h assay (Ralph et al. 1982).
At the time of tumor lysis assay, replicate wells received 10% v/v lymphokine (LK, 2-day concanavalin
A-spleen supernate). Background radiolabel release of 7% from tumor cells alone was subtracted

phages, and were not inhibited by LPS-neutralizing polymyxin B (Ralph and Nakoinz
1986). In fact, incubation of macrophages
with LPS decreased their cytotoxic activity.
We have also observed protection of macrophages by CSF -1 from lytic infection by
vesicular stomatitis virus (Warren and Lee
1986).
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The effects of CSF-1 on human mononuclear phagocytes are just being discovered
(Warren and Ralph 1986). Table 5 shows
that CSF -1 treatment of human monocytes
stimulates their production of IFN in response to poly I . C and the production of tumor necrosis factor and a myeloid CSF in response to LPS and PMA.

Table 5. Stimulation of human monocyte secretion of TNF, IFN, and myeloid CSF by CSF-l

Donor 1
+CSF-l
Donor 2
+CSF-l
Donor 3
+CSF-l

IFN

TNF

Monocytes

<
<

pIC 10

Myeloid CSF
pIC 50

LPS

6
38

12
100

700

6
400

38
1600

40
200

< 31
38

25
100

103
377

LPS

LPS+PMA

6
108

12
486

<

6
6

6
162

<

6
18

162
486

a

Adherent peripheral blood mononuclear cells were incubated 3 days in DME medium containing fetal
calf serum in the presence or absence of 1000 V/ml human CSF-1. CSF-l was purified from the MIA
PaCa cell line (Ralph et al. 1986a) to a specific activity of approximately 2.5 x 10 7 V/mg, >40% pure,
<0.2 ng lipopolysaccharide (LPS)/1000 V. The cells were washed and 2.5 x 10 5 cells in 0.5 ml were
recultured for 2 days with 1 ~g/ml LPS (Salmonella typhimurium, Sigma), LPS + 20 ng/ml phorbol
myristic acetate (PMA, Sigma), or 10 or 50 ~g/ml polyinosinic polycytidylic acid (pIC, Sigma).
Supernatants were assayed for tumor necrosis factor (TNF), interferon (IFN), and a myeloid growth
factor (myeloid CSF) as described (Warren and Ralph 1986), expressed in V/ml. The activity ofCSF-l
was not blocked by LPS-neutralizing polymyxin B, and 0.1-1 ng/ml LPS (the maximum possible
contamination in the CSF-1) did not stimulate monocyte production of the three factors

V. Pharmacologic Effects of CSF-1
A factor possibly identical to CSF -1 has
been isolated from human urine. It induced
in human monocytes the production of a GCSF that promotes the growth of neutrophil
colonies from human bone marrow precursors (Motoyoshi et al. 1982). Treatment of
normal human donors with the urinary material revealed an increased production of GCSF by peripheral blood monocytes and increased numbers of blood neutrophils and
Table 6. Expected pharmacologic uses of CSF-1

o

Restore monocyte numbers (and indirectly
neutrophils and other blood cells) reduced:
- By myelosuppressive chemotherapy and
gamma-irradiation for cancer and bone
marrow transplantation
- In naturally occurring anemias
o Improve resistance to infection in patients
at risk:
- Cancer, bone marrow transplantation
- Immunodeficiencies and leukopenias
- Elderly
- During major surgery

o

Anticancer therapy via direct stimulation of
macrophages

bone marrow myeloid precursors (Ishizaka
et al. 1985). Studies with murine CSF-1 also
demonstrated in vivo stimulation of monocytes and neutrophils as well as early pleuripotent progenitors (granulocyte/macrophage/erythrocyte/megakaryocyte-colony
forming units) in mice (Broxmeyer et al.
1985b). These clinical and preclinical results
showing CSF -1 stimulation of myelopoietic
events outside the mononuclear phagocyte
lineage are presumably due to an indirect effect of promoting the endogenous production of G-CSF and pleuripoietins in the
body. The cloning of the gene for human
CSF -1 will make large amounts of this protein available for further studies.
We therefore anticipate (Table 6) that
CSF-1 may find clinical utility in restoring
white and red blood cell numbers that have
been reduced by myelosuppressive chemotherapy or gamma irradiation for cancer
treatment or bone marrow transplantation,
and in naturally occurring leukopenias.
CSF-1 may also have direct activating effects on mononuclear phagocytes that will
improve the body's resistance to infectious
diseases - viral, bacterial, and fungal - and
that will stimulate the macrophages within
or near tumors to destroy the neoplastic
cells.
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Regulatory Control of the Epidermal Growth Factor
Receptor Tyrosine Kinase
R.J. Davis and M.P. Czech

A. Regulation of the EGF Receptor
Tyrosine Protein Kinase Activity by EGF
The epidermal growth factor (EGF) receptor has been shown to posses an intrinsic
tyrosine protein kinase activity that is stimulated by the binding ofEGF [1]. In addition,
two other ligands for the EGF receptor can
stimulate the tyrosine protein kinase activity
in intact cells: TGF-(X (transforming growth
factor (X) and a soluble biosynthetic precursor of TGF-(X [2, 3]. Analysis of the kinetics
of autophosphorylation and of the activity
of the receptor to phosphorylate exogenous
substrates indicates that the autophosphorylation of the receptor causes an increase in
its tyrosine protein kinase activity [4]. This
increase in the tyrosine protein kinase activity of the receptor caused by phosphorylation represents a mechanism by which amplification of the signaling mechanism of the
EG F receptor can occur subsequent to the
binding of EG F to the receptor.

B. Phosphorylation of the EGF Receptor
by Protein Kinase C
Protein kinase C is regulated by diacylglycerol and the cytosolic concentration of
Ca + + [5]. It has recently been demonstrated
that protein kinase C is a major cellular receptor for tumor-promoting phorbol

diesters (e.g., PMA 1) which bind to protein
kinase C at the diacylglycerol binding site
[5]. Treatment of cells with either PMA or
diacylglycerol results in activation of the
phosphotransferase activity of protein kinase C [5], the association of cytosolic protein
kinase C with the inner surface of the plasma
membrane [6, 7], and an increase in the
phosphorylation state of the EGF receptor
on serine and threonine residues [8-13]. The
increased phosphorylation of the EGF receptor occurs at a site that is a substrate for
protein kinase C (Fig. 1) and at additional
sites [9, 10].

C. Substrate Specificity

of Protein Kinase C
The protein kinase C phosphorylation site
on the EGF receptor has been identified as
threonine 654 [9, 12]. It is located in a highly
basic region of the EGF receptor that is
close to the cytoplasmic surface of the
plasma membrane. Similar locations of protein kinase C phosphorylation in the primary structure ofpp60 c- src [14] and in the interleukin 2 (IL-2) receptor [15] have been reported (Fig. 2). The marked similarity between the protein kinase C phosphorylation
sites on the EGF receptor, pp60 c- src , and the
IL-2 receptor suggests that the proximity of
a potential phosphorylation site to the
plasma membrane surface may be an important factor in determining the substrate specificity of protein kinase C. Recently, we
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Fig. I. Structure ofthe protein kinase C phosphorylation site on the EGF receptor (threonine654),
presented schematically. The deduced structure of

the tryptic phosphopeptide contammg threonine 654 is indicated by a bar. (Reprinted, with permission, from Davis and Czech [9])

identified the protein kinase C phosphorylation site on the transferrin receptor as
serine 24 [16]. Inspection of the primary
structure of the transferrin receptor indicates that serine 24 is not located close to the

transmembrane domain of the receptor in
the primary sequence (Fig. 2). However, it is
possible that the tertiary structure of the
transferrin receptor is arranged so that
serine 24 is located close to the cytoplasmic
surface of the plasma membrane. We conclude that the protein kinase C phosphorylation site on many integral membrane proteins may not have a primary structure that
is homologous to the protein kinase C phosphorylation site on the EGF receptor (threonine 654). However, the hypothesis that similarity may exist in the tertiary structure of integral membrane proteins around the protein kinase C phosphorylation site remains
to be tested.
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D. Regulation of the EGF Receptor
by Phorbol Diesters
Fig.2. Substrate specificity of protein kinase C.
Protein kinase C phosphorylation sites on the
EGF receptor (threonine 654 [9, 12]), pp60 c-src
(serine 12 [14]), IL-2 receptor (serine 247 and threonine 250 [15]), and transferrin receptor (serine 24
[16])

Addition of the tumor-promoting phorbol
diester PMA to A431 cells causes an inhibition of the high-affinity (Kd = 30--50 pM)
binding of EG F [8] and TG F -(1. [2]. This
high-affinity component of binding to A431
cells regulated by phorbol diesters represents
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Fig.3. Inhibition of 125I_EGF binding by PMA
and diCs. A431 cell monolayers were incubated
with no treatment (0), 10 nM PMA (.), or 31lM
diCs (e) for 30 min at 37 DC. The cells were then
cooled to 0 DC, and different concentrations of
125I_EGF were added for 4 h. The monolayers
were then washed with cold medium and solubilized with 0.4 M NaOH, and radioactivity associated with the cells was measured with a gamma
counter. Nonspecific binding was measured in the
presence of a 500-fold excess ofEGF. The data are
plotted according to the method of Scatchard.
(Reprinted, with permission, from Davis et al.
[20])

Control

PMA

only 10% of the total binding of EGF or
TGF-cx that is observed. Most of the binding
observed is to a component of low affinity
(Kd = 0.3 nM) that is not regulated by
PMA. A Scatchard plot of EGF binding to
A431 cells treated with and without PMA is
presented in Fig. 3. Two lines of evidence indicate that the regulation of the high-affinity
binding of EGF and TGF-cx is linked to the
phosphorylation of the EGF receptor at
threonine 654 . First, the phosphorylation of
the EGF receptor at this site has been shown
to correlate closely with the regulation of the
binding of 125I_EGF to A431 cells by PMA
[17]. Second, mutagenesis ofthe EGF receptor at threonine 654 through replacement of
this residue by alanine has been reported to
prevent the action of PMA to regulate the
binding of 125I_EGF to cells [18].
A second reported action of PMA on the
EGF receptor is inhibition of the tyrosine
kinase activity of the receptor [11, 19, 20].
This is illustrated by the experiment presented in Fig. 4. It has been shown that this
decrease in the tyrosine protein kinase activity of the EGF receptor is a result of the
phosphorylation of the EG F receptor at
threonine 654 by protein kinase C [11].
The molecular basis of the perturbation of
the EG F receptor (ligand binding and

Dice

.... Ser(P)
... Thr (P)

--- Tyr (P)

Fig. 4. Inhibition of tyrosine kinase activity of the
EGF receptor by diCs and PMA. A431 cells labeled with [32 P]phosphate were treated with
10 nM PMA or 3 IlM diCs for 30 min. All the cells
were then treated with 10 nM EGF for 10 min,
and the EGF receptors were isolated by immunoprecipitation and polyacrylamide gel electropho-
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resis. Phosphoamino acid analysis was performed
by partial acid hydrolysis and thin-layer electrophoresis (PH 3.5) of the P2P] phosphoamino
acids. Shown is an autoradiograph of the resolved
[32P]phosphoamino acids. (Reprinted, with permission, from Davis et al. [20])

tyrosine protein kinase activity) by phosphorylation at threonine 654 by protein kinase C is not understood. However, this phosphorylation site is in an interesting region of
the EGF receptor (Fig. 1). The site is nine
amino acids from the cytoplasmic side of the
predicted transmembrane domain of the
EGF receptor, in a region that links the
EGF receptor ligand-binding domain to the
receptor tyrosine protein kinase domain. If a
conformational change occurs subsequent
to the binding of EG F to the receptor, the sequence surrounding the transmembrane domain will be of great importance for the
transmission of this signal to the tyrosine
kinase domain. The very basic sequence
around threonine 654 may be involved in the
interaction of the receptor with other proteins or phospholipids by an electrostatic
mechanism. The introduction of a phosphate group into this sequence could be expected to alter these interactions and may be
sufficient to perturb the function of the EGF
receptor.
E. Regulation of the EGF Receptor
by Diacylglycerol
Diacylglycerol is able to stimulate the activity of protein kinase C [5]. It has been shown
that the addition of exogenous diacylglycerol to A431 cells mimics the actions of
PMA on the EGF receptor [20-22]. Thus,
treatment of A431 cells with diacylglycerol
causes an inhibition of the high-affinity
binding of 125I_EGF (Fig. 3) and decreases
the tyrosine protein kinase activity of the
EGF receptor (Fig. 4). These effects of diacylglycerol are associated with the phosphorylation ofthe EGF receptor at the same
sites observed after treatment of the cells
with PMA [20]. The structural requirements
for diacylglycerols to regulate the EGF receptor have been investigated in detail. It
was found that for symmetric sn-1,2-diacylglycerols with saturated acyl chains the optimal responses were observed with sn-1,2dioctanoylglycerol (diC s ), and that the 3' hydroxyl group was essential for the biological
activity of the diacylglycerol [21].
We have recently investigated the hypothesis that the EGF receptor is regulated
physiologically by changes in the activity of

protein kinase C caused by alterations in the
level of endogenous diacylglycerol. In these
experiments the regulation of the EGF receptor by platelet-derived growth factor
(PDGF) was examined in WI-38 human fetal lung fibroblasts [23, 23]. It has been reported that PDGF rapidly stimulates the hydrolysis of phosphatidyl inositol 4,5 bisphosphate which results in an increase in the
level of diacylglycerol [25] and inositol-1 ,4,5trisphosphate. The inositol-1,4,5-trisphosphate causes the release of Ca + + from intracellular stores and results in an increased cytosolic free Ca + + concentration [26, 27].
The dual action of PDG F to increase the
level of diacylglycerol and free Ca + + would
be expected to stimulate the activity of protein kinase C. We confirmed this by demonstrating that PDGF caused the phosphorylation of the EGF receptor at threonine 654
[23]. The functional consequences of this action of PDGF were the inhibition of the
tyrosine protein kinase activity of the EGF
receptor and the inhibition of the high-affinity binding of 125I_EGF to the fibroblasts
[23].
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Cellular Specificity and Molecular Characteristics
of the Binding of Colony-Stimulating Factors to Normal
and Leukemic Cells
N. A. Nicola 1

A. Introduction

The colony-stimulating factors (CSFs) form
a family of hemopoietic growth factors controlling the survival, proliferation and differentiation of hemopoietic progenitor cells
as well as the functional activities of the mature cells in the tissues [1]. In the mouse, four
distinct CSFs controlling granulocyte and
macrophage production have been identified, purified and, in two cases, molecularly
cloned - multi-CSF or interleukin-3, GMCSF, M-CSF or CSF-1, and G-CSF [2,3].
Human equivalents of GM-CSF (CSFa,
NIF-T or pluripoietin a), G-CSF (CSFP or
pluripoietin) and M-CSF have also been
1 The Walter and Eliza Hall Institute of Medical
Research, P.O. Royal Melbourne Hospital 3050,
Victoria, Australia

purified and recently cloned [2-6] although
no convincing equivalent of murine multiCSF has yet been identified (Table 1).
A great deal is now known about the biological activities of each of these CSFs in vitro and more recently in vivo [7, 8], and these
activities raise some interesting questions.
First, some CSFs have broad cellular specificites (multi-CSF and GM-CSF) while other
CSFs have very restricted or single-lineage
specificities (M-CSF and G-CSF) (Table 1).
How is this overlap in cellular specificities
mediated and how do the CSFs co-ordinate
to control individual cell populations? Second, some of the CSFs show a concentration
dependence in the types of colonies stimulated - for example, at low concentrations
GM-CSF stimulates the formation of only
macrophage colonies, but at higher concentrations it also stimulates granulocyte

Table 1. Murine and human colony-stimulating factors a

Murine CSF

Other names

Multi-CSF

Interleukin-3, PSF Tcells
HCGF, MCGF,
WEHI-3B
BPA
MGI-1GM,
T cells
CSF-2
Endothelial cells
Macrophages
Fibroblasts
MGI-1M, CSF-l
MGI-IG, DF
Macrophages

GM-CSF
M-CSF
G-CSF

Cell source

Cellular specificity

Human equivalent

G, M, Eo, E,
Meg, Blast

?

G,M,Eo

CSF-a, pluri-

M>G
G>M

poietin-a,
NIF-T
M-CSF, CSF-l
CSF-P,

pluripoietin
G, Granulocyte; M, macrophage; Eo, eosinophil; Meg, megakaryocyte; Mast, mast cell; MGI,
macrophage, granulocyte inducer; HCGF, hemopoietic cell growth factor; MCGF, mast cell growth
factor; BPA, burst-promoting activity; PSF, P-cell-stimulating factor; DF, differentiation factor.
a For a list of references see Metcalf [2].
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colony formation [9], while the reverse situation holds for G-CSF [10]. What is the cellular and molecular basis for this altered cell
specificity with CSF concentration? Third,
for normal hemopoietic progenitor cells the
action of CSF results in a tight coupling between cell proliferation and cell differentiation, yet in factor-dependent cell lines the
actions of multi-CSF and GM-CSF are associated only with cell proliferation [11] and
in myeloid leukemias cell proliferation and
differentiation are uncoupled or loosely
coupled [12]. In some types of murine myeloid leukemias, G-CSF (but not the other
CSFs) is able to overcome this uncoupling
and induce terminal differentiation [13].
How is the coupling between proliferation
and differentiation in normal progenitor
cells mediated by CSFs, how does uncoupling occur in cell lines and leukemias, and
why does G-CSF have a special role among
the CSFs in differentiation induction? It was
to try and answer some of these questions
that we undertook a systematic study of the
cellular specificities of CSF -binding interactions and a molecular analysis of the crossinteractions of CSFs at the receptor level.
B. Molecular Characteristics
of CSF Receptors and Their
Binding Interactions

Using radioiodinated derivatives of purified
or recombinant murine CSFs the molecular
nature of all four CSF receptors has now
been determined by chemical cross-linking.
The M-CSF receptor is a mol.wt. 165000
[14] single-chain glycoprotein closely related
or identical to the c-fms proto-oncogene
[15], and the G-CSF receptor is a singlechain protein of mol.wt. 150000 [16]. The
GM-CSF receptor is a smaller (mol.wt.
55000) protein [17] and, while the multiCSF receptor is also relatively small, experiments have revealed cross-linking to two
non-covalently attached subunits with
mol.wt. of 75000 and 60000 [16] (Fig. 1).
There is no evidence for different forms of
these receptors on different normal cell populations, continuous cell lines or leukemic
cells.
Binding studies at 4 DC and 37 DC have revealed that for all four CSFs the apparent
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Fig. 1 Chemical cross-linking of 1251 multi-CSF to
receptors on FDCP-l cells. After binding of 1251
multi-CSF to FDCP-1 cells at 4 °C the cells were
washed and incubated with increasing concentrations of the cross-linker disuccinimidyl suberate
(DSS) at 4°C (a-f, 0-10 mM DSS). Cell pellets
were extracted with sodium dodecyl sulfate
sample buffer, electrophoresed on 8% polyacrylamide gels in the presence (upper panel) or absence
(lower panel) of dithiothreitol, and exposed for autoradiography. The position of molecular-weight
markers (45-200 Kd) is shown on the right. After
subtraction of the mol.wt. of cross-linked multiCSF (15 Kd), the two proteins have mol.wts. of
75000 and 60000. Comparison of upper and
lower panels indicates that these two proteins are
not disulfide linked

dissociation constant is low (20 pM to
1 nM) and for most CSFs the number of receptors on responsive cells is low (less than
a thousand receptors per cell) [17-22]. MCSF is the exception, with some normal
macrophages displaying up to 50000 receptors per cell [23]. On normal cells or cell lines
each receptor binding site appears to be
unique and specific for its cognate ligand,
with no cross-reactivity with other CSFs or
several other growth factors tested when
binding competition experiments are performed at temperatures of less than 10°C.
Based on the apparent dissociation constants for CSF binding and the known CSF
concentrations required for half-maximal
biological activity, it might be concluded
that biological effects of the CSFs are exerted at low levels of receptor occupancy (i.e.
there are spare receptors). This is especially
surprising in view of the low levels of CSF
receptors on responding cells, but this interpretation is complicated by the kinetic
aspects of CSF binding interactions.
The kinetic rates of association of CSFs
with their receptors are very fast, reflecting
an essentially diffusion-controlled process.
For G-CSF at 40 pM and 37°C the halftime for association with receptors on murine leukemic WEHI-3B D+ cells is about
7 min and the kinetic association constant is
2.6 x 109 M- 1 min -1. In contrast, the kinetic dissociation rate is very slow (TY2 of 6 h
at 0 °C and apparent TIh of 5 h at 37°C)
even at high dilution of the cells with excess
unlabeled G-CSF to prevent re-binding of
125
1 G-CSF. Calculation of the dissociation
constant from the ratio of kinetic dissociation to association constants gives a value
of 1 pM for G-CSF binding to WEHI-3B
D + cells at 37°C, a result much lower than
that determined by Scatchard analysis of
pseudo-equilibrium binding data (70 pM)
but much closer to the concentration required for half-maximal biological effect
(differentiation induction) on WEHI-3B D+
cells. This situation parallels that already described for M-CSF binding to macrophages
[23,24].
At 37°C the apparent kinetic dissociation
rate does not reflect only ligand dissociation
from its receptor, and Scatchard analysis
does not reflect a true equilibrium between
ligand and receptor. This is because the

CSFs, like most other growth factors, are internalized along with their receptors after
binding at 37°C and are degraded intracellularly [24]. The binding data at 37°C thus
reflect a steady state (achieved within 1-6 h)
where the rate of internalization and degradation of CSF-receptor complexes is balanced by the rate of expression of new receptors at the cell surface. The rates of internalization and degradation of CSF -receptor
complexes vary for the different CSFs and
for the same CSF in different cell types [24].
For example, M-CSF is rapidly internalized
and degraded in macrophages (TY2 of several minutes), while multi-CSF is much more
slowly internalized in bone marrow cells
(TY2 of 1 h).
The slow dissociation kinetics of CSF-receptor complexes and their relatively rapid
internalization at 37°C mean that measurement of receptor levels on cells obtained
from mice or on cell lines that need to be
maintained continuously in CSF-containing
media need to be interpreted with caution,
since they will depend on the past history of
the cells.

C. Cellular Specificity of CSF Binding
Several cell lines have been described that
display receptors for one or more murine
CSF. In principle, these cell lines should provide a homogeneous population of cells with
which to study CSF-receptor interactions,
but in practice auto radiographic analysis
has revealed considerable intraclonal heterogeneity in receptor content not clearly
rated to cell cycle or differentiation status.
Of several murine cell lines tested, only
two displayed specific binding of 125 1 GCSF - the 1774 macrophage cell line and
WEHI-3B D+ murine myelomonocytic leukemic cells which respond to G-CSF by differentiation induction. These two cell lines
displayed very similar receptor numbers and
apparent binding affinities for G-CSF [25].
Of special interest was the observation that
the derived cell line WEHI-3B D-, which
does not respond to G-CSF, had lost nearly
all detectable binding sites for G-CSF, providing a ready explanation for its lack of inducibility for differentiation [18]. Cell au235

toradiographic analysis of the binding of
125
1 G-CSF to murine bone marrow cells
[19] revealed a cellular pattern of receptor
distribution highly consistent with its biological specificity. Binding was restricted to
neutrophilic granulocytes and their precursors and to a lesser extent to monocytic cells
but was absent from eosinophils, erythroid
cells and lymphocytes. Interestingly, receptor numbers were higher on neutrophils than
on monocytes, were present on essentially all
neutrophils and their precursors, and increased in number with cell differentiation
[19). The ability of G-CSF to stimulate functional activities of neutrophils is consistent
with the presence of these receptors on postmitotic cells [26].
G-CSF, unlike the other three murine
CSFs, is fully cross-reactive on human cells,
and this allowed a study of the distribution
of human G-CSF receptors on human bone
marrow cells and human leukemic samples
[20]. On human cells binding was again restricted to neutrophilic granulocytes and
their precursors and to a lesser extent,
monocytic cells, but, in contrast to the situation in the mouse, receptor numbers decreased somewhat with neutrophil differentiation. This cellular specificity was maintained with human leukemias, in that all
myeloid leukemias showed specific binding
of 125 1 G-CSF while lymphoid leukemias
did not. The receptor content of myeloid leukemic cells was related to the granulocytic or
monocytic nature of the leukemias, acute
promyelocytic leukemias having the highest
receptor content and monocytic leukemias
having the lowest. Quantitative bindingcompetition studies revealed that murine
and human G-CSF (CSF fJ) competed for
the same binding sites on murine or human
cells and that their relative binding affinities
for all receptors were nearly the same when
their respective concentrations were normalized with respect to a common bioassay
[19].
M -CSF binds to a variety of monocytic
cell lines (including WEHI-3B D+ and 1774)
and to all normal populations of monocytic
cells or macrophages but not to eosinophils,
lymphocytes or erythroid cells [27]. There is
some controversy about whether M -CSF
binds to neutrophils and their precursors
[27, 28], but if it does the receptor levels are
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lower than on monocytic cells. There is some
evidence that M -CSF receptors increase
with differentiation of monocyte/macrophages [27, 28].
Multi-CSF binds to all factor-dependent
continuous hemopoietic cell lines tested
(FDCP-1, 32D C1.3, DA-3. NSF-60) as well
as some independent cell lines (P815 mastocytoma and WEHI-3B D+) [21, 22], but the
apparent binding affinities and receptor
numbers vary widely. Multi-CSF also binds
to all neutrophilic and eosinophilic granulocytes and all monocytes and their precursors
but not to lymphocytes and erythroid cells
[22]. In contrast to the binding patterns seen
with G-CSF and M-CSF, there were similar
multi-CSF receptor levels on neutrophils,
monocytes and eosinophils, and in each case
receptor numbers decreased with differentiation. 125 1 multi-CSF binding to murine
bone marrow cells was also characterized by
the presence of a very small number (less
than 1%) of cells of various morphologies
(blasts, promonocytes, metamyelocytes,
eosinophils) that displayed very high receptor levels similar to those seen on factor-dependent continuous cell lines [22].
GM-CSF also binds to several cell lines,
including some factor-dependent cell lines
(FDCP-1), some macrophage cell lines
(J774, WR19, RAW 264, R309), and
WEHI-3B D+ myelomonocytic leukemic
cells [17]. The distribution of receptors for
GM-CSF on bone marrow cells is very similar to that of multi-CSF receptors, except
that there are fewer GM-CSF receptors on
eosinophils than on neutrophils or monocytes and there is no population of bone
marrow cells with a very high GM-CSF receptorcontent (F. Walker, D. Metcalf, N.A.
Nicola and A. W. Burgess, unpublished).
It is of special relevance that the majority
of non-erythroid bone marrow cells display
multiple CSF receptors. All neutrophilic
granulocytes and their precursors display simultaneously receptors for multi-CSF, GMCSF, G-CSF and possibly lower numbers of
M -CSF receptors. All monocytic cells display receptors for multi-CSF, GM-CSF,
and M-CSF, and a majority display lower
numbers of G-CSF receptors. Eosinophils
display multi-CSF and GM-CSF receptors
but not G-CSF or M-CSF receptors. Lymphocytes and erythroid cells do not display

MUL TI-CSF

measurable levels of any of these CSF receptors. The display of multiple CSF receptors
on granulocytes and macro phages means
that they can respond to all of the CSFs directly and the possibility exists for receptor
interactions on the same cell.
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D. Indirect Receptor Modulations
by the CSFs
Despite the fact that the four murine CSF receptors are distinct in both their molecular
characteristics and their cellular distribution
and that the binding of each CSF to bone
marrow cells at 0 DC is not competed for by
any of the other CSFs, there is evidence for
indirect interactions between CSF receptors.
When bone marrow cells were preincubated
with one CSF at 37 DC the binding of other
CSFs to their own receptors was reduced.
This is an example of non-isologous receptor
down-modulation, and it has been described
for other growth factor receptor systems (for
example, platelet-derived growth factor [29]
and transforming growth factor fJ [30] both
down-modulate epidermal growth factor receptors on some cell types).
The pattern of CSF-induced receptor
down-modulations on bone marrow cells
was quite striking, with multi-CSF being
able to down-modulate all other CSF receptors, GM-CSF being able to down-modulate
M-CSF and G-CSF receptors, and M-CSF
being able to down-modulate GM-CSF receptors; G-CSF was able to down-modulate
M-CSF receptors only at high concentrations. These down-modulations occurred at
37 DC but not at 0 DC, were generally rapid
(T'!2 10-20 min) and were CSF-dose dependent [31] (Fig. 2). The common interpretation of receptor down-modulation is that it
serves to limit the response of a cell to that
receptor's growth factor. However, we were
struck by several correlations between the
ability of CSFs to down-modulate receptors
and their ability to express certain biological
activities that suggested an alternative interpretation.
First, CSFs with the ability to induce multiple types of differentiated cells had the
broadest capacity to down-modulate CSF
receptors (multi-CSF down-modulated all
CSF receptors and GM-CSF down-modu-
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Fig.2. Pattern and concentration dependence of
CSF-induced receptor down-modulators on murine bone marrow cells at 37°C. The arrows indicate the directionality of the ability of a particular
CSF to down-modulate another CSF's receptor
after pre-incubation of bone marrow cells at
37°C. The numbers associated with each arrow
are the concentrations of the CSFs (in bone marrow colony-stimulating units/ml) that result in
50% of the maximal down-modulation

lated G- and M-CSF receptors, while no
CSFs other than multi-CSF down-modulated multi-CSF receptors). Second, the concentration dependence of CSF-induced differentiation matched the concentration dependence of that CSF's ability to downmodulate the appropriate CSF receptors
(GM-CSF down-modulated M-CSF receptors at low concentrations and G-CSF receptors at high concentrations, G-CSF
down-modulated M-CSF receptors at high
concentrations). Third, certain agents that
activate neutrophils also down-modulate GCSF receptors on neutrophils (the chemotactic peptide N-formyl methione leucine
phenylalanine and bacterial lipopolysaccharide) [32].
These observations suggested that receptor down-modulation might result in activation of at least some of the biological activities of that receptor just as ifit were occupied
by the isologous ligand. Such a model proposes that multi-CSF and GM-CSF receptors deliver a mitogenic signal to a cell but,
at the same time, indirectly activate lineage237

specific receptors that ultimately result in
terminal differentiation. The advantages of
such a model are: (a) it provides a unified explanation of the multiple differentiation
specificities of some CSFs and their concentration dependence; (b) it provides a mechanism whereby proliferation and differentiation might be coupled in normal cells; (c) it
makes clear predictions that such receptor
cross-communication will be defective in
some non-differentiating cell lines and leukemias and provides an explanation of the
special role of G-CSF in differentiation induction of leukemias. With the availability
of continuous cell lines and leukemic cell
lines which display mUltiple CSF receptors,
some of the predictions of this model can
now be tested.
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Fractionation of CSF Activities
from Human Placental Conditioned Medium
J. Boyd 1 and G. R. Johnson 2

A. Introduction

Colony stimulating factors (CSFs) are required for the survival, proliferation and differentiation of hemopoietic progenitor cells
in vitro and possibly in vivo. Recently, several human CSFs have been purified and
molecularly cloned from human tumor cell
lines. These include granulocyte colony
stimulating factor (G-CSF), from the bladder carcinoma cell line 5637 [1, 2] and the
squamous cell carcinoma cell line CHU-2
[3], and granulocyte-macrophage colony
stimulating factor (GM-CSF), from the Mo
T-Iymphoblast cell line [4, 5] and the monocytic cell line U937 (personal communication, Dr. J. DeLamarter). In addition, human erythroid potentiating activity (EPA)
has been purified and molecularly cloned
from the Mo T-Iymphoblast cell line [6, 7].
The relationship between these CSFs and
those contained in media conditioned by
normal human tissues has not been established. We have therefore fractionated human placental conditioned medium
(HPCM) to determine the number of CSFs
produced by this tissue able to stimulate human progenitors in vitro. Furthermore, the
biological relationship of these factors to the
known CSFs has been determined by comparing their ability to stimulate human and
murine colony formation with the prolifer1 Department of Clinical Haematology and Oncology, Royal Children's Hospital, Melbourne,
Victoria 3050, Australia
2 The Walter and Eliza Hall Institute for Medical
Research, P.O. 3050, Royal Melbourne Hospital,
Victoria, Australia
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ation of murine factor-dependent cell lines
in vitro.

B. Results

Cultures of low-density non-adherent bone
marrow (3 x 104 cellsjml) or peripheral
blood cells (2 x 10 5 cellsjml) were established in 35-mm Petri dishes containing Iscove's Modified Dulbecco's Medium, 25%
fetal calf serum (FCS) and 0.3% agar and
were scored after 14 days' incubation (5%
CO 2 , 37°C). Murine (CBA) bone marrow
cultures (5 x 104 cellsjml) in 35-mm Petri
dishes containing Dulbecco's Modified
Eagle's Medium with 20% FCS and 0.3 %
agar were incubated for 7 days. Cultures
were scored under a dissecting microscope
and then stained with Luxol-Fast-Blue and
hematoxylin. Cellular proliferation of the
murine cell lines 32D C1.3 (IL-3-responsive)
and FDC-Pl (IL-3 and GM-CSF-responsive) was assessed in 15-JlI suspension cultures containing 200 FDC-P1 or 32D C1.3
cells. Viable cells were counted after 2 days
of incubation.
Initial fractionation of HPCM by phenylSepharose chromatography [8] allowed separation of CSFa from CSF{3. While CSF{3,
the human analogue of murine G-CSF [9],
only stimulated neutrophil and some neutrophil-macrophage or macrophage colony
formation by human progenitor cells in vitro, CSFa stimulated neutrophil, neutrophil-macrophage, macrophage and eosinophil colony formation and, in the presence of
erythropoietin (Epo), also stimulated multi-
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loaded on an Ultrogel AcA44 column
(2.6 x 100 cm) and eluted with phosphate buffered
saline, 0.04 M, pH 7.4. Arrows denote the elution

points of bovine serum albumin, ovalbumin and
chymotrypsinogen. Colony number per 2 x 10 5
low-density non-adherent human peripheral
blood cells was determined after 14 days

potential colony formation and potentiated
erythroid colony formation (Fig. 1).
Further fractionation of CSFoc by gel filtration chromatography (LKB Ultrogel
AcA44, 2.6 x 100 cm column; Fig.2) separated an erythroid potentiating activity
(EPA) with an apparent mol.wt. of 40--

45 kD which stimulated no human colony
formation alone but 'potentiated erythroid
colony formation in the presence of Epo.
This activity could be separated from a
broad CSF peak [CSFoc (ii)] with an apparent mol.wt. of 30 kD which had all the biological properties of CSFoc. Depending on
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Fig.3. Reverse-phase HPLC.
Pooled fractions of CSFoc (ii) were
loaded onto a phenyl column
(Waters). Bound proteins were
eluted with two linear gradients of
acetonitrile in 0.05% TF A. Upper
two panels: fractions were assayed
for the ability to stimulate the proliferation of 32D C1.3 and FDC-P1
cells; lower two panels: the CSF
activity of fractions was assayed
on mouse bone marrow (5 x 104
cells/1 ml culture) and low-density
non-adherent human bone marrow
(3 x 104 cells/1 ml culture)
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the specific activity of CSFiX (ii) , material
was bound to lentil-lectin Sepharose and
eluted with 0.2 M iX-methyl-D-glucoside
prior to HPLC fractionation. This intermediate step increased the specific activity of
CSFiX (ii) approximately 50-fold, although a
fivefold loss of total activity was observed.
Subsequent reverse-phase HPLC fractionation of CSFiX (ii) was carried out using
a Waters phenyl column and a two-stage linear gradient with a constant flow rate of
1 mljmin, first from 0% to 30% acetonitrile
in 0.05% trifluoroacetic acid (TFA) over
10 min collecting 5-ml fractions, followed by
a second linear gradient from 30% to 60%
acetonitrile in 0.05% TFA over 60 min collecting l-ml fractions. Multiple human-active peaks were detected eluting from the
column between 38% and 46% acetonitrile
(fractions 39 to 52), and all were able to
stimulate neutrophil, macrophage, and eosinophil colonies as well as multipotential col242
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onies (not shown in figure) and to potentiate
erythroid colonies in the presence of Epo
(Fig. 3, lower panel). When assayed on
mouse bone marrow, the human-active fractions also stimulated murine colony formation, although the majority of murine activity (which stimulated neutrophil, macrophage and eosinophil colonies) eluted from
the HPLC column prior to the human CSF
peaks. Proliferation of FDC-Pl cells was
supported by all fractions active on murine
and human progenitors, while 32D Cl.3 cells
responded only to a narrow band of fractions which also stimulated normal murine
cells and FDC-Pl cells but not human cells.
To reduce carbohydrate heterogeneity,
the same batch of CSFiX (ii) was treated with
neuraminidase [from Clostridium perfringens (Sigma) pH 5.0, 37°C for 60 min]
before HPLC fractionation. This treatment
completely separated a murine CSF activity
which also stimulated 32D C1.3 cell prolifer-

ation from a human CSF activity which also
stimulated FDC-Pl cells. However, neuraminidase treatment did not resolve the multiple peaks of activity observed in the human
and FDC-Pl assays. Other deglycosylation
agents may be useful in determining whether
these peaks are related to a single CSF protein or are a result of multiple CSF activities
not yet characterized.
C. Conclusion

Human recombinant GM-CSF (rHGMCSF) has recently been tested on a variety of
human target cells and murine cell lines [10],
and, although possessing the same human
repertoire as material fractionated from
HPCM, rHGM-CSF at comparable doses
does not stimulate proliferation of FDC-Pl
cells. It is possible that native GM-CSF from
a non-tumor source is heterogeneous and
has a greater ability to interact with murine
GM-CSF receptors present on FDC-Pl
cells. Binding studies are now in progress to
determine whether HPCM -derived fractions
can compete with 125 1 murine recombinant
GM-CSF binding sites on FDC-P1 cells.
The ability of monoclonal antibodies directed against rHGM-CSF to block the response of human progenitor cells to HPCMderived fractions is also under investigation.
The nature of the activity which stimulated both 32D C1.3 proliferation and murine colony formation is not clear. Based on
purification and biological studies, it appears to be unrelated to G-CSF or M-CSF,
since the molecule exhibited low hydrophobicity, had an apparent mol.wt. of 30 kD,
and could stimulate murine granulocyte,
macrophage and eosinophil colony formation. The role of this activity in human hemopoiesis is not yet clear, since alone or in
combination with erythropoietin no stimulation of human progenitor cells could be
demonstrated. However, the possibility still

exists that it has a synergistic effect with
other known CSFs in vitro. A recent report
that IL-2 could stimulate 32D-clone 23 cells
[11] suggested the possibility that the
HPCM-derived 32D C1.3 activity might be
due to IL-2, although we were not able to
stimulate the murine IL-2-dependent cell
line CTLL with these fractions (less than 0.7
units IL-2/ml), and recombinant human IL2 did not stimulate 32D C1.3 cells (personal
communication, Dr. A. Kelso).
These studies show that a normal human
tissue, the placenta, contains hemopoiesisstimulating activities similar to those recently purified from tumor cell lines and
molecularly cloned. These include G-CSF,
GM-CSF and EPA. In addition, the studies
suggest that there may be mUltiple forms of
activity with similarities to GM-CSF but
also some activities with apparent specificity
only for normal murine cells and murine factor-dependent cell lines.
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Proliferative Effects of a Recombinant Human
Granulocyte Colony-Stimulating Factor (rG-CSF)
on Highly Enriched Hematopoietic Progenitor Cells
O.G. Ottmann 1, K. Welte 2, L.M. Souza 3, and M.A.S. Moore!

A. Introduction

Human multipotential and committed hematopoietic progenitor cells require the
presence of specific glycoproteins, termed
"colony-stimulating factors" (CSFs) for survival, clonal proliferation, and differentiation. Recently, a pluripotent G-CSF, constitutively produced by the human bladder
carcinoma line 5637, has been purified to apparent homogeneity [11 and molecularly
cloned with the complementary DNA copy
of the gene expressed in Escherichia coli [2].
This factor induces terminal differentiation
of the murine myelomonocytic cell line WEHI3B(D +), the human promyelocytic cell
line HL60, and leukemic cells from patients
with certain forms of ANLL [2, 3] and has
been shown to stimulate the growth of day-7
granulocyte colonies, erythroid bursts
(BFU-E), and multilineage colonies (CFUGEMM) from human bone marrow [1-31.
Despite its similarity with murine G-CSF [41,
the latter does not support the proliferation
of BFU-E and CFU-GEMM [51, biological
activities shared by murine IL3 and GMCSF [6-8]. However, IL3 has not been reported to induce differentiation of leukemic
cells [9], no significant homology was found
between the deduced amino acid sequence
for hG-CSF and those for murine IL3 [10,
111 and murine and human GM-CSF [12,
13], and specific binding of radio labeled hGCSF was inhibited by an excess of unlabeled
Laboratory of Developmental Hematopoiesis,
Laboratory of Molecular Hematology, Memorial Sloan-Kettering Cancer Center, New York
3 Amgen, Thousand Oaks, CA
1

2
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hG-CSF but not by hGM-CSF [21. In these
previous studies, accessory cell-mediated biological activities and direct effects on progenitor cells were not distinguished. To address these considerations, the effects ofhGCSF on accessory cell-free bone marrow
populations highly enriched for hematopoietic progenitors were examined.

B. Methods

Low-density bone marrow separated by
Ficoll-Hypaque density centrifugation was
enriched 10- to 12-fold for progenitor cells
by depletion of mature myeloid, monocytic,
lymphoid, and erythroid cells using the
mAbs Mol, MY8, MY3, N901, B4 (generously provided by J. Griffin, Boston),
OKT4, OKT8, OKT11 , and antiglycophorin by immunoadherence "panning" [14,
15] and complement-mediated cytotoxicity
(LDAC-). By subsequent fluorescence-activated cell sorting, a nearly homogeneous
blast population defined by low perpendicular and high forward light scatter (blast window) and expression of the HPCA-l antigen
(detected by the MY10 mAb), present on all
hematopoietic progenitors [16], was isolated
with a purity of 85%-95% and an overall
plating efficiency of up to 30%. Alternatively to MY10, an anti-HLA-DR mAb
(clone L243; both Abs a kind gift of N.
Warner, Becton Dickinson) was used for
positive selection of clonogenic cells [17].
DAD14 (d14) and DAY7 (d7) CFU-GM,
BFU-E, and CFU-GEMM were assayed in
agar and methylcellulose cultures respec-

tively. Erythropoietin (EPO) was added on
d3 to eliminate background growth of BPAindependent, EPO-responsive BFU-E [IS].
In cultures of MYlO+ and HLA-DR+
populations no spontaneous colony formation was observed.

C. Results and Discussion

As shown in Table 1, 100-2000 units of recombinant G-CSF (specific activity approximately 1 x 10 8 units per mg protein) stimulate proliferation of CFU-GM in a dose-dependent manner and by direct action on
MYI0+ progenitor cells. Aggregates that
had developed by day 7 were uniformly
small, rarely exceeding 20-30 cells even at
high concentrations of G-CSF, and purely
granulocytic, containing mature neutrophils
as demonstrated by esterase stains. No significant differences in either number or size
of aggregates were observed when equivalent concentrations of recombinant and
highly purified G-CSF were compared (data
not shown), indicating that lack of glycosylation of the recombinant material does not
adversely affect its biological activity. CFUGM scored after 14 days were predominantly granulocytic (64%-75%); in addition, the formation of a small number of
mixed granulocyte/macrophage colonies
(4% at 250 U/ml, 10% at 2000 U/m!) and
macrophage clusters of 6-20 cells (20%30% of total aggregates in several experi-

Table 1. Stimulation by rhG-CSF of d7 and d14
CFU-GM from MY10+ bone marrow cells
cultured in triplicate at 1000 cells/ml. Values
(clusters: 4-50 cells; colonies: more than 50 cells)
are expressed as mean ±standard deviation
calculated for 1 x 10 5 cells
rhGCSF
U/ml

o
100
250
500
2000

CFU-GM (colonies/clusters)
Day 7
0/0
0/2780
0/4890
0/5130
0/5380

Day 14

±
±
±

±

490
570
176
550

0/0
1600
2660
2900
3470

± 400/1600 ± 330
± 530/1400 ± 70

± 70/1130

± 130

± 130/1130 ± 200

ments) was stimulated. In contrast, growth
of eosinophil colonies was not supported,
even by high concentrations of G-CSF, as
judged by Congo red stains of agar cultures.
These data are consistent with results obtained previously with murine G-CSF [5].
The capacity of rG-CSF to stimulate
BFU-E and CFU-GEMM was examined in
a highly sensitive BPA assay, using sequentially purified progenitor populations
(LDAC- and sorted HLA-DR+, MY10+
blasts) as target cells. As shown in Fig. 1 for
MY10+ cells, 50-2000 U/ml rG-CSF failed
to stimulate CFU-GEMM or increase BFUE formation above background levels. Identical results were obtained in numerous experiments irrespective of the target population used. Comparison of highly purified
and recombinant G-CSF at both 1000 and
5000 U /ml confirmed that the absence of
BFU-E- and CFU-GEMM-stimulating activity of rG-CSF is not a consequence of the
lack of glycosylation. Readdition of autologous, unstimulated OKT4- and OKTS-positive lymphocytes, isolated by cell sorting
with 98% purity, to cultures of MYlO+
cells did not augment colony formation in either the absence or the presence of G-CSF
(data not shown). These results are at
variance with earlier studies [1-3], which employed target populations depleted of accessory cells by plastic adherence and E-rosetting, techniques that do not facilitate the degree of progenitor enrichment and accessory
cell depletion achieved by the immunological techniques used in this study. It is conceivable that the stimulation of erythroid
and multilineage colonies observed in those
reports was mediated by an as yet unidentified accessory cell.
To assess whether or not G-CSF is able to
facilitate the survival and or initial proliferation of BFU-E and CFU-GEMM, delayed
addition experiments were carried out
(Table 2). The almost complete loss of BPAresponsive BFU-E and of CFU-GEMM
caused by delaying the addition of BPA till
day 4 of culture is not abrogated by the continuous presence of G-CSF. This result differs slightly from that obtained with murine
fetal liver cells, where G-CSF appeared to
stimulate the initial proliferation of a subpopUlation of multipotential and erythroid
precursors [5].
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Fig.t. Growth of BFU-E and CFU-GEMM in
methylcellulose cultures ofMY10+ cells cultured
in duplicate at 1000 cells/ml. Comparison of rGCSF with 5637 CM, PHA-LCM and PP-alpha

(Pluripoietin-cx), a GM-CSF-like activity purified
from the bladder carcinoma line 5637 [20]. Recombinant EPO was added on day 3 of culture unless otherwise stated

Table 2. Delayed addition of burst-promoting activity (BPA) to methylcellulose cultures of enriched
progenitor populations in the presence or absence of rhG-CSF. LDAC-, HLA-DR+, and MY10+
cells were plated at 1 x 104 ,2.5 X 10 3 , and 1 x 10 3 cells/ml respectively. 5637 CM was used as a source
ofBPA
Stimulus
EPO

Bone marrow fraction
rhG-CSF

BPA

0
0
0

4
0

In conclusion, it appears that the direct
action of human G-CSF is restricted primarily to the granulocytic lineage, in which it
supports the proliferation and differentiation of committed progenitors (d7 and d14
CFU-GM) and stimulates end-stage cells as
determined by antibody-dependent cell-mediated cytotoxicity and induction of chemotactic peptide binding [2, 20].
Acknowledgement. The excellent technical assistance of Mrs. W. Wachter is gratefully acknowledged.
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HLA-DR+

MY10+

Number of BFU-E/CFU-GEMM/l0 5 cells

Day of addition
3
3
3
3
3

LDAC-

90/ 0
700/10
160/ 0
210/ 0
140/ 0

40/ 0
1700/120
200/ 0
180/ 0
0/ 0

350/ 0
4800/420
200/ 0
300/ 0
400/ 0
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The myc Oncogene and Lymphoid Neoplasia:
From Translocations to Transgenic Mice

s. Cory 1, A. W. Harris, W. Y. Langdon, W. S. Alexander, L. M. Corcoran,
R. D. Palmiter, C. A. Pinkert, R. L. Brinster, and J. M. Adams

A. Introduction

The c-myc proto-oncogene encodes a nuclear phosphoprotein which probably plays
a crucial role in growth control [4]. The protein has DNA-binding activity in vitro, but
its function remains unknown. While avian
retroviruses carrying the closely related vmyc sequence rapidly transform myeloid
cells, the cellular myc gene has been strongly
implicated in several types of lymphoid
neoplasia. The fundamental mechanism releasing the oncogenic potential of c-myc is
believed to be deregulation of its expression.
Most chicken bursal lymphomas resulting
from infection with avian leukosis virus,
which does not itself bear an oncogene, carry
a provirus near or within the c-myc gene [6].
About a quarter of T lymphomas with a
retroviral aetiology also bear a c-myc-associated provirus [3]. Expression of the c-myc
gene in these tumours is governed by the
promotor and/or the enhancer in the viral
long terminal repeat (LTR) [6, 13, 3]. In
most plasmacytomas of the mouse and Burkitt lymphomas of man, a chromosome
translocation couples the c-myc gene to the
IgH constant region locus, presumably
bringing c-myc under the control of factors
that regulate heavy-chain expression [11, 8,
4].

1 Royal Melbourne Hospital, Post Office, Melbourne, Victoria 3050, Australia
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B. Induction of B-Cell Neoplasia
by a c-myc Gene Coupled
to Immunoglobulin Enhancers

The evidence connecting deregulated myc
expression with neoplasia was persuasive
but remained circumstantial. Transgenic
mice provided the means of testing the hypothesis directly. The results were dramatic:
Transgenic mice carrying an essentially normal c-myc gene remained healthy, as did
those with a myc gene devoid of its putative regulatory sequences [1]. However, mice
bearing a cellular myc gene linked to the
regulatory region within the L TR of the murine mammary tumour virus were found to
have an increased susceptibility to mammary carcinomas [16]. Linkage to the SV40
promoter/enhancer also provoked tumours,
but the incidence was relatively low [1]. In
marked contrast, 13 or 14 of 15 primary
transgenic animals bearing c-myc coupled to
the heavy-chain enhancer (Ell) developed
lymphomas, as did six of 17 with c-myc
linked to the kappa enhancer [1]. Thus c-myc

is innocuous as a transgene in its "native
state", or even after removal of certain regulatory sequences. Once under the control of
a strong exogenous regulatory element,
however, it becomes a potent tumourigenic
agent.
We have now made a detailed study of the
disease induced by the Ell-myc trans gene
(Harris et aI., in preparation). Similar pathology was observed in several independent
lines bred from different primary transgenic

mice, so the chromosomal location of the
trans gene does not play a major role. One
line was followed for five generations over
12 months, and 96% of the mice bearing the
EJi-myc locus succumbed to tumours before
6 months of age. In most cases, the disease
pattern was a disseminated lymphoma involving most of the lymph nodes and often
(but not always) the thymus. The lymphoma
was usually accompanied by leukaemia.
Some animals developed only a thymoma,
or succumbed to a bowel obstruction probably caused by proliferation of tumour cells
within the intestinal wall. The tumours grew
rapidly, and most animals had to be killed
within a month of exhibiting palpable inguinal lymph nodes. Transplantation tests established that the proliferating lymphoid
cells were truly malignant. Indeed, injection
of only 100 cells from one of the donors was
sufficient to induce tumours in syngeneic recipients.
As expected, all the tumours exhibited relatively abundant transcription of the EJimyc transgene. Significantly, however, no
normal c-myc transcripts could be detected
[1], even after sensitive S1 analysis. Thus, the
normal c-myc alleles had apparently been
suppressed as a result of constitutive expression of the transgene. This result exactly
parallels the situation found earlier in Burkitt's lymphomas and murine plasmacytomas, where expression was shown to be restricted to the translocated c-myc allele, the
normal allele being essentially silent [2, 12].
The data favour the hypothesis [11, 14] that
normal c-myc regulation operates via a negative feedback loop, possibly involving a repressor. The normal allele is presumed to be
silenced via the protein produced by the rearranged allele, which is itself refractory to
repression.
To identify which cell types had undergone transformation, about 50 different primary tumours were dissected from 20 mice
and established in culture. All proved to be
B lymphoid in origin, including those derived from thymic lymphomas. Thus, none
displayed the T cell marker Thy 1, but all exhibited rearrangement of the JH and/or h:
loci and all expressed B-lineage-specific
markers. While expecting to find B-cell
neoplasia, we were somewhat surprised not
to find any examples of T-cell or even mye-

loid tumours, because the IgH enhancer is
thought to be active in at least some T and
myeloid cells [7, 5].
The tumours represented several stages
within the B differentiation lineage. About
40% were surface Ig-positive B cells, while
the rest were pre-B cells of varying maturity
having different combinations of IgH and K
rearrangements. While some were apparently stable, others continued to differentiate, either in vivo or in tissue culture. Thus,
EJi-myc-induced tumourigenesis does not
totally prevent further differentiation.
C. Tumourigenicity Requires More
than Deregulation of c-myc

Cancer has long been regarded as a multistep process. More recently, this concept has
been represented in molecular terms as the
need for collaboration between two (or
more) oncogenes [9, 15]. It might be argued
from the nearly invariant development oftumours by EJi-myc mice that deregulation of
c-myc is itself sufficient to cause cancer.
However, this does not appear to be the
case. Firstly, EJi-myc tumours are clonal [1],
even though all B-lineage cells express EJimyc. Secondly, the onset of tumours is
highly variable and can occur as early as at
3 weeks of age and as late as at 6 months or
more. Both these features argue that an additional change gives one cell a proliferative
advantage over its fellows. Thirdly, and
most compelling, in contrast to the tumour
cells, the lymphoid cells from young animals
which have not yet developed enlarged
lymph nodes fail to induce tumours when injected in large numbers into syngeneic recipients [10]. Thus, even though the EJi enhancer is turned on early in B-cell ontogeny,
EJi-myc mice exhibit a true pre-neoplastic
phase.
D. Ep-myc Promotes a Benign Polyclonal
Expansion of Early B-Lineage Cells

Pre-lymphomatous EJi-myc mice exhibit
profoundly disturbed B-cell differentiation.
We have analyzed this condition in some detail [10], because it provides a unique opportunity to discover the consequences of con249

stitutive myc expression in "normal" cells.
Cell surface marker analysis of foetal livers
and the various lymphoid organs of young
mice revealed a remarkable expansion of
early B-lineage cells at the expense of mature
B cells. The increase in pre-B cells is evident
as early as at 18 days of gestation, and by 7
days after birth approximately half the cells
in the bone marrow are pre-B cells, mostly
the early Ly-5(B220) + ThB - type. In young
adults, the expansion includes late pre-B
cells and involves the spleen as well as the
bone marrow. Overall, these animals exhibit
a 4- to 5-fold increase in pre-B cell numbers
and about a 30% reduction in sIg+ B cells.
Analysis of bone marrow DNA for JH rearrangement established that the expansion is
polyc1onal and probably also includes a considerable number of pre-B cells which have
not yet commenced J H rearrangement.
The B-lineage cells in EJl-myc mice differ
remarkably in their size profile from those in
normal mice. The small resting B cell and its
immediate precursor, the small B220+
ThB+ pre-B cell, are absent from EJl-myc
mice, and all the B-lineage cells are large.
Moreover, analysis of cellular DNA content
suggests that at least one third of the pre-B
and B cells are in cycle. We conclude that
constitutive myc expression promotes and
maintains B cells in cycle and may indeed
preclude a Go state.
A notable consequence of EJl-myc expression is the acquisition of the Ia surface
antigen by many pre-B cells. Ia is normally
found only on sIg+ B cells, increasing after
activation by mitogen or antigen plus
growth factors. The significance of premature Ia expression is not clear, but it may indicate that enforced myc expression partially
replaces the need for certain growth factors.
Clearly, EJl-myc expression has affected
both mitogenesis and differentiation within
the B-celliineage. To account for these results, we have proposed [10] that the level of
c-myc expression is an important factor in
setting the probability of self-renewal versus
maturation during differentiation, with increased myc expression favouring self-renewal, as shown in Fig. 1.
In summary, constitutive myc expression
strongly predisposes to malignancy. Its consequence for B-cell differentiation is to fa250
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Fig. I. A model for the role of c-myc in differentiation. The balance between self-renewal and maturation is set by the level of c-myc expression, with
higher levels favouring self-renewal

vour self-renewal over maturation, and this
results in a significant expansion of early
cells. The increased proliferative potential
presumably increases the probability of one
cell within the population undergoing further change and becoming a fully malignant
clone. It may be significant that the expanded population primarily comprises preB cells which actively undergo DNA rearrangement and which therefore may be more
susceptible to genetic accident.
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Cloning of Human Thymic Subcapsular Cortex
Epithelial Cells by SV40 ori - Transfection
S. Mizutani, S. M. Watt, and M. F. Greaves

A. Introduction

Critical steps in the early differentiation ofT
lymphocytes occur within the thymus. Bonemarrow derived cells migrating into this organ undergo extensive proliferation, clonal
rearrangement of antigen receptor genes and
an associated immunological "education"
involving tolerance to self-antigens and
positive selection for antigen recognition in
association with self-MHC (Zinkernagel
1978; Haynes 1984; Rothenberg and Lugo
1985; Lo and Sprent 1986). The control of
this complex process of commitment, expansion, clonal diversification, selection and
maturation is not understood, but almost
certainly involves selective interactions with
distinct elements of the thymic stromal environment and diffusable regulators, thymic
"hormones" or growth factors. The nonlymphoid stromal structure of thymic tissue
consists of different types of epithelial cells
derived from pharyngeal pouch endoderm
or brachial cleft ectoderm, mesenchymal
cells and bone-marrow derived histiocytes or
interdigitating macrophages (Le Douarin et
al. 1984; van de Wijngaert et al. 1984;
Haynes 1984; Janossy et al. 1986).
Unravelling the interactions between developing T cells and microenvironmental
components requires cell culture techniques
similar to those established for bone marrow
myelopoiesis (Dexter 1982) and methods for
isolating and cloning individual stromal cell
types.

Leukaemia Research Fund Centre, Institute of
Cancer Research, London
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Some success has been reported in culturing rodent and human thymic cells characterized as epithelial by desmosomes, tonofilaments, cytokeratins or membrane antigens
and culture supernatants from such cells can
regulate T-cell phenotype or immunological
function (Itoh et al. 1981; Beardsley et al.
1983; Glimcher et al. 1984; Singer et al.
1985). However, cloned lines representing
distinct subtypes of thymic epithelia have
not so far been established.
The subcapsular epithelium of thymus has
a distinctive structure and is probably the
first site of interaction with migrating T-cell
precursors (van de Wijngaert et al. 1984;
Janossy et al. 1986; Haynes et al. 1984). We
have sought to isolate and grow these epithelial cells by a combination of selective culture conditions and gene transfection techniques. We report here the successful establishment of two such cell lines which retain
phenotypic properties of subcapsular epithelium and express some endocrine and
growth-regulating functions.

B. Materials and Methods
I. Primary Epithelial Cell Culture

Thymic epithelial cells were derived from a
16-week-old human fetus obtained with the
consent of the Ethics Committees of the Institute of Cancer Research and the Royal
Marsden Hospital, London. Thymic tissue
was minced and grown in a 25-cm 2 tissue
culture flask in Dulbecco's modified Eagle's
medium (DMEM; Gibco Biocult, Scotland),

supplemented with 5% (v/v) fetal calf serum
(FCS; Sera Lab, England), 1.8 x 10- 4 M adenine (Sigma, England), 5 ~g/ml insulin
(Sigma, England), 10- 10M cholera toxin
(Sigma, England), 0.4 ~g/ml hydrocortisone
(Sigma, England) and 20 ng/ml epidermal
growth factor (BRL). This AICHE-FCS medium was completely replaced each week.

II. Transfection
of Primary Epithelial Cells
Epithelial enriched cultures were transfected
3 weeks after initiating their growth using
calcium phosphate. Cells were transformed
by cotransfection with the SV40 ori - mutant 6-1 (Gluzman et al. 1980; Nagata et al.
1983) and PSV-2 neo. As controls, cells were
either transfected with PSV -2 neo alone or
were grown as primary epithelial cells as described above. One month after transfection, cells were selected with G418 (Gibco
Biocult, Scotland) at a concentration of
1 ~g/ml. The nontransfected cells were sensitive to these conditions and could not be
maintained in culture for more than 4 weeks.
Two colonies (SMl and SM2) were obtained
from the SV40 ori- and PSV-2 neo cotransfected cultures and these reached confluence
3 weeks after transfection. These cells were
passaged by trypsinization and replated at
1-2 x 105 cells per 25-cm 2 tissue culture
flask.

C. Results and Discussion

I. Transformation

of Thymic Epithelial Cells
Cells in the primary culture were morphologically heterogeneous and consisted of
dense polygonal cell islands surrounded by
spindle-shaped, elongated fibroblasts. Cytokeratin staining using the LE61 monoclonal antibody indicated that these cultures
comprised 60%-70% epithelial cells. Cotransfection of such cells with SV40 ori - and
PSV -2 neo provided two transformed colonies, SM1 and SM2. SM2 cells appeared to
be morphologically homogeneous, whereas

the SMl consisted of two morphologically
distinct cell types. The latter comprised
small, elongated fibroblastoid cells and
polygonal cells. SMl cells were cloned by
limiting dilution in the presence of a primary
thymic stromal feeder layer which had been
subjected to 5000 rads X-irradiation. Two
weeks later two morphologically distinct
subclones, SM1.1 and SM1.9, were selected
by their G418 resistance. The former contained fibroblastoid-like cells, while the latter comprised the polygonal cells.
Both SMl and SM2 cells had desmosomes
and tonofilaments characteristic of epithelial cells (Fig. i). The subclones SM-l and
SMl-9 also showed tonofilaments and desmosomes.
II. Immunocytochemical Characterization
Transfection of cells with SV40 ori - was
confirmed by the presence of nuclear large T
antigen in the original SM1 and SM2 clones
(Fig. 1; see Table 1 for summary). The epithelial nature of the original clones and of
the SM1.1 and 1.9 subclones was shown by
reactivity of intermediate filaments with cytokeratin antibodies (Lane 1982; Cooper et
al. 1985; Chang 1986; see Fig. 1). Several
monoclonal antibodies which had been
characterized on thymic tissue sections
(Haynes 1984; J anossy et al. 1986) were used
to define the type of epithelial cells isolated
(Table 1). Thy-l human antibody reacted
strongly with the original clones and the
subclones as assessed by fluorescence microscopy and the F ACS. Thy-l has been
shown previously to specifically identify the
thymic subcapsular cortex epithelium (Ritter et al. 1981; Janossy et al. 1986). Thirty
percent of cells in the original SMl and SM2
clones were also positive for the A2Bs
antigen, which is expressed on both the subcapsular cortex and medullary epithelia
(Haynes et al. 1984). In addition, the RFD4
antibody, which recognizes the subcapsular
cortex epithelium in pediatric thymus
(Janossy et al. 1986) and the natural killer
(NK) cell marker, Leu7, which occurs on the
subcapsular cortex of the fetal thymus
(Janossy et al. 1986) were found to react
weakly with the isolated epithelial cells.
These findings indicated that SMl and SM2
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Fig. J a-d. Phenotypic characteristics of SV40transformed human thymic subcapsular cells. a
Immunofluorescent staining with monoclonal

antibody (Le6l) to cytokeratin. b Immunofluorcscent staining for nuclear SV40 large T
antigen. c Desmosomc. d TonofilamcnlS

were derived from subcapsular cortex
epithelia and retained the antigenic phenotype characteristic of this tissue.
SV40 transformed subcapsular epithelial
cells expressed HLA-AB detenninants, but
not HLA-DR, HLA-DQ, nor HLA-DP.
Lymphoid cell markers which were defined

by CD1, 2, 3, 4, 5, 7, 8, 10 specific monoclonal antibodies (Reinherz et a1. 1986) could
not be identified on any of the clones. There
was also no reactivity with the 3.9 monoclonal antibody which recognizes thymic
monocytes and interdigitating dendritic cells
(Janossy et al. 1986).
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Table 1. Phenotypic characterization of SV40 ori - transformed thymic epithelial cells and their sublines

Clone

SM1
SM1-l
SMl-9
SM2

Positive cells (%)
Le61
Cytokeratin a

SV40-T Thy-1

A2B5

Chromogranin

HLA-A, TransVimenferrin
B
tin
receptor

Leu7

RFD4

100
100
100
100

100
100
100
100

26
76
83
35

100

100

100

100

10

10

100

100

100

100

10

10

100
100
100
100

a Le61 recognizes a 40-45 daltons. Keratin components of intermediate filaments found predominantly
in simple, nonstratified epithelia (Lane 1982; Cooper et al. 1985).
The clones did not react with antibodies to HLA-DR, CD1, CD2, CD3, CD4, CD5, CD7, CD8, CD10,
Factor VIII, 3.9 (anti-monocyte), BI.3C5 (antihuman haemopoietic progenitor cell antigen, HPC-1),
Desmin and HTLV-I P19.

III. Endocrine Characteristics
of Subcapsular Cortex Epithelial Cells
The presence of chromogranin is thought to
be indicative of endocrine function within
the neuroendocrine system and has recently
been identified in rat thymic epithelium
(Hogue-Angeletti and Hickey 1985). Chromogranin was identifiable in the isolated
clones SM1 and SM2 by an chromogranin
monoclonal human antibody suggesting
that these cells may have an endocrine function. There was no staining with antibodies
to the thymic hormones thymopoietin and
thymulin (FTS).

IV. Subcapsular Cortex Epithelial Cells
Support Hemopoietic Cell Growth
It was of particular interest to know whether
the SV40 transformed thymic epithelial cells
could influence commitment to the T-cell
lineage or induce the proliferation and differentiation of immature T cells. Fetal liver,
a source of hemopoietic progenitors, was
therefore cultured in methyl cellulose above
irradiated or nonirradiated subcapsular cortex epithelial cells. Two types of colonies
formed; one consisting of large tightly
packed cells and the other comprising more
diffuse colonies of smaller cells. Cytochemical staining revealed that both colony types
contained nonspecific esterase (a-naphthyl

butyrate esterase) and acid phosphatase
positive cells. Morphologically, the more
diffuse colonies contained small monocytes
while the tightly packed colonies appeared
to be activated macrophages. The monocyte-macrophage nature of these colonies
was confirmed by positive staining of the
cells with anti-3.9 and anti-HLA-DR monoclonal antibodies. None of the colonies
tested contained either the intracellular TdT
or T3b markers characteristic of T-cell precursors (Furley et al. 1986). This culture system therefore did not support or induce
early T-cell differentiation from fetal liver
precursors, but rather induced macrophage
development.
Thymic subcapsular epithelial cells probably have more than one function in T-cell development. Their physical location accords
with a potential role in chemotaxis of bone
marrow precursors and this possibility is being assessed with the clones described here.
Our data suggest that these epithelial cells
may also regulate the activity of immigrating
or resident macrophages and thereby indirectly modulate the proliferation or selection
of immature T cells. It is likely that thymic
subcapsular epithelial cells are also involved
in the activation of the dividing T lymphoblasts with which they are in intimate
contact in situ (Janossy et al. 1986; Singer et
al. 1986; Wekerle and Ketelson 1980). Further investigation of the functional activity
of the SV40 transformed thymic epithelium
cell lines is in progress.
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v-H-ras Gene Reduces IL-3 Requirement in PB-3c Mastocytes

In Vitro Followed by Autokrine Tumor Formation In Vivo
Asha P. K. Nair and Ch. Moroni

A. Introduction

The search for the physiological functions of
proto-oncogenes has led to the notion that
some code for products involved in control
of mitosis as growth factor or growth factor
receptor. This association of proto-oncogenes with mitotic control elements is consistent with the hypothesis that changes ofvarious proto-oncogenes correlate with the multistep process of human carcinogesis, and
there are numerous reports on specific
proto-oncogene alterations in various human malignancies. What is not known, however, is the nature of the involvement of an
altered proto-oncogene with the malignant
process, i.e., the precise pathogenic role of
the protein.
Of particular interest is the fas family of
proto-oncogenes, H-, K-, and N-ras, which
are activated by point mutations [1]. The
ras-coded p21 proteins are located in the
membrane, have a GTP-ase activity and
show sequence homology to the G proteins,
a family of proteins involved in the transmission of biological signals [2, 3]. It is
thought that p21 proteins, by analogy with
G proteins, mediate an external growth signal, by being associated with a specific
growth receptor.
In ac~te myeloblastic leukemia (AML)
cells one observes frequent activation of the
N-ras gene [4-6]. As growth and differentiation of hematopoietic cells are controlled
by a set of growth factors, it may be that in
AML the activated N-ras gene exerts its puFriedrich Miescher-Institut, Postfach 2543, CH4002 Basel, Switzerland

tative pathogenic effect by being associated
with the signal transmission of a growth factor necessary for myeloid cells.
To explore the role of ras genes on the
growth regulation of hematopoietic cells, we
have turned to a mouse model system. We
report here that v-H -ras reduces the interleukin-III (1L-3) requirement of factor-dependent PB-3c mastocyte cells. Tumors derived
from such cells grew in vitro without exogenous IL-3. In fact, we observed autokrine
production of IL-3.
B. Material and Methods

1. Cells
PB-3c cells, a cloned line of normal, IL-3-dependent mouse mastocytes [7] were obtained
from Dr. J.-F. Conscience. FDCP-1 cells [8],
a myelomonocytic line of murine origin, requiring IL-3 or GM-CSF for growth were
obtained through Dr. J. F. Delamarter.
WEHI-3B cells, a myelomonocytic line producing IL-3 [9] were obtained from Dr. J.-F.
Conscience. PB-3c and FDCP-l cells were
cultured in Iscove's modified Dulbecco medium (IMDM), supplemented with 50 ~M
tJ-mercapto-ethanol, 10% fetal calf serum,
and IL-3 (see below).
II. Mitogenicity Assay
Cells were washed three times in IMD M
lacking IL-3 and added to microtiter plates
in 1OO-~l aliquots containing 2 . 104 cells. An
IL-3 preparation (20 ~l) was added to each
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well. Following 24 h incubation at 37°C,
0.5 ~Ci of 3H-thymidine (25 Ci/nmol,
Amersham, TRK 300) was added to each
well. After 6 h, incorporation was determined by a filtration procedure and scintilation counting. When factor production by
tumor cells was studied, the more sensitive
FDCP-1 cells were used as targets, incubation in the presence of 20% tumor cell culture supernatant was carried on for 40 h,
after which labelling was done for 8 h.
III. Antibody Inhibition of IL-3

e-e P8-3c

o-oA4
l>-l>A3

o-oA2

l>--l>

10 5 +---.------,--,-----,--,
o
2
3
4
5
days in culture

An antibody preparation from rabbit serum
directed against mouse IL-3 was generously
provided by Dr. J. Ihle. Concentration was
30 ng/ml. For control, a rabbit anti-rat Ig
preparation was used; 70 ~l aliquots containing 20 ~l mitogenic culture supernatant
(from an A3-derived cell), 10 ~l anti?ody
preparation, and 40 ~l IMDM were mcubated for 2 h in micro titer plates. Then,
2· 104 PB-3c cells in 50 ~l were added. After
24 h incubation, 3H-thymidine incorporation was determined.
IV. Vector and Selection Procedure
Rash-1 cells were obtained from Dr. K.
Marcu. They release a retroviral Zip vector
[10] containing the v-H-ras gene inserted
into the BamH1 site and a gene for neomycin
resistance. Supernatants from these cells
transform NIH3T3 cells with a titer of 5 . 10 3
and transformed cells grow in the presence
of 0418 (data not shown).
To introduce the v-H-ras gene into PB-3c

cells, 2· 10 6 cells were incubated for 1 h in
2 ml rash-1 supernatant containing polybrene (16 ~g/ml). Cells were spun and resuspended in growth medium. The next day, the
selection for neomycin resistance was initiated by adding the drug 0418. After about
3 weeks, infected PB-3c cells, but not control
cells, contained viable cells growing in the
presence of 0418 at 1 mg/ml.
C. Results

In order to see whether introducing the v-Hras gene into PB-3c cells would alter their
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Fig. 1. Growth curve. Cells were cultured in the
presence of IL-3 and numbers of cells were determined daily by Coulter counting

growth properties and/or IL-3 requirements,
we infected these cells with a retroviral vector containing the v-H-ras gene and a gene
for neomycin resistance as described in
Methods. In this communication, we describe three infected cells, A2, A3, and A4.
They express the neo gene, shown by growth
in 0418, and the v-H-ras gene, shown by elevated levels of p21 identified by immunoprecipitation with monoclonal antibody
Y13-259 (data not shown).
Figure 1 shows the growth of A2, A3, and
A4 compared with PB-3c. We observed an
elevated saturation density of the infected
cells which showed a plateau at about 5.10 6
cells/ml, compared to PB-3c cells, wh~ch
grew until 10 6 Iml. This suggeste? that mfected cells utilize IL-3 more efficIently and
still grow when the factor becomes limiting.
We therefore performed a titration of IL-3
on these cells. As can be seen in Fig. 2, the titration curve of infected cells showed a shift
to the right, indicating a 20-fold increased
sensitivity to IL-3. Furthermore, infected
cells, but not PB-3c cells, were able to grow
at 1120 of the saturating concentration of IL3 (data not shown).
We next wished to determine whether
these cells would give rise to tumor formation following inoculation into syngeneic
mice. As expected, PB-3c cells were nontumorigenic. Infected cells, in contrast,. produced slowly growing tumors at the SIte of
inoculation (Table 1). Most active were A3

. - . PB-3c

o-oA4
r,.-r,.A3
o-oA2

150
M'
I

120

Table 2. Mitogenic activity of culture supernatant;
20-lll culture supernatants were assayed on
FDCP-1 cells cultured in microtiter plates as
described in the legend to Fig. 2
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Fig.2. Titration of IL-3. To 100-lll cultures containing 2 .104 cells, 20 III concentrated IL-3 preparation, diluted as indicated, was added. After
24 h, 3H-thymidine incorporation during a 6-h
pulse was determined. Values represent means of
triplicate determinations

Table 1. Cumulative tumor incidence. Values
show tumor incidence 5 months after subcutaneous inoculation into DBA/2 mice
Cell

No. of cells

Tumor/mice

PB-3c

106
10 5
104
106
10 5
104
10 6
10 5
104
106
10 5
104

0(5
0/5
0/5

A2
A3
A4

5/5
4(5
0/5

5/5
5/5
5/5

come tumorigenic in vivo. We suspected that
IL-3 independence might be the result of
autoproduction of this factor by the tumor
cells. We therefore tested supernatants from
A2-, A3-, and A4-derived tumors for mitogenic activity. All cultures were positive
(Table 2), however, to various degrees. The
assay was performed on FDCP-1 cells,
which are more sensitive to IL-3 than PB-3
cells, but the activity could also be demonstrated with PB-3 as target (data not shown).
To see whether this activity was indeed IL-3,
activity from a culture was preincubated
with antibody to IL-3. Anti-IL-3, but not
control antibody, was able to inhibit the mitogenic activity (Fig. 3).
-

20

Cloned IL-3 -+

r-

A3 Culture Sup.

r-

-

1/5
0/5
0/5

cells, where even 104 cells produced tumors
in all mice inoculated.
To characterize these tumor cells further,
we tried to establish them in culture. Generally, tumors, following surgical removal,
yielded high numbers of cells which almost
immediately took off in culture. To our surprise, their growth was now independent of
IL-3 in all cases. Growth was observed also
in the presence of 0418, indicating that it
was indeed the original cells which had be-

o~

__- L J -__~~~~______~L-~~~~Lno serum

CS AS

no serum

CS AS

Fig.3. Antibody inhibition. A mitogenic culture
supernatant was incubated for 2 h with antibody
and added to the cells. Cloned IL-3 (left) refers to
recombinant IL-3, obtained from Dr. J. F. Delamarter, Biogen, and serves as positive control. A3
Culture Sup (right) denotes one of the A3-derived
factor-independent lines. Mitogenic activity was
determined as described in the legend to Fig. 1.
CS, control antibody preparation; AS, anti-IL-3
preparation
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D. Discussion

Introducing v-H-ras into IL-3 dependent
PB-3c cells has allowed us to observe two
phenomena. The first one is an altered
growth behavior ofv-H-ras containing cells,
shown by a higher saturation density
(Fig. 1). This is explainable by the increased
response of these cells to limiting IL-3 concentration as shown in an IL-3 titration experiment (Fig. 2). As this effect on IL-3 utilization, observed immediately after selecting
the cells with G418, correlates with increased p21 levels in these cells (data not
shown) and is never found in cells selected
with neo in the absence ofv-H-ras (data not
shown), we conclude that this effect is the result of the viral p21 protein. It may be that
p21 acts as a G-like protein in association
with a receptor for IL-3. But it may also be
that v-H-p21 leads to an increase of number
or affinity of the IL-3 receptor, or to the production of low levels of endogenous IL-3 in
these cells which then could complement the
exogenously added growth factor.
When infected cells were inoculated into
syngeneic mice (Table 1), we observed tumor formation at the site of inoculation. It
appears that the inoculated cells are not oncogenic per se but become so after going
through at least one additional change. This
conclusion is based on the observation that
all tumors had become factor independent in
vivo and remainded so following over 6
months of in vitro CUlturing. As we never observed tumor formation following inoculation of unselected PB-3c cells, we conclude
that v-H-ras facilitates the transition from
low IL-3 requirement to factor indepen- i
dence and tumorigenicity. The frequency of
this transition is low, and differs amongst infected lines (compare tumor incidences in
Table 1). Thus, v-H-ras plays a dual role.
The early effect is direct, appears to operate
in most if not all cells selected, affects IL-3
utilization, and is in its nature a premalignant change. Secondly, it conditions the
cells, at some frequency, to proceed to a tumorigenic IL-3 independent phenotype.
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The nature of IL-3 independence was
found to be an autokrine mechanism involving a mitogenic factor (Table 2), antigenically related and possibly identical with IL-3
(Fig. 3). We wish to point out that this is the
first experimental system where IL-3 autoproduction is observed. IL-3 production is a
known property of T cells [11], and only
non-T-cell line producing this factor is
WEHI-3 where a retroviral LTR element
was found to be integrated at the 5' -end of
the IL-3 gene [12].
The system described in this paper, consisting of the IL-3 dependent PB-3c mastocytes
and their v-H-ras-induced progression from
factor dependence, relaxed dependence to
autokrine tumor growth represents a new
and promising model to explore the multistep nature of carcinogenesis and the particular role of the ras oncogene.
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Modification of Oncogenicity of Tumour Cells
by DNA-Mediated Gene Transfer
K. Hui and F. G. Grosveld

Major histocompatibility complex (MHC)
class I antigens (termed H-2K, D and L in
mice) are widely distributed on nearly all cell
types and play an indispensable role in immunoregulation: lysis of neoplastic cells by
cytotoxic T-Iymphocytes depends on the expression of class I antigens. Therefore, it is
of interest that certain tumours express decreased amounts of class I antigens. This
may allow the tumours to escape immune
surveillance in vivo.
The AKR leukaemia cell line K36, on
which the H-2Kk antigen cannot be detected, is resistant to T -cell lysis and grows
very easily in AKR mice. By expressing the

Institute of Molecular and Cell Biology, National
University of Singapore, Kent Ridge, Singapore
0511

H-2Kk antigen in this tumour line following
DNA-mediated gene transfer with a normal
cloned H-2K" gene, we demonstrated that
the H-2Kk-positive transformed clones are
rejected by AKR mice in vivo [1]. This is
probably due to H-2K k-restricted killing by
cytotoxic T cells of the K36 tumour cells.
However, since many tumour cells express
MHC class I antigens, the lack of MHC-restricted cytotoxic T cells cannot be the sole
explanation for the failure of hosts to abrogate tumour growth.
It has been reported that non-self class I
antigens can be recognized as distinct targets
by cytotoxic cells (allorecognition). We investigated in the work upon which this report is based the possibility of increasing the
immunogenicity of tumour cells by expressing alloantigen on their cell surfaces following DNA-mediated gene transfer. We intro-

Table 1. Radioimmunoassay and tumour inducibility in AKR mice of H-2K b-transfected K36 cells

Cell lines·

Number of mice without tumour
Radiobinding with
anti-H-2K b monoclonal
Secondary challenge b
Primary induction a
antibody
125
(net 1
cpm)

K36
K b -K36-2
K b -K36-4
K b -K36-6
K b -K36-12
K b -K36-13
K b -K36-20

o
360
446
386
420
460
58

0/ 5
10/10
10/10
10/10

0/10
7/10
6/10

3/ 3

2/ 3

2/ 2
10/10

0/ 2
5/10

5 X 10 5 live K36 or K b-K36-transformed clones were injected subcutaneously into AKR mice, and
the number of mice without tumours was scored at the end of four weeks.
b
b Mice surviving after the primary challenge with the various K -K36-transformed clones were
subsequently injected with 5 x 105 live K36 cells.

a
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Tumor
antigen
Cryptic
determinant

DNA -mediated
gene transfer

H-2

"Novel"
determinant

Fig. 1. Physical rearrangement of cell surface
determinants

duced the H-2K!' gene into K36 tumour cells
(H-2k) by DNA-mediated gene transfer.
Transformed K36 clones which express a
good level ofthe H-2Kb antigen are rejected
(Table 1) by AKR (H-2k) mice. It is also in-
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teresting to find that AKR mice immunized
with some of these H-2K b-transformed K36
clones are able to reject the original K36 tumour cells (Table 1). The induction of secondary immunity appears to be independent
of the level of H-2Kb antigens expressed on
these transformed clones (Table 1).
I t is likely that during the process of
DNA-mediated gene transfer with the H2K!' cloned gene, some form of physical rearrangement of the cell membrane occurred
and previously "cryptic (silent)" antigenic
determinant(s) are exposed (Fig. 1). These
previously weakly expressed antigenic determinant(s) are, in tum, being recognized and
appear to be responsible for the secondary
rejection of the original K36 tumour cells.
The molecular and cellular mechanisms involved in the rejection of these transformed
cells are now being studied.
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A Human Leukemic T-Cell Line Bears an Abnormal
and Overexpressed c-myc Gene:
Molecular and Functional Characterization of the Rearrangement *
D. Aghib 1, S. Ottolenghi 1, A. Guerrasio 2, A. Serra 2, C. Barletta 2,
R. Dalla Favera 2, M. Rocchi 3, G. Saglio 2, and F. Gavosto 2

Activation of the c-myc oncogene has been
implicated in the pathogenesis of T-cell malignancies in species other than man [1-3]. In
order to establish a possible involvement of
this oncogene in human T-cell neoplasias,
we investigated the c-myc structure in several primary T-cell tumors as well as in severalleukemic T-cell lines. The Hut 78 line,
derived from a Sezary syndrome patient,
was found to have a c-myc rearrangement
beginning immediately 3' to c-myc exon 3 [4].
The abnormal c-myc also appears to be
duplicated compared to the normal allele.
Chromosome analysis reveals that trisomy is
the only cytogenetic anomaly involving
chromosome 8, suggesting that the duplicated chromosome is the one carrying the
abnormal c-myc and ruling out a Burkitt's
type translocation event. This was also excluded by Southern blotting analysis, which
showed a germ-line configuration of the
heavy and light chain immunoglobulin
genes. Similarly the involvement of the Tcell receptor rx and f3 chain genes has been excluded. Compared to other human leukemic
T-cell lines, the Hut 78 cells express a high

* This work was supported by CNR-Rome "P.F.
Oncologia" and by AIRC; A.D. is recipient of an
AIRC fellowship
1 Dipartimento di Genetica e di Biologia dei Microrganismi e Centro di Studio per la Patologia
Cellulare del CNR, University of Milan; Dipartimento di Scienze Biomediche e di Oncologia
Umana, University of Turin
2 Department of Pathology and Kaplan Cancer
Center New York University, School of Medicine,
New York
3 Ospedale Gaslini, Genova

amount of c-myc transcript, suggesting that
the 3' c-myc abnormality may cause a deregulation of the expression of the gene. The
transmission of this c-myc anomaly through
multiple cell passages and its duplication
imply a possible relationship either with the
leukemic process involving the Hut 78 cells
or the maintenance of the abnormal phenotype in culture. In order to better characterize this c-myc anomaly, we have cloned in
the 788 phage arms a genomic 13.8 kb Hind
III fragment derived from the Hut 78 DNA,
containing the entire c-myc gene and 4.5 kb
ofthe 3' rearranged sequences. The latter are
rich in human repetitive sequences, but a
1 kb EcoRI-Xba I fragment, useful as a
probe, has been isolated.
By hybridization of this probe to a panel
of human-hamster cell hybrids, the rearranged sequences may be located to either
chromosome 2 or 8, while in situ hybridization confirms only the latter assignment.
These data are compatible with the rearrangement in the Hut 78 cells being the
product of either deletion of sequences 3' to
the c-myc or an inversion linking originally
distant sequences to c-myc. By genomic
mapping of normal DNA, a 19 kb Sac! fragment and a 16 kb BamHI, segments have
been identified as the most useful to explore
the structure of large DNA regions extending at both sides of this probe and, on this
basis, we have investigated the possibility of
rearrangements of this area in other T-cell
leukemias and hematologic malignancies.
Preliminary results show that two T -cell leukemias present abnormal Sac!, but not
BamHI fragments. Therefore, these data
suggest that both cases bear rearrangements
263

having breakpoint positions similar to that
present in the Hut 78 cell line.
Other 3' c-myc rearrangements in T-cell
leukemias showing a t(8;14) translocation
have been recently reported [5, 6]. In these
cases a rearrangement with the genes coding
for the TCR (J. chain has been demonstrated.
Our study shows that a subset of T -cell leukemias may carry different c-myc abnormalities, arising from cytogenetically undetectable rearrangements within chromosome 8.

3.

4.

5.
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Association of the Heme-Controlled elF -2a Kinase
with Spectrin-Derived Peptides
O. Kramer, W. Kudlicki, S. Fullilove, and B. Hardesty

Translational control of mammalian protein
synthesis frequently occurs at the level of
peptide initiation. One control system in
particular has been intensively studied during the last decade. It involves phosphorylation and dephosphorylation of the smallest
subunit (ae-subunit) of initiation factor 2,
eIF-2. Two different substrate-specific protein kinases are recognized that can carry
out this phosphorylation and thereby cause
inhibition of protein synthesis. Both occur in
inactive form in mammalian cells [1, 2]. One
of the kinases is induced by interferon and
activated by double-stranded RNA. The
other is activated under conditions of heme
deficiency and is known as the heme-controlled repressor (HCR) kinase. Our attention has been focused on the mechanism by
which the latter enzyme is activated and regulated in rabbit reticulocytes and extracts of
these cells. Although details of the mechanism are not known, we have evidence that
spectrin and pep tides derived from it by proteolysis are involved in its regulation [3].
Highly purified preparations of the kinase
contain a prominent peptide of Mr 90000, a
phosphopeptide of Mr 100000, and minor
peptides of higher molecular weight. The Mr
90000 peptide was shown to react with
monoclonal antibodies against spectrin,
thus indicating that these pep tides are structurally related. Other results led to the hyClayton Foundation Biochemical Institute, Department of Chemistry, The University of Texas
at Austin, Austin, Texas 78712, USA
* This research was supported in part by National
Institutes of Health Grant CA16608 to B. Hardesty.

pothesis that the Mr 90000 peptide is derived
from the C-terminal end of {J-spectrin by
proteolysis [3]. Here we describe experiments extending our studies on the relationship of the Mr 90000 peptide to spectrin and
the modulation of the HCR kinase activity
by this peptide.
Monoclonal antibodies were raised
against the highly purified Mr 90000 peptide. This peptide was separated from HCR
activity and obtained in apparently homogeneous form by polyacrylamide gel electrophoresis run under nondenaturing conditions. The preparation had no HCR kinase
activity. The purified peptide was injected
directly into the spleen of a Balb/c mouse.
After 4 days, the spleen was excised and the
spleen cells were fused with myeloma cells.
The resulting hybridomas were grown and
assayed in an enzyme-linked immunosorbent assay (ELISA) [4]. Positive hybridomas
were cloned; individual clones were grown
and eventually used to produce ascites. Antibodies (lgM class for those used here) were
partially purified by ammonium sulfate precipitation followed by chromatography on
Sephacryl S300.
In Fig. 1, the antibodies raised against the
Mr 90000 peptide are characterized. Peptides from an elF-2ae kinase preparation
were separated on a denaturing polyacrylamide gel. Part of the gel was stained
(Fig. 1 A, track 1). The other part was used
for electrophoretic transfer of the pep tides
onto nitrocellulose which was then probed
with the antibodies (Fig. 1 B). Subsequently,
an antimouse second antibody linked to
peroxidase was added. The reaction of the
monoclonal antibodies with specific pep265

A

B
-a
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90K-

2 3

2 3

Fig. 1 A, B. Reaction of monoclonal antibodies
with pep tides of the eIF-2a kinase preparation
and spectrin. Highly purified eIF-2a kinase (track
1), the isolated Mr 90000 peptide (track 2), and
spectrin (track 3) isolated from rabbit erythrocytes according to Ungewickell and Gratzer [5]
were electrophoresed on 15% (tracks 1 and 2) or
7 Y2 % (track 3) polyacrylamide gels in sodium dodecylsulfate. A The separated peptides stained
with silver (track 1) or Coomassie Blue (tracks 2
and 3). B Peptides stained with Biorad horseradish peroxidase substrate after the ELISA [4], using
the monoclonal antibodies raised against the Mr
90000 peptide

tides was visualized by applying a colored
substrate for the peroxidase [3, 4], with the
results shown in track 1. The Mr 90000 peptide was visible after this ELISA procedure.
For comparison, the purified Mr 90000 peptide (track 2) and spectrin (track 3) were
used as the antigen. There is evidence in the
literature that monoclonal antibodies recognize both subunits of spectrin [6], and
homology between both subunits has been
demonstrated [7]. No reaction is seen when
either the first or the second antibody is
omitted, or when regulin [4] is substituted
for spectrin. The data presented in Fig. 1
thus provide further evidence that the Mr
90000 peptide of the elF-2ex kinase is related
to spectrin. Interestingly, the same antibodies described above also recognize the
prominent Mr 120000 peptide found in a
highly purified elF-2ex phosphatase fraction.
This peptide has been detected by monoclonal antispectrin antibodies (Hardesty et aI.,
this volume).
The monoclonal antibodies against the
Mr 90000 peptide characterized in Fig. 1 affect the activity of the elF-2ex kinase, thus indicating a regulatory function of the spectrin-derived peptide. Phosphorylation of
elF-2ex is analyzed by polyacrylamide gel
electrophoresis in sodium dodecylsulfate.
An autoradiogram is prepared from the
dried gel, the part of the gel containing the
stained ex-subunit is then cut, and its radioac-
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Fig. 2. Monoclonal antibodies against the Mr
90000 peptide stimulate eIF-2a kinase activity.
The enzyme (cf. 3; about 0.2 Ilg of protein) was
preincubated with the indicated amount of the
anti-Mr 90000 antibodies for 30 min on ice before
the phosphorylation reaction was carried out in
the presence of about 5 Ilg eIF-2 and 0.1 mM
[y- 32 P]ATP (about 2 Cijmol). The reaction mixtures were analyzed on 15% polyacrylamide gels
in sodium dodecylsulfate. The gel was stained
with Coomassie Blue and an autoradiogram was
prepared. The part of the gel corresponding to
eIF-2a was then cut and its radioactivity determined by scintillation counting. The results from
the incubations in the absence or presence of the
antibodies are given. The insert represents the autoradiogram

tivity determined. Results thus obtained
from the experiment with monoclonal antibodies are presented in Fig. 2. Preincubation
of the eIF-2rx kinase preparation with the
anti-Mr 90000 peptide antibodies causes an
increase in enzyme activity. No such increase
is seen when nonimmune mouse IgG or
monoclonal antiregulin antibodies [4] are
used (data not shown). These results appear
to indicate that the HeR kinase is associated
with a peptide derived from the p-subunit of
spectrin which plays an important role in
regulation of its enzymatic activity. Further
implications of these findings are discussed
in the chapter by Hardesty et al. in this volume.
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Involvement of the Membrane Skeleton in the Regulation
of the cAMP-Independent Protein Kinase
and a Protein Phosphatase that Control Protein Synthesis
B. Hardesty, W. Kudlicki, S.-Ch. Chen, S. Fullilove, and G. Kramer

A. Introduction

The ultimate targets of transformational
changes in cells are the sites in the nucleus
and cytoplasm that affect transcriptional
and translational control of protein synthesis. Products of a number of oncogenes appear to be analogues of proteins involved in
the steps of transmembrane signalling (hormones or growth factors, receptors, G-type
regulatory proteins, and tyrosine kinases),
and some insight into the specific mechanism is emerging (for review see [1]). However, little is known of the mechanism by
which a signal is transmitted from the inner
surface of the plasma membrane to specific
targets in the nucleus and cytoplasm. In at
least some cases, changes in the activity of
specific cyclic adenosine monophosphate
(cAMP)-independent protein kinases and
possibly phosphoprotein phosphatases appear to be involved. The counterpoised activities of these enzymes determine the phosphorylation level of their protein substrates.
Eukaryotic peptide initiation factor 2
(eIF-2) can be phosphorylated in its smallest
subunit - a-subunit - by either of two different substrate-specific, cAMP-independent
kinases (for review see [2, 3]). This phosphorylation blocks the release of guanosine

Clayton Foundation Biochemical Institute, Department of Chemistry, The University of Texas
at Austin, Austin, Texas 78712, USA
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diphosphate (GDP) from eIF-2 by the GDP
exchange factor [4, 5] and thereby prevents
eIF-2 from functioning in peptide initiation.
One kinase is induced by interferon and is
activated by double-stranded RNA. It also
appears to be involved in adenovirus-mediated control of host cell protein synthesis [6].
The other kinase is activated in reticulocytes
under conditions of heme deficiency and is
known as the heme-controlled repressor
(HCR) (cf. [2, 3]). An eIF-2a kinase activated during heat shock of HeLa cells [7]
was shown to be inhibited by antibodies
against reticulocyte HCR [8]. Both kinases
appear to phosphorylate the same serine residue(s) [9] in the N-terminal segment of eIF2a [10,11]. Here we describe the effect of the
p-subunit of spectrin and peptides derived
from it on the activity of the HeR protein
kinase and protein phosphatase from rabbit
reticulocytes that phosphorylate and dephosphorylate eIF-2a.
The isolation and characterization of
these enzymes have proven to be particularly
difficult. Both enzymes appear to be physically heterogeneous in size and may exist in
inactive form in fresh cell extracts. Problems
arise in the accurate quantitation of the enzymes (active and inactive forms) that are
present in different cell fractions, particularly those containing membranes and the
membrane skeleton. Although the details remain unclear, some insight into the basis for
the physical heterogeneity and mechanism
by which the enzymes are regulated is beginning to emerge.

B. HeR Kinase

Although heterogeneous, as judged by polyacrylamide gel electrophoresis in sodium dodecyl sulfate (SDS), our highly purified
preparations of the kinase (purified > 5000fold on the basis of activity) contain a prominent Mr 90000 peptide (cf. Fig. 1) that
does not have enzymatic activity by itself
[12, 13]. Repeated attempts to isolate monoclonal hybridomas that would produce antibodies against the kinase resulted in antibodies that recognized this Mr 90000 peptide [13]. As shown in Fig. 1, these antibodies

SPECTRIN
KINASE

PHOSPHATASE

(7.5%9·1)

12 0 K - - '"'-

'.

901'(

-a(240K)
- P(220K)

Fig. I. Monoclonal antispectrin antibodies recognize both the Mr 90000 peptide of the eIF-2a kinase and the Mr 120000 peptide of the phosphoprotein phosphatase. Highly purified eIF-2a kinase or phosphatase was electrophoresed on 15 %
polyacrylamide gels in SDS. Part of the gel was
stained with silver (lCN Rapid Ag Stain), the
other part being electrophoretically transferred
onto nitrocellulose which was then probed with
the monoclonal antispectrin antibodies in an enzyme-linked immunosorbent assay (ELISA) (cf
[14]). The antibodies used were of the IgM class
and had been purified from ascites fluid by 0%50% ammonium sulfate precipitation followed by
chromatography on Sephacryl S300. Spectrin,
isolated from rabbit erythrocytes according to
[15], is shown for comparison. The spectrin subunits were separated on a 7 Yz % polyacrylamide
gel in SDS and then treated as described above,
except that the first track is from a Coomassiestained gel. 90K, 120K, 220K, and 240K denote
the respective peptides of that size

also react with spectrin, the major protein
component of the erythroid membrane skeleton. Without exception, of the considerable
number of monoclonal antibody isolates we
have tested, all those that recognize the Mr
90000 peptide also recognize [J-spectrin (Mr
220000). Most of the monoclonal antibodies
also recognize the Mr 240000 a-subunit of
spectrin, as shown in Fig. 1. There is considerable sequence homology between the two
spectrin subunits [16].
Similarity between the Mr 90000 peptide
and [J-spectrin is also indicated by phosphorylation with two protein kinases. The [Jsubunit of spectrin contains one threonine
and three serine residues within a Mr 10000
region at the C-terminal end that can be
phosphorylated [17]. In vitro, the catalytic
subunit of the cAMP-dependent protein
kinase and the cAMP-independent casein
kinase II phosphorylate the [J-subunit of
spectrin. Both of these protein kinases also
phosphorylate the Mr 90000 peptide [13].
Furthermore, a phosphorylated Mr 90000
peptide can be derived in vitro by proteolysis
from phosphorylated [J-spectrin [13]. Considered together, these results indicate that
the Mr 90000 peptide is structurally related
to a segment at the C-terminal end of [J-spectrin and probably derived from it by proteolysis.
At the stage of purification of the kinase
used for Fig. 1, the Mr 90000 peptide is the
most abundant component in the preparation. However, traces of other spectrin peptides are present, and we have isolated fractions with high HCR kinase activity in which
the most abundant component is one of several higher molecular weight spectrin fragments. Some of these fractions contain no
Mr 90000 peptide. [J-spectrin itself and the
Mr 90000 fragment have been isolated and
have no detectable kinase or phosphatase
activity. The catalytic subunit of the kinase
appears to be a Mr 95000 peptide that is associated with the spectrin fragments. Attempts to isolate active kinase free of all
spectrin peptides have not been successful.
The enzymatic activity of the HeR kinase
is markedly increased either by the antispectrin monoclonal antibodies that recognize
the Mr 90000 peptide or by the Mr 90000
peptide itself, [J-spectrin, and some of the
spectrin peptides of intermediate size. The
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Fig.2a,b. Stimulation of HCR e1F-21X kinase activity by antispectrin monoclonal antibodies or by
P-spectrin and Mr 90000 peptide. About 0.2 J.1g of
protein from the HeR kinase preparation was incubated with 5 J.lg of purified e1F-2 and 0.1 mM
[y 32 P] adenosine triphosphate (2 Ci/mmol) under
the conditions previously described [13]. The
samples were electrophoresed in SDS on 15%
polyacrylamide gels; the eIF-21X band was then excised and its radioactivity determined by liquid
scintillation counting. a The HCR kinase preparation was preincubated for 30 min on ice with the
indicated amount of the antispectrin monoclonal

antibodies utilized for Fig. 1 or antiregulin monoclonal antibodies [14] used as a control. b The indicated amount of either the Mr 90000 peptide or
p-spectrin purified according to [19] was added to
the phosphorylation reaction mixture. The results
of adding p-spectrin to the reaction mixture are
also depicted in the inset, which shows an autoradiogram of the SDS polyacrylamide gel before excision and counting of the IX-peptide band. Note
the large increase in e1F-21X phosphorylation, with
little or no effect on the phosphorylation of elF2P or the Mr 100000 phosphopeptide of the HCR
kinase preparation

effect on eIF-2a phosphorylation ofthe antibodies used for Fig. 1 is shown in Fig. 2 a.
The effect of the Mr 90000 peptide and pspectrin on enzymatic activity is shown in
Fig. 2 b. The level of eIF-2a phosphorylation
was determined by excising and counting the
(X-subunit from SDS polyacrylamide gels.
The inset in Fig. 2 b shows an autoradiogram
of such a gel. The mechanism by which kinase activity is increased is not clear.

C. Phosphoprotein Phosphatase
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A Mn 2 + -dependent protein phosphatase
with high activity for dephosphorylation of
eIF-2a was isolated from rabbit reticulocytes as part of our effort to characterize the
components responsible for translational
regulation of protein synthesis. The enzyme
has many of the physical characteristics that
are described above for the HeR kinase, ex-

line 1 were those used for the data in Figs. 1
and 2. Monoclonal antibodies against regulin, a protein with physical properties somewhat similar to those of spectrin [14], have
no effect on this protein phosphatase.
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Fig.3. Inhibition of protein phosphatase activity
by antispectrin monoclonal antibodies. The phosphatase preparation (0.1 Jlg of protein) was incubated with [3 2 P]eIF-2(oc-P) (about 46 pmol of
32
[ PJphosphate, 1 Ci/mmol). The dephosphorylation reaction was carried out in the presence of
0.25 mM Mn2+ and released phosphate determined as described previously [18]. 100 percent of
enzyme activity equals the release of 5.0 pmol of
32
[ P]phosphate from the substrate in a 10-min dephosphorylation reaction. The enzyme preparation was preincubated for 1 h on ice with the indicated amount of monoclonal antibodies from
three hybridoma lines. Line 1 is that used in Fig. 1.
Line 2 is the monoclonal hybrid om a isolate described by Kramer et aI., this volume. Antiregulin
monoclonal antibodies [14] were used as a control

cept that the most abundant component of
highly purified preparations is a Mr 120000
peptide (Fig. 1). Minor peptides of lower
molecular weight are visible in the silverstained track. Most monoclonal antibody
isolates that react with fJ-spectrin and the Mr
90000 peptide of the HCR kinase preparation also recognize the Mr 120000 peptide,
as exemplified in Fig. 1. However, in contrast to their effect on the HCR kinase, some
of these monoclonal antibody isolates inhibit the enzymatic activity of the phosphatase, as indicated by the data in Fig. 3.
Monoclonal antibodies from hybridoma

The results described above indicate that
both the HeR kinase and the phosphoprotein phosphatase interact with p-spectrin
and peptides probably derived by proteolysis from its C-terminal region. The enzymatic activity of the kinase is increased by
the interaction, whereas the activity of the
phosphatase is decreased. Intact (oe, Ph spectrin has no effect on the enzymatic activity of
either the phosphatase or the kinase. It appears that proteolytic generation of the pspectrin peptides in vivo would increase elF20e phosphorylation and reduce protein synthesis. The p-subunit itself has been shown
to be a potent inhibitor of protein synthesis
in the reticulocyte lysate system [19]. Association with p-spectrin and peptides derived
from it appears to account for some of the
physical properties of both the HeR kinase
and the phosphoprotein phosphatase. In
purified preparations both appear to be
highly elongated structures, apparently reflecting their association with the spectrin
peptides. In both cases the axial ratio was
calculated from the Stokes' radius, measured by gel filtration chromatography, and
from the sedimentation coefficient, measured by glycerol gradient centrifugation.
Spectrin [20, 21] is an unusually proteasesensitive 200 nm rod. The oe- and p- subunits
are aligned side to side to form heterodimers
which associate head to head to form a tetrameric structure that is the major component of the two-dimensional network which
is the membrane skeleton of mammalian
erythrocytes. It is characteristic of erythroid
cells; however, proteins with extensive structural homology to the p-subunit of spectrin
occur in nonerythroid cells [22, 23]. Brain
tissue contains an oe, fJ-dimer [24] that appears to be structurally related to erythroid
spectrin.
There is some indication that the C-terminal portion of the p-spectrin subunit may be
related to certain other Mr 90000 peptides
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found to be a component of steroid [25, 26]
and glucocorticoid [27, 28] receptors, of the
pp60src complex [29] and the Mr 8400090000 heat shock protein [30]. We have observed that monoclonal antibodies (obtained from Dr. David Toft, Mayo Clinic,
Rocheser, Minnesota [26]) which recognize
the Mr 90000 peptide of the progesterone receptor also recognize the fJ-subunit of spectrin (unpublished data). Toft and coworkers
have demonstrated cross-reactivity of the
progesterone-receptor-associated Mr 90000
peptide and the peptide of the same size that
can form a cytosolic complex with pp60src
[31]. Also, the steroid receptor Mr 90000
peptide and a heat shock protein (Mr 90000)
were shown to be very similar, if not identical, by peptide mapping [32].
The effects of heat shock and stress on
protein synthesis in mammalian cells have
been studied intensively. Heat shock causes
a dramatic shut-off of protein synthesis followed by accumulation of several characteristic heat shock proteins, including the Mr
90000 peptide. The heat shock response has
been attributed to an effect on the cytoskeleton [33, 34]. Alterations in the cytoskeleton
organization that lead to release of fJ-spectrin or peptides derived from it may be involved in the inhibition of protein synthesis
caused by heat shock. Several recent reports
indicate that some oncogenes may affect the
cytoskeleton. Aberrant cytoskeletal organization was observed in B-cell leukemia and
hairy-cell leukemia [35]. The v-fgr oncogene
of the Gardner-Rasheed strain of feline sarcoma virus encodes a 128-amino acid peptide from y-actin [36], and the one D gene
from human colon carcinoma appears to
code for a protein with a 221-amino acid sequence from nonmuscle tropomyosin [37].
Acknowledgments. This work was supported in
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National Cancer Institute, National Institutes of
Health.
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Lineage Determination During Haemopoiesis
G. Brown 1, C.M. Bunce!, J.M. Lord 1, P.E. Rose 2, and A.J. Howie 3

"How do cells differentiate into one type or
another? is one of the most fundamental
questions in cell biology and is also pertinent
to the problem of cell transformation, which
may often involve progenitor cells [1] and
derangement of developmental processes.
Commitment of haemopoietic progenitor
cells to differentiation along at least five distinct pathways during haemopoiesis continues throughout life, and the haemopoietic
system provides an ideal model for studying
the above problem. At present, it is not clear
whether the haemopoietic stem cell can
transform directly into a cell committed to
differentiation along anyone of five succeeding lines or whether this cell undergoes
a series of binary decision-making steps
throughout various cell cycles.
In a new model for the development of
haemopoietic progenitor cells we have suggested that potentials for development along
a pathway of differentiation are expressed
individually, consecutively and in a particular order determined within the genome [2].
The model considers the fate of a haemopoietic stem cell which is induced to differentiate and gives rise to a cell(s) committed
to decision-making that has lost its selfmaintaining capacity. In the model, the
committed progenitor cell first acquires a capacity for, and is then restricted to, megakaryocyte differentiation. As this cell divides
1 Department of Immunology, University of Birmingham, Birmingham B15 2TJ, England
2 Pathology Laboratory, Warwick CV34 5BJ,
England
3 Department of Pathology, University of Birmingham, Birmingham B15 2TJ, England
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it gives rise to cells able to develop towards
megakaryocytes and to progress to the next
stage of commitment to erythroid differentiation. This division process(es) may generate a cell(s) which is channelled towards
megakaryopoiesis and a cell(s) which progresses to the next stage of commitment. Alternatively, progeny able to respond to inducers of megakaryopoiesis which fail to receive a signal for differentiation towards
megakaryocytes progress to the next stage in
the sequence of commitment during progenitor cell development. In this case, as the
progenitor cell ages it loses the ability to respond to inducers of megakaryopoiesis as
the potential for erythropoiesis is expressed.
Subsequently and as above, in a genetically
predetermined order, the potentials to respond to inducers of neutrophil, monocyte,
B-cell and T-cell differentiation are expressed.
The notion that lineage potentials may be
se,"!uentially determined during haemopoiesis arises from studies of variant lines derived from the promyeloid cell line HL60 [2].
The variant cell lines were selected in medium containing 1.25% DMSO, which gives
optimal induction of neutrophil differentiation within HL60 cultures. When cultured
in 1.5%-2.0% DMSO, the lines show a variable capacity for differentiation induction
into neutrophils. In contrast, when treated
with inducers of monocyte differentiation,
such as 12-0-tetradecanoylphorbol-13-acetate (TPA), the lines either differentiate like
HL60 cells or fail to respond to a wide range
of concentrations (4-50 nM TPA) of inducers of monocyte differentiation [2]. The
variant lines are assumed to reflect the inher-
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Fig. 1. Positions of variant cell
lines derived from HL60 within a
proposed developmental sequence.
They are arranged in sequence as
regards their responsiveness to inducer of neutrophil and monocyte
differentiation and as to whether
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ent heterogeneous responsiveness of HL60
cells to inducers of neutrophil and monocyte
differentiation. As shown in Fig.1, these
data, together with analyses of surface
antigen expression [2], suggest that the variant lines typify a developmental progression
within HL60 cultures. During this process
cells first acquire a capacity to be induced to
differentiate terminally to neutrophils, as reflected by the concentrations of DMSO and
other inducers required to induce differentiation. Subsequently, as this capacity for neutrophil differentiation is lost, cells acquire
responsiveness to inducers of monocyte differentiation. Thus, variant lines unable to
differentiate towards monocytes typify cells
which have not yet undergone the differentiation step necessary to acquire the ability to
respond to inducers of monocyte differentiation.
The hypothesis that sequential determination is not restricted only to granulocyte/
macrophage commitment, but also applies
to commitment to megakaryocyte, erythrocyte and neutrophil differentiation arises
from consideration of the mature cell types
produced in soft agar cultures by progenitor
cells restricted to two differentiation pathways. Megakaryocyte/erythroid and erythroid/neutrophil progenitor cells, described
in cultures of human and murine bone marrow cells [3], suggest close relationships between these lineages. Similarly, in the myelo-

Ast25
17-6

Ast1

dysplastic and myeloproliferative disorders,
the combinations of megakaryocyte and erythroid, erythroid and granulocytic, megakarycytic, erythroid and granulocytic dysplastic or proliferating cells argue in favour
of an ordered, close relationship between
progenitor cells during their development
[4]. A close relationship between the potentials for macrophage and B-cell differentiation is revealed by experiments in which
macrophage-like sublines were isolated from
cultures of the murine pre-B lymphoma
ABLS8.1 after treatment with 5-azacytidine
[5]. These experiments can be interpreted in
a manner similar to the HL60 studies [2].
The close relationship between Band T progenitor cells is inferred from the findings
that immunoglobulin heavy chain and T-cell
receptor genes are partially rearranged in Tand pre-B-cell leukaemias respectively [6].
Commitment to T-cell differentiation is
placed last in the developmental sequence.
Interestingly, chronic T-cell malignancies
such as mycosis fungoides and Sezary's syndrome never terminate in anything other
than a proliferative T-cell malignancy. Furthermore, pre-B blast crises in patients with
chronic granulocytic leukaemia can be
readily explained by the proposed maturation sequence of progenitor cells.
The model, if valid, has important genetic
implications. Since DNA is duplicated semiconservatively, sequential determination of
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lineage potentials during haemopoiesis
would allow the older of the two DNA
strands to be retained by cells which progress through the various stages of lineage
commitment [7]. The newly synthesised
strand, together with any errors occurring
during DNA replication, is collected by the
daughter progenitor cells, which differentiates along a pre-determined pathway. This
process lowers the risk of spontaneous mutation occurring in the progenitor cell population [7]. Most stem cells reside in an "outof-cycle" Go state [1], and Lajtha has proposed that this is a period when cells undertake "slow DNA repair" processes so as to
correct errors in the genome [1]. The previous considerations reduce the requirement
for DNA screening in order to maintain the
integrity of the genome. Thus, if Go is not
essential for "genetic housekeeping" [1] this
poses the problem of what happens during
Go? In describing the model for progenitor
cell development we proposed that during
sequential determination cells rearrange
genes pre-requisite for differentiation towards a particular cell type [2]. This process
of DNA rearrangement may be pertinent to
the Go state, and inappropriate gene recombination events provide an explanation for
malignancy. The majority of stem cells and
lymphocytes which rearrange genes with respect to receptor diversity reside in Go, and
they represent "target" cells for most if not
all haemopoietic malignancies [1].
Of particular interest is whether the proposed sequence of lineage commitment
parallels the pattern of recovery of bone
marrow cells following damage. Early in
vivo studies of bone marrow recovery in irradiated guinea-pigs ,~howed that the marrow first contained megakaryocytes; this
was followed by a wave of erythropoiesis
and subsequent recovery of neutrophils [8].
These data support the model proposed.
However, the circumstances in which marrow damage is induced, to what extent various progenitor cell populations are affected,
and species differences may considerably affect the pattern of recovery seen. In studies
of marrow recovery in rats following X-irradiation and sublethal doses of alkylating
agents there was no suggestion of sequential
recovery of lineages [9]. The sequential determination model does not necessarily pre276

dict a parallel sequential recovery or ontogeny of bone marrow cells. The minimal
number of six cell cycles could generate cells
with each potential for differentiation, and
the relative growth rate kinetics of the various cell lineages have to be taken into account. Nevertheless, the work of Frindel and
Vendrely [10] supports the sequential expression of potentials for erythropoiesis and
granulopoiesis. Bone marrow from Ara-C
treated mice was used to reconstitute irradiated recipients, and Frindel and Vendrely
observed an increased number of erythroid
colonies in the spleen, and found that erythroid colonies contained an increased
number of granulocyte/macrophage colony
forming cells (GM-CFC) when assayed in
vitro. They suggested that "the CFU-S is
channelled towards erythropoiesis for several generations. After a certain number of
cell divisions, the instruction' to differentiate
towards erythropoiesis is lost and CFU-S
differentiate in a normal stochastic manner.
When the recipient mice were killed 9 or 10
days after marrow injection GM-CFC had
not yet matured and were capable of giving
rise to in vitro colonies."
If a sequential process of stem cell commitment is conservatively followed, the steps
in the sequence would have been grafted on
in the order in which the cells appear in phylogeny. Macrophage function (phagocytosis) is a primordial defense mechanism lymphocytes evolved later, and the coagulation function of platelets may have originated prior to phagocytosis as a mechanism
of defense. This pattern of evolution of immune functions can be equated with the proposed sequence. Similarly, it is conceivable
that T-lymphocytes evolved later to assist B
cells in their function and as a feedback control mechanism for driving and limiting the
process of progenitor cell maturation [2].
Resolution of the problem of whether the
haemopoietic stem cell is pluripotent in a
strict sense is essential to our understanding
of regulation of haemopoiesis and the origin
and progression of malignant disease. Studies of the potentiality of progenitor cells in
vivo or grown in soft agar investigate the
outcome after several cell divisions, and
therefore do not reveal the mechanism of
differentiation processes. An approach to
this problem is suggested by studies of vari-

ant HL60 cell lines. The lines, arranged in a
sequence of development, suggest that potentials for granulocyte and monocyte differentiation are sequentially expressed. If
this notion and the order of the variant cell
lines are correct, then near-neighbour comparison of proteins of each of the lines by 2D gel electrophoresis should verify the hypothesis. The model predicts that HL60
Ast 4 is similar to HL60 Ast 3 and less related to HL60 Ast 1 (see Fig. 1). This analysis should also identify proteins which are
developmentally regulated in relation to cell
commitment.
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Clinical Implications of Tumor Heterogeneity *
R. L. Schilsky 1

Clinical oncologists have long recognized
the great variability in the cellular morphology, natural history, and response to therapy of human tumors. Recent progress in
molecular biology, biological chemistry, immunology, and other disciplines has now
provided scientists with an array of new
technologies that has allowed the study of
neoplastic disease to go beyond morphologic and clinical description to examination
of the malignant state at the cellular and molecular level. The availability of monoclonal
antibodies, DNA hybridization techniques,
hormone receptor assays, human tumor
stem cell assays, and other methods now enables investigators to reveal, in greater detail
than ever before, the great phenotypic and
genotypic diversity present in most primary
and metastatic tumors. Much of the information obtained thus far has been largely
descriptive, cataloging the diversity in
karyotypes, immune phenotypes, metastatic
potential, drug sensitivity, and other cellular
characteristics that commonly occurs in tumors that are seemingly identical morphologically.
The origin of tumor heterogeneity is less
clearly understood, although the genetic instability inherent in the malignant state appears to be an important element in its generation and maintenance [1, 2]. Tumor het-

* Supported in part by a Junior Faculty Clinical
Fellowship from the American Cancer Society.
1 Associate Professor of Medicine and Associate
Director, Joint Section of Hematology-Oncology,
University of Chicago Pritzker School of
Medicine and Michael Reese Hospital and Medical Center, Chicago, IL 60616, USA
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erogeneity is a dynamic process, and
changes in the composition of a neoplasm
occur over a period of time in response to environmental selection pressures generated
within the tumor (e.g., competition for nutrients), by the host's immune defense or imposed by the treating oncologist [3-5]. Indeed, tumors may be viewed as continually
evolving within the host, with the treatmentresistant phenotype representing survival of
the "fittest" malignant cells. This process is
not random and uncontrolled, however, but
is regulated in some way by interactions
among the cellular subpopulations comprising the tumor such that rapid clonal diversification occurs under conditions of limited
cellular diversity, thus ensuring the continued survival of the tumor in the face of
varied therapeutic attempts.
Of considerable importance to clinical
oncologists is the fact that much of this heterogeneity may be generated prior to clinical
detection of the tumor. Even a 1-cm tumor
mass contains at least a billion tumor cells,
and the number of mitoses that a single cell
must undergo to reach this volume will depend upon both the rate of cell growth and
the rate of cell loss from the tumor mass.
With the potential for genetic mutation to
occur with each mitosis, it is not surprising
that phenotypic diversity commonly occurs
even in early-stage tumors.
An enormous challenge is thus presented
to clinical oncologists from the perspective
of assessing the "clinical relevance" of tumor heterogeneity and because of the need
to develop new treatment strategies able to
effectively eradicate mUltiple tumor subpopulations.

The clinical importance of identifying tumor subpopulations is directly related to the
impact such knowledge has on determining
prognosis and making management decisions. Among the large-cell non-Hodgkin
lymphomas, for example, histologic subtyping was initially reported to have a significant impact on treatment outcome and
prognosis [6]. Patients with the blastic and
pleomorphic pyroninophilic subtypes had a
significantly worse prognosis than patients
with the other histologic subtypes described.
However, with the development of more aggressive and effective chemotherapy treatment regimens, differences in outcome for
these histologic subtypes have disappeared
[7]. Similarly, the use of monoclonal antibodies for immune phenotyping of nonHodgkin's lymphomas has revealed a diversity not appreciated by standard morphologic analysis alone [8]. However, the therapeutic ramifications of detecting a particular
immune phenotype on lymphoma cells are
as yet unknown. Indeed, the overall effectiveness of combination chemotherapy in
the treatment of diffuse large-cell lymphomas suggests that recognition of a particular
immune phenotype in these diseases may not
provide information of any practical importance. In other malignancies, however, such
as childhood acute lymphoblastic leukemia
(ALL), immune phenotype may well be an
important determinant of prognosis and, to
some extent, therapy [9], although further
advances in ALL treatment are likely to
diminish the importance of this prognostic
factor as well. The clinical relevance of cellular heterogeneity to the prognosis and management of other tumors is presently unknown but can be assessed through well-designed clinical trials stratified prospectively
for phenotypic variables. Clearly, the importance of phenotypic heterogeneity for some
characteristics will diminish as therapy continues to improve.
The demonstration that tumor heterogeneity is a common phenomenon could easily
create an air of pessimism among clinical
oncologists. After all, it appears that tumors
are infinitely adaptable, possessing the ability to metastasize widely prior to clinical detection and rapidly evolve new antigenic
properties, hormone receptor levels, and
patterns of drug resistance. Tumors, it

seems, are always one step ahead of the
treating physician. The alternative view,
however, is that the recognition and understanding of tumor cell heterogeneity may in
fact provide the foundation upon which successful new treatment strategies can be developed. One area of recent progress, for example, is the development of a new in vitro
model for growing malignant cells as they
exist in vivo. Traditional in vitro models rely
on the growth of tumor cells in monolayer or
suspension culture, conditions which rarely,
if ever, re-create the growth of tumors in
vivo. By contrast, multicellular spheroids
approximate many characteristics of in vivo
tumor growth, including three-dimensional
intercellular contact, ranges in pH, oxygen
tension, nutrient levels, and the ability to be
grown in culture for weeks without trypsinization [10]. Yet spheroids can be grown
under carefully controlled environmental
conditions and may therefore provide a
unique in vitro model of tumor cell heterogeneity. Indeed, this model has already been
used successfully to explore the interactions
between drug-sensitive and drug-resistant
brain tumor cells [11]. Multicellular spheroids may well serve as a model of cellular
heterogeneity of potential utility in drug sensitivity testing and screening for new agents.
With such a system, new drugs could be selected for clinical trial on the basis of their
activity in a screening system that more
closely resembles tumor growth in vivo than
those systems currently in use. The human
tumor stem cell assay [12] and the development of drug-resistant human tumor cell
lines offer other advantages over the traditional drug-screening systems and are currently being evaluated as experimental systems that could be employed in a more rational approach to screening for potential new
cytotoxic agents.
While new drug development continues to
be an important area of research, other more
novel approaches to cancer treatment are
being pursued in an effort to circumvent the
problems created by tumor heterogeneity.
Activated macrophages, for example, have
been shown to selectively destroy tumor
cells, while leaving normal cells intact [13].
In vitro, these cells are able to recognize and
destroy many types of tumor cells, regardless of such cellular variables as metastatic
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potential and drug sensitivity. Lymphokineactivated killer (LAK) cells also exhibit the
desirable property of nonspecifically killing
tumor cells while leaving normal cells intact,
a fact which suggests that they recognize a
feature common to tumor cells that is not expressed by normal cells [14]. The possibility
thus exists that in vivo activation of tumoricidal macrophages or LAK cells may be a
useful therapeutic adjunct to conventional
cytotoxic therapy. Ongoing clinical trials of
LAK cells plus interleukin 2 may soon shed
some light on this question.
The use of monoclonal antibodies to deliver radioisotopes or cellular toxins directly
to the vicinity of a tumor mass may provide
a more efficient system for the application of
nonspecific cellular poisons in a tumor-specific way. The use of radioisotope antibody
conjugates is particularly attractive since the
energy emitted by the isotope may be sufficient to destroy those cells in the vicinity of
the conjugate, even though antigenic heterogeneity may prevent the binding of the
monoclonal antibody to each individual tumor cell.
Another novel approach to circumventing
the problem of tumor heterogeneity lies in
the use of agents capable of inducing tumor
cell differentiation to a more "benign" phenotype. It has been postulated that drugs
such as the polar solvents N, N-dimethylformamide and N-methylformamide could
induce tumor cell maturation, limit the continued generation of tumor subpopulations,
and thereby produce a more homogeneous
tumor more likely to be eradicated with conventional treatments [15]. Interestingly,
these agents have been shown to enhance the
cytotoxic effects of alkylating agents [16]
and ionizing radiation [17] in experimental
systems. Clinical trials are currently in progress, and the results are awaited with great
anticipation.
Though therapeutic approaches such as
those discussed above hold great promise for
the future, it is probable that conventional
cytotoxic chemotherapy will continue to
playa major role in cancer treatment. As
such, a better understanding of the mechanisms by which drug resistance develops will
enable the development of treatment stratagems to circumvent it. For some drugs, the
biochemical mechanisms of resistance are
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well understood, and this knowledge has
been applied to the development of drug
analogs able to circumvent the resistant
state. In the case of methotrexate (MTX),
cellular resistance can develop owing to impaired membrane transport, increased content of dihydrofolate reductase (DHFR), altered affinity of DHFR, or impaired polyglutamylation [18]. There now exist methotrexate analogs able to overcome most of
these potential mechanisms of resistance. Lipophilic diaminopyrimidine antifolates have
been developed that are cytotoxic to transport-deficient MTX-resistant cells [19]; 2amino-4-hydroxy-quinazoline
antifolates
have been synthesized that are able to inhibit
thymidylate ,synthase directly, independently of DHFR content [20]; and a new
trimethoxy quinazoline derivative ofMTXtrimetrexate - which does not undergo polyglutamylation and is not cross-resistant with
transport-deficient cells is currently undergoing clinical testing [21]. Thus, there now
exist MTX analogs capable of overcoming
essentially all known mechanisms of antifolate resistance. Combination chemotherapy
with multiple antifolates has been effective
in overcoming MTX resistance in vitro [22],
and it is tempting to speculate that clinical
chemotherapy with an antifolate combination might be effective as well. Indeed, recently reported studies in tumor-bearing
animals indicate that the sequential use of
MTX followed by trimetrexate is more effective than treatment with optimal doses of either drug alone [23].
Another strategy to overcome drug resistance that has received widespread attention
is the use of calcium channel blockers and
calmodulin inhibitors to enhance cellular
sensitivity to anthracyclines, vinca alkaloids,
and other drugs. Verapamil [24], trifluoperazine [25], and related drugs can successfully overcome doxorubicin resistance both
in model systems and in drug-resistant human tumor cells [26]. Clinical studies are
currently in progress to determine whether
these drugs can be successfully used to circumvent resistance in patients with refractory tumors.
Understanding the heterogeneous nature
of the malignant state serves only to emphasize the importance of one of the long-standing rubrics of the fight against cancer - early

detection. Indeed, early detection and early
application of effective therapy remain two
of the most effective methods of limiting tumor cell heterogeneity and circumventing
drug resistance. The mathematical model of
drug resistance developed by Goldie and
Coldman [27] suggests that resistance can
develop rapidly, within only a few cell divisions; that alternation of non-cross-resistant
regimens may be beneficial; and that chemotherapy must be given in high cytotoxic
doses, lest its mutagenic potential actually
contribute to the development of drug resistance. The application of intensive combination chemotherapy immediately following
diagnosis and even prior to definitive local
therapy may be the most effective method of
eradicating micrometastases and producing
long-term disease-free survival. Preoperative chemotherapy appears promising in
head and neck cancer [28], osteogenic sarcoma [29], and even non-smaIl-cell lung
cancer [30], though many more years of follow-up are necessary before the final results
are obtained. Nevertheless, these initial
clinical trials should serve as the basis for the
continued evaluation of primary chemotherapy in the management of solid tumors.
The time has come for clinical oncologists
to look carefully at the evolving concepts of
tumor biology, for from these concepts will
come the clinical trials and treatment strategies of the future. The last decade has seen a
tremendous increase in our knowledge of the
extraordinary diversity of the malignant
state. Armed with this knowledge, clinical
oncologists can look forward to continued
success in the development and application
of new therapies likely to rapidly advance
the state of the art of cancer treatment.
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Tumour Cell Heterogeneity and the Biology of Metastasis
1. R. Hart 1

The metastatic spread of malignant tumours
remains as one of the most intractable problems in clinical oncology. Experimental
analysis of this phenomenon is fuelled by the
hope that a more complete understanding of
the process will give rise to insights allowing
the eventual development of novel and successful therapeutic interventions. The purpose of this paper is to provide a brief overview of the pathogenesis of tumour dissemination and to discuss the implications arising from an appreciation of the biological
principles revealed by studies with experimental tumour systems. It is hoped that
this paper will provide an introduction to
supplement the work described by Dr. Feldman in a subsequent chapter.
Metastasis is a process consisting of a
series of linked, sequential steps. An inability to complete anyone of these steps effectively abrogates the whole process. Thus, in
order to establish a secondary focus, malignant tumours must invade locally and penetrate small blood vessels or lymphatics. This
step is thought to be achieved by a combination of mechanisms including breakdown of
tissue architecture by pressure atrophy, the
release of proteolytic enzymes which digest
the cohesive framework of the extracellular
matrix and active movement of single cells
or sheets of cells into such areas of tissue
damage [1]. Penetration of vascular channels
must be followed by release of single cells or
small emboli into the circulation and the survival of these neoplastic cells in the face of
turbulence and trauma or the effects of such
1 Imperial Cancer Research Laboratories, Lincoln's Inn Fields, London, WC2A 3PX, England

specific and non-specific host immune effectors as natural killer (NK) cells, T lymphocytes, neutrophils and monocytes [2]. Having disseminated throughout the body metastatic cells must arrest and implant at distant
sites, binding to areas of exposed basement
membrane via specific attachment factors
and cell surface receptors [3] or by direct
penetration of endothelial cells [4].
Extravasation of cells into surrounding organ parenchyma is, presumably, accomplished by mechanisms much the same as
those mediating initial invasion. Having
reached the site of growth, tumour cells must
establish and develop their own micro-environment; responding to local growth factors, releasing angiogenic factors to induce
self-vascularisation and surviving host immune mechanisms to give rise to clinically
obvious tumour deposits [5].
Given the highly complex nature of the
process, it is perhaps not surprising that it is
markedly inefficient [6]. Indeed, experimental analysis has shown that fewer than 0.1 %
of cells which gain access to the circulation
may survive to form tumour deposits. This
inefficiency posed the important question as
to whether the survival observed was a consequence of random or selective events; that
is do the eventual progenitors of secondary
tumours result from the fortuitous survival
of a few cells from the many shed into the
blood or does it represent the selection of a
pre-existent metastatic subpopulation from
the parental tumour? Direct investigation of
this possibility was reported by Fidler and
Kripke [7] who used a modified Luria-Delbruck fluctuation analysis of clones, derived
from single cells, to show that sub-popula283

tions of metastatic cells pre-existed within
the B16 melanoma. Subsequently several reports have described a similar degree of
metastatic heterogeneity in a variety of rodent tumours [8-11].
A possible criticism of such demonstrations could be that they have all relied upon
the use of transplantable tumours of rodent
origin and the results obtained may not be
applicable to human neoplasms. One obvious difficulty in any attempt to apply similar
analytical procedures to human tumours lies
in determining which animal can best be
used to evaluate the degree of metastatic
spread. The congenitally athymic nude
mouse, which lacks significant numbers ofT
lymphocytes, would appear to be an ideal
test animal in which to assess this parameter.
Nude mice have been used frequently as recipients of human tumour xenografts, but
while such implants commonly maintain
their distinctive morphological and biochemical attributes they metastasize only
rarely [12]. However, the situation with regard to the metastatic spread of established
human tumour lines is much more equivocal
and many lines have been shown to be capable of metastasizing readily in such recipients [13-15]. We have used this combination, the relevance of human material
coupled with the ease of manipulation to be
gained from established tissue culture lines,
to determine whether human tumours manifest the degree of metastatic heterogeneity
shown by rodent neoplasms.
The human melanoma line A375 was
cloned by isolating discrete colonies growing
in semisolid agar and individual lines were
derived from these clones. The ability of the
parental line and ten clonal lines to form
lung tumour nodules in BALBjc nude mice
was determined following i.v. injections.
F our out of the ten clones examined differed
significantly (P < 0.005) from the parental
line with regard to their ability to form pulmonary tumour foci [16] indicating that this
human line was no less heterogeneous for
metastatic capacity than its murine counterparts. Recovery of cells from these lung
nodules to form metastasis-derived lines followed by re-examination of their metastatic
capacity demonstrated that these selected
lines consistently were more metastatic than
the starting population both in the i.v. ex284

perimental metastasis assay and in the more
stringent spontaneous metastasis assay from
a s.c. site [16]. We have interpreted these results as showing that human tumour spread
in the nude mouse results from the preferential selection of metastatic subpopulations
and have confirmed the generality of this observation using the human prostatic carcinoma line PC3 [17] and a further melanoma
line DX-3 [18].
The source of metastatic heterogeneity (or
in fact heterogeneity for any other phenotype) is not known. Should tumours have a
multi-cellular origin [19], then the diversity
found simply may be the reflection of differences between the progeny of several transformed cells. However, since most tumours
appear to be unicellular in origin [20, 21]
other mechanisms have had to be invoked to
explain such multiformity. Nowell [22] proposed that acquired genetic lability and variability in neoplastic cells, when coupled with
the intense selection pressure of growth in a
responding host, led to the rapid emergence
of new sublines with increased survival ability which was manifested as enhanced malignancy. A corollary of such a mechanism
might be that variants of increasing metastatic capacity would be accompanied by increases in genetic instability and supportive
evidence for such a possibility is provided by
the work of Cifone and Fidler [23]. These
authors showed that rates of mutation to
ouabain and 6-thioguanine resistance were
increased in variants of high metastatic activity when compared with mutation rates
shown by variants of low metastatic activity
isolated from the same neoplasm [23].
Irrespective of the exact forces driving tumours toward a more aggressive behavioural pattern, the finding of metastatic heterogeneity within tumours, coupled with the
ability to select out more metastatic variants, has profound implications for experimental analysis of metastasis. Determination of the cellular properties that are important for expression of the malignant phenotype can now be achieved by using cell
variants or lines of different biological behaviour isolated from the same tumour.
Such an approach obviates the need to include control cells, which frequently are of
doubtful validity, derived from unrelated tumour or normal tissue. The demonstration

of a similar degree of metastatic heterogeneity in human tumour lines coupled with
the ability to use the athymic nude mouse as
a "selection vehicle" to pull out metastatic
variants shows that similar investigations
can now be conducted using human
neoplasms.
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Cancer Clonality and Field Theory
G. T. Matioli 1

A field theory [1] models malignancy as a
state "added" to, and capable of interacting
with, other normal states composing the
field associated with any living cell. The theory may be downscaled from the (multi) cellular to the level of topologically disordered
motions of chromatin and DNA strings occurring before or at interphase when chromatids are iteratively dilated in cells mitotically driven by a potential from special
"source" cells. Clonal development of tumors might result from the extremely low efficiency with which the driving potential activates its corresponding gene(s) P in one (or
exceedingly few) source-dependent cell.
Most normal cells are assumed to have gene
P "curled up" in some nonexpressed configuration in a segment j (say) within a lattice
or plaquette unfolded from crumpled preimages during chromatid decondensation
[11-13]. Through anharmonic, intermittent
(generally
frequency-incommensurable)
stimulations from exogenous potential and
after N mitoses, segmentjmight percolate in
a rare cell into a less entangled chromatin
phase, arbitrarily called "active or ballistic
layer," where the probability for expressing
P increases.
Chromatin loops are envisioned to reptate
within a finite subvolume of the cell nucleus
with snake-like, intermittent multicollisional
motions [2], analogous to "string animals"
described, for example, by Suzuki [3]. The
kinematics of string subsections, including
those of segment j imprinted by gene P, are

1 USC Medical School, Los Angeles, California,
USA
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modeled thus by a "master" equation [3]:

Therein, P([Xj],t) may be roughly understood as the time-dependent probability for
segmentjto acquire a conformation optimal
for expressing P out of [Xj] configuring motions, and W/[XjD as the transitional probability for segment j to percolate across the
interphase "mass of string segments" during
iterated chromatid unfoldings. Hence, the
equation couples in one dimension two
probabilities, none of them necessarily related to (point) mutations. These probabilities are: the distribution of conformational
probabilities of gene P and the probability
of percolative motions displacing P from its
frustrated position. (Frustration may conceallocal spins as epigenetic or topologic determinants of clonally directed site and tissue specific mutations.)
A solution of the above equation reads:

Exponent Dr relates to fractal and intermittently percolative motions iterated by
segmentjwithin the space-time (4D) mass of
co-moving strings (a caged, monstrous
Peano curve or Menger sponge). Dr is expected to fluctuate around values much less
than unity [3, 4]. Therefore, even a long period (t) of mitotic activity is bound to yield
a narrow spectrum of discommensured mo-

tions, thus reducing the probability that segment j will acquire a special conformation
optimal for expressing P. Such a "unique"(?)
conformation might occur most rarely
within a population of cells, all initially stimulated and mitotically recruited by exogenous potential over extended times. The acquisition of autocatalytically synthesized
potential is thus a rare event, expected to
culminate clonally on top of the "Devil staircase" [5]. It is conjectured that all other mito sing cells dissipate exogenous potential in
naive (nonexpressible) configurations of
their chromatin segments, including j, with
the exception of "almost" every other segment belonging to "ballistic or active layers"
and imprinted by the genes of specific differentiation programs. The above conclusions
are supported by the fact that only a small
portion of the (human) genome encodes
functionally active genes. The DNA bulk is
often considered as a "useless ballast. "
However, by dynamic intermingling, such
DNA traps many genes, including P, into innumerable entanglements greatly limiting
changes in their (nonexpressible) conformations and accidental activation.
The complicated dynamics of disordered
motions of concatenated strings within a finite space crowded by traps are being actively investigated. Additional information
relevant to this paper is given in works on
disordered-chaotic motions, Birkhoff signatures of tangles, classic-quantum multicollisional billiards, Krylov mixing, broken ergodicity, KAM (Kolmogoroff-ArnoldMoser) tori, their stability, Arnold's diffusion, etc. [6-10].
The very long, thin DNA is confined
within finite nuclear subspaces. To fit into
such small volumes, DNA must arrange
many of its sections into looped configurations not too dissimilar, dynamically speaking, to the so-called KAM tori. While residing within such cages, gene P remains unexpressed because it is unable to modify its
configuration and interact optimally with a
suitable activating "matrix." Such a matrix
may become available only at certain stages
of differentiation. If so, the equation must
include additional probabilities, none of
them necessarily or sufficiently "mutational" in nature. These probabilities,
coupled to those mentioned explicitly, fur-

ther reduce the chance of P activation in dividing cells. However, the form of the solution is not appreciably affected.
After N mitoses, caging tori might become genequaked or "messed up," with the
result that in some cell gene P is repositioned
into a new hierarchy of configurations. Two
of these are particularly interesting. If P
drifts into the so-called stochastic diffusion
layer (Arnold's web) before cell terminal differentiation, there is an increased probability of its activation, if a matrix is available.
In that case, a most "unlucky" cell becomes
marginally or sufficiently autonomous for
self-renewal. This is a prerequisite for the appearance ofa new state (malignancy) among
those states mapped in the "field" of a normal cell, absolutely dependent from local
microenvironmental sources. Alternatively,
if located ultrametrically in some residual
and/or continuously re-forming insular trap
near the boundary of Arnold's web, for example, gene P should remain forever silent.
In addition to immune surveillance, the
permanent caging of gene P is thus an efficient mechanism against cancer development during a substantial part or even the
entire life span of many individuals, in spite
of constant or sporadic exposure to carcinogens and "mutagens."
Finally, there is valuable information to
be collected by studying the cell genome in
toto rather than by simply linear DNA sequencing, e.g., degree oflacunarity, unfolding of chromatids (spongy rods with zero or
negative Gaussian curvature), and their
quantal and asymmetric wobbles around
fragile scaffold (=F DNA) swivel points imposed by the bending energies of the nuclear
envelope which contributes positive curvature during the cup-to-sphere transformation of the nucleus.
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Leukemia Progression: Role of Tissue Disorganization
Z. Grossman 1

A. Introduction

Gene expression is not fixed or irreversible.
Although under normal circumstances the
pattern of gene expression of specialized
cells is stable and heritable, it can be altered
if the regulatory circuits between nucleus
and cytoplasm are modified or disrupted [1].
Thus, changes in gene expression during cell
development depend not only on the nucleus, but also on the cytoplasm which plays
an essential role as signal transducer. The cytoplasm, in turn, is subject to modulation by
extracellular factors and via membranal interactions. This leads to the concept of
"phenotypic adaptability": the capacity of
cells to change their patterns of gene expression in response to changes in the microenvironment. A role for DNA methylation
in stabilizing epigenetically induced changes
of gene expression has been proposed [2].
The following conceptions about cancer
are widely accepted: (a) cancer is caused by
discrete change, or changes, in the cell genome; and (b) a series of additional mutations, in the broad sense of the word, account for the progressive evolution of the tumor phenotypes - these mutations are due to
the development of genetic instability in the
transformed cells [3]. In particular, nonrandom chromosome alterations have been
identified in myeloid and lymphoid leukemias and lymphomas. These alterations in
turn are postulated to cause changes in the
expression or regulation of proto-oncogenes
1
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or other genes involved in the cell's growth
and/or differentiation control. Duesberg [4]
and others have questioned the validity and
generality of this interpretation: it is not
known whether these nonrandom chromosome changes are sufficient in themselves or
even essential along with other changes for
leukemogenesis; there is still no proof that
activated proto-oncogenes are sufficient or
even necessary to cause cancer.
On a more fundamental level, it has been
argued that intracellular events cannot explain all of the changes involved in tumor
progression in tissues where intercellular
events regulate homeostasis [5-8]. Consistency with the concept of phenotypic adaptability, in particular, requires a more comprehensive approach. Such an approach will
be outlined below, as a series of assumptions
and propositions, with only a minimal reference to the supportive database (for more
details and evidence, see [8-12]).
B. The Stem Cell Concept Revisited

Contrary to some theories, there is no obvious causal connection between division and
differentiation-maturation at the single cell
level. There is evidence in the lymphoid and
hemopoietic systems and in other cell systems that differentiation can occur with or
without mitosis and that the number of divisions that a cell performs at a given state of
maturation is generally variable and subject
to external regulation, in vivo and in vitro.
Initiation of differentiation and entering
into mitosis appear to be competing cellular
events [13,1]. Thus, there is no experimental
289

justification for the distinction between a
self-renewal or stem cell division and an amplification division, which is regarded as an
intrinsic part of a maturation process. Recognizable precursor cells do appear to divide
and mature simultaneously under most conditions. However, this does not imply a constitutive relationship; it may reflect only a
high rate of cycling, a high relative rate of
maturation, and possibly an overlap between posttranscriptional and cell-cycle processes.
Assumptiou 1: The ratio between the probabilities of maturation and self-renewal for
any mitotic cell is regulated by extracellular
signals.
Corrollary: Cells other than primitive
pluripotential cells have a self-renewal potential, but their self-renewal activity is
tightly regulated by inter-cell interactions.
Corrollary: Competition may in principle
take place not only among clones, but also
within clones, i.e., among cells that belong to
the same clone but are at different stages of
maturation.
A number of models have been proposed
on the basis of an externally regulated balance between cell division and cell differentiation-maturation [7]. A simplified possible
scheme of the distinct regulatory steps in the
stimulation of each cell is depicted in Fig. 1.
R and A stand for "resting state" and "active
state," respectively. Sl' Sz, and S3 represent
signals for initial activation, maturation,
and replication, respectively. Each of these
signals is partially constitutive (intracellular), partially generated (or modulated) by
stromal cells, and partially elaborated by
other hemopoietic cells. By definition, the
latter component represents feedback. Each
signal may be mediated by more than one
factor or through direct intercellular interactions. There may be complete or partial
overlap between the components of the different signals. Finally, the cellular origin,
biochemical identity, and effects of these signals may vary according to the state of maturation of the target cell.
The dynamic aspect of hemopoiesis is provided by signals exchanged among hemopoietic cells. The feedback component need
not be the main driving force, but it provides
the "steering." The evidence is consistent
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Fig. I. Cell cycle associated levels of regulation

with the notion of internal feedback circuits,
operating within the hemopoietic tissue, as
well as with peripheral signals. The large
overshooting in the numbers of CFU -S and
other progenitors observed following marrow treatment by irradiation or by certain
drugs and the long relaxation times and
cycle times in cyclic hemopoiesis can be
understood if there is a delay of several days
along a regulatory loop. These patterns suggest that mature or maturing hemopoietic
cells control the activity of earlier progenitors. Experimental evidence implicates granulocytes, monocytes, and lymphoid cells in
this function.
Assumption 2: Maturation pressures on all
progenitors and precursors increase with the
size of the mature cell compartment.
In Fig. 2, Xi and Yi are resting and active
cells in the i-th compartment, respectively
(i= 1, ... n); Z are mature cells. S represents
the various signals indicated in Fig. 1, collectively. Although it is convenient to think of
S as representing a set of factors, the feedback effects could be exerted more indirectly. Mature cells could modulate signals
exchanged between progenitors or delivered
to them by stromal cells. Alternatively, mature cells could interfere with autocatalytic
proliferative signals exchanged among
physically adjacent progenitors.
This minimal feedback model is based on
the fact that differentiation in itself is
growth-limiting. Differentiation out of a
compartment decreases the population remaining within; no other inhibitory force is
required. It has been assumed that differentiation pressures increase with the size of
the system. The cells belonging to more
primitive compartments are less sensitive to
these pressures than their more differentiated progeny. Resistance to differentiation

Fig. 2. "Balance-of-growth"
model of hemopoiesis

pressures is a measure of the cell's self-renewal capacity. Thus, at steady-state the
probabilities of self-renewal and differentiation in the earliest (most primitive) compartment are dynamically adjusted to be
equal (p= 0.5 each). The "amplification"
seen in the whole system results from renewal at probability smaller than 0.5 per activation event. It can rise to higher values
when the steady state is perturbed following
a change in peripheral demand, a tissue insult, or under culture conditions. Indeed,
there is growing evidence that essentially
normal cells of the committed progenitor
phenotype can exhibit extensive self-renewal
in vitro, in Dexter cultures or in suspension.
This scheme is largely nonspecific, embodying the view that the hemopoietic tissue
functions as an integrated system rather
than a set of cell lineages developing in
parallel. This view is consistent with the data
on growth factors active in cell culture which
suggest that each of these factors effects a
variety of progenitor cells at the earlier
stages of differentiation and only later do
lineage-specific effects become dominant
(N.A. Nicola, this volume). The question,
how do lineage-specific peripheral factors,
such as erythropoietin or thrombopoietin,
affect the production of cells of the respective lineages is discussed elsewhere [9, 10].
The scheme accounts for the fact that the response of recognizable precursor cells to
changes in peripheral demand is more significant and occurs earlier than that of the
colony-forming progenitors.
The rule that cells become more responsive to differentiation signals as they mature
makes maturation an autocatalytic process.
This, along with the feedback assumption,
ensures both the stability and the flexibility

of the maturation hierarchy. It explains, for
instance, why the slowly cycling primitive
cells are not replaced as stem cells by their
more active progeny. Certain changes in an
early cell or in the tissue can weaken the differentiation feedback loop, leading eventually to leukemia.
C. "Differentiation" Revisited

"Differentiation" can be defined as inheritable changes in a cell's pattern of gene expression (not necessarily irreversible). "Maturation" is a particular step(s) of differentiation regularly observed within a cell lineage
when the development of the cell is well-defined and predictable. "Adaptive differentiation" is differentiation which is guided to
some extent by the cell's microenvironment.
Watching a differentiation sequence cannot tell us whether it is adaptive or not. It
may owe its regularity to a constant set of
constraints. Introducing modifications of
the environment may lead to a modified
phenotypic pattern in the developing cell
population, possibly due to selection rather
than adaptation. Thus, single-cell experiments are necessary to test whether reprogramming of cell differentiation can be effected in the absence of selection and to
compare the early developmental steps of
two daughter cells subject to different conditions. Metcalf et al. have shown that two different inducers, or different concentrations
of the inducer, could push daughter cells of
a CFU-C into the monocytic or into the granulocytic sublineage, respectively, and the
effect appeared to be inductive, not selective
[14]. Such experiments are scarce. Repro291

gramming of cell differentiation clearly occurs under highly artificial conditions [1].
There is a large body of indirect evidence
supporting the notion of adaptive capacity
of cells during embryonic development and
into adult life. The conception of cellular differentiation as partially adaptive rather than
rigidly preprogrammed is more compatible
with the phenotypic plasticity observed in
cultured cells and during tumor progress,
when the cells are subject to a substantially
modified environment for a prolonged period of time.
A programmatic approach implies "lineage fidelity" and discrete, intrinsically triggered determination (commitment) events. I
prefer to see commitment as a manifestation
of a gradually increasing bias for a given developmental fate. Such a bias is defined by
the environment as well as by characteristics
of the cell, e.g., by inducers in the environment and by the corresponding receptors on
the membrane of the cell. Such commitment
might be modulated or even reversed under
different environmental conditions. In this
light, it might be of interest to assess the fate
of BFU-E under conditions of erythrocytosis induced by hypertransfusion, or that of
the Meg-CFC shown to increase significantly in vivo, in some animals, without accompanying thrombocytosis [15].
Both their self-renewal capacity and pluripotency are aspects of stem cells' resistance
to differentiation pressures. Because the
build-up of differentiation bias is slow in
these cells, competing small epigenetic modifications may switch on and off or fluctuate
quantitatively. On the other hand, once a
significant bias is attained and differentiation starts, the bias becomes self-enhancing
and eventually irreversible within the same
environment. This is equivalent to "commitment."
The concept of a "lineage" is based on the
premise that the differentiation pathway of
normal committed cells is fixed in advance
under all conditions. This also provides the
rationale for many in vitro experiments
which aim to take a particular subpopulation of cells out of the complex physiological
environment and place them into the simpler
culture environment where they could be
studied in detail. The assumption is that the
events observed in vitro will accurately re292

flect, and provide insights into, the analogous sequence of events which occur during
in vivo differentiation.
In contrast, the previously discussed considerations imply that a cell is not an autonomic entity, but that its characteristics
partly depend on the microenvironment and
on its past developmental history [9,16]. For
example, long-term cultures provide an environment optimal for the sustained growth
of cell lines and clones. Continuous proliferation may lead not only to selection of particular subpopulations but also to adaptive
phenotypic changes. In some cases, such
adaptation leads these cells to specialize in
self-replication. A set of genes associated
with division maintains a high level of expression, possibly at the expense of other
sets of genes, including perhaps those responsible for the karyotypic integrity of the
cell's genome. This may lead to the accumulation of chromosomal aberrations.
In this scenario cell transformation in vitro is (a) secondary to the change in the
microenvironment, and (b) described as a
dynamic process in which changes in DNA
sequence may follow irregular "differentiative" cellular changes (i.e., heritable changes
in gene expression), which in turn follow reversible epigenic effects. The considerations
in this section can be summarized by the following proposition:
Proposition 1: The phenotypic patterns of
hemopoietic cells, including their profile of
growth characteristics, are actively regulated
by the same feedback interactions which
control the numerical ratios among cells.
(By "phenotypic pattern" I mean the coassociation of a given set of characteristics in
the same cell.)
The stage is now set for proposing scenarios of leukemia progression in vivo.
D. The Origin of CML
and the Blast Crisis
As mentioned earlier, it is their lower responsiveness to maturation pressures that
endows the primitive cells with a growth advantage and stably couples them to the rest
of the clone in Fig. 2, in spite of their slower
cycling rate. These maturation pressures on

all mitotic cells in the bone marrow are assumed to increase with the size of the mature
cell compartment of that tissue.
Corollary: If the sensitivity to feedback of
all the cells within a hemopoietic clone is reduced, the clone will expand in order to restore the (steady state) balance between selfrenewal and differentiation.
It is convenient to define a common clonal
measure of responsiveness, k, such that all
cellular transition rate coefficients (or at
least the maturation rates) are proportional
to k, with 0 ~ k ~ 1; k was named "inductivity." For normal clones k = 1; k = 0 at
the limit of a complete maturation block;
and cells in the intermediate range manifest
different degrees of maturation arrest, in a
quantitative sense.
Proposition 2. Chronic leukemia results
from a reduced clonal inductivity (namely,
from a partial maturation arrest).
The underlying biological mechanism
could be direct (e.g., reduced numbers, or
activity, of receptors for differentiation factors, or lower levels of transduction of the
membranal signals) or indirect (e.g., increased numbers, or activity, of receptors for
other growth factors, or impaired microenvironment). For specificity, and in line with
the generally accepted interpretation, it may
be supposed that a heritable change originated in an early transformed cell and propagated through the clone by proliferation
and maturation of the original cell and its
progeny.
What happens to normal hemopoietic
cells in CML? The expansion of the leukemic
clone is associated with increased maturation pressures which affect both leukemic
and normal cells. At steady-state, the level of
feedback control is adjusted to the reduced
responsiveness of the leukemic stem cells,
but is too high for normal stem cells. These
are gradually induced to differentiate faster
than they renew so that, in effect, normal
clones become transitory.
If the feedback control mode of Fig. 2
(named "balance of growth") were the only
means of controlling cell numbers, the
number of mature cells at steady-state, 2 0 ,
would be inversely related to the inductivity
for O<k:S1. In particular, for very small k,
Zo would be very large. However, for k=O,

corresponding to a complete maturation
block, Zo = o. This unacceptable singular behavior (in the mathematical sense) does not
occur if cell density limitations are taken
into account. Beyond a certain limit, increased cell density must have a negative effect on hemopoietic cell growth. This relatively nonspecific feedback suppression
mode is normally secondary to the "balance
of growth" mode, but becomes potentially
significant in hyperplasia. Cell crowding
conditions provide a selective pressure in
favor of inherently fast-cycling cells; "blast
cells" acquire a growth advantage over maturing cells and (slowly cycling) primitive
progenitors (overriding the normal advantage of early progenitors - having stronger
resistance to feedback maturation pressures).
Corollary: As the inductivity is reduced to
small values, blast cells gain dominance.
Proposition 3. The blast crisis evolves from
the chronic phase as a result of a progressive
maturation arrest.
Note that a moderate maturation arrest
accounts for the chronic phase. It is usually
believed that quantitatively different types
of cellular lesions are involved: while CML
is associated with a proliferative abnormality, a "blast transformation" is postulated to
cause "maturation block." In contrast, the
present theory requires only one type of
change in the function of the cell to explain
both phases of the disease. The differences
between CML and the blast crisis at the singie-celllevel may be only a quantitative one
while the cell-population manifestations are
drastically different. It is suggested that cell
crowding, through its effect on the interactions between cells and between compartments, plays a causative role in the transition.
E. Leukemia Progression
While proposing to characterize the relevant
cellular change of function - maturation arrest - and link its progression to the acquisition of malignancy, the hypothesis has yet to
explain what drives this progression.
The concept of cancer progression, as defined by Foulds [3], refers to the develop293

ment of permanent, irreversible, qualitative,
and heritable changes in one or more cellular
characteristics. The central dogma in oncology is that these changes are due to the inherent genetic instability of the transformed
cells, which in turn are manipulated by environmental selective pressures.
The present approach deviates from this
dogma, or extends it, in two general aspects.
First, it ascribes a deeper, more dynamic nature to the cell-environment relationship. If
heritable - or at least recurrent - changes occur in somatic cells possessing extensive division capacity which affects their growth/differentiation characteristics, the tissue composition is bound to change. This in turn
leads to additional cellular changes, and so
on. The purpose of a more detailed analysis
is to understand in quantitative terms the
conditions under which the normally selfcorrective, negative feedback relationship
among cellular constituents may turn into a
positive feedback circuit, whereby the different types of changes reinforce each other,
leading to further disorganization [6, 8].
The second aspect is the suggestion that
the acquisition of increased self-renewal capacity, or decreased sensitivity to maturation pressures, may reflect in the first place
a normal adaptive capacity on the part of the
transforming cells rather than aberrant genetic programs. In fact, the theoretical analysis cannot distinguish between a series of
"small," frequent genetic events and a continuous (heritable) cellular change which is
not associated with DNA-sequence modifications. The conditions under which the
regulatory differentiation pressures are capable of preventing the accumulation of
small karyotypic changes or of controlling a
slow phenotypic variation may be quite
similar. The difficulty to discriminate theoretically and experimentally between such
genetic and epigenetic phenomena notwithstanding, it can be shown that a form of restricted adaptive variability of the cellular
phenotype, beyond that which is usually implied by a "genetic program," is consistent
with both the normal stability of the phenotypic patterns and their transformability in
response to some perturbations. By assuming, in particular, that the growth characteristics of normal hemopoietic cells are subject
to adaptive changes in both directions, and
294

not only to down-regulation of the self-renewal capacity with differentiation, it is possible to offer explanations for the progressive nature of chronic leukemia and preleukemia. Again, cell crowding may playa
causative role in the transformation process,
driving differentiation in the "wrong direction."

Assumption 3: Stimulation of cells to replicate tends to induce in them (slowly) an increased capacity for self-renewal (or equivalently, reduced sensitivity to differentiation
signals). Stimulation to differentiate, or mature, has the opposite effect.
Some growth factors can regulate the expression and affinity of their own receptors.
Several observations indicate that the capacity for self-renewal of hemopoietic cells can
be up- or down-regulated by external influences (e.g., [17, 18]) and there is indirect evidence for a role for DNA methylation [19].
When popUlations identified by their capacity to form colonies under certain conditions
are examined by other means, striking heterogeneities are uncovered [20].
With Assumption 3 incorporated into the
scheme, proposition 3 can now be translated
into a mathematical model corresponding to
Fig. 2, but in which the inductivities are assumed to have constitutive (fixed) components as well as variable components [8, 12].
The latter may evolve (slowly) according to
the actual self-renewal activity of the cells
and to the cell densities. In Fig. 3, for example, the constitutive part is chosen to be
60% of the normal value, leading to a stable
(chronic) hyperplasia and a stable steady
state average for the variable part. The variability in the inductivity of the blast cells
which was assumed here introduced only a
small correction to their average inductivity
as compared to a model with no such variability; this is because the rate of change in
the inductivity of these cells is small in comparison to their turnover rate. However, further computer simulations of the model
demonstrated the validity of the following
proposition:
Proposition 4: Under conditions of excessive
cell crowding, the stability both of the
growth-characteristics' profile and of the
numerical balance between compartments
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Fig. 3. Computer simulation of a simplified
mathematical model corresponding to Fig. 2 with
a variable inductivity for blast cells. For the stem
cells, k=0.6 (normally, k= 1). Xl and X 2 are normal stem cell and blast cell numbers, respectively
(in arbitrary units); Yl and Y 2 are leukemic stem
cell and blast cell numbers; Z is the number ofmature cells

may be reversed, with a consequent dominance of a transformed subpopulation
manifesting a maximal maturation arrest.
In Fig.4, the constitutive component of
the inductivity is reduced to 50% of the normal value. A transient (chronic) state ofhyperplasia emerges, but a self-driven process
of selection and adaptation leads to a blast
crisis 100 days later. The reversal of stability
results from a failure of the feedback loop because of cell crowding - to counteract
downwards fluctuations in the inductivity
with (transiently) increased numbers of mature cells which would enhance the maturation pressures and up-regulate the average
inductivity [12]. This failure enables such
downwards fluctuations to accumulate.
Proposition 5 (Summary): An initial heritable event in an early hemopoietic cell, generating a clone with partial maturation arrest, leads to CML. If the ensuing hyperplasia distorts the interpopulation balance
within the dominant leukemic clone beyond
a certain level, a snowball-like process of
slipping control is initiated: the distortion
feeds back onto the individual members of
the clone, inducing further decline in the in-

100

200
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Fig. 4. Notations as in Fig. 3; k=O.5

ductivity and consequently more crowding
and distortion (selection). This cascade of
dynamic changes in the cells and in the tissue, which reinforce each other, leads to the
blast cell dominance.
Alternative scenarios have also been proposed [8], corresponding perhaps to different pathogenic situations. In particular:
Proposition 6: Acute leukemia is a local version of the blast crisis. The whole process described above may take place in a small region of the bone marrow, and only later the
dominant, transformed blast cells colonize
other regions. In this case, the emergence of
the acute phase is not preceded by a detectable (macroscopic) phase of chronic leukemia.
The conditions associated with the different routes of progression are not understood, but they could be related to quantitative factors that determine the order in
which different cell compartments are eliminated in the course of the selection process:
if the primitive leukemic progenitors are
suppressed early in the process, cells that can
migrate and colonize other niches may not
become available until the blastic transformation is completed.
F. Dynamic Heterogeneity
and "Immune Surveillance"
The leukemogenesis model described above
assumed that cells in the mature compart295

ment positively affect the differentiation of
earlier hemopoietic cells. In general, the
feedback relationships in the tissue may include interacting cell populations which are
not necessarily derived from a common stem
cell. The cell populations which stimulate
and regulate each other are normally linked
in a stable state of "dynamic heterogeneity."
A major perturbation, e.g., DNA rearrangement in a clonogenic cell, cytotoxic drug, or
some kind of prolonged external stimulation, may produce a modified set of constraints, incompatible with the maintenance
of dynamic heterogeneity, and malignancy
may follow through a process of selection
and adaptation.
It is conjectured that lymphoid cells are an
important component of the regulatory cell
population which generates maturation
pressures in some tissue - in particular in the
hemopoietic tissues. Since maintenance of
these pressures is essential for the balance in
the tissue, the conjecture defines a new mode
of immune surveillance [11].
The old hypothesis of immune surveillance against cancer is based on two
premises: (a) that transformed and normal
cells generally have different antigenic qualities, and (b) that the immune system responds to the antigenically modified cells in
essentially the same way as it responds to invasive microorganisms. Both premises have
been questioned. Now it is suggested that a
major function of lymphoid cells, in addition to their classical role as mediators of immune responses, is to assist in regulating the
differentiation of a variety of normal cells.
They mediate feedback interactions of the
type attributed to Z in the leukemia model.
The pertinent cognitive aspect of the immune systems in this capacity is recognition
of self rather than recognition of foreign
antigens. By forcing and steering the turnover of tissue cells, lymphoid cells do not
permit accumulation of small irregular
phenotypic and karyotypic changes in the
tissue. Tumor escape from surveillance may
be described as an escape from regulatory
differentiation pressures.
The well-established association of
neoplasia with various forms of immune
deficiencies, the apparent enhancement of
tumor "immunogenicity" as the expression
ofMHC antigens is increased, the role of in-
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filtrates of lymphoid cells at tumor sites and
their correlation to the stage of tumor
growth and the degree of tumor differentiation [21], and the use of activated lymphoid
cells in therapy - all of these should undergo
reassessment under the new concept of surveillance.
G. Some Implications
Uncoupling of intracellular controls which
coordinate division and differentiation in
the normal cell were proposed to be the "lesion" at the root of leukemia [22, 23]. Sachs
defined a hierarchy of distinct cellular
changes that give rise to different phases of
malignancy. While sharing with these hypotheses the concept that "arrest" is not an
absolute bar to maturation, the present
model associates the development of imbalance between proliferation and differentiation with uncoupling of cell subpopulations, and a progressive maturation arrest
with changes in the tissue.
An animal model of transplantable leukemia [24] could serve to test these ideas.
The theory predicts the possibility that blast
crisis cells transplanted into healthy recipients may undergo differentiation in the host:
the normal inductive forces in the host could
be sufficient to induce differentiation of the
partially responsive blasts and their leukemic progenitors. As the leukemic clone expands and gains dominance over the recipient hemopoietic cells a transient chronic
phase may be expected to be followed by a
blast crisis. Indeed, it was observed that a
CML-like phase preceded the reemergence
of blasts as the dominant population [24].
Chromosomal analysis is required to determine whether the mature cells at the chronic
phase and the leukemic blasts belong to the
same clone.
This interpretation suggests that even
when reconstitution of the dominance of the
normal cells is not possible (e.g., due to the
depletion of the normal primitive progenitors), it may be possible to recouple the leukemic blast population to the rest of the leukemic clone [7] or, in other words, to restore
the maturational heterogeneity. The feasibility of such a strategy depends on creating an
appropriate cellular environment and pro-

viding, initially, the proper activation signals. Later on, a prolonged state of remission may be self-sustained, without therapy, if the steady state is stable (as in Fig. 3)
or may require continuous intervention, at
some level, if this is not the case. The period
during which therapy is required may be finite if it is accompanied by adaptive cell normalization (in the model - increase in the
heritable inductivity of the c1onogenic cells).
Due to the strong analogy drawn between
the progression of acute leukemia from preleukemia and that of the blast crisis from
CML, the same argument holds in principle
for both diseases. As was noted [8,12], in accord with the different respective scenarios
offerred for the pathogenesis of these diseases, the dominance of blast cells in the
blast crisis may be more complete and irreversible.
While chromosomal analysis in the guinea
pig model has not yet been performed, new
evidence in the human [25, 26] is relevant
and intriguing. Recombinant DNA techniques were used to determine the origin of
granulocytes in patients with acute nonlymphocytic leukemia, at presentation, in remission, and in relapse. The results provide
evidence that leukemic blast cells can differentiate in vivo and that the same preleukemic clone has the potential to support normal hemopoiesis (in remission) or to allow
the emergence of blastic leukemia (at presentation and in relapse). The interpretation of
both the authors [25] and the editorial is that
(a) leukemia arises from multiple genetic or
epigenetic events, with early preleukemic
stem cells coexisting with leukemic cells; (b)
cytotoxic agents kill leukemic cells, but normal stem cell and preleukemic stem cells are
resistant; (c) the preleukemic population can
differentiate into mature elements. The experimental results, however, may be reinterpreted according to the present systemic approach. While in agreement with points (a)
and (c) above, the new interpretation of the
effect of the therapeutic agents is that they
restore a closer-to-normal cellular environment which allows the recoupling of the
blast cell compartment to the (previously
suppressed) progenitor and mature cell compartments. This interpretation avoids the
necessity to postulate a complete and highly
selective elimination of leukemic blasts.

Whatever the fate of most of the original
blasts is - cell death or forced terminal differentiation - the state of remission is stabilized, at least in part, by the imposed change
of cellular organization. Discrimination between these interpretations using direct observations in human patients is difficult so
that studies in animal models or in Dexter's
cultures are required.
Another implication of the present approach is that, since the phenotypic patterns
of the transforming cells during progression
are assumed to reflect the degree of their
adaptation to the changing tissue conditions, a careful monitoring of these patterns
may turn out to be a more reliable prognostic tool than karyotypic analysis.

H. Concluding Remarks

A single type of change in the cell function
is sufficient to account both for CML (or
preleukemia) and for the progression into
the blast crisis. The minimal number of
"events" is one. Disorganization of the tissue plays a causal role in the process, beyond
a selection for more aggressive clones.
Although the theory cannot discriminate
between the accumulation of heritable epigenetic effects (i.e., changes in gene expression
stabilized, e.g., by DNA methylation) versus
that of small modifications in the DNA sequence, the first possibility is more attractive
and constitutes the "minimal" interpretation consistent with the data. The "normalcy" of the transformation process, as an
expression of essentially normal cellular
phenotypic adaptability, is stressed. Genetic
aberrations may contribute to the process,
mainly at the later stages. Note that the accumulation of phenotypic changes occurred
in a transitory cell popUlation, not in stem
cells, over a period much longer than the initial turnover time of this population. Accumulation of DNA modifications is more
likely to take place within self-renewing
cells.
Killing or changing the behavior of all the
bad cells directly might not be feasible. The
present approach stresses the need for the
understanding of the "dynamic heterogeneity" in the tissue in order to restore it or
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prevent its disruption in the early stages of
carcinogenesis or in remission.
As was recently stressed 1, current paradigms have a heavy impact on research in
the field of carcinogenesis; there is a need to
reevaluate the strengths and weaknesses of
the presently fashionable paradigms.
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The Nucleoskeleton: Active Site of Transcription and Replication
D. A. Jackson and P. R. Cook

A. Introduction
Nuclei and chromatin are rarely studied at a
physiological salt concentration since they
aggregate so readily [16). As a result, they
are generally studied in the presence of "stabilizing" divalent cations under hyper- or
hypotonic conditions. Such conditions are
unsatisfactory for several reasons. The "stabilizing" cations activate nucleases, destroying template integrity and supercoiling, and
unphysiological salt concentrations may introduce artefacts. It has been suggested that
structures called variously the nuclear matrix, cage or scaffold, are the site of replication and transcription [8], but they are not
seen in the micrographs of "genes in action"
obtained by Miller and colleagues using hypotonic conditions [15, 14). These powerful
images resembling Christmas trees are interpreted in terms of a mobile polymerase
which processes along the DNA and is unatSir William Dunn School of Pathology, University of Oxford, South Parks Road, Oxford, OX1
3RE, England

tached to any larger structure. Such models
are now included in most standard textbooks [1]. As a result, we have two paradoxical views of DNA function: in the one, the
skeletal substructure is the essential active
site; in the other, it is not required and may
not even exist.
We have described a method for isolating
chromatin using a physiological salt concentration. Living cells are encapsulated in
agarose microbeads. The bead pores are
large enough to allow free exchange of protein as large as 1.5 x 10 8 daltons but not of
chromosomal DNA [3, 9]. Therefore, when
encapsulated cells are immersed in Triton X100 at a physiological salt concentration,
most cytoplasmic proteins and RNA diffuse
out through the pores to leave encapsulated
chromatin. If cells are lysed in the presence
of EDTA, the resulting DNA remains intact. The procedure yields essentially a preparation of encapsulated nuclei (Fig. 1). However, these nuclei differ from their unencapsulated counterparts in that they contain unbroken DNA and can be manipulated freely.
The chromatin within the bead is well pro-

Fig. I. Phase contrast micrographs of 0.5% agarose
beads containing He La cells
before (a) and after (b) lysis.
Bar = 100 Jlm. (From Jackson and Cook [10])
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tected from aggregation and shearing but is
nevertheless completely accessible to enzymes and other probes used in modern molecular biology.

Table 1. Active transcription complexes cannot be
removed electrophoretically from beads following
treatment with EeoR! and RNase (from Jackson
and Cook [10])
Treatment

% Remaining
DNA

I. Two Models for Transcription

Two extremely different views of how transcription might occur are presented in Fig. 2.
The essential difference is the participation
of a larger nuclear substructure in the active
site of the transcription complex. They can
be distinguished by fragmenting the chromatin with an endonuclease and removing
any unattached chromatin by electrophoresis. If view B is correct, then the transcription complex will remain associated with the
larger structure and so trapped in the bead;
if view A is correct, it should escape from the
bead on electrophoresis [10].
The encapsulated nuclei contain a very active RNA polymerase which is sensitive to (Xamanatin, a specific inhibitor of RNA polymerase II, and which synthesizes RNA at a
rate roughly equivalent to that found in
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curve 3). A combined treatment with RNase
and EeoRI, followed by electrophoresis, removes > 95% nascent RNA (and so RNP)
and 73% of the DNA (and so chromatin)
but only 30% of the polymerase (Table 1).
Clearly, little - if any - active polymerase escapes with the chromatin, degraded RNA
and associated ribonucleoprotein.
Nascent RNA and the transcribed template constitute two other elements of the
transcription complex and we have shown
that following EeoRI digestion they, too, resist electroelution [10].

II. Two Models for Replication
Replication might also involve attached or
unattached polymerases [11]. Encapsulated
nuclei contain a DNA polymerase ex which is
fo~nd only in S-phase cells and which is not
stimulated by added "activated" templates,
preferring the endogenous chromatin; most
importantly, it is extremely efficient. For example, under the suboptimal concentration
of dTTP that we use here, the initial rate of
incorporation is 9% of that in vivo; under
more optimal concentrations it exceeds
75%. It is relatively stable at 4°C and resists
electroelution, with about 90% of the activity being recovered in beads after electrophoresis for 5 h in isotonic buffer. However,
this activity is relatively unstable at 37°C,
becoming soluble, able to escape from beads
and more like the activities studied by others
(e.g. it is now stimulated by added activated
templates or by nicking or cutting the endogenous template). These aberrant activities easily obscure the authentic activity if
broken templates are available. EeoRI treatment of encapsulated nuclei followed by
electroelution removed up to 84% of the
chromatin but no activity (Fig. 4); the active
polymerizing complex also resists electroelution.
B. Discussion
Some of the experiments described here involve several enzyme digestions or assays in
physiological salt concentrations, treatment
with detergents and electrophoresis overnight - manipulations that would be impossible using free nuclei or chromatin which
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aggregate and jellify so readily. It seems
likely that this chromatin, packaged in an
accessible yet manipulable form, will prove
useful for studies on both structure and
function.
When encapsulated chromatin is incubated with endonucleases and subjected to
electrophoresis, the bulk of the chromatin
escapes from beads; in striking contrast, the
three elements of the transcription complex
(i.e. nascent RNA, active RNA polymerase
II and active genes) and the two elements of
the replication complex (i.e. polymerase ex
and nascent DNA) cannot. We believe this is
most simply interpreted by association of
transcription and replication complexes
with the nucleoskeleton. This naturally begs
the question: To what is the complex attached? As nascent transcripts, DNA, and
active genes are closely associated with the
nuclear cage [5-7] and matrix [17], it seems
likely that these structures isolated in 2M
NaCI are intimately related to it. We use the
term "nucleoskeleton" to describe the analogous structure found under isotonic conditions and envisage it as one part of the active
site of the transcription and replication complex, organizing the template in three-dimensional space into close proximity to the
polymerization site. Passage of the DNA
through the complex would then yield attached transcripts or nascent DNA.
This suggestion seems to conflict with
many observations that soluble polymerases
work. However, they do so very inefficiently. For example, crude "Manley" extracts polymerize correctly initiated transcripts at less than 0.01 % of the rate in vivo
[13], and DNA polymerases also initiate
very inefficiently [2, 12].
If the polymerase is tethered to the nucleo skeleton, then only genes closely associated with this skeleton will be transcribed or
replicated: those that are remote from it will
not. Then it becomes easy to imagine how
selective attachment of genes to the nucleo skeleton might underlie selective gene
activity during development or oncogenesis.
Indeed, gross detachment correlated with
total inactivation of the avian erythrocyte
nucleus [4] and the attachment of infecting
viral sequences, the ovalbumin gene and
viral oncogenes with their expression [5, 7,
17].
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The award was made for the poster describing the work of Dr. Hans Stauss in the laboratory of Professor Hans Schreiber in Chicago on the grounds that it solves, or at least
goes a long way towards solving, a longstanding enigma in tumour immunology,
namely, the nature of the tumour-specific
transplantation antigens on ultraviolet-induced tumours. This is a problem of great
general interest because of the unusually
strong potency of these antigens and also be1 Department of Biology, Medawar Building,
University College London, Gower Street, London WC1E6BT

cause of their analogy with the antigens of
human skin cancer. In this connection, it
should be remembered that skin cancer is
one of the few forms of human neoplasm
that is under strong immune surveillance, as
judged from the elevated incidence of these
cancers in immunosuppressed individuals.
Indeed, Harald Zur Hausen at this meeting
discussed these cancers and their antigens in
the context of papilloma virus infection. The
judges liked Dr. Stauss' work for its use of a
judicious combination of classical transplantation techniques and modern molecular biology. In addition, the poster itself was
masterly.
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A. Introduction

Transplantation experiments have clearly
demonstrated the existence of unique (individual) tumor-specific antigens on cancers
induced by physical or chemical carcinogens. These antigens often induce a tumor-specific immune response upon immunization with a tumor which protects the
host against a subsequent challenge with the
same tumor, but not against a challenge with
any other independently induced tumor [1].
Unique antigens were observed even when
the tumors were induced with the same carcinogen in the same organ system in the
same strain of mice [2]. This finding of
unique tumor specificity raises questions
about the mechanism by which these tumorspecific antigens are generated. The critical
questions regarding such unique tumor-specific antigens ar~ their composition, genetic
origin, and possible role as target antigens
for the immune system. However, the identification of tumor-specific antigens that
cause tumor rejection has proven to be extremely difficult in the past. Serological
probes with unique tumor specificity are difficult to obtain [3], and the serologically rec1 Supported by a Fellowship of the National
Cancer Cytology Center and a Fellowship of the
Deutsche Forschungsgemeinschaft
2 Supported by Grants P01 CA-19266, R01 CA22677 and R01 CA-37156 from the National
Cancer Institute
Department of Pathology, University of Chicago,
Chicago, IL 60637, USA
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ognized antigens may not be the target for
tumor rejection [4] that is primarily T-cell
mediated [5].
We used UV-induced tumors of mice for
studying the nature of tumor-specific
antigens for the following reasons: (a) the
unique tumor-specific rejection antigens on
UV -induced tumors are stronger than those
on chemically induced tumors, in that UVinduced tumors often regress after transplantation into normal mice even without
prior immunization; (b) several of the tumor-specific rejection antigens on one such
UV-induced regressor tumor, called 1591RE, have been defined by cytolytic T-cell
clones; (c) monoclonal antibodies with
unique specificity for this UV-induced regressor tumor have been generated which
reacted with novel MHC class I molecules
on this tumor; and (d) the genes encoding
the antibody-recognized novel class I molecules have been cloned and identified by
transfection. We describe here the relationship between the novel MHC class I molecules encoded by the cloned genes and the
rejection antigens of the 1591 tumor. Recently, we found that one of the novel 1591
class I genes encodes an antigen that causes
immunological tumor rejection in normal
mice [6]. Transfection of this novel class I
gene into a 1591 progressor tumor variant
leads to the rejection of the gene-transfected
progressor tumor, demonstrating that a single gene can revert the progressive growth
behavior and establish the regressor phenotype characteristic of the parental 1591-RE
tumor.

B. Results

The 1591 tumor contains three novel class I
genes designated 216,166, and 149 which account for the abnormal reactivity of the tumor cells with MHC class I-specific monoclonal antibodies [7]. The gene 216 encodes
an antigen that is selectively recognized by
the 1591 tumor-specific antibody CP28 [8].
The molecules encoded by the genes 149 and
166 cross-react with monoclonal antibodies
specific for allogeneic MHC class I antigens.
Together, the three 1591 class I genes 216,
166, and 149 can account for all the novel
MHC class I determinants expressed by

--

100

~

en

80

Q)

o

a;

60

C)

L-

as

~

40

o

en
en 20
>.

..J

o

7°1

I

65

o
o

20

1

......
0:::

15

01
C

"0
C

10

CD
5

l _
I

1591-REI

,Gene 216

•Gene

.JL
166

Gene 149,

1591 MHC Closs I Gene Trons!eclonls

Cell Lines
Fig.t. The 1591 class I genes 216,166, and 149 account for all the novel MHC class I determinants
that are expressed by the parental 1591-RE tumor. Furthermore, the novel class I gene 216 selectively encodes for the antigen reactive with the
syngeneic tumor-specific monoclonal antibody
CP28. Shown is the binding of nine MHC class Ispecific monoclonal antibodies to the parental
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(LdDb,q), 34-4-20 (LdD d), 30-5-7 (LdDqLqL b), 235-21 (DbDdDS,q,p), and CP3F4 to the tested cells
(Reproduced from Ref. 6 with permission of the
editors)
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Effector-to-Target Cell Ratio
Fig. 2. The 1591 class I gene 216 encodes the
antigen that is recognized by the tumor-specific
anti-A CTL clone. This T-cell clone defines the A
antigen on the 1591 tumor as rejection antigen because it selects in vitro from the parental regressor
tumor for antigen loss variants that grow progressively in normal mice. The two 1591 regressor tumors with the phenotype (A +B+C-D-) and (A +
B-C-D-), and the 216 gene-transfected L cells
are lysed by this CTL clone. L cells transfected
with the 1591 class I genes 149 or 166 or the A variants of the 1591 tumor or an unrelated UV-induced C3H tumor (2240-RE) are not lysed in a
4.5-h 51Cr release assay. (A, B, C, and Dare CTL
defined 1591 tumor-specific antigens) (Reproduced from Ref. 6)

1591 tumor cells (Fig. 1). In addition, the
1591-RE1 tumor expresses multiple independent CTL-defined antigens [9] each of
which can independently cause tumor rejection. In the first part of our study, we determined whether any of the three novel MHC
class I genes (216, 166, or 149) encoded the
antigen recognized by anti-A CTL. We have
shown previously that tumor variants selected for the loss of the anti-A CTL-defined
antigen are no longer rejected by normal
mice [10] implicating a close linkage between
(or even identity of) the A antigen and the
antigen leading to tumor rejection. However, careful attempts to block A antigenspecific CTL clones with antibodies specific
for anyone of the three novel class I MHC
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antigens encoded by the 216, 166, or 149
genes failed [11]. Therefore, the relationship
of the serologically defined novel class I
antigens to the CTL-defined antigen remained uncertain. We transfected the novel
1591 class I genes into mouse L cells and
used these gene-transfected cells as targets
for the 1591 tumor-specific CTL lines.
Figure 2 shows that only the 216 gene-transfected L cell line was killed by the anti-A
CTL line while L cells transfected with the
166 gene or the 149 gene were not affected by
the anti-A CTL clone. The A -B+C-D- or
Table 1. Reversal of malignant growth in normal
mice by transfection of the novel class I gene 216
Cell linea

1591-PRO
TR216-:1
1591-PRO
TR216-:1
Total

Expression
of the 216
gene
product b

Tumor incidence C
Normal
mIce

Nude
mIce

+

1/5 d

2/2

+

0/5

2/2

1/10 (10%)

1591-PRO
TR216-:-3
1591-PRO
TR216-:-4
Total
1591-PRO
TR216.1
reisolate d
1591-PRO
1591-RE

5/5

2/2

4/5

2/2

9/10 (90%)
5/5 (100%) ND

+

8/10 (80%) ND
0/10 (0%) 2/2

A clone of the progressor tumor, 1591-PRO was
transfected with the 216 gene and the neomycinresistant gene. The G418 drug-resistant cell population was cloned and two clones which expressed the 216 gene-encoded antigen (1591-PRO
TR216-:1 and 1591-PRO TR216:2) and two
clones which did not express the 216 gene-encoded
antigen (1591-PRO TR216-:-3 and 1591-PRO
TR216 -:- 4) were used to challenge five normal mice
or two nude mice with tumor fragments containing > 108 tumor cells.
b Expression of the 216 gene product was determined by F ACS IVB analysis using the monoclonal antibody CP28 that specifically recognized
this gene product and a fluoresceinated second
antibody. Cell lines designated positive for expression of the 216 gene product stained at least
two times above background (binding ratio > 2),
while all cell lines designated negative for 216 gene
a
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the A -B-C-D- variants of the 1591 were
not killed. As expected, however, the A +BC - D - variant of 1591 was killed by the antiA CTL, as was the A +B+C-D- parental
1591-RE regressor tumor line. Anti-B, antiC, or anti-D CTL did not kill any of the L
cells transfected with the novel MHC class I
genes (not shown). Together, our data
clearly indicate that the 216 gene-encoded
novel class I antigen is recognized by both
the CP28 monoclonal antibody (Fig. 1) as
well as the anti-A CTL clone (Fig. 2).
We have shown previously that all the in
vivo- or in vitro-derived progressor variants
of the 1591-RE tumor had lost all three
novel class I genes 216, 166, and 149 simultaneously [6]. It was not clear whether the
presence of the 216 gene would alone be sufficient to establish the regressor phenotype.
To test this, we introduced by transfection
the 216 gene into a progressively growing
A - 1591 variant, designated 1591-PRO,
which had lost all three novel class I genes.
This progressor tumor was cotransfected
with the 216 gene and the gene encoding the
enzyme amino glycoside phosphotransferase
which confers resistance to the drug 0418.
The 0418-resistant cell population was
cloned and 24 of 77 clones expressed the 216
gene-encoded antigen as determined by their
reactivity with the CP28 antibody. Two 216
genes expressing, A antigen-positive clones,
designated TR216+.1 and TR216+ .2, and
two negative clones, designated TR216-.3

expression stained less than 1.5-fold above background (binding ratio < 1.5).
Number of mice with progressively growing
tumors/number of mice challenged. Mice receiving the 216- clones died within approximately 6
weeks due to the large tumor burden. The mice
that were challenged with the 216+ transfectants
did not develop tumors even after 4 months,
except for one mouse that grew out an antigen loss
variant approximately 2.5 weeks after injection.
All cell lines used in this experiment readily
formed tumors in nude mice.
d One of the mice injected with the transfected
1591-PRO TR216-:1 cell line developed a progressively growing tumor that was reisolated
(designated 1591-PRO TR216.1 reisolate) and
reanalyzed for expression of the 216 gene by
F ACS IVB (Fig. 3) and for tumor incidence in
normal mice. (Reproduced from Ref. 6)
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Fig.3. Loss of expression of the transfected 216
gene in a reisolated 1591-PRO tumor that grew
progressively despite transfection with the 216
gene. The 216 gene-transfected tumors analyzed
are the same as those used for the experiments described in Table 1. Thefirst panel shows the histogram of the 1591-PRO TR216+.1 cell line and the
second panel shows the histogram of the 1591-PRO

TR216.1 reisolate. Cells were incubated with the
monoclonal antibody CP28 followed by incubation with fluerescein-coupled goat anti-mouse immunoglobulin antibodies (--) or incubated with
only the goat anti-mouse immunoglobulin (-).
Ten thousand cells were analyzed with the F ACS
IVB. (Reproduced from Ref. 6)

and TR216-.4, which were G418 resistant
but did not express the 216 gene-encoded
antigen were analyzed further. Cells of these
four clones were injected into nude mice and
fragments of the growing tumors were used
to challenge normal animals. The use of tumor fragments grown in nude mice ensured
that the cloned transfectants were still capable of growing as a malignant tumor in
nude mice. Table 1 shows that the 216 gene
expressing TR216 +.1 clone grew out in only
one of five animals and the 216 gene expressing TR216+.2 clone was rejected in all animals despite the fact that the mice were challenged with a large tumor dose (> 10 8 cells).
In contrast, the clones TR216 -.3 and
TR216 -.4 which do not express the 216
gene-encoded antigen grew in five of five
and four of five mice, respectively, and all
these mice died of progressive tumor
growth. The single tumor which grew out in
one of the animals that were challenged with
the 216 gene expressing TR216 +.1 clone was
readapted to culture and analyzed for the expression of the 216 gene-encoded antigen
with the fluorescence-activated cell sorter.
All cells of the reisolate were negative for the
216 antigen, indicating that the cells either
lost the transfected 216 gene or that its expression was prevented by some other mechanism. This variant that did not express the
216 gene-encoded antigen was injected into
five normal animals and tumor growth resulted in all the mice (Table 1). Together,

these data indicate that the stable expression
of the 216 gene-encoded antigen is sufficient
to change the phenotype of a progressor tumor so that it is rejected by the normal animal. Furthermore, the loss of the expression
of this 216 antigen in transfected tumor cells
allows these cells to regain the progressor
phenotype characteristic of the untransfected parental progressor tumor.
C. Discussion

Many years ago, studies clearly demonstrated that tumor-specific antigens that are
distinct (unique) for each individual tumor
can lead to a complete immunological destruction of experimental cancers. However,
the molecules eliciting (and being the target
of) these immune responses have remained
obscure. We have cloned and analyzed the
genes encoding novel class I molecules expressed by a UV-induced murine skin tumor, designated 1591, to determine their
role in the immunobiology of tumor rejection and tumor progression. Several lines of
evidence clearly indicate that one of these
genes, called gene 216, encodes an antigen
that elicits 1591 tumor-specific rejection and
is the target molecule of tumor rejection:
1. The 216 gene-encoded antigen must be
lost before the tumor can grow progressively in a normal immunocompetent
mouse. Southern blot analysis showed
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that all of the in vivo- or in vitro-derived
progressor variants analyzed had lost the
216 gene [6].
2. The molecule encoded by the 216 gene is
specifically recognized by the A antigenspecific cytolytic T-cell clone that we
have previously shown to select in vitro
for progressor variants from the parental
regressor tumor cell line.
3. The most conclusive evidence comes
from the fact that transfection of the 216
gene into progressively growing 1591 tumor variants leads to the expression of
the 216 gene-encoded antigen on the tumor and to complete rejection of all cells
expressing this antigen. Thus, the progressor tumor reverted to the parental regressor phenotype following transfection.
Unique tumor-specific transplantation
antigens are antigenically distinct for independently induced tumors. These different
antigens may, therefore, be encoded either
by numerous different unrelated genes or by
a single gene which underwent multiple different mutational changes. Alternatively,
these antigens might be encoded by the
members of a gene family such as the immunoglobulin genes, the T-cell receptor genes,
the MHC class I and class II genes, or the
genes of the mUltiple retroviral proviruses
which are present in the murine genome.
Some of these gene families are known to
contain the coding information for a large
variety of distinct molecules and could
therefore account for the observed remarkable antigenic polymorphism among tumorspecific transplantation antigens. It is interesting to notice that even a single malignant
cell can express multiple unique tumor-specific antigens as has been shown for the tumor P815 [12] or 1591-RE [9]. To determine
whether these antigens are encoded by a
family of related genes or by multiple unrelated genes, it is necessary to analyze more
tumors and to identify molecularly and genetically more unique tumor-specific transplantation antigens.
Another important and still unresolved
question regarding the origin of unique tumor-specific antigens is whether the genes
encoding such antigens are preexisting in the
genome or whether these genes appear as the
result of somatic mutation and as such re312

present the product of the mutagenic action
of carcinogens. Previous studies demonstrating unique antigenicity of each of the independent transformants which were all derived from one single parental cell seemed to
suggest somatic carcinogen-induced mutations as a likely mechanism [13]. However, it
was not excluded by these studies that the
carcinogen treatment activated heritably,
but at random, different preexisting, previously silent genes. Such a mechanism
could also account for the observed immunogenicity of tumors in the autochthonous
host [2]. In order to determine whether somatic mutations are involved in the malignant transformation and in the generation
of tumor-specific antigens, we are presently
searching for genetic changes in tumor cells
which are not present in normal cells of the
same individual.
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Formation of a Hybrid bcl-2/Immunoglobulin
Transcript as a Result of t(14;18) Chromosomal Translocation
M. L. Cleary and J. Sklar

A. Introduction
Specific chromosomal changes are consistently associated with several morphologically or histologically distinct forms of
cancer [1]. In a few hematolymphoid malignancies, chromosomal translocations are
known to occur near or within the cytologic
loci for cellular homologues of retroviral-encoded oncogenes [2]. For example, both the
c-abl and c-myc proto-oncogenes are targets
for interchromosomal translocations in
chronic myelogous leukemia and Burkitt's
lymphoma, respectively [3, 4]. Recent molecular studies have elucidated the structural
consequences that chromosomal translocations have upon these cellular proto-oncogenes [5-7]. However, most of the recurring
chromosomal translocations which have
been described, particularly in hematolymphoid malignancies, do not result in structural alterations of cellular homologues for
known retroviral oncogenes. Presumably
these cytogenetic abnormalities affect cellular genes which have not been transduced by
retroviruses and therefore remain largely
undefined. One approach toward isolation
and characterization of these candidate human proto-oncogenes is to clone from appropriate tumors chromosomal translocaLaboratory of Experimental Oncology, Stanford
University Medical Center, Stanford, California
94305. This work was supported by grants CA
38621, CA 34233, and CA 42971 from the
National Institutes of Health, IM32Z from the
American Cancer Society, and a grant from the
Lucille P. Markey Charitable Trust. M.L.e. is a
scholar of the Lucille P. Markey Charitable
Trust
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tion breakpoints. The breakpoint DNAs can
then be used to identify closely linked transcriptional units for further study.
A particularly common translocation is
the reciprocal t(14;18) translocation that occurs in at least 85%-90% of human follicular lymphomas [8]. We and others have
shown that the points of crossover on chromosome 14 for these translocations always
occur within or directly adjacent to an Ig
heavy chain joining region [9-11]. The molecular features of t(14;18) crossovers suggested that these interchromosomal translocations result from errors in V-D-J joining
during B-cell differentiation. Clustering of
t(14;18) chromosomal breakpoints also occurs on chromosome 18, adjacent to or
within a previously undefined transcriptional unit. The term bcl-2 was proposed for
this potentially new human proto-oncogene
[12], which may be involved in the pathogenesis of human follicular lymphomas. We describe here the structural characterization of
the bcl-2 gene and its mRNA product. Our
data show that the proposed bcl-2 protein
shares significant homology with a hypothetical Epstein-Barr virus (EBV) protein. We
also show that most t(14;18) translocations
disrupt the bcl-2 gene, creating a hybrid bcl2/IgH transcriptional unit. The results indicate that the molecular mechanism of most
t(14;18) translocations is a regulatory alteration of the expression of the bcl-2 gene.
B. Structure of the hcl-2 Gene, RNA,
and Predicted Protein

A variety of hematolymphoid cell lines were
screened for expression of bcl-2 mRNA, us-

mbr

pFL1 \ ..

__

I

"I
vv
~>50kb'JL_ _+____V__)-J~t-1---+- GENOMIC
~'\, / 1
VV /
I"

, , /

DIf

t

V

)(/

JAAAAA

eDNA

Fig.t. Physical maps of the bcl-2 gene and its
mRNA transcript. The physical structure determined for the configuration of the bcl-2 gene is
shown along with a map of the bcl-2 mRNA predicted by the nucleotide sequence [14]. The gene
consists of two exons separated by more than
50 kb of intervening sequence as determined by

restriction enzyme mapping studies and nucleotide sequence determinations. The genomic locations of the pFL-l hybridization probe and the
t(14;18) major breakpoint cluster region (mbr) are
denoted with brackets. Restriction enzyme cutting
sites are as follows: BamHl(j), EcoRl(J), and
HindIII(V)

ing a 1.5 kb fragment of chromosome
18 DNA (PFL-l) derived from a cloned
t(14;18) breakpoint [9]. The results indicated
that the normal transcription product of the
bcl-2 gene, at least in B-lineage cell lines, was
a 6.0 kb mRNA and that the B-cell precursor cell line SUP-B2 derived from a common
acute lymphoblastic leukemia [13] expressed
reasonably high levels of this mRNA. A
lambda gUO cDNA library was constructed
using poly(A) + RNA from SUP-B2, and hybridizing phages were identified and purified
using the pFL-l chromosome 18 DNA
probe. Analysis of phage DNA inserts
showed that overlapping cDNA had been
obtained comprising a total of 6 kb (as
shown in Fig. 1). Nucleotide sequence determinations showed that the largest open
reading frame initiated at the first ATG codon at the 5' end of the cDNA [14]. The
reading frame initiated by this codon terminated 717 nucleotides downstream at the
first in-phase stop codon, followed
thereafter by multiple stop codons in all
three reading frames. The sequence predicted the unusual structure for the bcl-2
mRNA shown in Fig. 1, which consisted of
a short open reading frame at the 5' end followed by a long 3' untranslated region.
The nucleotide sequence predicted a 239
amino acid polypeptide as the putative product of the bcl-2 gene, whose sequence is
shown in Fig. 2. When this sequence was
compared with those currently contained in
the NBRF protein database, significant

homology was observed with the EpsteinBarr virus (EBV) protein BHRFI, a hypothetical protein corresponding to an open
reading frame in the EBV genome [15]. A
computer, generated alignment of the two
sequences is shown in Fig.2. There is 25%
identity between the two sequences over a
149 amino acid overlap, which increases
substantially if conservative amino acid replacements are considered to be identical.
The findings indicate that the predicted bcl-2
polypeptide is evolutionarily related to the
hypothetical BHRFI protein.
The bcl-2 cDNAs were used to determine
the genomic configuration of bcl-2 DNA.
The results indicated that a major portion of
the bcl-2 cDNA was contained within a single large exon, which overlapped with the
pFL-I hybridization probe, as shown in
Fig. 1. Nucleotide sequence determinations
confirmed that all but the 5' 614 nucleotides
of the cDNA were contained within this single large exon. The 5' 614 nucleotides of the
bcl-2 cDNA are encoded greater than 50 kb
away, as determined by restriction mapping
studies. This distance may be considerably
larger since DNA was not isolated spanning
the entire linkage. The structure of the
genomic DNA showed that the major
t(14;18) breakpoint cluster region (mbr) containing most t(14;18) translocations was located within the gene, in the middle of the
large exon containing the 3' untranslated region of the bC/-2 mRNA. The nucleotide sequences of several previously described
315

l'

MAHAGRTGYDNREIVMKYIHYKLSQRGYEWDAGDVGAAPPGAAPAPGIFSSQPGHTPHTA

1"

MAYSTREILLALCI

61'

ASRDPVARTSPLQTPAAPGAAAGPALSPVPPVVHLTLRQAGDDFSRRYRRDFAEMSRQLR

15"

RDSRVHGNGTLHPVLELAARETPLRLSPEDTVV-LRYHVLLEEIIERNSETFTETWNRFI

121'

LTPFTARGRFATVVEELF-RDGVNWGRIVAFFEFGGVMCVESVNREMSP-LVDNIALWMT

74"

THTEHVDLDFNSVFLEIFHRGDPSLGRALAWMAWCMHACRTLCCNQSTPYYVVDLSVRGM

***

* .. *

* . . *. *

.** *

,....* * ... ** .* ....

* .

.. . *

* .....

179'

EYLNRHLHTWIQDNGGWDAFVELYGPSMRPLFDFSWLSLKTLLSLALVGACITLGAYLGHK

134"

LEASEGLDGWIHQQGGWSTLIEDNIPGSRR---FSWTLFLAGLTLSLLVICSYLFISRGRH

* .. ** ... *** .... *

*. *.

***

.. *.*.*.

*

*

Fig. 2. Alignment of the predicted bC/-2 and
BHRF1 amino 'acid sequences. The predicted
amino acid sequences for the bC/-2 protein and the
hypothetical EBV protein BHRF1 are shown following alignment for maximum homology determined by the program DFASTP [19]. Asterisks

denote identical amino acids and dots indicate
conservative replacements shared by the two sequences. The single letter amino acid designations
are according to Dayhoff [20]. Numbers denote
residue positions for bcl-2 (prime) and BHRF1

t(14;18) breakpoints were compared with
the nucleotide sequences determined for the
bcl-2 genomic DNA and cDNA; this comparison showed that seven t(14;18) crossovers occurred within 500 nucleotides of
each other in the 3' un translated segment of
the bcl-2 gene. These data indicate that the
majority oft(14;18) translocations divide the
bcl-2 gene within the middle of a bcl-2
exon.

t(14;18) translocation, a hybrid bcl-2/IgH
transcriptional unit was created.
To investigate the structure of bcl-2
mRNA in cells containing the t(14;18) translocation, Northern blot hybridization analyses were carried out on poly(A) + RNA isolated from the SU-DHL-4 cell line. When a
5' bcl-2 cDNA fragment was used as a probe,
two abnormally sized RNAs of 5.8 and
3.8 kb were detected in SU-DHL-4 cells
(Fig. 4). However, when the same RNA
preparation was hybridized with a 3' cDNA
probe, no transcripts were detected in SUDHL-4, confirming that the translocation in
this cell line prematurely truncates the bcl-2
mRNA. Since karyotype analyses and
Southern blot hybridizations of this cell line
indicated that a normal chromosome 18 was
present, the lack of a detectable 6 kb mRNA
with the 3' probe also indicated that the nontranslocated bcl-2 allele in SU-DHL-4 was
silent. Both the 5.8 and 3.8 kb abnormally
sized bcl-2 transcripts in this cell line also hybridized to a gamma heavy chain probe, suggesting that two hybrid bcl-2/Ig transcripts
were produced by t(14;18) translocation.
To confirm that the abnormal transcripts
actually encoded hybrid bcl-2/Ig mRNAs, a
cDNA library was constructed from SUDHL-4 mRNA, and overlapping cDNAs
representative of the 5.8 kb transcript were

C. Structure of the Translocated bcl-2
Gene and mRNA
We determined the genomic configuration
of the translocated bcl-2 gene in the SUDHL-4 cell line [16], which contains a
t(14;18) translocation, by means of genomic
Southern blot hybridizations. The results indicated that the bcl-2 gene was split by
t(14;18) and the 3' half of the gene was lost
from the translocated allele. The results
showed a head-to-tail juxtaposition of the
truncated bcl-2 gene with an Ig heavy chain
gene, as shown in Fig. 3. For the bcl-2 gene,
the point of crossover was within the exon
containing the 3' untranslated portion; on
chromosome 14 the point of crossover was
at joining region J4. The results indicated
that in the SU-DHL-4 cell line, following
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Fig. 3. Schematic diagram of the translocated bel2 gene and its 5.8 kb hybrid transcription product
synthesized in the SU-DHL-4 cell line. A schematic physical map of the fused bcl-2 and immunoglobulin Cy heavy chain genes in SU-DHL-4
based on Southern blotting experiments is shown.
The structure of the 5.8 kb hybrid bcl-2/IgH
mRNA transcribed from the fused genes is shown
immediately below the configuration of the genes
with necessary processing events indicated. Three

overlapping cDNA clones isolated from SUDHL-4 which together contain the entire 5.8 kb
hybrid transcript are shown below the schematic.
Open reading frames and 5' un translated regions
for both bcl-2 and Cy are represented by open
boxes. The bcl-2 3' untranslated region is shown as
a stippled box. The Jg Cym 3' untranslated region
is represented as a crosshatched box and that for
/g Cy' as a solid box. Restriction enzyme cutting
sites: SmaI (' and SadI (.)
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Fig. 4. Autoradiograms of Northern blots analyzing bel-2- and immunoglobulin-homologous
transcripts in the B-lineage cell lines SU-DHL-4
and SUP-B2. Three micrograms of poly(A +)
RNA from cell lines SU-DHL-4 (lanes 1) and
SUP-B2 (lanes 2) were fractionated through formaldehyde/0.8% agarose gel. Following transfer to
nylon membranes, the immobilized, paired RNAs

were hybridized separately with a 5' bcl-2 eDNA
fragment, a 3' bcl-2 eDNA fragment, and a human
y4 Ig constant region probe. The 6.0 kb bel-2
mRNA detected in SUP-B2 is denoted with a
triangle; the two abnormal 5.8 and 3.8 kb bel-2
mRNAs detected in SU-DHL-4 are denoted with
arrows, as are the Cy-homologous mRNAs of
identical size observed in this cell line

purified and characterized. Nucleotide sequence analyses showed that this abnormal
RNA consisted ofthe 5' approximate half of
the bc/-2 mRNA fused to a decapitated Ig
heavy chain mRNA, as shown in Fig. 3. A
translation termination codon in the bcl-2 3'

untranslated segment adjacent to the point
of fusion is in phase with the gamma heavy
chain translational reading frame, thus preventing production of a chimeric Ig protein.
The sequence and restriction mapping results for the hybrid bcl-2/Ig transcript from
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this cell line indicated that transcription proceeds from the bcl-2 gene on the chromosome 18 portion of the translocated chromosome, across the t(14;18) breakpoint, and
into the Ig heavy chain gene on chromosome
14, to be terminated somewhere downstream of the gamma membrane RNA
exons, at an immunoglobulin gene termination site. The bcl-2 and Ig heavy chain
mRNA introns are excised from the precursor in a manner similar to that which occurs
during processing of normal bcl-2 and heavy
chain mRNAs, respectively. However, the
point oft(14;18) crossover, where sequences
of the bcl-2 3' untranslated segment join an
Ig JH segment, is not spliced out of the hybrid mRNA. The 3.8-kb hybrid transcript
most likely results from differential processing of the immunoglobulin portion at
the 3' end of the hybrid bcl-2/Ig precursor.
D. Molecular Mechanisms oft(14;18)
The bcl-2 transcriptional unit has been discovered solely by virtue of its localization at
the site of frequent chromosomal translocations in human B-cell malignancies. We have
now used a chromosome 18 DNA probe
flanking the major t(14;18) breakpoint
cluster region to isolate cDNA copies of the
normal transcription product of the bcl-2
gene. The bcl-2 mRNA contains an open
reading frame for a 26 kilodalton protein,
which is distantly related to a predicted EBV
protein. It is not clear whether the BHRFI
protein participates in EBV -induced B-cell
immortalization; however, recent studies
have identified a BHRFI protein in EBV-infected cells and suggest it is a highly abundant immediate early viral protein (Pearson
and Kieff, personal communication). Purely
structural analyses of the bcl-2 sequence do
not suggest a specific subcellular role for the
bcl-2 protein. Since there is no apparent
transmembrane hydrophobic segment, it is
unlikely to span the nuclear or plasma membrane. It also does not share homology with
the conserved domains of all known protein
kinases. It is likely that, since the bcl-2 gene
is the frequent target of chromosomal translocations in developing B cells, and its protein product shares significant homology
with a probable regulatory viral protein, bcl318

2 likely plays some role in controlling the
proliferation of early B cells.
Our results show that most t(14;18) translocations result in the formation of a hybrid
bcl-2/Ig transcriptional unit, which produces
hybrid transcripts lacking the 3' half of the
normal bcl-2 mRNA. Since these hybrid
mRNAs continue to encode a normal bcl-2
protein, the results suggest that the major effect of t(14;18) is a regulatory alteration of
bcl-2 expression. Part of this regulatory alteration may be posttranscriptional, since
the hybrid transcripts lack the 3' half of the
normal bcl-2 mRNA. There is precedent for
activation of cellular proto-oncogene expression due to alterations of the 3' untranslated portions ofthe mRNA, as described by
Meijlink et al. for the c-fos gene [17]. Deletion of a 67 nucleotide A-T rich region from
the 3' untranslated segment of the c-fos
mRNA is sufficient to activate its transforming potential in vitro. By analogy, the
clustering of t(14;18) breakpoints in the 3'
un translated segment of the bcl-2 mRNA
may result in the deletion of an important
regulatory sequence. It is also possible that
the Ig portion of the hybrid transcript stabilizes an otherwise labile bcl-2 mRNA.
Our results suggest that the major effect of
t(14;18) translocation is a cis alteration of
bcl-2 transcription, since only the translocated bcl-2 gene was transcriptionally active
in a t(14;18) cell line. We were able to distinguish the expression of the translocated vs
nontranslocated bcl-2 genes within the same
cell, since the translocated bcl-2 allele was 3'
truncated. Since the Ig heavy chain enhancer
is retained on the 14q + homologue downstream of the bcl-2 portion within the hybrid
transcriptional unit following t(14;18), it
may playa role in cis alteration of bcl-2 gene
expression. However, our results indicate
that the 5' end of the bcl-2 gene is at least
50 kb away from the point oft(14;18) crossover, requiring that the enhancer exert its effect on the bcl-2 promoter over a considerable distance. It is also possible that other
dominant cis-acting long-range properties of
the Ig heavy chain locus affect bcl-2 gene expression similar to the deregulation of c-myc
gene expression in Burkitt's lymphoma.
The mechanism for alteration of bcl-2 expression presented here applies for most
t(14;18) translocations since two-thirds of all

crossovers occur within the major breakpoint cluster region (mbr). However, approximately one-third of t(14;18) breakpoints cluster at another site on chromosome 18 which has not been linked within
20-30 kb of the bC/-2 transcriptional unit
[18]. It is possible therefore that there are additional mechanisms for activation of bC/-2
or, alternatively, there is a second gene at
18q32 whose expression can be altered by
t(14;18).
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Involvement of the D Segment (DQS2) Nearest to the JH Region
in Immunoglobulin Gene Rearrangements
of Lymphoid-Cell Precursors
S. Mizutani, T. M. Ford, L. M. Wiedemann, L. C. Chan, A. J. W. Furley, M. F. Greaves, and
H. V. Molgaard

A. Introduction

The specific antigen recognition molecules
expressed by Band T lymphocytes, the immunoglobulins (Ig) and the T-cell receptor
for antigen (TCR) are coded for by genes
which are assembled in an ordered series of
somatic DNA recombination events during
lymphocyte differentiation. In B lymphocytes the heavy chain gene of the Ig molecule
(IgH) is the first to be assembled and this occurs by two successive DNA rearrangements
in which first a diversity segment (D) and
then a variable gene segment (V) are joined,
usually by a process of intrachromosomal
deletion, to a joining segment (1) to form a
complete variable region sequence (for a review, see Alt et al. 1986). A similar sequence
of DNA recombinations leads to the assembly of variable region sequences from V,
D and J gene segments in the TCR genes (for
a recent review, see Kronenberg et al.
1986).
The initial gene rearrangement events are
not entirely lineage restricted. About half of
mouse T-cell lines, hybridomas and thymomas have IgH rearrangements (Forster et al.
1980; Cory et al. 1980; Kurosawa et al. 1981;
Zuniga et al. 1982). 19B gene rearrangements in T lineage cells and TCR (/3, y) gene
rearrangements in B lineage cells have been
reported in 10%-30% of human lymphoid
neoplasms (Pelicci et al. 1985; Rabbitts et al.
1985; Tawa et al. 1985; Greaves et al. 1986).
These "cross-lineage" rearrangements ap-

Leukaemia Research Fund Centre, Institute of
Cancer Research, London
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pear to be nonfunctional and incomplete
with no involvement of V regions.
In order to better understand the nature
of these DNA alterations and their possible
significance for lymphoid lineage commitment we have analysed the 19B gene rearrangements occurring in a group of human
T-cellieukaemias and T-cell lines with precursor phenotypes and a similar group of B
lineage leukaemias. These studies indicate
that immature T cells frequently undergo an
unusual type of DJ rearrangement of the
19B gene and that this rearrangement is only
seen in B cells with the most primitive immunophenotypes. A detailed account of these
studies is reported elsewhere (Mizutani et al.
1986).

B. Methods
Leukaemic blood cells from untreated patients were isolated and immunophenotyped
with a panel of monoclonal antibodies as described previously (Greaves et al. 1982; Furley et al. 1986).
DNA isolation and restriction enzyme
analysis was carried out essentially as previously described (Ford et al. 1983), except
that the DNA probes were radiolabelled by
the random primer method (Feinberg and
Vogelstein 1984).
The J gene probes used are shown in
Fig. 1. Probe D was excised from A CH 28-6
(Ravetch et al. 1981; a kind gift from P.
Leder) and subc10ned in a plasmid vector.
Probes A, B, C and E were excised from
fragment D. Probe C was subcloned and reexcised before use. Probe F derives from
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Fig. 1. Map of the human JH gene region showing

the restriction enzyme sites used to generate the
DNA probes. Ba, BamHI; Bg, Bg/II; Bs, BstEII;
H, HindllI; S, SmaI; P, Pst!. The restriction sites
used to excise the probes are shown beside each
probe. The 5' end of fragment F terminates at 13
in a BamHI site created during the cloning of the

C76R51 (Rabbitts et al. 1981; a kind gift
from Dr. T. Rabbitts).
In order to analyse the J gene rearrangements, we isolated a series of DNA fragments from the J gene region as shown in
Fig.I. These DNA probes allowed us to
identify gene rearrangement and to test
whether it was accompanied by deletion of
sequences 5' to and within the 1 gene region
as would be expected if rearrangement had
occurred by intrachromosomal deletion.
The J gene rearrangements were analysed
with these probes using Southern transfers
of DNA from the leukaemias digested with
restriction enzymes which cut outside the J
gene region.
1. Immature T Cell Leukaemias

In order to identify JgH JH gene rearrangements in T-cell leukaemia DNAs, we first
used the complete J region probe, D in
Fig. 1. Since rearrangement usually involves
the loss of DNA 5' to the J regions, we next

E

genomic DNA (Rabbitts et al. 1981). This map is
based on the published map and sequence of the
J gene region (Ravetch et al. 1981). The restriction
enzyme sites for EcoRI and one of the BamHI and
HindlII sites used in the gene rearrangement studies lie outside the region shown

probed the Southern transfers with fragment
A (see Fig. 1). DNA from nine T-cell leukaemias and 21 B-cell lineage leukaemias
was tested in this way. Figure 2 shows the results of this procedure. The T -ALL DNA
shown (Fig. 2 I) has clearly retained sequences 5' to J. DNA from five other T-cell
leukaemic cells gave a similar result
(Table 1). The rearranged allele retaining
fragment A (cf. Fig. 1) shows a small decrease in size of 1-2 kb from the unrearranged fragment size irrespective of the restriction enzyme used. This suggested that
these rearrangements resulted from small
deletions within or close to the J gene segments. This was confirmed using probes C
and E (see Fig.1) which reveal that sequences between J 1 and J 3 have been deleted. These rearrangements are therefore
consistent with DQs2 joining to J 3 or J segments 3' to J 3 . Two T-ALLs did not retain
5' J in their rearranged J.-l gene and one (JM)
had an unusual rearrangement probably involving DQs2' but with no detectable deletion at all.
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Fig.2J-nI. J H gene rearrangement and retention
of 5' to J sequences in some lymphoid precursor
leukaemias. I. DNA from a T-ALL digested with
BamHI. II. DNA from common (B cell precursor)
ALL digested with EcoRI. In. DNA from null
(early B cell precursor) All digested with HindIII.
A. Detected with probe A (see Fig. 1). D. Detected
with probe D (see Fig. 1). Note retention of rearranged band/5' J in samples I and III, but not II.
-+, germ line position, 0, rearranged allele

No retention of the 5' J fragment was observed in DNA from ten common ALL Bcell precursor leukaemias (Fig. 2 II); however, DNA from three out of ten null ALL
which have a more immature B-precursor
phenotype appear to have undergone the
same rearrangement involving DQs2 as seen
in T cells (Fig. 2III; Table 1).
The occurrence of very similar recombination signa] sequences - the conserved heptamer and nanomer sequences (for a review,
see Alt et al. 1986) in the V, D and J gene segments in both the /g genes and the TCR
genes suggests that both sets of genes make
use of common enzymes during rearrangement. This has further been established by
the ability of AMuLV transformed pre-B
cell lines to rearrange an introduced TCR f3
gene (Yancopoulos et al. 1986). The endogenous TCR P gene in the AMuLV transformed line was not rearranged, suggesting
that control of gene rearrangement in lymphocyte development is mediated by accessi322

bility in cells where the recombinases are active. The occurrence of bigenotypic (lgH/
TCR) rearrangements in immature T cells as
reported here and elsewhere indicates that
the J gene segment is accessible to recombinases of some committed T cells undergoing
TCR gene rearrangement. If accessibility in
primitive lymphoid precursors was, initially
at least, restricted to a limited window, then
this might favour local gene rearrangements
involving the D gene which lies close to the
JH gene segments, i.e. DQs2' However, our
data and that of others indicates the involvement in some T cells of more distant D regIOns.
It is not known what role if any DQs2
plays in the normal B-cell repertoire. On its
own it cannot code for any of the mouse
(Sakano et al. 1981) or human third hypervariable regions which have been reported
on. It is found rearranged in the mouse myeloma QUPC52 (Sakano et al. 1981) and may
also be present at the 3' end of the third hyTable 1. Summary of J region rearrangements in
the T and B lineage leukaemic cells
Leukaemias

Numbers
tested

Numbers showing
retention of 5'
region (DQS2) in
at least one allele

T Lineage
(T-ALL)
B Lineage C
Null ALL d
10
Common ALL 10
Mature B
1

3
0
0

Selected from a larger group of T -ALL investigated; 15 others tested had no IgH rearrangements (Furley et al. 1986; Greaves et al.
1986). Of the nine, three were cell lines, the
remainder were diagnostic samples from untreated patients.
bOne T-ALL (the cell line 1M) had undergone a
different type of nondeletional recombination
involving insertion or inversion of DNA near the J
locus, but the breakpoint appears to be at or close
to DQS2 (see Mizutani et al. 1986, for details).
All diagnostic samples except one common ALL
cell line (Nalm-6) and one mature B cell line (B85).
d Reactive with the pan B monoclonal antibody
B4 (CD19; Nadler et al. 1984), but not expressing
the common ALL (gpl00/CD10) associated
antigen (Greaves et al. 1981).
a

C

pervariable region in the expressed allele of
a human eLL (Ravetch et al. 1981); in this
latter case it may be part of a VDDJ rearrangement.
It is possible that DQS2 to J joins occur in
normal B cells as a relatively common early
or primary rearrangement event (reflecting
limited accessibility) to be masked by later D
to J or D to DJ rearrangements. This accords with the observation that the only
three B lineage leukaemias (out of 21 tested)
found to have J rearrangement with no deletion of the 5' J region were in the subgroup
with the most immature B lineage phenotypes (null ALL, see Table I). An analysis of
J gene rearrangement in AM uL V transformed B-cell precursors also revealed a few
examples of events which could be due to
DQS2 to J rearrangement (Alt et al. 1981).
Further studies involving DNAase I sensitivity and hypersensitive site analysis are in
progress to further investigate the possibility
that the DQS2-J region of the 19B gene
might become preferentially accessible as a
consequence of early events underlying commitment of the lymphoid lineages.

8.

9.
10.

11.
12.
13.
14.

15.
16.
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Pattern Recognition Among T-Cell Epitopes
J.B. Rothbard 1, A. Townsend 2, M. Edwards 3, and W. Taylor 3

A. Introduction

T cells recognize protein antigens by mechanisms qualitatively different from those used
by B cells. B cells are capable of binding
antigens via their surface immunoglobulins,
as in other well-understood ligand-receptor
interactions. In contrast, T cells are unable
to bind antigen in the absence of the major
histocompatibility class I or class II gene
products [1]. The details of this possible tertiary interaction are still poorly understood.
One puzzling feature of the contrasting recognition processes is that the antigen receptor on T cells exhibits great structural similarity with immunoglobulins [2, 3].
One possible resolution of this apparent
contradiction is the proposal that the form
of the antigen which the two populations of
lymphocytes see is different. Recent work
from a number of laboratories has revealed
that B cells recognize protein antigens with
their native conformation intact, while the
majority of T cells recognize protein
antigens with their native conformation disrupted [4, 5]. The most lucid demonstration
supporting this generalization was the experiment by Watts and McConnell, who
successfully stimulated an ovalbumin specific T -helper clone with a peptide corresponding to a region of the protein and the
correct class II antigen anchored in a lipid
monolayer. The intact protein in its native
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Fields, London WC2A 3PX, England

2

John Radcliffe Hospital, Oxford, England

3

Birkbeck College, London, England

324

conformation was completely ineffective [6].
Work in other laboratories examining other
T-cell clones has revealed that both enzymatically derived peptides and synthetic
pep tides are excellent stimulators of helper
and cytolytic T cells.
The interaction between antigen, T-cell
receptor and class II proteins was first extensively studied by Heber-Katz and Schwartz,
who used cytochrome-specific helper clones
[7, 8]. The region of the molecule which stimulated their clones was the linear region corresponding to residues 88-103. This C-terminal helical region of the protein stimulated the clones as well as the intact protein.
By examining the cross-reaction between
their cytochrome-specific clones and cytochromes from other species they concluded that residues between 98 and 103
were necessary for the specificity. However,
these residues alone were insufficient for
stimulation. Longer pep tides were necessary
for maximum stimulation of their clones.
The authors concluded that the longer peptides could stabilize a preferred conformation, in this case a helix, and could therefore
bind the receptor with higher affinity. Various modifications to the sequence provided
additional support for this concept.
Concurrently with this work, Berzofsky
[9] and Livingstone et al. [10] were analysing
the T-cell epitopes within myoglobin. In this
molecule as well, the epitopes seen by T cells
were located within linear regions of the protein sequence composing helical regions.
The ovalbumin epitope previously mentioned could not be unequivocally designated as helical because its X-ray structure
was not known; however, it was composed

of residues which could easily be modeled to
be an amphipathic helix.
In compiling these and the other epitopes
known at the time, Berzofsky postulated
that T cells interact with amphipathic regions of protein antigens [11]. A large
number of the epitopes he examined can
adopt a conformation with separate polar
and non-polar faces. In his model, the T-cell
receptor would interact with one facade,
while the class II or class I molecule would
interact with the other. The analysis he used
was that of Eisenberg, who used vector analysis to generate moments of inertia (in this
case, moments of hydrophobicity) to quantitate the amphipathic character of a region of
protein sequence [12].
In this paper, we have analysed 30 T-cell
epitopes and have discovered a pattern that
is present in 29. The pattern is present in the
linear sequence and does not require the region to adopt a particular conformation.
Using the known epitopes as a data base, we
have generated a template for predicting Tcell epitopes in other protein sequences and
have predicted a likely region within the sequence of the nucleoprotein of influenza.
This region was synthesized and shown to be
the principal region seen by cytotoxic T cells
isolated from CBA mice. We believe that
this simple motif can be of general use for
prediction and is an interesting model on
which experiments analysing the interaction
of T cells and proteins can be based.
B. Methods
Analyses of the hydrophic moment for the
pep tides and proteins were made as described by Eisenberg [12]. The protrusion indices were calculated as described by Thornton et al. [13]. Sequence alignments and generation of templates were carried out by
methods created by Thornton and Taylor
[14]. Synthesis of pep tides was done by standard Merrifield techniques [15] on an Applied Biosystems 430A peptide synthesizer
[16]. T-cell lines were isolated from CBA
mice and maintained in vitro as described
[17]. A standard procedure was used for
51Cr release assay [16] and the transfected
NP target cells were prepared as previously
described [18].

C. Results, Analyses and Discussion

The known helper and cytotoxic T-cell epitopes composing the database of this analysis are shown in Table 1. They are a combination of human and murine epitopes which
have been either published or communicated
to us.
We were dissatisfied, for several reasons,
with Delisi and Berzofsky's generalization
that T-cell epitopes are localized to regions
of proteins that are amphipathic, particularly amphipathic helices. The first was that
any generalization is only as accurate as its
database. In this case, the number of epitopes examined was small, and the particular type of protein from which many of the
epitopes were derived was not representative
of all protein structures. The proteins exclusively composed of a-helices were over-represented. Secondly, as published, the correlation with amphipathic character was
purely qualitative. Using the vector analysis
of Eisenberg, discrete values are generated
for linear regions of sequence. If their correlation is correct, the highest values should be
recognized most often. Such a correlation is
not seen (see below). When the angle used in
generating the vectors of hydrophobicity is
restrained at 100° (that consistent with standard a-helix of 3.6 residues per turn), only
approximately 60%-75% of epitopes are
consistent with the correlation. By varying
the angle, and consequently increasing the
areas of the protein that are possible, the
correlation does improve. When analysed
critically, the correlation simply implies that
all areas of globular proteins are possible Tcell epitopes, with the exception ofloops and
turns - the prominent sites for B-cell recognition [13, 34, 35].
To examine this possibility, we plotted
both the known linear B-cell epitopes and Tcell epitopes on to the protrusion index profile for myoglobin and lysozyme. As can be
vividly seen, the B-cell epitopes map to
highly exposed areas, whereas the areas preferentially recognized by T cells are poorly
exposed (Fig. 1 a, b).
If proteolytic events are involved in
antigen processing in order for T cells to recognize protein antigens, the most sterically
available sites would be preferentially
cleaved by enzymes for the same reasons
325
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Table 1. Compilation of reported T-cell epitopes

0'\

1

Position
SPERM WHALE MYOGLOBIN 69-78
SPERM WHALE MYOGLOBIN 106-118
SPERM WHALE MYOGLOBIN 110-121
SPERM WHALE MYOGLOBIN 132-145
INSULIN B-CHAIN 5-16
CYTOCHROME PIGEON 93-104
CYTOCHROME BOVINE 13-25
OVALBUMIN 323-329
FLU NUCLEOPROTEIN (34/68) 335-349
FLU NUCLEOPROTEIN (1968) 365-379
FLU NUCLEOPROTEIN (1934) 365-379
FLU NUCLEOPROTEIN (34/68) 50-63
FLU HAEMAGGLUTININ PR/8 111-120
FLU HAEM AGGLUTININ A/TEXAS/1j77 115-128
FLU HAEMAGGLUTININ PR8/34 302-313
FLU HAEMAGGLUTININ A/NT/60/68 302-313
FLU HAEMAGGLUTININ AjTEXAS/1j77 311-324
RAT MYELIN BASIC PROTEIN 5-20
RAGWEED ALLERGEN Ra3 51-65
RAGWEED ALLERGEN Ra 51-65
HUMAN AChR GAMMA 125-147
HEN EGG LYSOZYME 34-45
HEN EGG LYSOZYME 46-61
I
HEN EGG LYSOZYME 78-93
HERPES GLYCOPROTEIN D 8-23
STAPH. NUCLEASE 61-80
G
STAPH. NUCLEASE 86-100
STAPH. NUCLEASE 91-105
R
VP1 FOOT-MOUTH VIRUS 141-160

L
E

S
I
I

T
F
A
N K
H L C
K S E
K C
I S Q
A A F E
A S M E
A S M E
S D Y
F E
S S G

K
S Q
V W R
E
P

E

F
N T
P C

E
D

S

S
G
A

A Y I
Y I
G D L Q

L

2

3

A
I
I
A
G
R
A
A

L G A
S E A
I H V
L E L
S H L
V D L
Q H T
V H A
L R V
M D A
M E T
G R L
F E I
L E F
P K Y
P K Y
L K L
S K Y
Y H A
E E A
C E I
T E A
Y G I
S D I
L K M
K K M
G K M
G K M
Q K V

D

N
N
E
R
T
C
C
Q N T
R H G
E E A
V W R
K S Y
N F N
S T D
L L S
S
F T
Y A D
Y A D
V L A

4

5

6

7

8

I
I
L
F
V
I
V
A
L
M
M
I
F
I
V
V
A
L
C
Y
I
T
L
T
A
V
V
V
A

L
I
H
R
E
A
E
H
S
E
E

K K
V
S R
K D
A L
Y L
K G
A E
F I
S S
S S
N S
K E
E G
S A
Q N
G M
T A
I K
A C
T H
R
I N
S V
P N
N A

Q
P
N
R
K
T
A
D

H
V
N

Q
A
D

H

E
N
N E
R T

Reference

9
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I N E A GR
R G
T L
T L
L T I
F N W
K L R M
T L K L A T G M
R M V
D
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F

I
P
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F D Q Q N C

S R
N
R F R G KD L P
K K I E V E F D

A L
L P

V R

[10]
[9]
[10]
[9]
[19]
[7]
[20]
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[16]
[16]
[16]
[22]
[23]
[24]
[24]
[24]
[24]
[25]
[26]
[26]
[27]
[28]
[29]
[30]
[31]
[32]
[32J
[32]
[33]

Fig. 1 8, b. Known B-cell
epitopes (upper bars, a, b)
and T-cell epitopes (lower
bars, a, b) plotted on protrusion index profile [13]
of myoglobin and lysozyme
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Table 2. Amino acid compositions of different positions within defined T-cell epitopes

Position

1

3A 2L 3F Y W 2T 6E K H
12 phobic 8 charged 6 polar 1 gly

2

6A 21 Y 3T 4D
12 phobic 8 charged

3

2V 6L I T F 2Y 2M E K H 4S 2Q
15 phobic 3 charged 6 polar 5 gly and pro

4

3D

5

7A 3V 5L 51
30 hydrophobic

2T

F

6

4A 7V 5L 61
29 hydrophobic

2T

2F

8E

2N Q

S 2C

E 3R 3N 2S 2C 2G
7 polar 3 gly and pro

9K 5H 3R
28 charged

G

P
C

3G

2P

2G
2 gly
3Y 4M
Y

C

2M

1 polar

7

3A V L I T 3D 5E K 3H 3R 4N
6 phobic 15 charged 7 polar 1 pro

2Q

8

3A 21 F Y 3T 2E 4K H R S 2N
10 phobic 8 charged 4 polar 3 pro and gly

Q

9

4A 2V 3L 21 M D 2E 2K H
12 phobic 7 charged 4 polar 2 gly

R

3S

S P
P

C

2G
2G
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that they are seen by B cells. Consequently,
these regions would no longer be intact and
could not compose aT-cell epitope. Only
those areas not preferentially cleaved would
be possible epitopes. We feel that this will be
an important pattern which dramatically
differs from the sites preferentially seen by B
cells. Obviously, the T-cell sites in this model
are negatively, not positively, selected for, as
are the B-cell sites. We must be cautious in
carrying this concept too far, because. there
are T-cell clones that apparently see similar
areas of the influenza haemagglutinin as antibodies (D. B. Thomas, personal communication). A useful model is to view the two
groups of epitopes as composing two sets
that have overlapping areas, but most of
each set is unique.
A major concern with analyses based on
either amphipathic character or the secondary and tertiary structure of protein antigens
is that if T cells do indeed see protein
antigens with their native conformation disrupted, then if there is a pattern, it must
manifest itself in the primary structure. The
epitopes in Table 1 are so listed as to exhibit

the pattern we have discerned. This pattern
was determined by examining the residues
composing the epitopes as members of characteristic sets based on their physical properties [14). Table 2 lists the amino acid compositions of the nine positions within the
known epitopes listed in Table 1.
As can be seen in Table 2, each of the epitopes has within it a line at sequence composed of (a) a charged residue or gly, followed by (b) two hydrophobic residues. In
22 out of 29 cases, the residue in the next position (7 in the table) was either charged or
polar. In the six cases where it was hydrophobic, all had a polar residue in the next
position (tyrosine and threonine can act as
either polar or hydrophobic residues) [14].
An examination of the literature has revealed several interesting features about this
pattern. As can be seen from the way in
which the epitopes are listed in Table 1, the
pattern exists within the centre of the epitope; rarely is it seen on an extreme edge. In
those cases where peptides were synthesized
as nested sets to map the minimum residues
necessary to stimulate T-cell clones or lines,

T-CELL EPITOPES
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Fig. 2. Hydrophobic moments calculated for
sperm whale myoglobin and hen egg lysozyme,
plotted against their residue number [12]. The
window size was 6 residues and the angle was 100°
(hen egg lysozyme sequence contained the leader
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of 19 amino acids). Known T-cell epitopes are
marked with solid bars, while predicted areas containing the pattern of charged or gly, hydrophobic, hydrophobic are marked with broken bars

never has a peptide lacking residues composing this pattern been able to stimulate.
In three cases, the pattern exists in two
separate areas of a known epitope (ragweed,
influenza, haemagglutinin and myoglobin),
and we believe that they constitute two overlapping but distinct epitopes which could explain differences in the fine specificities of
the clones stimulated by the large peptide. In
order to examine both how often this pattern occurs in proteins and how well it correlates with known epitopes, we generated a
template for the pattern, using the known
compositions of amino acids at the nine sites
listed in Tables 1 and 2. We imposed the further restriction that all areas demarcated
had to have a charged residue or glycine at
position four and hydrophobic residues at
positions five and six. The sites predicted for
myoglobin and lysozyme are shown in
Fig.2.
As can be seen, many of the T-cell epitopes map to regions with high hydrophobic
moments; however, they do not simply correlate with the areas with highest values. In
fact, much of both molecules has high (8)

amphipathicity. The pattern described in
this report is limited to well-defined regions
(9 in myoglobin and 5 in lysozyme) that correlate well with the known epitopes. As previously mentioned, there are separate patterns for the two overlapping epitopes in region 110 in myoglobin. This is illuminating,
but it is not a stringent test of the model, because the template used was created from
known epitopes. A more useful test is its
ability to predict previously unknown epitopes.
The system chosen for analysis was the
recognition of influenza nucleoprotein by
murine cytotoxic T cells resulting from an
infection with intact virus. Previous work in
our laboratory has demonstrated that the
principal region recognized by the strain of
mice lies within the first 77 residues. Figure 3
shows the known (16) and the predicted sites
of T-cell recognition in two areas of the protein. On the basis of the pattern described,
we synthesized a peptide corresponding to
residues 50-63. When used in the chromium
release assay, it acted as a substitute for the
intact virus, the intact protein and the de-
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Fig.3. The plot of hydrophobic moments against
residue number of two regions of influenza nucleoprotein. The known epitopes are delineated

with solid bars; the areas containing the predicted
pattern of charged or glycine, hydrophobic, hydrophobic are delineated with broken bars
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Fig. 4. Results of lysis of chromium-labelled target
2 cells (H_2k) infected with virus, transfected with
intact nucleoprotein (NP) o r a fragment ofNP, 1-

77, or simply pulsed with peptide corresponding
to residues 50---73 as described [16J

leted protein corresponding to residues 1- 77

3. Yanagi Y, Yoskikai Y, Leggett K, Clark S,
Aleksander I, Mak T (1984) Nature 308:145
4. Benjamin D, Berzofsky J, East I, Gurd F ,
Hannum C, Leach S, Morgoliash E, Michael
J , Miller A, Prager E, Reichlin M , Sercarz E.
Smith-Gill SJ, Todd P, Wilson A (1984) Annu
Rev Immunol 2:67
5. Unanue E (1984) Annu Rev Immunol 2:395
6. Watts T, Brian A, Kappler J, Marrack P,
McConnell H (1985) Proc Natl Acad USA
81:7564
7. Hedrick S, Matis L, Hecht T , Samelson L,
Longo D, Herber-Katz E, Schwartz R (1982)
Cell 30:141
8. Herber-Katz E, Hansburg D, Schwartz R
(1983) 1 Mol Cell Immuno!1:3
9. Berkower I, Buckenmeyer G, Berzofsky J
(1986)1 [mmun
10. Livingstone A, Fathman CO (1986) Ann Rev
Immuno! 5:477
11. DeLisi C, Berzofsky J (1985) Proc Nat! Acad
Sci USA 82:7048
12. Eisenberg D , Weiss R, Terwilliger T (1982)
Nature 299:371
13. Thornton 1M, Edwards MS, Taylor WR,
Badow DJ (1986) EMBO J 5:409
14. Taylor WR (1986) J Mol Bioi 188:233
15. Erickson B, Merrifield B (1976) The proteins,
vol 2, 3rd edn. Academic, New York, pp 257493

(Fig. 4). From these data, we are able to con-

clude that this peptide contains all the necessary residues to stimulate the cytotoxic T
lymphocytes from this strain of mouse directed at the nucleoprotein of influenza.
In conclusion. we have identified a pattern
within the known epitopes of protein
antigens recognized by T cells. It is present
in 29 out of 30 areas defined . By using the

compositions of the residues within these regions from the known epitopes, we have
constructed a template with predictive value.
Using this method, we have identified a previously undefined epitope within the nucleoprotein of influenza. At this time, we are
examining other proteins and other T-cell
lines and clones in order to confirm or to
contradict the theories described in this report.
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Regulation of Ig Gene Expression in Murine B-Lympbocytes *
A. Schimpl, U. Chen-Bettecken, and E. Wecker

A. Introduction
B cells at different stages of maturation exhibit distinct patterns of Ig gene transcription. Most of the information we have about
those patterns is derived from tumour systems. Using B myelomas as models for pre-B
cells, B lymphomas for early B cells and
plasmacytomes as analogues of fully differentiated plasma cells, several groups have reported that the rate of transcription across
the heavy-chain locus differs only slightly in
these various lines and that the steady-state
levels of heavy-chain mRNA are predominantly regulated by post-transcriptional
events [7, 8]. In contrast, Yuan and Tucker
(1984) [14], who investigated the heavychain transcription in resting normal B cells
and in B cells stimulated with LPS for 4
days, described an eight- to tenfold increase
in the rate of transcription. This increase is
smaller than that observed in the amount of
steady-state ,u-specific mRNA upon LPS
stimulation.
B. Stimulation of p. and
After LPS Stimulation

K

Transcription

To evaluate the relative contributions of
transcriptional and post-transcriptional regulation of both Hand L chains at various

* This work was supported by the Sonderforschungsbereich 105 of the Deutsche Forschungsgemeinschaft and by the Fonds der Chemie.
Institut fUr Virologie und Immunbiologie der
Universitat Wiirzburg
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times in normal B-cell development, we
studied B cells activated either by LPS alone
or by LPS together with anti-Ig antibodies.
The latter model system was chosen in order
to gain some understanding of the events
which might take place in situations in which
the Ag receptor is occupied by the relevant
antigen. Heavy- and light-chain transcription was studied by nuclear run on assays,
and the transcription rates were related to
the amounts of steady-state mRNA for the
K chain and for the membrane and secreted
forms of the ,u chain.
Our data showed that after LPS stimulation of normal B cells, the amounts of both
,u and K are regulated at the level of transcription [4]. Transcriptional activation is
accompanied by ,um-,us transition. The increase in the transcription rates (30- to 60fold) quite faithfully reflects the increase in
steady-state ,u and K mRNA (30- to 100fold); delta expression, on the other hand,
seems to be negatively regulated at the posttranscriptional level. This is inferred from
the observation that although transcription
across the delta locus did not terminate after
stimulation, no mature mRNA was detectable.
C. Post-transcriptional Regulation
of p. and K Expression
in Cells Co-stimulated with LPS
and anti-Ig Antibodies

While LPS stimulation of B cells thus clearly
leads to high levels of Ig-relevant mRNA,
stimulation with anti-,u or anti-K alone,
which induces proliferation, has no such ef-
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Fig.t. Co-stimulation of B cells with anti-,u/anti-K
and LPS leads to profound effects on H- and L-

chain mRNAs. For cell preparations and RNA
analyses see [3]

feet. Indeed, it has been found that co-stimulation of normal B cells with LPS and
F(ab'h fragments of antibodies to J1. and K
decreases LPS-induced Ig secretion while
high levels of proliferation are maintained
[1,3].
We studied the effect of co-stimulation of
LPS and anti-receptor antibodies on the
steady-state mRNA levels for J1. and K
(Fig. 1). It was possible to draw the following conclusions: (a) anti-.u or anti-K treatment by itself does not lead to mRNA levels
higher than those observed in resting cells
(resting cells not shown) even though, under
the conditions used in the experiment, the
cells incorporate thymidine and have been
shown to undergo at least one cell cycle. (b)
LPS plus anti-J1. treatment leads to increased
J1.rn and K mRNA levels on day 2, comparable to those observed with LPS alone, but to
no .us mRNA, which makes up approximately 50% of the total.u mRNA detected in
LPS-stimulated cells at that time. LPS plus
anti-K-treated cells on day 2 show high levels
of both J1.rn/J1.s and K mRNAs. (c) In either
case, on day 4, J1.s' .urn and K mRNA levels are
very low in all doubly treated cells, while B
cells stimulated with LPS alone show the J1.
and K levels characteristic of that state of Bcell development [10, 3]. Treatment with

anti-J1. or anti-K F(ab'h fragments affects the
mRNA levels of both chains, i.e. even those
not directly recognized by the antibody.
Non-Ig-related gene expression such as B-2
is not affected (data in [3]).
Using nuclear run-on assays, we were able
to show that the loss of J1. and K mRNAs is
due not to cessation of transcription but
mostly to post-transcriptional events which
affect stability and/or processing of the Hand L-chain RNA [3].
Not all antibodies to B-cell surface structures affect Ig gene expression equally.
Figure 2 shows that antibodies to the delta
chain of the Ig receptor and to I-Ado not affect LPS-induced mRNA levels to the same
extent as anti-J1. or anti-K. When RNA was
analysed on day 2, LPS plus anti-I-A-stimulated cells exhibited an mRNA pattern identical to that observed with LPS alone. Analysis on day 4 again showed co-stimulation
with anti-I-A to have little or no effect. Costimulation with anti-delta does lead to a
certain reduction in J1.-specific mRNA. Transition to.us is somewhat delayed (see day 4 as
compared to LPS controls), but not prevented. Since these experiments were performed with total resting splenic B cells, the
weaker suppression by anti-delta might be
due to the fact that only 30%-50% of these
333
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D. Post-transcriptional Downregulation
Induced by anti-p Antibodies Cannot
be Reversed by Cycloheximide
Recently, several systems have been described in which mRNA levels are post-transcriptionally regulated. In several of these
systems, e.g. c-myc [5], c-fos [11] and 11-2 [6],
cycloheximid can stabilize mRNA levels
without affecting transcription [6]. In the
pre-B-like 70Z cells, cycloheximide treatment has in addition been shown to increase
K gene transcription [13]. We therefore attempted to influence or stabilize Jl-mRNA
levels in LPS plus anti-Jl co-stimulated cells.
Figure 3 shows that contrary to the systems
described above, cycloheximide has very
little, if any, effect. This would suggest that
the mechanism of post-transcriptional con334
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Fig.3. Lack of mRNA stabilization after treat-

ment of single or doubly stimulated cells with
cycloheximide. L, LPS; LU, LPS

+ anti-Jl

trol operative in the LPS plus anti-p system
is different from that observed with c-myc, clos and 11-2.

E. Signals Which May Mediate
Anti-Ig-Induced Downregulation

ate the negative effect, since treatment of B
cells with ionomycin and phorbol esters
leads to rapid disappearance of IgM from
the surface (data not shown).

F. Possible Relevance of Ig-RNA
Downregulation for B-CeU Physiology

Binding and cross-linking of anti-p and antiK to the Ag receptor leads to receptor shedding and endocytosis. It also leads to activation of the phosphatidyl-inositol pathway,
resulting in inositol triphosphate and diacylglycerol formation, and thus in the mobilization of intracellular Ca Z + and the activation
of protein kinase C [2]. To investigate
whether the endocytosed antibodies or the
signal induced by them are responsible for
Ig-mRNA downregulation, we replaced the
receptor-specific antibodies with phorbol
esters and the Ca-ionophore ionomycin in
the co-stimulation with LPS. Table 1 shows
that this treatment closely mimics that of
antibody treatment with respect to both sustained proliferation and inhibition of Ig secretion, at least up to day 3-4 of culture. If
these observations can be substantiated by
molecular analysis of gene transcription and
mRNA accumulation, they would suggest
that endocytosis of the antibodies to the receptors is not obligatory. However, these experiments do not rule out the possibility that
the endocytosed receptor itself might medi-

Table 1. Inhibition of Ig secretion in B cells
stimulated with LPS and phorbolmyristate acetate
plus ionomycin
Treatment of cells

cpm(5 x 104

PFCf5 X 104

Med
LPS
LPS+PMA
+ionomycin
PMA + ionomycin

794
15041
19330

18
2000
36

11774

25

Resting splenic B cells were isolated and
stimulated with either LPS (10 Jlg) or phorbolmyristate acetate (5 ng) plus ionomycin (0.5 JlM),
or with a combination of both reagents. Cultures
were pulsed with 0.25 JlCi of 3H-thymidine for
16 h on day 3 or assayed for polyclonal Ig
secretion on day 4, using a modified reverse plaque
assay [12]. PFC, plaque-forming cells.

Continued proliferation of B cells with concomitant downregulation of Ig gene expression might be valuable for the generation of memory cells. Downregulation of Ig
secretion prevents the cells from reaching
the end-stage of plasma cells, while continued proliferation might allow for the events
leading to Ig class switch to take place. To
investigate this possibility we established hybridomas from B cells either stimulated with
LPS alone or with LPS plus anti-p F(ab')z.
The two types of cells were fused on days 4
and 5 after stimulation; hybridomas were established and analysed for the Ig class
formed. Table 2 shows the results. They indicate that both LPS and LPS plus anti-p
stimulated cells give rise to Ig-secreting hybridomas, i.e. anti-p-induced inhibition of Ig
secretion is reversible. The data also show
that fusion on day 5 leads to hybridomas
producing Igs other than IgM and that these
occur more frequently in the doubly stimulated cells than in those stimulated by LPS
alone. The hybridomas obtained after LPS
plus anti-Ig stimulation might lead to a valuable insight into the mechanism of the class
switch which in normal B cells, in addition to
other signals, may be favoured by a transient
post-transcriptional downregulation of Ig
gene expression such as has been found in
the model system described here.

Table 2. IgG-producing hybridomas from LPS or
LPS + JlF(ab'h-stimulated B cells
Day of fusion

LPS

LPS + JlF (ab')z

4
5

0/24
4(70

0/12
12(60

Resting B cells were isolated and activated as
described in [3]. On the days indicated, hybridomas were established [9].
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Isolation, Biochemical Analysis,
and N- Terminal Amino Acid Sequence of a Cell Surface Glycoprotein
that Binds to the "Erythrocyte Receptor" of T-Lymphocytes *
T. Hiinig, R. Mitnacht, G. Tiefenthaler, and F. Lottspeich

A. Introduction

Recent findings have provided strong evidence in support of a functional role of the
"erythrocyte receptor" of human T-Iymphocytes in T-cell activation. Thus, binding of
appropriate ligands (erythrocytes or monoclonal antibodies) to the CD2 molecule, as
this receptor is now called, can either block
(Palacios and Martinez-Maza 1982; Martin
et al. 1983; Krensky et al. 1983) or stimulate
(Larsson et al. 1978; Meuer et al. 1984) Tcell proliferation and expression of T-cell
function. We have previously suggested that
CD2 is a cell interaction molecule, the naturalligand of which is expressed on cells with
which T-Iymphocytes interact during immune responses (Hiinig 1985, 1986). Since
the CD2 molecule had previously been characterized by the Tll antigen(s), we have
named this ligand Tll target structure or
Tll TS. In our search for Tl1 TS, we have assumed that the molecule recognized by CD2
on white blood cells during the cellular interactions involved in T-cell activation is identical to the one recognized on autologous
and xenogeneic red cells in E-rosette formation. Consequently, a monoclonal antibody
(mAb) to sheep red blood cells (SRBC) was
selected that completely blocks the attachment of SRBC to either human or sheep Tlymphocytes (Hiinig 1985). This mAb detects a cell surface glycoprotein of about
42 k MW which is, as we had postulated, ex-

* Supported by the Bundesministerium fUr Forschung und Technologie and the Zentrum fUr
Gentechnologie e.V.

pressed on both red and white blood cells
(Hiinig 1986). Furthermore, this anti-Tl1 TS
mAb inhibits the mixed lymphocyte reaction
between outbred sheep, thus suggesting an
involvement of Tl1 TS in T-cell activation
(Hiinig 1986). Here we report some biochemical properties of Tl1 TS, including its
N-terminal amino acid sequence.

B. Materials and Methods

The E-rosette inhibition assay has been described (Hiinig 1985). Affinity purification
of Tll TS from detergent lysates of SRBC
was performed with mAb L180jl (antiTll TS) coupled to glutaraldehyde-activated
glass beads. Preparative sodium dodecyl sulfate (SDS)-polyacrylamide gel electrophoresis (PAGE) was performed using slab gels of
12% acrylamide content. Trace-labeled
Tll TS was identified by autoradiography
and electroeluted according to Goding
(Goding 1984). Purified T11 TS was radioiodina ted employing immobilized lactoperoxidase. The N-terminal amino acid sequence
was determined on an Applied Biosystems
gas-phase sequencer.

C. Results

Figure 1 illustrates the complete inhibition
of SRBC binding to human T cells by Fab
fragments of mAb L180jl (anti-Tll TS).
The specificity and concentration dependence of this effect has been studied and described in detail (Hiinig 1985).
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In order to obtain further information on
the structure ofT1ITS, we purified the molecule to homogeneity. This was achieved in
a two-step procedure using affinity chromatography on mAb L180/1 coupled to glass
beads and preparative SDS-PAGE (Fig. 2).
A sample of the purified material was
radioiodinated and digested with endoglycosidase F, an enzyme that specifically removes N-glycosidically linked carbohydrate
side chains (Fig.3). From the intermediary
products observed before the end product of
about 32 k apparent MW is obtained, one
can conclude that T1l TS contains either
three N-linked carbohydrate chains of
roughly even size or two side chains of different size. From the absence of galactos-

Fig. 1 a, b. Inhibition of rosette formation between
SRBC and human T -lymphocytes by mAb L180/ 1.
Nylon-wool-passed human
PBL were incubated with
SRBC in the absence (panel
a) in the presence (panel b)
of 5 ~g/ml of purified Fab
fragments ofmAb L180/1

n

amine observed during amino acid analysis
(data not shown), it can be concluded that
TIlTS contains no O-glycosidically linked
carbohydrate. In addition, a sample of
radioiodinated Tll TS was subjected to isoelectric focusing (Fig.4). Tll TS is an acidic
membrane glycoprotein with a pI of 4.5.
The first 27 N-terminal amino acids of
T1ITS were determined by gas-phase
microsequencing. The sequence is: FSQDIY
GAMNGS(?)VTFYVSESQ PFTEIM. A
search of the protein database from the Protein Identification Resource (George et al.
1985) has indicated that we are dealing with
a previously unsequenced molecule with no
obvious homologies of the sequenced portion of Tll TS to known protein sequences.
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Fig.2. Purification of T11 TS. Detergent-solubilized SRBC were passed over a mAb L180/1 affinity column. In the high-salt eluate (A), the band at
42 k was identified as Ti1 TS by trace labelling
and autoradiography (data not shown). B, Ti1 TS
after electroelution from preparative slab gel of
material A. B N'ase, material B pretreated with
neuraminidase to reveal possible contaminants
comigrating with Ti1 TS. Coomassie blue stain of
SDS-PAGE (12% acrylamide, reduced)

This sequence and several short stretches of
sequence determined from internal peptides
of Tll TS provide the basis for our current
efforts to isolate the Tll TS gene.
D. Conclusions

The present report and our published work
show that a previously undefined glycopro-

Fig. 3. Endoglycosidase F digestion of Til TS.
12sI-labeled purified Ti1 TS was treated with 2U
endoF for the number of times indicated, subjected to SDS-PAGE (12% acrylamide, reduced),
and autoradiographed

tein expressed on sheep red and white blood
cells is recognized by the E receptor in rosette formation. This molecule is a good candidate for the hypothetical cell interaction
molecule that binds to the CD2 structure
during cellular interactions of T -lymphocytes with cells of the immune system. The
latter point will be difficult to prove in the
sheep system. However, the known binding
of human erythrocytes to human T cells via
CD2 (Scheffel et al. 1982; Hiinig 1985) is a
strong indication that a human homolog of
Tll TS must exist. Indeed, recent experiments by Springer and colleagues have identified this human ligand of CD2 as the lymphocyte function-associated (LF A)-3 molecule (Selvaraj et al. 1987).
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The Regulation of T-Cell Proliferation:
A Role for Protein Kinase C
D.A. Cantrell, A.A. Davies, W. Verbi, and M.J. Crumpton

A. Introduction

T-lymphocyte proliferation is regulated by
the T-cell growth factor interleukin 2 (IL-2)
which exerts its biological effects through an
interaction with high-affinity specific IL-2
receptors [1-3]. Quiescent T-Iymphocytes
neither produce IL-2 nor express IL-2 receptors [2, 4]. However, following immune stimulation there is transcriptional activation of
both the IL-2 and IL-2 receptor genes which
results in IL-2 synthesis and IL-2 receptor
expression [5-7]. T -cell proliferation can
then proceed via an autocrine pathway in
which the population secretes and responds
to its own growth factor.
Recently there have been considerable advances in our understanding of the signals
that initiate IL-2 production and IL-2 receptor expression. In particular, the T-cell
membrane structures involved in antigen
recognition and the associated immune activation have been identified. The T-cell
antigen receptor is an idiotypic disulphidelinked heterodimer (Ti) comprising two glycosylated polypeptides (oc and f3) of Mr
50000 and 43000 respectively [8-11]. Ti is
associated noncovalently on the cell surface
with the invariant T3 antigen [8,12]. T3 consists of three chains [13, 14] - two glycosylated polypeptides of Mr 26000 and 21 000 (y
and 8) respectively and one non-N-glycosylated peptide of Mr 19000 (8) - and is generally considered to be involved in the intracellular transduction of the signals that initiate
Cell Surface Biochemistry, Imperial Cancer Research Laboratories, Lincoln's Inn Fields, London, UK

T-cell growth [15,16]. The nature ofthese intracellular signals has not been defined although it has been proposed that the T3/Ti
complex is linked to a phosphodiesterase
that metabolizes phosphatidylinositol and
generates two potential intracellular signals,
inositol triphosphate and diacylglycerol [17].
Inositol triphosphate is thought to mobilize
intracellular calcium and thus elevate intracellular Ca 2 + concentrations whereas diacylglycerol has been linked to activation of a
calcium/phospholipid dependent kinase,
protein kinase C [18]. In this respect, calcium
ionophores which elevate intracellular Ca 2 +
concentrations and phorbol esters which
stimulate protein kinase C can mimic the effect of immune activation and initiate T-cell
proliferation via the IL-2 system [19].
An interesting feature of the T cell is that
IL-2 production and IL-2 receptor expression are both transient [4--7]. For example, the polyclonal activation of T -lymphocytes induces a short phase (3--4 days) of
autocrine proliferation followed by a prolonged phase (10-14 days) in which the cells
are responsive to an exogenous supply of IL2 [4]. These proliferative characteristics reflect the fact that initially there is induction
of both IL-2 production and IL-2 receptor
expression which then drives T-cell proliferation in an autocrine system. IL-2 production is switched off rapidly, which is why
autocrine proliferation ceases, whereas IL-2
receptor expression and hence IL-2 responsiveness declines more slowly over the 10--14
day period. These unique characteristics of
the T-cell proliferative system have focused
obvious questions as to the molecular events
that determine the transient nature of IL-2
341

production and IL-2 receptor expression,
since these ensure the homeostasis of the Tcell proliferative response.
In the present report we have used ph orbol esters to explore the role of protein kinase C in the regulation of T-cell proliferation. Our data show that protein kinase C
may have a dual role in the T cell since activation of protein kinase C can deliver positive signals crucial for the initiation of IL-2
production and IL-2 receptor expression. As
well, activation of protein kinase C can deliver negative signals to the T cell and induce
unresponsiveness with respect to the initiation of T-cell proliferation via triggering of
the T3/T cell antigen receptor complex.
Consequently protein kinase C may determine the transient nature of the T-cell
growth response.

B. The Role of Protein Kinase C
as a Positive Growth-Regulatory Signal
in the T Cell

Quiescent T-Iymphocytes can be activated
by monoclonal antibodies that recognize the
T3 antigen and trigger the T3/T-cell antigen
receptor complex [20-22]. For optimal induction ofT-cell proliferation there is an obligate requirement for monocytes/macrophages as accessory cells. This monocyte requirement can be substituted by phorbol
esters which activate protein kinase C. As
well, T3/Ti triggering can be substituted by
calcium ionophores which increase the concentration of cytoplasmic free calcium [23].
To compare the effect of these stimuli, either singly or in combination, on the induction of IL-2 production and IL-2 receptor
expression, we examined the initiation of Tcell growth in the presence or absence of exogenous IL-2. The induction of autocrine Tcell proliferation requires optimal induction
of both IL-2 receptor expression and IL-2
production. However when IL-2 is nonlimiting (e.g. provided exogenously in excess) the
T-cell proliferative response is a direct measure of the cellular density of high-affinity
IL-2 receptors. Consequently, a comparison
of the signals is necessary to induce autocrine T-cell proliferation versus IL-2 responsiveness allows a rapid comparison of the
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signals that induce IL-2 receptor expression
and IL-2 production. For such studies we
have chosen to examine the secondary stimulation ofT-lymphocytes that have been arrested in the Go/G 1 stage of the cell cycle by
prior activation and clonal expansion in IL2. After 10--14 days of culture such cells assume the phenotype of a quiescent T-cell
population and have the advantage of giving
a synchronous response to activation [4].
Additionally it is possible to obtain large
numbers (10 9 ) ofT cells with no contaminating accessory cells present.
The data in Fig. 1 are derived from an experiment in which quiescent T -lymphocytes
were exposed to various combinations of the
anti-T3 antibody OKT3, phorbol 12,13 dibutyrate (Pdbu), the calcium ionophore,
ionomycin, and IL-2. A combination of
OKT3 plus Pdbu (Fig. 1 a, c) or ionomycin
plus Pdbu (Fig. 1 b,c) could stimulate autocrine T-cell proliferation whereas the various stimuli given singly or the combination
ofOKT3 plus ionomycin were ineffective. In
contrast, a single stimulation with Pdbu or
OKT3 could induce IL-2 responsiveness
(Fig. 1 a, c); ionomycin had no effect. These
results suggest that a single stimulus of T3/
Ti triggering or activation of protein kinase
C by Pdbu is sufficient to induce IL-2 receptor expression and hence IL-2 responsiveness. In contrast, a combined stimulus ofT3/
Ti triggering plus protein kinase C activation or calcium ionophore plus protein kinase C activation is necessary to ensure both
IL-2 receptor expression and IL-2 production and hence allow an autocrine proliferative response.

C. The Role of Protein Kinase C

as a Negative Growth-Regulatory Signal
in the T Cell

Activation of protein kinase C by Pdbu induces T cells to become responsive to IL-2
(Fig. 1 c). However, Pdbu-activated T cells
are refractory to proliferative signals delivered via the T3/Ti complex by anti-T3 antibodies (Fig. 2). Since Pdbu-activated T
cells can respond to IL-2 (Fig. 1 c), it is probable that the lack of a growth response to
anti-T3 reflects an inhibition of T3/Ti-in-
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Fig.l a-c. Human T cells were prepared as described previously [4, 26]. Briefly, peripheral
blood derived T cells were activated polyc1onally
by incubation for 72 h in RPM I 1640 supplemented with 10% FCS and 1 ng/ml OKT3 (Ortho
Pharmaceuticals). Cells were maintained during
activation at 37 DC in a humidified 5% CO 2 /air incubator. Thereafter cells were maintained at 10 5106 /ml in the presence of 1 unit/ml recombinant
IL-2 for 10-14 days, after which the cells became
quiescent and did not produce IL-2 or express IL2 receptors. For restimulation 10 5 cells/well were
cultured for 48 h in microtest II plates in a final
volume of 200 ~l in the presence of the activating
signals described below. Tritiated thymidine

eH-

TdR) incorporation (0.5 ~Ci/ml) was monitored
over a 4-h period as an estimate of DNA synthesis. Data are shown as 3H-TdR uptake (cpm/10 5
cells). a Cells were exposed to various concentrations of OKT3 (0-20 ng/ml) alone (.6.-.6.) or in the
presence of 5 ng/ml Pdbu (.A.-A), 1 unit/ml IL-2
(e-e), or 0.5 ~g/ml ionomycin (0-0). b Cells were
exposed to various concentrations of ionomycin
(0-4 ~g/ml) either alone (.6.-.6.) or in the presence
of 5 ng/ml OKT3 (_-_),1 unit/ml IL-2 (e-e), or
5 ng/ml Pdbu (.&-.&). c Cells were exposed to various concentrations of Pdbu (0-50 ng/ml) either
alone (.6.-.6.) or in the presence of 5 ng/ml OKT3
(_-_), 1 unit/ml IL-2 (e-e), or 0.5 ~g/ml ionomycin (0-0)
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over nylon wool columns (G. Dougherty and H.
Hogg, personal communication). Monocytes
were cultured for 40 hat 104 cells/well in microtest
II plates. T cells were cultured for 40 h either in
the presence or absence of 50 ng/ml Pdbu, after
which cells were washed three times with RPM I
1640/10% FCS. Control (0-0) and Pdbu-treated
cells (e-e) were then exposed to 5 ng/ml OKT3 in
the presence or absence of monocytes. The data
show 3H-TdR uptake (cpm/10s cells) (2-h pulse)
in cells cultured for 90 hat lOs /weII in the presence
of 104 monocytes/well in a final volume of 200 J.tl.
No detectable 3H-TdR uptake was detected in T
cells exposed to OKT3 in the absence of monocytes or in T cells cultured with monocytes alone
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Fig. 3. 32P-Iabelled peripheral blood derived lymphocytes were treated with PHA for 0, 5, 15,
40 min (tracks 1, 2, 3, 4 respectively) prior to immunoprecipitation with UCHT1, a monoclonal
antibody against the T3 antigen.
Methods: Human peripheral blood mononuclear
cells from a single donor were isolated by FicollHypaque discontinuous gradient centrifugation
and cultured 106 /ml for 18 h in phosphate-free
Eagle's medium, supplemented with 5% heat inactivated dialysed foetal calf serum and 40 J..lCi/ml
2P)-orthophosphate (Amersham, UK) prior to
addition of 2 J..lg/ml PHA (Burroughs Wellcome,
UK). Cell lysis and immunoprecipitation were
performed as previously described [14]. Briefly,
2 x 10 7 cells were extracted with 1 ml of lysis
butTer (1% Nonidet P40 in 10 mM Tris HCI
buffer, pH 7.4, containing 0.15 M NaCl, 1%
BSA, 1 mM phenylmethanesulphonyl fluoride,
1 mM EDTA and 50 mM NaF) for 10 min at
4°C. After centrifuging for 195000 gmin, lysates
were precle,ared with fixed Staphylococcus aureus
organisms and rabbit anti-(mouse immunoglobulin). Precleared lysate (1 ml) was precipitated with
5-10 J..lg of monoclonal antibody UCHT1 [16],
covalently coupled to Sepharose 4B beads (Pharmacia Fine Chemicals). Immunoprecipitates were
washed sequentially with lysis buffer containing
(a) 0.65 M NaCI, (b) lysis buffer plus 0.1 % SDS,
and (c) 0.1 % Nonidet P40 in 10 mM Tris HCI,
pH 7.4, and then analyzed by SDS-PAGE on a
12% gel run under reducing conditions
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duced IL-2 production. It is noteworthy that
previous studies have shown that phorbol
esters can inhibit antigen-mediated proliferative and cytolytic responses [24, 25]. It thus
seems likely that there is an intracellular signalling pathway between the phorbol ester
target, protein kinase C, and the T3/T cell
antigen receptor complex. Exposure to
phorbol esters down-regulates the surface
expression of T3/Ti [26, 27]. However, the
lack of response to anti-T3 antibodies in
phorbol ester treated cells is not necessarily
due to down-regulation ofT3/Ti since, when
phorbol esters are removed, T3 levels re-

po sure to phorbol esters inactivates the
transmembrane signalling functions of T3/
Ti.
This functional inhibition could be due to
the effects of phorbol esters on protein kin-

cover rapidly (within 2-3 h) (unpublished

ase C expression since treatment with ph or-

data). The alternative possibility is that ex-

bol esters greatly reduces cellular levels of
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protein kinase C (unpublished data). Nevertheless, protein kinase C is not totally removed by exposure to phorbol esters; thus
the possibility exists that the T3/Ti signalling
system is inactivated by some other mechanism. One potential mechanism for inactivation is protein kinase C mediated phosphorylation of T3. Phorbol esters induce phosphorylation of the y subunit of T3 [26]. As
well, similar phosphorylation of the T3 y
chain occurs in T cells activated with antigen
(data not shown) or a polyclonal activator
such as PHA. Thus the data in Fig. 3 show
that PHA induces phosphorylation of a Mr
26000 T3 polypeptide that has been identified as the T3 y chain. It is of interest therefore that T3 phosphorylation is a common
feature of T-cell activation with those stimuli that have been shown to down-regulate
the surface expression and/or functions of
T3/Ti.
D. Discussion

We have used phorbol esters to activate protein kinase C in order to evaluate the role of
this kinase in the regulation of T-celI proliferation. We have provided evidence that
protein kinase C can deliver positive growthregulatory signals in the T-cell and initiate
IL-2 receptor expression and hence IL-2 responsiveness. As well, stimulation of protein
kinase C can induce IL-2 production if a
concomitant signal elevating intracellular
Ca 2 + levels is provided. This second stimulus can be generated by a calcium ionophore
or by triggering of the T3/Ti complex with
anti-T3 antibodies.
A single stimulus with an anti-T3 antibody can initiate IL-2 receptor expression
but not IL-2 production. It is not known
whether protein kinase C has an intermediate role in this latter signalling system or
whether some unidentified pathway is important. A single stimulus with anti-T3 has
been shown to induce phosphatidylinositol
metabolism and inositol triphosphate release which then generates a Ca 2 + signal.
Nevertheless, elevation of intracellular Ca 2 +
levels is not sufficient to induce IL-2 receptor expression since calcium ionophores
were ineffective in this respect. The metabolism of phosphatidylinositol would also gen-

erate diacylglycerol which could activate
protein kinase C and thus initiate IL-2 receptor expression. However, if T3/Ti triggering delivers the dual signals of Ca 2 + and
protein kinase C activation, there is the discrepancy regarding why this does not result
in IL-2 production unless an additional signal such as phorbol ester is also present. One
explanation may reside in the predicted differences in the kinetics of protein kinase C
activation in response to phorbol esters or
endogenous diacylglycerol production. The
latter pathway would give a transient activation of protein kinase C whereas phorbol
esters would be expected to give prolonged
stimulation.
Consequently we would propose that
there are two major differences with respect
to the signal requirements for induction of
the IL-2 and IL-2 receptor genes. Firstly, induction of IL-2 production requires both a
Ca 2 + signal and protein kinase C activation
whereas induction of 11-2 receptors requires
only protein kinase C activation. Secondly,
a transient activation of protein kinase C
may be sufficient to induce IL-2 receptor expression whereas a more prolonged stimulation is necessary to ensure Il-2 production.
To test this model it will be necessary to establish directly whether a single stimulus of
T3/Ti triggering can activate protein kinase C.
Activation of protein kinase C can also
deliver a negative signal to T cells, since
phorbol esters can down-regulate the surface expression and functions of T3/Ti molecules and inhibit antigen-regulated functions such as cytotoxicity and proliferation.
The molecular basis for this regulation may
be protein kinase C mediated phosphorylation of the T3 y chain. There are other examples of receptor functions controlled by
phosphorylation/dephosphorylation. For
example, desensitisation of C( and fJ adrenergic receptors is associated with their phosphorylation [28, 29]. There is also an interesting parallel in the fibroblasts in which
protein kinase C regulates the surface expression and functions of the epidermal
growth factor receptor via phosphorylation/
dephosphorylation [30-33].
In summary, we would propose a model in
which protein kinase C has a dual role in the
regulation of T-cell proliferation. Immune
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stimulation of T cells via the T3/T cell
antigen receptor complex results in activation of protein kinase C, which then functions as a positive signal in the induction of
the IL-2/IL-2 receptor genes and may be a
critical component of the intracellular mechanisms that regulate IL-2 production and
IL-2 receptor expression via T3/Ti. Protein
kinase C activation also initiates a negative
feedback pathway that terminates the functions of the T3/T-cell antigen receptor complex and may therefore be relevant to the
molecular events that determine the transient nature of the T-cell proliferative response. This model is based on the assumption that the biological response to phorbol
esters is due solely to the effects of phorbol
esters on protein kinase C. Moreover, there
is also the assumption that pharmacological
activation of protein kinase C with phorbol
esters will have effects similar to physiological activation of the kinase. However, it
must not be ruled out that phorbol esters can
have direct effects on alternative signalling
systems, and in this respect it is noteworthy
that there are indications of a family of molecules structurally related to protein kinase
C [34, 35]. These might also be cellular targets for phorbol esters and may have a role
as intracellular signals in the T cell.
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Activation of Natural Killer Function Through
the TIllE Rosette Receptor *
R. E. Schmidt 1, S. F. Schlossman 2, E. L. Reinherz 2, and J. Ritz 2

Natural killer (NK) cells have been identified as a population of circulating lymphocytes capable of mediating direct cytotoxicity against a variety of target cells without
prior immunization. There is now considerable experimental evidence to suggest that
this lymphocyte subpopulation is capable of
immune surveillance against tumor cells in
vivo and that NK cells may exert important
regulatory functions within the immune system [1, 2, 6, 24, 25]. In recent years it has become evident that NK cells themselves can
be regulated through interaction with various lymphokines such as interferon and interleukin 2 (IL-2) [5, 7, 13,22,26,27]. In the
present studies, we demonstrate that the cytotoxic function of NK cells can be markedly enhanced through activation of the receptor for sheep erythrocytes (TII/E rosette
receptor) and that this enhancement is comparable to that observed following IL-2 activation.
The T11jE rosette receptor antigen has
been shown to be a pathway for antigen-independent activation of peripheral blood T
lymphocytes [12] and is expressed on thymocytes, T cells and NK cells [3, 9, 14]. Three
different epitopes on the Tll antigen have
been defined. Activation through the Tll

* Supported by NIH grant CH 34183. J.R. is a
scholar of the Leukemia Society of America
1 Abt. Immunologie und Transfusionsmedizin,
Zentrum Innere Medizin und Dermatologie, Medizinische Hochschule Hannover, Postfach
6101 80, D-3000 Hannover 61, FRG
2 Division of Tumor Immunology, Dana-Farber
Cancer Institute and Department of Medicine,
Harvard Medical School, Boston, MA 02115,
USA

complex is independent of expression of Tcell receptor for antigen and has been found
to occur with immature thymocytes as well
as with T3 negative NK clones [18]. In addition, it has been demonstrated that cellular
activation with anti-Tl12 and anti-Tl13
monoclonal antibodies induces MHC-independent killing by cytolytic T-cell clones as
well as cytotoxicity of NK clones against
otherwise resistant targets [23].
In the present studies, we examined
whether the cytotoxicity of purified peripheral blood NK cells could be activated via
the Tll IE rosette receptor and compared
these effects to those observed following IL2 activation. Human NK cells were purified
from peripheral blood by immunofluorescent flow cytometric cell sorting of
NKHl positive cells [8, 17]. NKHl has previously been demonstrated to be a pan-NK
cell antigen expressed by cells that morphologically appear as large granular lymphocytes and which comprise approximately
12% of peripheral blood mononuclear cells
(PBMC). All cells in peripheral blood with
NK activity express NKHl + but this
antigen is not expressed by T cells, B cells,
monocytes or granulocytes [8, 17]. When
PBMC are separated into NKHl + and
NKHl - fractions (Fig. 1 A) all of the natural cytotoxicity against a standard NK target cell, K562, is contained within the
NKHl + popUlation. Following 18 h incubation with recombinant IL-2 (Fig. 1 B), the
NK activity of un separated PBMC is significantly enhanced, but cytotoxicity remains
confined to the NKHl + subset. Results
shown in Fig. 1 C demonstrate that enhancement of cytotoxicity can also be seen follow347
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Fig. I. NK activity ofPBMC (e-e), NKHl + (00), and NKH1- (0-0) cells were measured
against K562 target cells after incubation with either media (panel A), purified recombinant lL-2
(rlL-2) (panel B), or T11 2 / 3 monoclonal antibodies (panel C). Cytotoxicity assays were performed according to a standard chromium release

method previously described [8, 19]. All experiments were done in triplicate using V bottom microtiter plates. Medium was RPMI 1640 + 5%
pooled human AB serum and 1% penicillin streptomycin. Assays were performed at various effector Itarget (E/T) ratios using between 3000 and
5000 K562 target cells/well

ing 18 h incubation with anti-Tl1 2 / 3 monoclonal antibodies. Moreover, the triggering of peripheral blood NK cells with antiT11 2 / 3 antibodies is as effective as with rIL-2
and is also restricted to NKHl + cells.
To directly examine the effect of anti-Tll
monoclonal antibodies on effector-target
cell binding, we evaluated the ability of activated effector cells to form cell conjugates
with K562 targets. As shown in Table 1,
preincubation of NKHl + cells with either
anti-T11 2 / 3 or IL-2 significantly enhances
conjugate formation. This effect is stronger
for anti-Tl1 2 / 3 than for IL-2 triggering. In-

terestingly, conjugate formation is also induced in NKHl - cells when activated
through the T11 pathway, although these
cells are not able to mediate direct cytotoxicity. In contrast, IL-2 does not induce the formation of conjugates in the NKHl - population. Blocking studies using anti-LFA-l
antibody (data not shown) suggest that the
Tll-induced enhancement of cytotoxicity is
at least in part due to an increased binding
of effectors to target cells that is mediated
through LFA-l antigen [23].
To test whether T11 activation of
NKHl + cells would induce cytotoxicity

Table 1. Effector: target cell conjugates induced by anti-T11 2/3 and recombinant IL-2
Timea

20'
60'
120'

NKH1- cells

NKHl + cells
Media

Anti-Tl1 2/3

rIL-2

Media

Anti-Tl1 2/3

rIL-2

lOb
10
32

50
68

44
52
46

4
8
6

88
94
96

0
8
2

72

a Following 18 h incubation, effector cells were incubated with K562 target cells (2011; EIT ratio)
for 20, 60, or 120 min at 37° C prior to enumeration of conjugates.
b Each value represents percent K562 target cells forming conjugates of at least one effector cell.
Peripheral blood mononuclear cells were separated into NKH 1 + and NKH 1 - populations by
immunofluorescent cell sorting and subsequently incubated with either media, anti- T112 and anti- T113
monoclonal antibodies (1 :250 final ascites dilution) or recombinant IL-2 (1000 U Iml) for 18 h at 37° C.
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Fig. 2. Cytotoxic activity ofPBMC ( 1111 ) and purified NKHl + ( iiii ) cells against the NK-resistant
Burkitt lymphoma line Daudi. Assays were performed after 18 h incubation with media, Tl1 2 / 3
antibodies, or rIL-2. Methods for purification of
NKHl + cells and cytotoxicity assays are as described for Fig. 1

against "NK-resistant" tumor cells, we performed similar experiments using Daudi
Burkitt's lymphoma cells as targets. As
shown in Fig. 2, PBMC and resting NKHl +
cells exhibit very little killing activity against
Daudi cells. However, when purified
NKHl + cells were stimulated with Tl1 2 / 3
antibodies, significant cytotoxicity against
Daudi was induced. Similar results were observed after activation with purified recombinant IL-2 and with both methods of activation, this enhancement was found only
within the NKHl + population. Tll-induced enhancement of cytotoxicity was also
found against other tumor lines (data not
shown).
In summary, this study demonstrates that
the cytotoxicity of purified NKHl + peripheral blood NK cells can be significantly enhanced via the TlllE rosette receptor pathway. The extent of NK enhancement after
an 18-h incubation period is quite similar to
the effects seen following IL-2 activation.
Moreover, our data indicate that activation

using either IL-2 or monoclonal Tl1 2 / 3 antibodies induces cytotoxicity against so-called
NK-resistant target cells. The cell separation
studies done in conjunction with in vitro activation consistently demonstrate, that cytotoxicity is contained exclusively within the
NKHl + cell fraction.
Although IL-2 and Tll activation lead to
similar degrees of enhancement of cytotoxicity, there are differences in the effects ofIL-2
and anti-Tll which suggest that distinct cellular mechanisms may be involved. One major difference is the enhancement of conjugate formation in the NKHl - population
that can be induced by anti-Tll but not by
IL-2 (Table 1). It is also known that 1 h incubation with IL-2 is sufficient for enhancement of cytotoxicity [15], whereas the effects
of anti-Tl1 antibodies require at least 6-8 h
stimulation before significant enhancement
can be detected (data not shown). The effects of these two activators on cloned NK
and CTL effectors have also shown disparate results since only anti-Tll is able to induce killing of resistant targets by cultured
cell lines [8,17,19]. In addition, it has been
observed that IL-2 induces proliferation as
well as cytotoxicity of NKHl + purified NK
cells, whereas anti-T11 2 / 3 antibodies do not
induce in vitro proliferation of these cells
(data not shown).
Since it is known that Tl1 2 / 3 activation results in rapid expression of IL-2 receptor, it
is possible that IL-2 may also playa significant role in the functional effects seen following stimulation with anti-Tl1 2 / 3 . In this
regard, the addition of both IL-2 and antiT11 2 / 3 antibodies does not enhance the
maximal activation of NK activity seen following either stimulus alone (data not
shown). Further studies will be necessary to
explore the different roles and potential
mechanisms of interaction between IL-2 and
Tll activation in the regulation ofNK activity.
Another important issue addressed by the
present studies is the identification of those
cells capable of mediating cytotoxicity following in vitro activation. Other investigators have previously demonstrated that
some cells in normal peripheral blood can be
induced to spontaneously kill a variety of
target cells following incubation with various lymphokines and clinical studies utiliz349

ing in vitro activated cytotoxic cells in patients with metastatic cancer have recently
been reported [15, 16]. These cells have been
termed lymphokine activated killer (LAK)
cells [4] under the assumption that they are
different from both T cells and NK cells. The
results presented in this report consistently
demonstrate that spontaneous cytotoxicity
against a variety of target cells is exclusively
contained within the NKH1 + population of
PBMC. In vitro activation by either IL-2 or
anti-T11 2 / 3 results in marked enhancement
of cytotoxicity against NK -sensitive targets
as well as simultaneous induction of cytotoxicity against previously NK-resistant targets. However, with both stimulated and unstimulated effector cells, enhanced cytotoxicity remains confined to the NKH1 + population which only represents a small fraction
(approximately 12%) ofPBMC. These studies therefore strongly suggest that LAK is a
direct result of the activation and proliferation of NKH1 + natural killer cells and argues against a separate lineage derivation of
these cells [20]. In contrast, our studies support the view that the LAK phenomenon
primarily reflects the functional effects of
various lymphokines on the regulation of
NK activity in vivo.
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Tumor Necrosis Factor:
A Potent Mediator of Macrophage-Dependent Tumor-Cell Killing *
J. L. Urban 1, J. L. Rothstein 2, M. H. Shephard 3, and H. Schreiber 2

A. Introduction

B. Methods

Macrophages (Me/» can be activated to
show highly selective cytotoxicity toward
malignant cells in vitro [6, 8, 9, 13, 14] and
there is some evidence that they may destroy
neoplastic cells in vivo [1]. The importance
of activated Me/> (aMe/» in controlling tumor
growth in vivo has been further implicated in
experiments involving murine ultraviolet
light (UV)-induced tumors, which are highly
immunogenic regressor tumors [10] sensitive
to Me/> in vitro [22]. Variants of these tumors
demonstrating progressive growth in the
normal host were found to invariably express an increased resistance to aMe/> [22].
Furthermore, exposure of regressor tumor
cells to aMe/> in vitro also resulted in selection for Me/>-resistant cancer cells which displayed an increased early growth potential
in vivo [22]. More recently we have utilized
these tumor variants resistant to aMe/> to explore the mechanism by which aMe/> induce
tumor cell destruction [23]. Our results suggest a major role for tumor necrosis factor
type ex (TNF-ex) in Me/>-mediated tumor cell
killing in vitro and in vivo [23].

Me/> were peritoneal exudate cells obtained
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from
thioglycollate-primed C3H/HeN
(MTY-) mice, activated in vitro for 6 h with
lipopolysaccharide and lymphokine and
used as effectors in a 16-h 51Cr release assay,
a 72-h 51Cr postlabelling assay, or a 72-h
[3H]-thymidine release assay as described
[22, 23]. C3H/HeN (MTY-) mice were obtained from the National Cancer Institute,
Frederick Cancer Research Facility. The
UV-induced tumors 1591-RE and 2240-RE
were induced in these mice by M. L. Kripke
[10]. Human recombinant (r) TNF-ex [18], Bcell lymphotoxin (TNF-fJ) [7], murine
rTNF-ex [19], polyclonal rabbit antibody to
murine rTNF-ex, and monoclonal antibody
to human rTNF-ex were produced at Genentech (South San Francisco, CA). Recombinant murine interleukin 1 (IL-1) [12] was
kindly provided by Hoffman-LaRoche.

c.

Results

Me/> are known to secrete a number of different cytotoxic substances, including interleukin 1 (lL-1) [16], reactive oxygen intermediates, such as hydrogen peroxide [15] and
TNF-ex [5, 18, 21]. To test each of these as
potential mediators of Me/>-dependent tumor cytotoxicity, we analyzed each for preferential killing of the 1591 parent tumor
over several of its Me/>-resistant variants.
Figure 1 shows that of these substances,
only human rTNF-ex demonstrated selective
killing of the parent tumor over M¢-resistant variants isolated in vitro (panel d) or in
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Fig. I a-h. Sensitivity of Mcf>-resistant 1591 tumor
variants to soluble mediators of cytotoxicity. Results utilizing Mcf>-resistant variants selected in vitro are shown in a-d and results with variants selected in vivo are shown in e-h. Mcf> were activated
as described [23] and used as effectors in a 16 h
51Cr release assay (a and e); 10T1/2 fibroblasts
were used as negative controls. Murine rIL-1 was
quantified using a thymocyte proliferation assay
[12] with heat-inactivated IL-1 used as a negative
control. Hydrogen peroxide was generated using

glucose oxidase [15] with 1 unit defined as the generation of 1 Jlmol H 2 0 2 per min. Catalase added
at 40 units/well served as the negative control.
Susceptibility to human rTNF -ex was analyzed in
a 72 h 51Cr postlabelling assay [22]. The negative
control consisted of preincubation with monoclonal anti-TNF-ex antibody at 1.85 Jlg/ml for 16 h.
The data represent pooled values from three separate experiments with the SEM for each point indicated as ~ 10% of the value of each point shown
[23]

vivo (panel h). This closely mimicked the action of aMcf> themselves on these targets
(Fig. 1, panels a, e). Furthermore, the effects
of human rTNF -ex on 1591 were completely
neutralized by preincubation with a monoclonal antibody directed against human
rTNF-ex (Fig. 2d, negative control). The resistance of the variants to aMcf> and human
rTNF-ex was selective in that the variants
were fully sensitive to the effects of osmotic
lysis, natural killer cells, and cytolytic T cells
[23].
To confirm the linkage between resistance
to human rTNF-ex and resistance to aM¢,
two human rTNF-ex-resistant 1591 cell lines

were selected and tested for resistance to
aMcf>. Figure 2a shows that these human
rTNF -ex-resistant variants were substantially
more resistant to aMcf> than was the parental
1591 tumor. The small residual sensitivity of
the variants to aM¢ was completely abrogated by selecting with murine rather than
with human rTNF-ex (Fig. 2a). Additional
evidence to suggest that the observed cytotoxic effects of aMcf> and TNF -ex follow identical pathways is given in Fig. 2 b. Increasing
concentrations of a polyclonal antibody that
neutralizes murine rTNF-ex inhibited aMcf>
killing of 1591 in a dose-dependent fashion,
whereas incubation of aM¢ with preim-
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mune Serum resulted in a cytotoxic response
similar to that of aM4 alone.
Human TNF-ß is a cytotoxic protein
whose sequence is about 30% homologous
to human TNF-a [2]. Figure 3 shows that
human TNF-ß was identical to human
TNF-a in exerting a potent selective cytotoxic effect on the parental 1591 tumor over
the 1591 M4-resistant variant. This result
raises the possibility that TNF-a and TNF-ß
employ common effector pathways, a suggestion consistent with other data indicating

Fig. 3. Resistance of the M&selected 1591 tumor
variant to the cytotoxic effects of human rTNF-a
and human rTNF-ß. The parental 1591 tumor
cells are equally sensitive to both recombinant
proteins in a 72 h 51Cr postlabelling assay. The
data represent pooled values from two separate
experiments [23]

that human rTNF-a and human rTNF-,B
compete for the same cellular receptor [3].

should also provide insight into how tumor
cells become resistant to aM¢ and TNF-a
and how we might overcome this resistance.

D. Discussion

References

Our results strongly suggest that TNF -a is
an important effector molecule mediating
M¢-dependent tumor cytotoxicity. All of
the classical tumoricidal effects of aM¢ we
observed on the 1591 tumor could be accounted for by TNF-a released from aM¢.
This was substantiated by the evidence that
antibody to murine rTNF-a blocked the tumoricidal effects of aM¢. Furthermore, selection with either aM¢ or murine rTNF-a
led to simultaneous resistance to both aM¢
and TNF-a, but not to resistance to other tumoricidal mediators including IL-1 and hydrogen peroxide. The fact that these variants
also retained their sensitivity to NK cells and
cytolytic T cells [23] is consistent with other
data suggesting that these cytolytic effector
cells act through a lytic mechanism distinct
from that of aM¢ [1].
M¢-resistant tumor variants isolated in
vitro have been shown to display enhanced
growth in the normal host [22], but the role
of aM¢ in destroying or inhibiting nascent
tumor cell growth is not fully understood.
Furthermore, the precise mechanism by
which TNF-a from aM¢ reaches the target
cell remains unknown. In vivo, cell-to-cell
contact may be required to prevent rapid
diffusion and to assure a sufficiently high local concentration of TNF-a in the narrow
space between the aM¢ and the bound target cell, while in vitro contact may only be
required for less sensitive target cells.
The variants we have derived from selection with either aM¢ or rTNF-a retain their
phenotype through prolonged passage in
vivo or in vitro and it is clear that the resistance is heritable and may, therefore, have a
genetic basis. Whether resistance to TNF-a
may be associated with a decrease in the
number ofTNF receptors on the tumor cells
has been investigated [4, 11, 20]. The variants we have described provide a new tool
with which to dissect the precise mechanism
ofM¢-mediated cytotoxicity and to uncover
the molecular and genetic mechanisms of
malignant transformation leading to susceptibility to aM¢. A study of these variants
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Organ-Associated Macrophage Precursor Cells
as Effector Cells Against Tumor Targets and Microorganisms
M.-L. Lohmann-Matthes, T. Decker, and M. Baccarini

A. Introduction
In the past 10 years much attention has been
paid to the phenomenon of natural resistance as a first line of defense against tumors
and microorganisms. Such natural resistance can be attributed to a certain degree to
resting and activated macrophages [1, 2].
The most widely discussed natural effector
cell has, however, been the so-called natural
killer (NK) cell. Based on their morphological features, NK cells could be classified either as medium-sized lymphocytes [3] or as
immature macrophage precursor cells.
These two cell types are, in fact, morphologically indistinguishable. We previously presented evidence [4-9] that the NK compartment consists, at least in part, of cells in the
early differentiation stages of macrophages.
N on adherent and nonphagocytic macrophage precursor cells can be obtained from
in vitro liquid cultures of mouse bone marrow. These cells exert NK-like activity
against YAC-l cells, but leave P815 cells totally unaffected [4,5]. The same cells behave
as potent effector cells in ADCC against tumor targets [4]. Along this line the same cell
type was isolated from human peripheral
blood of healthy donors [10], indicating for
the first time that such immature cells of the
macrophage lineage reside also outside the
bone marrow. In the present short review we
summarize our recent data indicating that
the same cell type can be isolated from the
spleen of normal mice and that it can easily
Department of Immunobiology, Fraunhofer Institute of Toxicology and Aerosol Research, Nikolai-Fuchs-Str.l, D-3000 Hannover 61, FRG

and efficiently be induced into organs like
the spleen and liver under recruitment or inflammatory conditions [7-9]. As an extension of the previously described NK-like
anti-YAC activity, we were able to attribute
to this same cell type strong microbicidal activity against Candida albicans and Leishmania enriettii [6--9]. Since macrophages as a
lineage are represented early in phylogenesis
and successfully mediated natural resistance
and protection long before the specific immune system evolved, their influence on the
evolution and development of the specific
immune system could be much more pronounced than evidenced at the present moment.

B. Materials and Methods
All materials and methods have been described in detail [6-9].

c.

Results

Macrophage precursors were isolated either
from erythrocyte-depleted splenocytes or
from liver nonparenchymal cells, after destruction of the hepatocytes by enzymatic
treatment. Spleen cells and liver nonparenchymal cells were filtered through nylonwool columns in order to eliminate all adherent cells. The eluted cells were then applied to a discontinuous Percoll gradient (a
slight modification of the gradient described
by Timonen and Saksela [11]). By means of
this gradient a cell fraction highly enriched
for NK activity, and essentially free of small
355

Table 1. Effect of separation by means of specific antimacrophage antibody-mediated rosetting on the
candidacidal and tumoricidal activity of Percoll fraction 40.8--45.3 derived from normal nonadherent
splenocytes as compared to its proliferating ability in the presence or absence of CSF-l
Effector
cells
Fr. 40.8--45.3
F4/80F4/80+

Candidacidal
activity a

42.6
26.1 *
59.4*

Natural killer
activityb

40.2
26.4
42.3

[3H]dThd uptake (mean cpm)

C

Without CSF -1 d

With CSF-1

3328
474
2333

19730
5905
27543.7

Candidacidal activity was determined in a 12-h colony forming unit inhibition assay at the effector:
target ratio 10: 1.
b Natural killer activity is expressed as % specific 51Cr release from radiolabeled YAC-l target cells at
the e:t ratio 25:1 in a 12-h assay.
[3H]dthd (1 ~Ci/well) was added, after 3 days of cultivation, 18 h before terminating the assay.
d L-929 fibroblast-conditioned medium was added at the concentration of 20% as a source of CSF-1.
Data are the means of triplicate samples. Standard errors, usually < 3%, have for clarity been omitted.
* P < 0.01, according to Student's t-test.

a

C

Table 2. Effect of separation by means of specific antimacrophage antibody-mediated rosetting on the
candidacidal, tumoricidal and CSF-1 dependent proliferating ability of Percoll fraction 40.8--45.3
derived from nonadeherent splenocytes from cyclophosphamide pretreated mice (Cy 150 mg/kg, 12 days
before the assay)
Effector
cells
Fr. 40.8--45.3
F4/80F4/80+

Candidacidal
activity a
36.64
15.8*
52*

Natural killer
activityb
38.4
22.2*
40.9

[3H] dThd uptake (mean cpm) C
Without CSF -1 d

With CSF-1

763
819
1003

61250
15650
77234

Candidacidal activity was determined in a 12-h colony forming unit inhibition assay at the effector:
target ratio 5:1.
b Natural killer activity is expressed as % specific 51Cr release from radio labeled YAC-l target cells at
the e:t ratio 12.5:1 in a 12-h assay.
C [3H]dthd (1 ~Ci/well) was added, after 3 days of cultivation, 18 h before terminating the assay.
d L-929 fibroblast-conditioned medium was added at the concentration of 20% as a source of CSF -1.
Data are the means of triplicate samples. Standard errors, usually < 3%, have for clarity been omitted.
* P < 0.01, according to Student's I-test.

a

lymphocytes and granulocytes was gathered
[6, 7]. These cells were further separated by
an indirect rosetting technique [7-9] on the
basis of the expression of the macrophage
specific surface marker F4/80 [12]. The cells
sorted by this procedure are further referred
to as F4/80 negative and F4/80 positive
cells.
Data obtained with normal spleen cells
separated as described are summarized in
Table 1. Data obtained with cells from
spleen under recruitment conditions (mice
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treated with cyclophosphamide 12 days before the assay [7]) are presented in Table 2,
and data concerning inflammatory liver cells
(mice treated with MVE-2 3 days before the
assay [8]) are documented in Table 3. All
tables show NK activity and candidacidal
activity of the cells as well as their ability to
incorporate 3H-thymidin ([3H]dThd) in response to the macrophage-specific growth
factor CSF-1. All F4/80 positive fractions
gave rise to large macrophage colonies in
soft agar. This fraction obviously consisted

Table 3. Effect of separation by means of specific antimacrophage anti-body-mediated rosetting on the
candidacidal, tumoricidal, and CSF-1 dependent proliferating ability of Percoll fraction 40.8-45.3
derived from liver non-parenchimal cells obtained from MVE-2 pretreated mice (MVE-2 25 mg/kg,
3 days before the assay)
Effector
cells
Fr.40.8-45.3
F4j80F4/80+

Candidacidal
activity 8
29.44
6.1 *
44.2*

Natural killer
activityb

30.3
39.9*
24.0

[3H]dThd uptake (mean cpm)C
Without CSF-1 d

With CSF-1

2994
1499
3741

219143
4304
33499

Candidacidal activity was determined in a 12-h colony forming unit inhibition assay at the effector:
target ratio 2.5:1.
b Natural killer activity is expressed as % specific 51Cr release from radiolabeled Y AC-l target cells at
the e:t ratio 12.5:1 in a 12-h assay.
C [3H]dthd (1 JlCi/well) was added, after 3 days of cultivation, 18 h before terminating the assay.
d L-929 fibroblast-conditioned medium was added at the concentration of 20% as a source of CSF-1.
Data are the means of triplicate samples. Standard errors, usually < 3%, have for clarity been omitted.
* P < 0.01, according to Student's t-test.

a

of cells of the macrophage lineage in various
differentiation stages, since the response to
CSF-l was heterogeneous. Some cells matured within 24--48 h to typical macrophages
without forming colonies whereas others developed small clusters and soon matured to
macrophages. Some of the cells also gave
rise to large macrophage colonies in response to CSF-1. No cell death was observed in the F4/80 positive fraction under
these culture conditions. When the F4/80
negative fraction was cultivated the same
way, no early maturation to macrophages
could be scored. Colonies developed with a
lag phase of about 3-5 days compared to the
F4/80 positive fraction. Thus, precursor
cells committed to the macrophage lineage
are apparently present in the F4j80 negative
fraction. These cells are, however, too immature at the time of separation to be recognized by F4/80.
All three tables show that candidacidal activity and NK-like activity as well as proliferation in response to CSF -1 are attributes
of the F4/80 positive fractions. Since the F4/
80 positive fraction represents a virtually
homogeneous popUlation of cells of the
macrophage lineage, these data prove the
presence, in both organs, of functionally active macrophage precursors. These cells
were characterised as non adherent and nonphagocytic, possessed (like NK cells) a low
buoyant density, expressed macrophage-

specific surface antigens, and actively respond to CSF-l with proliferation. In the
spleen this cell type has been defined as a
constituent of the normal, noninduced organ.
D. Discussion
NK cells are potent tumoricidal effectors,
whose lineage has been a matter of discussion for years. NK cells have been described as lymphocytes, based on their morphology and on their inability to phagocytose and adhere. The surface antigens described up to now did not help in assigning
these cells to one or the other lineage, since
NK cells share surface antigens with lymphocytes [13-15] as well as with cells of the
monocyte/macrophage lineage [16-18] and
with granulocytes [16, 17]. Evidence for a Tcell nature ofNK cells came mostly from IL2 dependent cytotoxic T-cell clones which,
after long in vitro culture, were found to be
able to destroy NK targets [19]. These
clones, however, have lost their specificity
and most probably are not related to any of
the in vivo occurring cell types. Freshly isolated NK cells do not express aT-cell receptor [20]. These data substantiate the view
that NK cells and T cells are not closely related. A separate lineage has also been proposed for NK cells [21].
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Our data demonstrate that a significant
part of the the NK activity under normal as
well as under inflammatory conditions is exerted by cells belonging to the macrophage
lineage. These cells were positively sorted on
the basis of the highly lineage-specific macrophage marker F4/80 and proved to be capable of exerting NK and candidacidal activity and of responding to the lineage-specific factor CSF-l with proliferation and
maturation. The nature of the effectors present in the F4/80 negative fraction is an object
of current investigation. Cells in the early
stages of macrophage differentiation are
present in this fraction, as demonstrated by
response to CSF-l stimulation, but as yet it
has not been possible to rule out the contribution of another, unrelated cell type.
Another major implication of our work is
the possible in vivo role of macrophage precursors. The presence of this cell type in the
spleen and liver of normal mice and its inducibility in large amounts upon inflammation
suggest that macrophage precursors can actively contribute in vivo to natural resistance. Data describing the contribution of
these cells to the resistance against a systemic Candida albicans infection in immunomodulated mice have recently been published [22, 7].
The cells belonging to the macrophage lineage derive, according to a current theory
[23], exclusively from the bone marrow compartment. Recent investigations performed
in our lab, however, strongly point to the existence of an extramedullary generation of
macrophage precursors taking place in the
spleen and in the liver. In the light of the unexpectedly widespread importance of these
cells the advantage represented by several independent sources able to supply macrophage precursors upon induction is obvious.
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Functions and Hematopoietic Progenitor Cell Activity
In Plasmacytoma-Bearing Mice Cured by Melphalan
D. Douer, O. Sagi, E. Sahar, and I. P. Witz

A. Introduction
The incidence of secondary acute myeloid
leukemia is higher in multiple myeloma
(MM) than that predicted for normal persons. The etiology and pathogenesis of this
le~kemia is unclear, but it is commonly attnbuted to a leukemogenic effect of mel phaIan. The risk for secondary leukemia seems
to be greater in MM than in other categories
of cancer patients receiving similar drugs,
and it is difficult to ascribe the high incidence of AML in MM to treatment alone.
Host factors related to the primary malignancy might also be involved in the progression of a transformed but premalignant
cell to clinical leukemia. Several immune effector mechanisms operating during the leukemia latency period were postulated to mediate surveillance of potentially malignant
cells. We studied the immune profile of a
mouse model bearing a transplanted plasmacytoma that was cured by melphalan for
1 year after tumor eradication and cessation
of therapy. In melphalan-treated MM patients deficient immunity might be caused by
the primary tumor per se or by the drug. We
therefore assayed the same parameters in
normal mice, without plasmacytoma, given
melphalan in the same way. Marrow myeloid progenitor cell (CFU-C) growth was
also studied. We were able to discriminate
Department of Microbiology and the Moise and
Frida Eskenasy Institute for Cancer Research
Department of Biotechnology, the George S. Wis~
Faculty of Life Sciences, and the Institute of Hematology, Sheba Medical Center, Sackler Faculty
of Medicine, Tel-Aviv University, Israel

360

between long-term changes of immune and
hematopoietic systems caused by melphalan
from those related to the occurrence of the
tumor in the past.

B. Experimental Setup

On a day marked as zero, 1000 MOPC-315
plasmacytoma cells are inoculated intramuscularly to BALB/C mice. A growing tumor forms locally, causing the death of all
untreated mice by day 50. Mouse groups
studied were (a) group T + M: mice with
plasmacytoma treated on day 14, when the
tumor size was 0.5 x 0.9 cm, with 250 J..lg
melphalan and again with 400 J..lg melphalan
on day 24. The tumor disappeared and did
not recur either locally or systemically during the entire study period; (b) group M: normal mice that were not inoculated with plasmacytoma cells but were treated with melphalan in the same way; (c) untreated normal
controls. Survival rates on day 50 for mouse
groups T + M and M were similar (86% and
92% respectively).

C. Results and Discussion

At monthly intervals for 1 year, nine to
twelve mice from each group were assayed
for a number of splenic immune parameters
and marrow CFU-C growth (results at days
50 and 200 are depicted in Table 1). Life
table analysis shows that the 1-year survival
for group M was 33%, for group T + M
73 %. In normal mice (group M), shortly

Table 1. Immune and hematopoietic functions of
mice without (group M) or with (group T + M)
plasmacytoma, treated with melphalan
Parameter

Day 50
M

Allogeneic
66
MLR
76
Thyl.2+
cells
82
IL-2 production
NK activity
31
Asialo GM1 +
0
cells
sIg+ cells
50
121
CFU-C
colonies

Day 200
T+M

M

T+M

44

100

40

46

95

60

67

130

75

108
0

90
111

60
104

0
78

108
57

132
60

Results are expressed as percentage of the value of
each parameter in normal untreated control mice.
Day zero was the day of MOPC-315-cell inoculation.

after treatment with melphalan, the
numbers of T (Thyl.2+) cells, NK (asialo
GMl +) cells and B (sIg+) cells as well as Tcell function (allogeneic MLR), IL-2 production, and NK activity were all reduced.
All these immune parameters recovered
spontaneously by 3-4 months after treatment and remained whithin the normal
range during the rest of the study. In plasmacytoma-bearing mice treated with melphalan (group T + M) similar reduced immunity
was found shortly after treatment. However,
mouse group T + M continued to manifest
long-lasting cellular immune defects. They

showed a significant reduction in T-cell
number compared with group M and untreated controls, a capacity to proliferate in
response to alloantigens, and IL-2 production up to 1 year after cessation of therapy.
The number of NK cells was normal but
their activity was slightly reduced. These
data indicate that a short and intensive
course of melphalan given to normal mice
causes only transient immune deficiency
shortly after treatment. However, plasmacytoma-bearing mice that receive melphalan
develop long-term cellular immune
deficiency, which is not due to melphalan
alone. Interestingly, following a transient reduction, the splenic B-cell number in group
T + M recovered and remained persistently
higher than that in untreated controls and
group M. Comparison with MOPC-315 cells
ruled out the possibility that the B cells in
group T + M were residual plasmacytoma
cells. Contrary to immune parameters, the
marrow CFU -C colony growth was persistently reduced in both the T + M and the M
mouse group following treatment with melphalan.
Taken together, the data indicate that the
presence of malignancy in the past played a
role in the development of long-lasting immune deficiency, especially in T-cell number
and function. On the other hand, melphalan
per se causes long-lasting damage to a hematopoietic progenitor cell. We suggest that
this mouse model may be useful for studying
the role of immune aberrations related to the
primary plasmacytoma in the development
of overt leukemia from a hematopoietic
stem cell, altered and maybe transformed by
melphalan.
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Recombinant Vaccinia Viruses as Live Vaccines
G. L. Smith 1

A. Summary

Vaccinia virus is the world's oldest vaccine
and was successfully used to immunise
against and eradicate smallpox. This immunisation campaign remains the most success-

Since that time, interest in vaccinia virus
has diminished, but it has remained a subject
of active research due to its possession of a
number of interesting biological properties
(Moss 1985). The virus has a large, complex
virion structure and a double-stranded
DNA genome of 185000 base pairs. Unlike
most DNA viruses, which replicate in the
nucleus of infected cells, vaccinia virus (the
prototype orthopoxvirus) replicates in the
cytoplasm. To enable the virus to do this, it
possesses a complete transcriptional enzyme
system that is able to transcribe the virus genome into functional mRNAs. The viruscoded RNA polymerase does not transcribe
genes normally recognised by the host RNA
polymerase II, and the promoters recognised
by the vaccinia RNA polymerase are structurally and functionally distinct from those
of the host cell and other viruses.
An increased understanding of the molecular biology of vaccinia virus together with
the advent of recombinant DNA technology

ful ever conducted, and its success derives

enabled vaccinia virus to be used as a clon-

from a number of factors. The vaccine was
cheap, stable and plentiful and the disease
was acute, easily identifiable and had no animal reservoir. In addition, the World Health
Organisation (WHO) was fully committed
to the eradication campaign and vigorously
pursued this goal. The last naturally occurring case of smallpox was in Somalia in
1977.

ing and expression vector. Following the expression of the first foreign genes in vaccinia
in 1982, there has been an explosion of interest in recombinant vaccinia viruses. The
construction of recombinant VaCCInIa
viruses has recently been reviewed (Mackett
and Smith 1986) and so it will only be briefly
described here. The unique nature of the
virus promoters and presence of the viruscoded RNA polymerase required that vaccinia promoters be used to drive expression of
foreign genes in vaccinia virus. So the first
step in construction of a recombinant virus
is to link the foreign protein-coding sequences to a vaccinia promoter. This gene is

Recombinant vaccinia viruses can be constructed that express foreign antigens. These
viruses retain their infectivity and synthesise
the foreign gene product in tissue culture
and in vaccinated animals. Following vaccination, specific antibody and cell-mediated
immune responses are generated against the
foreign protein and in several cases these
have protected the animal against subsequent challenge with the corresponding
pathogen. The potential use of recombinant
vaccinia viruses as medical or veterinary
vaccines is discussed.

B. Introduction

1 Department of Pathology, University of Cambridge, Tennis Court Road, Cambridge CB2 1QP,

UK
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then inserted into the vaccinia genome by
homologous recombination in cells infected
with wild type (WT) vaccinia virus and
transfected with a plasmid containing the
foreign gene. To facilitate this process, the
plasmid also contains vaccinia virus DNA,
flanking the foreign gene, that is taken from
a nonessential locus of the virus genome.
Within the transfected cells, homologous recombination results in insertion of the foreign gene into the position of the virus genome specified by the flanking vaccinia
DNA. Several such loci have been identified
(Panicali and Paoletti 1982) but the most
widely used one is the vaccinia thymidine
kinase (TK) gene, since this permits genetic
selection of the recombinant viruses as TK mutants (Mackett et al. 1982, 1984). Other
methods of selecting the recombinant
viruses have been used such as DNA:DNA
hybridisation (Panicali and Paoletti 1982),
expression of selectable genetic markers
(Mackett et al. 1982; Franke et al. 1985), or
expression of enzymes which permit visual
detection of recombinants due to conversion
of chromogenic substrate (Chakrabarti et al.
1985). A variety of plasmid vectors have
been constructed for the cloning of foreign
genes into vaccinia (Mackett et al. 1984;
Boyle et al. 1985; Chakrabarti et al. 1985).

replication commences), late (after DNA
replication commences) or early and late.
Promoters from genes of all three types have
been used for expression of foreign genes. A
commonly used promoter is one taken from
a gene that maps within the inverted terminal repetition of the virus genome, which is
expressed throughout the virus replicative
cycle and which codes for a protein of 7500
daltons (Mackett et al. 1984).

D. Immunisation of Animals

Many foreign genes have been expressed in
recombinant vaccinia viruses and so far
none have proved toxic to the virus replication. Since vaccinia replicates in the cy-

Recombinant vaccinia viruses expressing a
variety of foreign antigens, particularly eukaryotic viral glycoproteins, have been used
to immunise experimental animals. Following dermal inoculation a local vaccinial lesion appears, which heals in 2-3 weeks. During this time no viraemia has been found
(Smith et al. 1983 a) and the virus does not
establish latent or persistent infections. Both
antibody and cell-mediated immune responses against the foreign antigen have
been subsequently detected. For instance, a
recombinant expressing the influenza virus
haemagglutinin (HA) produced antibody in
vaccinated rabbits that was able to neutralise influenza virus infectivity in vitro (Panicali et al. 1983; Smith et al. 1983 b). This recombinant virus also induced murine cytotoxic T lymphocytes (CTL) that recognised
the influenza HA in a major histocompatibility complex (MHC) class I restricted manner (Bennink et al. 1984, 1986).
The ability of the recombinant viruses to
stimulate specific immune responses is ob-

toplasm and does not splice its mRNAs,

viously important for the potential use of

only cDNAs or genes without introns may
be expressed. Correct DNA engineering, to
ensure utilisation of the translational start
and stop co dons of the foreign gene, results
in the foreign protein being of the predicted
size. Additionally, posttranslational modifications such as glycosylation, proteolytic
cleavage and carboxylation also occur
within the vaccinia-infected cells. The foreign gene products have been indistinguishable antigenically from the authentic
antigen.
The time and level of expression depend
upon the type of vaccinia promoter chosen.
These are either early (before virus DNA

these viruses as live vaccines. However, there
are also other scientific applications. For instance, the virus may be used to raise specific
antisera against the foreign gene product.
Such antisera may be useful in characterising the corresponding antigen within its normal environment, and for determining if the
antigen has potential use in future vaccines
(Cranage et al. 1986). The recombinant
viruses are also useful for the study of
antigen recognition by CTL. This is possible
because (a) the recombinant virus can be
used to make target cells against which effector CTL can be tested in cytotoxicity assays
and (b) the recombinant virus can itself

C. Expression of Foreign Antigens
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prime animals for a CTL response against
the foreign gene product. Experiments of
these types have demonstrated that several
influenza virus antigens, previously considered to be intracellular, can be recognised by
class I MHC antigen-restricted CTL in a
manner cross-reactive among different influenza A virus subtypes (Yewdell et al. 1985).
E. Protection of Vaccinated Animals
Against Challenge with Pathogens

Experimental animals vaccinated with recombinant vaccinia viruses have been protected against several pathogenic eukaryotic
viruses including influenza, hepatitis B, rabies, herpes simplex, vesicular stomatitis and
respiratory syncytial virus. As a specific example, experiments involving the hepatitis B
virus surface antigen are described in more
detail.
Hepatitis B virus (HBV) remains a serious
global health problem, with approximately
200 million chronic carriers of the disease.
The virus infection has been associated with
several pathological conditions including
liver cirrhosis, fulminant hepatitis and primary hepatocellular carcinoma, one of the
most common male cancers. A subunit vaccine against HBV has been developed and licensed. The vaccine is composed of the surface antigen of the virus (HBsAg) and is
purified from the plasma of chronically infected patients, where it can circulate at high
concentrations. Although effective, this vaccine is expensive and available in insufficient
quantities to meet the enormous global demand. Cloning and sequencing of the HBV
genome identified the gene coding for
HBsAg and permitted its expression in a
variety of vector systems. This is providing
an alternative and potentially greater source
of the antigen, which may lead to a cheaper
and more universally available vaccine.
As another approach to the development
of new HBV vaccines, the HBsAg gene was
expressed in recombinant vaccinia virus
(Smith et al. 1983 a; Paoletti et al. 1984).
Since the recombinant virus would simultaneously synthesise the HBsAg and present it
to the immune system of the vaccinated host,
no expensive protein purification would be
necessary. Initial experiments demonstrated
364

that the HBsAg was excreted from cells infected with the recombinant virus and that it
had biochemical and immunological properties indistinguishable from authentic
HBsAg. Rabbits vaccinated with the recombinant virus produced antibodies against
HBsAg (anti-HBs) at levels far greater than
those necessary to confer protection against
HBV in humans. However, due to the restricted tropism of HBV, protection experiments can only be done in primates (usually
chimpanzees). Accordingly, two chimpanzees were vaccinated with the recombinant
virus and another animal immunised with
WT vaccinia. Disappointingly, the animals
failed to produce anti-HBs. Nonetheless,
when challenged with HBV by intravenous
injection 14 weeks later, there was a dramatic difference between the WT- and recombinant-vaccinated animals (Moss et al.
1984). The control animal developed a typical acute HBV infection with antigenaemia,
biochemical evidence of liver disease and
subsequently anti-HBs and antibodies
against the virus core antigen (anti-c). In
contrast, the two animals vaccinated with
the recombinant vaccinia virus had no antigenaemia or liver disease but rapidly produced high levels of anti-HBs. Subsequently
they both also produced low levels of anti-c,
indicating that a HBV infection had been
initiated. The animals had been antigenically
primed following the original vaccination
and had produced anti-HBs following re-exposure to the antigen when challenged with
HBV.
Although the animals were not completely protected from HBV infection, the
single vaccination had protected them
against liver disease following severe challenge with HBV. The vaccine might be improved to provide complete protection in a
number of ways. First, by using a stronger
vaccinia virus promoter, larger amounts of
HBsAg would be produced that might induce a strong primary antibody response.
Secondly, HBsAg is a mixture of three polypeptides called S, MS and LS, and the first
recombinant vaccinia virus expressed only
the S form. All share the same 226 carboxyl
terminal amino acids, but MS and LS have
an additional 55 and 174 amino terminal
amino acids, respectively. Recently an epitope on the LS molecule has been identified

which acts as a receptor binding site for hepatocytes. Antibody to this epitope might be
expected to block virus attachment to the
target organ in vivo; accordingly, a vaccinia
recombinant that expresses the LS protein
was constructed. In vaccinated rabbits, antibodies are produced which recognise a synthetic peptide specific for LS (Cheng et al.
1986). The ability of such a recombinant
virus to protect chimpanzees is under evaluation.
F. Discussion
These experiments demonstrate the potential use of recombinant vaccinia viruses as
new vaccines against HBV. As mentioned already, vaccinia recombinants have also protected animals against several other pathogenic viruses, and specific immune responses
against AIDS virus antigens and malarial
antigens have been demonstrated. Although
there are numerous advantages to using vaccinia recombinants as a means of delivering
vaccine antigens to the immune system (see
below), there are also potential problems.
First, vaccination against smallpox with
vaccinia carried with it a small but finite risk
of postvaccinial complications. Although
these were acceptable in the face of lifethreatening smallpox, they became of
greater concern as smallpox disappeared,
and the risk from vaccination eventually
outweighed any possible benefit. If recombinan t vaccinia viruses are to be rein trod uced
as a vaccinating agent, safer, more attenuated strains of the virus are desirable. Fortunately, recombinant DNA technology permits the deletion of vaccinia genes as well as
insertion of foreign genes. As the genes responsible for vaccinia pathogenicity are
identified, these may be specifically deleted
to construct safer vaccine strains; already
some success has been achieved towards this
goal (Buller et al. 1985). A second potential
problem with reuse of vaccinia as a vaccine
is the existing immunity to vaccinia in a large
proportion of the world's population. However, since smallpox vaccination has been
discontinued for 10 years or more, an ever
growing population of nonimmune children
exists. Vaccination against most infectious
diseases is carried out during childhood. Re-

vaccination can also be successful, as demonstrated by the accidental vaccination of a
human with a recombinant vaccinia virus.
Despite the vaccinee having previously had
a smallpox vaccination, a good antibody response to the foreign gene was evoked.
The advantages oflive recombinant vaccinia virus vaccines include (1) the ability to
stimulate both antibody and cell-mediated
immune responses, (2) the capacity for large
amounts of foreign DNA encoding multiple
foreign antigens (Smith and Moss 1983; Perkus et al. 1985), (3) the low cost of the vaccine to manufacture and administer, (4) the
vaccine stability without refrigeration, and
(5) the wide host range permitting application in veterinary and human medicine.
If vaccinia is to be reused in humans, efficacy will need to be demonstrated initially in
limited clinical trials. Probably these would
take place in popUlations where the advantages from successful vaccination against a
particular disease far outweigh the worst
conceivable rate of vaccine-associated complications. Life-threatening diseases such as
AIDS, malaria or hepatitis B would seem to
provide such a scenario in certain populations.
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Use of Fluorescence-Activated Cell Sorting to Select Hybrid
Hybridomas Producing Bispecific Monoclonal Antibodies
L. Karawajew, B. Micheel, O. Behrsing, M. Gaestel, and G. Pasternak

A. Introduction
Antibodies containing two different antigenbinding sites were prepared for the first time
in 1961 by Nisonoff and Rivers [1] by dissociating two different antibodies and reassociating the mixture of half molecules. But
this method of chemical recombination has
some disadvantages because it results in protein denaturation and therefore loss of antibody activity.
The production ofbispecific antibodies by
hybrid cells containing the antibody genes
for expressing two different antibodies is,
therefore, regarded as a more reliable
method. Such hybrid cells are produced by
fusing selection medium-sensitive antibodyproducing parental cell lines and isolating
the fused cells by means of the corresponding selection media [2, 3].
This paper describes a method of selecting
bispecific antibody-producing hybrid hybridomas by using a fluorescence-activated cell
sorter. This method avoids the labor-intensive production of selection medium-sensitive mutants of the parental cell lines which
is substituted by labeling the cell lines by two
different fluorescent markers [4].

B. Experimental Set-up and Results
Two mouse hybridoma cell lines producing
monoclonal antibodies to human alpha-fetoprotein (AFP; [5]) and horseradish peroxidase (HRP; [6]) were used for the experiCentral Institute of Molecular Biology, Academy
of Sciences of the GDR, 1115 Berlin-Buch, GDR

ments. Cells of these lines were labeled by
fluorescein isothiocyanate (FITC; 0.5 ~g/
ml) or tetramethyl rhodamin isothiocyanate
(TRITC; 1. 5 ~g/ml) and then fused by using
polyethylene glycol (PEG) according to the
standard fusion method [7]. After cultivating the mixture for 4 h the cells were analyzed by a fluorescence-activated cell sorter
(F ACS III, Becton Dickinson, Sunnyvale,
USA), and the fused hybrid hybridomas
were sorted out which gave a double (green
and red) fluorescence.
The sorted cells were immediately cloned
in micro titration plates and 2 weeks later
grown clones were checked for the production of bispecific antibodies with anti-AFP/
anti-HRP activity. A solid-phase immunoassay was used with the following incubation steps: purified AFP, phosphate-buffered saline containing 10% calf serum, culture fluid to be tested for antibody activity,
HRP followed by the substrate O-phenylene
diamine. Several stable hybrid hybridoma
clones were obtained and one clone was
transplanted in mice for the production of
ascitic fluid.
The ascitic fluid was fractionated by hydroxylapatite column chromatography [8]
which resulted in five peaks in contrast to
three peaks when the ascitic fluids ofthe parental lines were fractionated (Table 1). Peak
4 from the ascitic fluid of the hybrid hybridoma contained the bispecific antibodies.
SDS-polyacrylamide gel electrophoresis
showed that this fraction contained the
heavy chains of both anti-AFP and antiHRP antibodies [4].
The bispecific anti-AFP/anti-HRP antibodies could be used to build up an enzyme
367

Table 1. Antibody activity in ascitic fluid from
hybrid hybridomas after hydroxylapatite column
chromatography
Fractions

Antibody activity
Anti-HRpa

1
2
3
4

5

+++
++
(+ )

(Anti-AFP/
anti HRP)

(+ )

+++
(+ )

AntiAFpa

(+ )
++

+++

a Tested by a solid-phase immunoassay with the
incubation sequence: purified goat anti-mouse
immunoglobulin, monoclonal antibody, HRP
followed by the substrate or 12sJ-labeled AFP.

immunoassay for the demonstration of AFP
with the incubation sequence: monoclonal
anti-AFP antibody with different epitope
specificity at the solid phase, solution containing AFP, bispecific antibody, and HRP
followed by the substrate.
C. Conclusion
These experiments demonstrate that hybrid
hybridomas secreting bispecific monoclonal
antibodies can be produced by fusing hybridoma cell lines and selecting hybrid hybridomas by using a FACS. For this purpose the
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parental cell lines are labeled by two different fluorescence markers. It is not necessary
to convert the parental lines into selection
medium-sensitive mutants and hybrid hybridomas can, therefore, be obtained in a relatively short time compared with the methods
used so far [2, 3]. The technique presented
here is a simple and effective method for the
production of bispecific antibodies and can
be applied to different systems. The bispecific monoclonal antibodies produced
should be useful reagents to build up sensitive immunoassays and other immunological tests.
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Henry Kaplan Award for J. C. Neil
K. Bister 1

Poster Award, Virology Section

From the many excellent posters covering
virological aspects of carcinogenesis, the
contribution by James C. Neil and his col-

lOtto-Warburg-Laboratorium, Max-Planck-Institut fUr Molekulare Genetik, Ihnestr. 73, 1000
Berlin 33, FRG

leagues was selected for this award by the
poster awards selection committee.
In their contribution, Neil and coworkers
describe the transduction of aT-cell antigen
receptor fJ-chain gene by feline leukemia
virus (FeLV). Although it is not yet known
whether retroviruses carrying such a receptor gene in their genomes have any oncogenic properties, these viruses may be useful
tools in studying both FeLV-induced leukemia and T-cell antigen receptor function.
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Viral Transduction of Host Genes in Naturally Occurring Feline
T-Cell Leukaemias: Transduction of myc and a
T -Cell Antigen Receptor p-Cbain Gene
J. C. Neill, R. Fulton I, T. Tzavaras I, D. Forrest I, R. McFarlane I, and D. Onions 2

A. Introduction

Feline leukaemia virus has been a particularly useful tool in cancer research since
many of the naturally occurring tumours associated with this virus group have yielded
recombinant retroviruses containing hostderived oncogenic information. The prevalence of transduction as an oncogenic mechanism was seen first in multicentric fibrosarcoma, a relatively rare tumour in FeLV -infected cats (Hardy et al. 1982; Besmer 1984).
In a significant percentage of cases of this
disease, oncogene-containing feline sarcoma
viruses have been identified. More recently,
we and others have found that in the more
neoplasm,
common
FeLV -associated
thymic lymphosarcoma, viral capture of the
c-myc gene can occur (Neil et al. 1984; Levy
et al. 1984; Mullins et al. 1984). Since the oncogenes carried by feline sarcoma viruses do
not include myc, these reports provided the
first evidence that myc may be a target for
oncogenic activation by FeLV.
Further study of feline tumours revealed
that c-myc could be affected either by viral
transduction or by proviral insertion into
the cellular gene locus (Neil et al. 1984, 1987;
Forrest et al. 1987) although the majority of
field-case tumours showed neither of these
features. To gain more information on the
cellular origin of the feline lymphoid tumours and to search for some distinguishing
feature of those with activated myc genes, we
1 Beatson
Institute for Cancer Research,
Bearsden, Glasgow
2 University of Glasgow Department of Veterinary Pathology, Glasgow
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undertook an analysis of the state of rearrangement and expression of the genes encoding rx and f3 chains of the T-cell antigen
receptor. In the course of this analysis we
discovered a novel FeLV provirus in which
a full-length f3-chain gene had been incorporated into the viral genome (Fulton et al.
1987). The present report describes this
novel provirus and considers its possible significance in leukaemogenesis.
B. T-Cell Antigen Receptor Gene
Rearrangements and Expression
in Feline Leukaemias

Analysis of feline T-cell receptor genes was
performed with cDNA probes derived from
the human rx (pJrx6) and f3 (pB400) genes
(Collins et al. 1985 b); these were kindly provided by Michael Owen (ICRF Tumour Immunology Labs, London). We found these
probes to be strongly cross-reactive with the
feline genes and their transcripts, although
hybridisation was stronger with the f3-chain
than with the rx-chain probe. For this reason,
only the f3-chain probe has been used to assess gene rearrangement.
The overall gene arrangement and transcript sizes appear similar for feline and human genes. Thus, as in the human and the
murine Cf3loci (Gascoigne et al. 1984; Malissen et al. 1984; Sims et al. 1984) the feline
Cf3 coding sequence appears to be tandemly
duplicated in germ-line DNA. Also, some of
the feline tumours examined displayed rearrangement of both Cf3 alleles with two distinct transcript sizes of 1.2 and 1.4 kb, which
by analogy with human genes (Collins et al.

Table 1. Rearrangements of T-cell antigen
receptor fJ-chain gene in feline leukaemias
1. Thymic and multicentric lymphosarcomas
(a) myc gene involved
FeLVv-myc

c-myc
Rearranged

T3
F422
Tn
84793
T11

+a
+a
+b
+
+

T8 +
T7 +
T5 +

(b) No detected myc
rearrangement
FeLV +ve 84904
89407
86800
T14
QI09
FeLV-ve

86503
89960
T16
T20

_c

+
+
+
+
-

2. Other tumours
Spleen lymphosarcoma
(FeLV-ve)
FeLV-ve
Alimentary
Lymphosarcomas e
FeLV+ve

87416
87655
75800
83029

T-cell receptor gene rearrangement and expression. However, the tumours involving cmye activation, either by transduction or by
proviral insertion, represent a homogeneous
subset with mature characteristics (expressing both (X- and p-chain transcripts).

-

Rearrangements of fJ-chain genes ofT-cell antigen
receptor were assessed by Southern blot hybridisation analysis. The C fJ probe hybridises to a
18 kb EcoRI fragment in germ-line DNA of most
cats. Where possible, digests of DNA from
tumour and uninvolved tissues (usually kidney)
were run side by side. In some cases both germ-line
bands were rearranged. In most cases the pattern
of rearrangement was consistent with a monoclonal tumour outgrowth. However, tumour
86416 showed evidence of a bi-clonal nature. For
all cases examined so far Northern blot analyses
show that both ('1.- and fJ-chain transcripts are
expressed in cases with rearranged fJ-chain genes.
a All tumours induced experimentally by inoculation of GT 3 and F 422 viruses were also positive
for gene rearrangement.
b Amplified due to FeLV transduction.
C pim-l gene rearranged.
d c-myc amplified (Neil et al. 1984).
e Assumed to be of B-cell origin.

1985 a) correspond to abortive (D-J-C) and
successful (V-D-J-C) joining events, respectively. The results of a survey of p-chain rearrangement are given in Table 1. The conclusions both from these data and from
those of Northern blot analyses for the expression of (X- and p-chain transcripts are
that feline thymic tumours are heterogeneous with respect to maturity as assessed by

C. A FeLV Provirus Containing
a p-Cbain T-cell Antigen Receptor Gene

Tumour T17 showed an anomalous pattern
of p-chain mRNA both in size (>6 kb) and
in abundance. Furthermore, DNA blots
showed gross amplification of sequences hybridising to the human Cp probe. Further
Southern blot hybridisation analysis of tumour T17 showed that the amplified sequences could be resolved into a single, intensely hybridising fragment if digestion was
performed with any of the enzymes which
characterise the FeL V LTR (KpnI, SmaI,
Pst! and HincH) (Fig. 1). These data provide
indirect but persuasive evidence that the amplification of p-chain sequences in tumour
T17 was due to their presence within multiple
FeLV proviruses.
Cloning was undertaken to isolate the
novel proviral structures from tumour T17.
From a library of size selected (15-23 kb),
EeoRI-digested tumour DNA in lambda
EMBL 4 we selected recombinants with
various probes, including the human Cp
cDNA clone, FeLV v-mye, FeLV env and
FeLV LTR. The clones we have isolated correspond to the proviruses containing Cp sequences, proviruses containing v-mye, FeLV
helper-type proviruses and the normal cellular loci of c-myc and Cpo
Our initial efforts have focussed upon
characterising the FeLV proviruses containing the Cp-hybridising sequences. A 1.9-kb
fragment containing the entire hybridising
sequence was sequenced and found to contain a 1.2-kb host-derived sequence insert including the intact coding sequence of a pchain T-cell receptor gene (Fulton et al.
1987; see Fig. 1). The p-chain gene appears
to have undergone productive rearrangement since sequences clearly identifiable as
those ofVP, DP, JP and Cp origin are seen.
Intron sequences are missing, however, as
might be expected if the sequence has been
transmitted as part of a retroviral replication
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Fig.I. Structure of the FeLV provirus (FeLV
T17T) containing a T cell antigen receptor p-chain
gene. Within the T17T provirus, the v-ter gene replaces the 3' end of pol and much of the env gene.
The host-derived insert contains the complete
coding sequence for a p-chain gene product including N-terminal signal peptide and variable,
diversity, joining and constant region-derived sequences. The 3' end of the insert appears to be
coincident with the p-chain gene AA T AAA se-

quence at the end of the 3' untranslated region. As
shown underneath, two modes of expression appear to be possible for the as yet uncharacterised
v-tcr product. From genomic RNA read-through
from gag and pol into tcr appears possible since
the reading-frames are coincident. Alternatively,
the splice acceptor site usually employed to generate env mRNA may serve to produce an RNA encoding a full-length p-chain product which is not
fused to any viral protein

unit. The host-derived sequence replaces the
3' end of pol and much of the FeLV env gene.
The recombination junction is 7 base pairs
upstream of the ATG, marking the beginning of the fJ-chain open reading frame
which begins with the characteristic signal
peptide for membrane insertion. The 3' end
of the host insert appears to be coincident
with
the
polyadenylation
signal
(AAT AAA). In this context the host-derived
sequence (which we have designated v-ter)
could be expressed as a protein in two different ways. Firstly, since the pol reading frame
is coincident with that ofv-ler, the gene may
be expressed as a large fusion protein including gag, pol, and ter sequences. Alternatively, the proximity of the splice acceptor
site for the env mRNA means that a spliced
subgenomic RNA could direct the synthesis
of a v-ler product which is neither truncated
nor fused to viral sequences (Fig. 1). We are
at present investigating these possibilities.

from tumour T17. Although EMBL 4 phage
clones were readily obtained, full-length
sub-clones have proved impossible to obtain
thus far. Possible "poison" sequences have
not yet been located in the provirus or its
flanking sequences, but cloning in segments
into plasmid vectors has allowed us to isolate possibly all the proviral structure. Since
T17 represents the first recorded example of
a "double transduction" event in which both
host genes are present on separate
proviruses, we wish to discover whether
these recombinants arose independently or
whether one recombinant provirus may
have arisen from the other. Initial mapping
suggests that the mye gene replaces env, as in
the v-ter-containing virus, however we do
not yet know the precise 5' and 3' junctions.

D. The myc-Containing Provirus
in Tumour T17

Rather less information is available at present regarding the mye-containing provirus
374

E. Discussion

Although FeL V mye recombinant viruses
appear to be potent initiators of tumour development, several features led us to consider that the FeLV v-mye genes may be insufficient for full neoplastic development.
The first factor we considered is the latent

period for FeLV mye virus-induced tumour
development, which is shorter than that for
helper FeLV but longer than that for many
other v-one-containing retroviruses. Also,
analysis of integrated proviruses by Southern blot hybridisation with FeL V or v-mye
probes indicated that even the short latency
FeL V myc tumours represent monoclonal or
oligoclonal outgrowths of virus-infected
cells. Furthermore, these tumour cells could
be established readily in culture in the absence of exogenous sources of interleukin 2
(1L-2), although such transformed cell lines
could not be obtained in vitro even after a
series of attempts to infect isolated T cells or
bone marrow cell cultures (Onions et al.
1987).
While these phenomena may also be explained in other ways, we consider that the
sum of the evidence points to secondary oncogenic events in vivo which we cannot so
far reproduce in vitro. The finding here of a
novel provirus containing aT-cell antigen
receptor gene in the same tumour as a v-mye
gene suggests a possible secondary oncogenic factor for this one case. In the majority
of cases which do not show such proviruses
we must seek other explanations. However,
the observation that all of the tumours involving direct mye activation are of mature
T -cell phenotype may provide a useful clue.
The oncogenic properties ofV-ler have not
yet been tested by in vivo experiments. The
primary tumour from T17 is no longer available and was in any case a very poor virus
producer. We have therefore had to resort to
transfection experiments to reconstruct
virus complexes for inoculation into cats;
these experiments are in progress. Predictably perhaps, initial experiments have
shown no transforming potential ofv-ler for
fibroblastic cells. Transfections into mature
human T cells have been undertaken to discover whether the v-ler gene product(s) can
interact with human r:J. chain and other T-cell
receptor components and lead to membrane
transport of the complex. At the same time,
we will monitor any disturbance in growth
or responsiveness to external stimuli (e.g.
lectins, phorbol esters) which may give clues
to the mode of action of v-ler.
Our initial hypothesis was that v-ler might
cause constitutive activation of the antigen
receptor in the absence of external antigen

(Fulton et al. 1987). The rationale for this
model was that the transmembrane region of
v-ler has a nonconservative change (met ---t
lys) relative to the human and mouse C{3 sequences. Thus, in a manner akin to the proposed mechanism of activation of the neu
gene (Bargmann et al. 1986), altered conformation might mimic the presence of
extracellular ligand. This model now appears less likely for v-ler in view of our finding that the cellular C{3locus cloned from tumour T17 has the same transmembrane sequence as the viral gene (J.N. and R.F., unpublished results). The difference which we
recorded (Fulton et al. 1987) may therefore
be a species-specific change.
These results leave both the oncogenic significance and the possible modes of action of
v-ter as open questions. We will have to
await the outcome of in vivo experiments for
the answer to the first question. We may
then have to address the possibility that the
immunological specificity carried by v-ler is
the key to its oncogenic function. Recognition of a host or viral antigen seems possible,
although the associated r:J. chain might then
be expected to playa contributory role. If
self-reactivity is involved, we may speculate
further that the v-ler specificity would normally have been suppressed during thymic
education of lymphocytes where specificity
for host-MHC plus foreign antigen is
learned (Bevan 1981). This self-reactivity
may have been augmented in T17 by the
retroviral capture of the important part of
the immune effector involved in recognition.
We might also propose that the role ofv-mye
in this case is to rescue (immortalise) a cell
clone with autologous reactivity and "selfdriven" proliferative capacity. Whatever the
explanation, it is our hope that v-ler may
contribute in a wider sense to our understanding of normal and neoplastic T-cell
growth.
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Analysis of the Biological Role
of Human Papilloma Virus (HPV)-Encoded Transcripts
in Cervical Carcinoma Cells by Antisense RNA
M. von Knebel Doeberitz and L. Gissmann

A. Introduction

In cervical carcinomas and cell lines derived
from them, human papilloma virus type 16
or 18 DNA has been found integrated into
the host cell genome [6]. The chromosomal
localization differs in different cell lines, as
has been shown by in situ hybridization
techniques (Mincheva et aI., submitted for
publication). The circular viral DNA is always disrupted in the El/E2 open reading
frame (ORF) by the integration event, and
parts of the late viral genes can be deleted [6].
In contrast, the noncoding region containing promoter and enhancer sequences and
the ORFs E6 and E7 are preserved. Northern blot analysis revealed that in all cell lines
tested so far these ORF E6 and E7 are consistently transcribed into mRNA. Sequence
analysis of cDNA clones derived from the
three HPV 18-positive cell lines HeLa, SW
756, and C4-I revealed that the mRNAs consist of a 5' viral sequence and a 3' cellular sequence encoded by the flanking host cell
DNA. Only the viral sequences give rise to
major ORFs which may code for three putative proteins: E6, £7, and a spliced form of
E6 (E6 *) [5]. Therefore, it was speculated
that these proteins are required for the characteristic growth pattern of these cervical
carcinoma cells.
To analyze the biological role of the putative proteins within the cells we tried to specifically inhibit the translation by antisense
RNA. The E6 and E7 ORFs were cloned in
inverse orientation into a eukaryotic exInstitut fUr Virusforschung, Deutsches Krebsforschungszentrum, Heidelberg, FRG

pression vector and transferred into HPV
18-positive C4-I cervical carcinoma cells.
Preliminary data suggest that expression of
HPV 18 £6 and £7 antisense RNA may lead
to inhibition of cell growth.

B. Results
The antisense RNA technique proved to be
an intriguing approach to study the function
of certain genes. Introduction of complementary RNA by expression vectors led to
specific inhibition of gene expression and
phenotypic conversion to "minus mutants"
in several eukaryotic cells [2]. It was shown
that complementary RNA strands hybridize
within the cells, thereby inhibiting a normal
nucleocytoplasmic transport and formation
of an intact translation initiation complex [3,
4]. The excess of antisense RNA appears to
be critical in such experiments.
To determine the influence of specific inhibition of HPV 18-encoded early mRNAs
in HPV 18-positive cervical carcinoma cell
lines, C4-1 cells were used as the test system;
these cells contain only one viral genome
copy per cell and express HPV 18 transcripts
at a low level compared with other cell lines
[6].
Expression vectors were constructed as
shown in Fig. 1. The strong cytomegalovirus
(CMV) immediate early promoter and enhancer element [1] (Pawlita, personal communication), was chosen to direct transcription ofHPV 18 £6 and £7 sense or antisense
mRNA. The HPV sequences were derived
from a cDNA clone of the HPV 18-positive
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Fig.t. Construction of expression vectors. Into
the BamHI site of a pUC19-derived plasmid containing the HCMV promoter (P) and enhancer
(E) element (kindly provided by M. Pawlita) the
Bg/II -BamHI fragment derived from the pSV2 fJglobin vector containing the SV40 early RNA-

processing signals was cloned. The HPV 18 fragment derived from the cDNA clone (see text) was
inserted into the SmaI site by blunt - end ligation.
Clones with the HPV 18 E6 and E7 ORFs in both
orientations were received and referred to as pM1
(sense) vector or pM2 (antisense) vector

cell line SW 756 [5]. This clone was used because it contains all HPV 18 E6 and E7 sequences in an unspliced form and covers 40
base pairs of the non translated 5' sequence
upstream from the E6 ATG start codon. At
the non translated 5' region the initiation
complex is formed. Hybrid formation of the
mRNA with a complementary RNA strand
in this particular area was shown to be very
important in other systems where antisense
RNA was used to suppress gene expression
[4]. To avoid interactions with other cellular
transcripts, the cellular flanking sequence at
the 3' end ofthe E7 ORF was removed at the
Pvull site (see Fig. 1). The remaining HPV
18 sequences were cloned in both orientations downstream from the promoter and
enhancer element. RNA processing signals
were derived from the SV40 early region. Before transfection, performed by the calcium

phosphate technique, the DNA was linearized at the Seal site which is distant to the
transcription unit. It was either used as a
monomer or ligated to oligomeres before introduction into the cells. To select transfected cell clones, a dominant marker plasmid (pSV2neo) was co-transfected in a ratio
of 1 : 20, and culture dishes were screened for
G418-resistant colonies.
When 20 llg pM2 antisense vector DNA
(cut and ligated to oligomeres) were cotransfected with 1 llg pSV2neo DNA into
2.5 x 10 6 C4-1 cells and incubated in
DMEM medium containing 10% FCS and
800 llg/ml G418, no surviving cells were
found after 4 weeks (Table 1). After transfection of unligated pM2 antisense vector
DNA one G418-resistant cell clone could be
raised. When the sense mRNA expressing
construct pM1 was transfected into C4-1
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Table 1. Numbers ofG418 - resistant cell clones in
the different transfection experiments. Culture
dishes were screened for colonies 4 weeks after
transfection
C4-I carcinoma cells

pMl

DNA cleaved with Seal
DNA cleaved with Seal
and ligated to oligomeres

15
40

C127 mouse fibroblasts

pM1

DNA cleaved with Seal
DNA cleaved with Seal
and ligated to oligomeres

pM2

sense or antisense RNA-expressing vectors.
We are presently analyzing the DNA and
RNA of these clones, as well as possible effects of dexamethasone induction of the expression vectors on the growth characteristics of these cervical carcinoma cells.

1
0

C. Conclusions
5
5

pM2
7
11

cells following the same protocol, 40 and 15
G418-resistant colonies formed respectively.
Six of each group were raised to cell lines.
In control experiments HPV 18-negative
C127 mouse fibroblasts were treated by the
same protocol. As shown in Table 1, the
same number of G418-resistant colonies
formed when these cells were transfected
with either ligated or unligated sense pM1 or
antisense pM2 DNA.
Southern blot analysis of the one C4-I
clone transfected with the pM2 antisense
vector showed that the antisense RNA transcription unit is integrated in a rearranged
pattern, while in C4-I clones transfected
with the pM1 sense construct the transcription unit was not found to be rearranged.
The C127 fibroblasts contained unrearranged transcription units after transfection
of the sense or antisense plasmid. These data
may suggest that expression of antisense
RNA to HPV 18 transcripts in C4-I cells led
to diminished cell viability.
To test whether this effect was due to the
expression of antisense RNA in these cells
we exchanged the CMV promoter and enhancer element with the inducible mouse
mammary tumor virus long-terminal repeat.
Equal numbers of G418-resistant cell clones
grew out after transfection of the inducible

The transfection experiments indicate that
expression of antisense RNA to HPV 18
early transcripts in HPV 18-positive cervical
carcinoma cells may lead to decreased
growth properties of the cells. HPV 18-negative cells are not influenced by expression of
sequences complementary to HPV 18
mRNA.
Because an apparently nonviable phenotype was rendered in this first set of experiments, it was not possible to correlate expression of antisense RNA to decreased
growth rates of the C4-I cells directly. This
could be achieved if expression of antisense
RNA is directed by an inducible promoter
element. It will be interesting to analyze
whether gene expression of HPV 18 early
ORFs E6 and E7 acts in a dose-dependent
manner on the growth characteristics of cervical carcinoma cells.
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Transcription of Human Papillomavirus Type-I8 DNA
in Human Cervical Carcinoma Cell Lines *
A. Schneider-Giidicke and E. Schwarz

A. Introduction

DNA of human papillomavirus (HPV) type
16 or 18 has been identified in about 70% of
all human cervical carcinomas analyzed so
far [1] and in cell lines established from cervical carcinomas [2, 3]. In the malignant tumors and all cell lines, DNA of HPV 16 or
18 is integrated into the host cell genome. Integration consistently results in disruption
of the viral genome within the open reading
frame (ORF) E1, E2 region. With regard to
the host cell genome, however, HPV 16/18
DNA integration seems to occur at different
sites in different tumors and cell lines. Since
tissue culture systems susceptible to transformation by HPVs were not available, we
used the three HPV 18-positive cervical carcinoma cell lines HeLa, C4-1, and SW756
for a comparative analysis of HPV 18 transcription.
B. Results

HPV 18 transcription was studied by cDNA
cloning and sequence analysis of HPV 18positive cDNA clones isolated from the
HeLa, C4-1, and SW756 cDNA library.
The HPV 18-positive cDNA clones of all
three cell lines are derived from virus-cell fusion transcripts. They are composed of 3'terminal host cell sequences spliced to 5'proximal viral sequences. Splicing involves a

* The study was supported by the Deutsche Forschungsgemeinschaft
Institut fUr Virusforschung, Deutsches Krebsforschungszentrum, 6900 Heidelberg, FRG
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viral splice donor site located a few nucleotides downstream from the start codon of
HPV 18 ORF E1 (Fig. 1). The 3'-terminal
cellular sequences are different in cDNA
clones from the three cell lines and also differ
- due to variable use of cellular splice acceptor sites - within the same cell line. They do
not harbor long ORFs. Furthermore, no
viral-cellular fusion ORFs of considerable
protein-encoding capacity have been detected in the cDNA sequences. These data
indicate that the chimeric viral-cellular transcripts do not contain the information for
specific cellular proteins.
The 5' viral sequences are derived from the
5' part of the early region of HPV 18. Three
types of cDNA clones can be distinguished
due to the splicing patterns observed in the
5' HPV 18 sequences (Fig. 1). As potential
protein-coding regions they contain ORFs
E6 or E6*, followed in 3' by E7 and E1 (only
in HeLa). Northern blot hybridizations with
E6/E6* exon- and E1 exon-specific oligonucleotides revealed that mRNAs types 1 and
2 are present in C4-1 and SW756 cells,
whereas types 2 and 3 (and type 1 in very
small amounts) are present in HeLa cells.
Primer extension experiments were performed to determine the 5' ends of the
mRNAs. Several transcriptional initiation
sites were identified, which are located directly at the A residue ofthe E6/E6* start codon or up to eight nucleotides upstream
from it. These data indicate that a TATA
box sequence located 35 nucleotides upstream from the E6/E6* ATG initiates transcription in all three cell lines. The very close
proximity of the 5' ends of the mRNAs to
the E6/E6* start codon may playa role in

E7
E6 r::::::::r::==============---l
'T----·
rEi;'
El

- ...

~.--------..--------r-r

Hf f
p p

do

BamHI

E6

2

3

ES·

f

f

ac

~

do

E7
E7

EcoRI

~EC7==~:=1====================

Fig. I. Splicing patterns of HPV 18-positive
cDNA clones from HeLa, C4-1, and SW756 cells.
Upper part: The E6-E7-E1 region ofthe integrated
HPV 18 DNA is shown together with the 3' flanking cellular sequences (indicated by zig-zag lines).
ORFs are indicated by open boxes, the viral-cellular junctions by dotted lines. The positions of
TATA box sequences (P), and splice donor (do)

and splice acceptor (ae) sites are indicated_ Lower
part: Three types of cDNA clones can be distinguished according to the splice patterns of the 5'terminal HPV 18 sequences. As possible proteincoding regions they contain ORFs E6 or E6*, followed in 3' by ORF E7 and E1 (type 3 is present
only in HeLa cells). Intron sequences excised by
splicing are represented as thin, slanted lines

regulating the synthesis of the E6/E6* and
E7 proteins by shifting translation from the
5'-proximal cistron (E6 or E6*) to the second cistron (E7).
ORF E6* is generated by splicing (see
Fig. 1) and encodes a putative protein of
only 57 amino acids (aa) that shares the Nterminal 43 aa residues with the ORF E6
gene product. Generation of an E6* ORF
due to splicing in E6 was not described for
other papillomaviruses. Nucleotide sequence comparisons with other genital HPV
DNAs revealed that only HPV 16, 18, and
33 contain possible splice sites at the corresponding positions, but HPV 6 and 11 do
not, due to single nucleotide exchanges.
Thus, it is tempting to speculate that
mRNAs with an E6* splice pattern possibly
encoding a E6* protein are specific for HPV
types associated with genital carcinomas.
Sequence comparisons revealed a certain
homology between the putative E6* gene
product and epidermal growth factors.
The similar transcription patterns ofHPV
18 DNA in the three human cervical carcinoma cell lines indicate that expression of

specific HPV 18 early genes (E6, E6*, E7)
may have a functional role in the maintenance of the malignant phenotype of these
cells.
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Are Haematophagous Insects Vectors for HTL V-I?
M.F. Greaves l and G.J. Miller 2

A. Introduction
Human T-Iymphotropic virus I (HTLV-I)
and its associated malignancy, adult T-cell
leukaemia [19, 30, 31, 37] are endemic in
southern Japan [18, 26], the Caribbean Basin
and neighbouring mainland America [1, 6,
10, 14, 23], and sub-Saharan Africa [5, 20,
38].
The natural history and mode of transmission of HTLV-I infection is largely unknown. Worldwide, the infection as indicated by the presence of antibodies is confined mostly to tropical areas of high humidity in Japan [36], the Caribbean and tropical
South America [7, 23], and Central Africa [4,
5, 20, 38]. Sero-positivity for HTLV-I and
the associated risk of adult T -cell leukaemia/
lymphoma has been reported among immigrants to temperate regions from the Caribbean [10, 15]. More recently, southern Italy
[22] and the Arctic regions [32] have been
identified as possibly additional endemic regions. In the Caribbean, sero-positivity has
been found almost entirely in people of African or part-African descent, although there
are recent reports ofHTLV-I-positive adults
among Amerindians in Cayenne [11] and
Venezuela [23] and Campuchian immigrants
to Cayenne [11].
Earlier studies, especially in Japan, have
suggested that HTLV-I might be transmitted by sexual contact [36], from mother to
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child via transplacental passage [21] or
breast feeding [28], by blood transfusion
[16], or by insect vectors [35]. Sexual transmission has been emphasised as a possible
major route, but it cannot easily explain the
demographic distribution of sero-positivity
or the relatively high incidence of HTLV-I
antibodies in children whose parents are
sero-positive [17]. Neither does it adequately
explain why the highest rates of sero-positivity should be observed in 70-year-old Japanese women.
B. A Role for Haematophagous Insects?
The possibility has been raised that Africans
represent the natural host of HTLV-I, and
that the virus was introduced in this way to
the West Indies and perhaps also to Japan
[13, 20). In Britain, HTLV -I sero-positivity
is found in first generation but very rarely in
second generation West Indian people of
African descent (Table 1) [15] (M. F.
Greaves, T. A. Lister, S. Pegram and L.
Chan, unpublished observations). Thus, the
circumstances required for transmission
may be largely confined to tropical and subtropical areas of high humidity, and - strikingly - to some Arctic regions [32]. Within
endemic areas strong associations exist between sero-positivity to HTLV -I and evidence of exposure to arthropod-transmitted
diseases such as filariasis [35], malaria [3]
and equine encephalitis [23]. These relations
might imply human transmission of HTLVI by mosquitoes, shared environmental factors which promote the transmission of
HTLV-I and arthropod-borne disease, or

Tablel. HTLV-I antibodies in United Kingdom
residents of Caribbean origin

1. Relatives of HTLV-I + adult T-cell leukaemia
patients:
23 Relatives of 6 patients
Sero-positive: 0/12 UK born (of AfroCaribbean parentage)
4/11 Caribbean born
2. Non-leukaemic serum donors (unrelated to
ATL patients):
Series 1: Hospital out-patients
Sero-positive: 6/70 - all positives were born
in Caribbean [15]
Series 2: Hospital out-patients + normals
Sero-positive: 0/70 UK born (of AfroCaribbean parentage)
6/130 Caribbean born

potentiation of the response to one infection
by previous exposure to the other [3].
Involvement of mosquitoes or other haematophagous insects in the transmission of
HTLV-I would go some way towards explaining the endemicity of this virus in
Arctic regions where such insects are exceedingly common. Recent collaborative studies
we have conducted on the Caribbean island
of Trinidad provide, we believe, further support for the idea that insects might be vectors for HTLV-1 [25]. Between 1977 and
1981, blood samples were obtained for a cardiovascular survey of all adults aged 35-69
years and resident within a geographically
defined area of Port-of-Spain, Trinidad [24].
In most respondents, sufficient serum had
been stored for screening of the community
for evidence of HTL V-I infection. As far as
we are aware, this is the first systematic
study of the distribution of HTLV-I seropositivity in a total community.
The population of Trinidad is of African,
Indian, European, Chinese, Lebanese and
Syrian descent. The forbears of those of
African origin arrived after 1776, coming either directly from West Africa or by way of
neighbouring islands such as Grenada. People of Indian descent came from 1845 onwards, mostly from northern India. Smaller
numbers of Chinese entered Trinidad after
1852.

Port-of-Spain lies on the coast of N.W.
Trinidad and has a humid tropical climate.
The survey was conducted in a defined area
encompassing contiguous sectors of two
suburbs of the city which we refer to as sectors A and B. Although in general the A-sector community is of lower socio-economic
standing than sector B, there is no appreciable difference between Africans and Indians
in living standards within the A sector.
Sera were screened for HTLV-I with an
enzyme-linked
immunosorbent
assay
(ELISA) [33]. Samples positive with this test
were examined with an ELISA modification
of a previously described competitive assay
[40]. Only subjects whose sera were positive
to both assays were considered sero-positive
for HTLV-1.
Details of this study are published elsewhere [25]. Several important facts emerged:
1. Individuals of Asian (Indian) descent were
infected at a lower rate (1.4%) than AfroCaribbean blacks (7.0%). 2. As in Japan,
sero-positivity rates were age and sex associated, the highest rates (12.3%) being observed in females over 65 years of age. 3.
Black males living in the less-prosperous sector A were infected at a higher rate (5.4%)
than those living in sector B (2.6%). 4. Seropositivity was significantly (P < 0.001) associated with poor-quality housing. 5. Seropositivity was significantly (P < 0.025) associated with living distances of less than
30 m from open water courses.
We have suggested [25] that, when taken
together, the household clustering of
HTLV-I infection (documented in Japan),
the increased risk to adult females, the association with poor-quality housing and
proximity to insect breeding sites (i.e. open,
stagnant water) implicate an insect vector of
intensively domestic habit. One candidate
would be the mosquito species Aedes aegypti, which is known to have limited dispersal from its breeding grounds [27], but other
domestic insects including mites and ticks
would also be candidates. Women might be
more likely to be infected than their husbands by virtue of their spending more time
in the house and therefore incurring a
greater risk of exposure. In the Caribbean
region, non-black ethnic groups might be infected only by co-habitation with people of
African descent who probably provide the
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host reservoir for the virus, and this would
need to be prolonged if infectivity were very
low. This might then explain why Indians,
though infected with HTLV-I, have a much
lower sero-positivity rate in Trinidad than
do inhabitants of African origin.
The increasing sero-positivity with age
still requires an explanation. One possibility
is that it reflects the requirement for continuous exposure to potential sources of virus
coupled with inefficient transmission. Another possibility is that the age association is
merely a mirror of historical events, with
young people now being infected at a much
lower rate due, for example, to improving
living conditions. We have assumed that if
blood-sucking insects are capable of transmi tting HTLV-I this will be via the purely
mechanical transfer of infected lymphocytes. At this stage, however, it remains possible, though perhaps less likely, that insects
serve as a biological vector supporting viral
replication, as happens, for example, with
the Japanese encephalitis arbovirus [34].
This is currently being investigated.
Finally, it is important in this context to
re-emphasise the similarity between HTLV-I
and bovine leukaemia virus (BLV) with respect to viral structure and disease similarities [8, 39]. Although BLV in developed
countries may commonly be transmitted iatrogenically, there may well be a role for
haematophagous insects as mechanical vectors, especially in tropical regions. Experimental evidence for this has been produced [2, 9, 12]. BLV does not, however,
spread readily within a herd of cows, and
physical contact is almost certainly required
[29]. This might again implicate an insect
vector other than common mosquitoes.
It is of interest that BLV can be experimentally transferred by injecting a sero-negative cow with 100 JlI of blood or around
1000-2000 lymphocytes from an infected
cow, but that this value drops by 3 orders of
magnitude if the donor cow has a BLV-associated lymphocytosis (A. Burny, this volume). The latter corresponds to the transfer
of less than 0.1 % of the volume of a mosquito blood feed which could easily be carried on the mouthparts. Perhaps HTLV-I is
effectively transmitted only by blood-sucking insects that have had an interrupted meal
on a sero-positive individual with some de384

gree of lymphocytosis. This might then explain the apparent need for close familial
contact over a prolonged period.
It is clear that HTL V-I has been transmitted by blood transfusion in Japan [16], and
we do not contest that infection can be
spread via breast feeding or sexual contact.
Although several modes of transmission
may be possible, we hypothesise that insect
vectors playa more significant role than has
hitherto been appreciated.
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Neutralization and Receptor Recognition
of Human T -Lymphotropic Retroviruses
R. A. Weiss, P. R. Clapham, A. G. Dalgleish, and J. N. Weber

A. Introduction

Like other enveloped viruses, the outer
membrane antigens of retroviruses present
target antigens for neutralizing antibodies,
and also playa key role in interacting with
cell-surface receptors for initial stages of infection. We have investigated these attributes of the envelopes of human T-Iymphotropic retroviruses (Weiss 1985; Wong-Staal
and Gallo 1985) and our studies are briefly
summarized here.
The viruses investigated are human T-cell
leukemia virus type-1 (HTLV-1), the etiologic agent of adult T-cell leukemia-lymphoma (ATL), HTLV-2, first isolated from
the leukemic cells of a patient with T-cell
hairy leukemia (Kalyanaraman et al. 1982)
and present in a proportion of intravenous
drug abusers (Tedder et al. 1984), and human immunodeficiency virus (HIV -1,
HTLV-3/LAV) the causative agent of
AIDS.
B. Neutralizing Sera
for HTLV-l and HTLV-2

HTLV-1 and HTLV-2 are not readily amenable to quantitative titration of infectivity
because the virions are largely cell-associated. We have therefore employed a viral
pseudo type technique for detecting neutralizing antibodies and for probing receptors. The pseudotypes are virions of vesicuInstitute of Cancer Research, Chester Beatty Laboratories, Fulham Road, London SW3 6JB, England

lar stomatitis virus enveloped by the glycoproteins of HTLV-1 or HTLV-2 (Clapham
et al. 1984), a system originally devised for
avian retroviruses by Zavada (1972). Pseudotypes possess the neutralization and host
range properties of the retrovirus, while replicating as VSV to produce cytopathic
plaques in cell monolayers that can be assayed in a simple, quantitative way.
Using stocks ofVSV(HTLV-1), we found
that sera of infected subjects, whether
healthy or suffering ATL, possessed neutralizing titers ranging from 1: 50 to
1: 50000 (Clapham et al. 1984). In collaboration with H. Hoshino, we showed that
VSV(HTLV-1) pseudotypes prepared with
Japanese or American HTLV-1 isolates did
not distinguish by neutralization titer between sera from Japanese and British West
Jamaican subjects (Hoshino et al. 1985).
For HTLV-2 neutralization, we have used
a single isolate from an American patient
(Kalyanaraman et al. 1982) for pseudotype
preparation, and observed high neutralization titers in the sera of 4% of British intravenous drug abusers (Tedder et al. 1984).
There is a slight degree of cross-neutralization between HTLV-1 and HTLV-2, but the
heterologous titers are 100- to lOOO-fold
lower than the homologous titers (Clapham
et al. 1984).

C. Common and Variable Antigens
for HIV-l Neutralization
We have also detected neutralizing activity
in sera of subjects infected with HIV-1
(Weiss et al. 1985 a, 1986). In a longitudinal
387

Table 1. Common and strain-specific neutralizing activities of human and rabbit sera to HIV-1 a
Serum

Neutralizing titer for VSV (HIV-1)

Strain
origin
(% env
divergence)

RF
Haiti
15

Human
British control
1
10
2
50
3
10
4
50
5
50
6
250
Ugandan control
50
1
2
250
3
50
4
50
Rabbit
Preimmune Anti-gp130 a

MN
USA
10

ARV-2
USA
15

250
250
250
250
10
10

6250
1250
250
1250
1250
1250

10
10
10
10

50

1250
1250
6250
1250

50

10

IIIB
USA

o

10
10
10
10

10
10

MA-2

Rut
Tanzania
>20

Z129
Zaire
>20

50
50
10
50
10
10

250
250
250
50
50
250

50
50
50
250
250
250

50
10
250
250

10
250
250
250

250

UK
10

50

10

Data from Weiss et al. (1986).

study of initially asymptomatic male homosexuals known to be infected with HIV -1 for
at least 3 years (Weber et al. 1987), the continued presence and a slightly rising titer of
neutralizing anti-HIV-1 appears to correlate
with a relatively good prognosis. However, a
stronger correlation was found with low or
no anti-gag serum activity (measured by
radioimmunoprecipitation) and progression
to AIDS or AIDS-related complex (ARC).
We do not, at present, know whether some
of the neutralizing activity may be directed
to gag antigens, though this appears unlikely
for VSV(HIV-1) pseudotypes, which are
thought to assemble only membrane glycoproteins of the retrovirus.
Using VSV(HIV-1) pseudotypes prepared
with seven different isolates of HIV-1 from
USA, Haiti, Europe and Africa, we examined the specificity and variability of neutralizing epitopes (Weiss et al. 1986). Sera
from Ugandan and British subjects selected
for capacity to neutralize the RF (Haitian)
isolate, showed significant neutralizing activity for almost all HIV-1 strains (Table 1).
Interestingly, the ARV-2 pseudotype stock
appeared to be most sensitive to neutraliza388

tion, whatever the origin ofthe anti-HIV human serum. By contrast to the cross-neutralization observed with human sera, we found
in collaboration with L. Lasky and P. Berman that a rabbit serum raised by Lasky et
al. (1986) against a recombinant gp130 molecule specific to the outer envelope glycoprotein of HIV -1, neutralized the strain
from which the recombinant was made
(HTLV-IIIB), but only two of the other six
strains. Even the ARV -2 isolate that was so
sensitive to human sera was not significantly
neutralized by the anti-gp130 rabbit serum.
Tests with further rabbit and guinea-pig sera
raised against gp130 confirmed the strainspecificity of this antigen (Weiss et al.
1986).
The antigen targets for neutralization of
HIV-1 thus appear to include epitopes common to widely divergent HIV -1 strains as
well as variable antigens specific to individual strains and more closely related isolates.
The presence of common neutralization
antigens between HIV-1 strains differing by
20% or more in the envelope gene (Alizon et
al. 1986; Starcich et al. 1986) is a promising
finding for the development of vaccines.

D. Receptors for HTLV and HIV
HTL Vsand HIV share a common property
of tropism for T4 + lymphocytes in vivo
(Weiss 1985; Wong-Staal and Gallo 1985).
ATL is a T4 + neoplasm, while the salient
feature of AIDS is the depletion of T4 + Thelper cells. However, other cell types can be
infected in vitro by HTLV-1 (Clapham et al.
1983) and by HIV-1 (Levy et al. 1985;
Gartner et al. 1986). We investigated to what
extent the cellular tropisms of HTL V and
HIV are determined by the cell surface receptors for initiating infection, and identified the T4 (CD4) antigen itself as an important component of the HIV -1 receptor (Dalgleish et al. 1984).
Using VSV pseudotypes with envelopes of
HTLV or HIV, we found that HTLV-1 and
HTLV-2 recognise receptors on diverse
types of human cells and mammalian cells of
many species. Productive infection of cells
by HTLV-1 not only blocks receptor availability to VSV(HTLV-1) but also to
VSV(HTLV-2), indicating that these two
viruses use a common receptor (Weiss et al.
1985 b). The recognition of a common cell
surface receptor for HTLV-1 and HTLV-2
accords with the slight cross-neutralization
of these viruses already noted, as there may
be a common epitope of the external glycoprotein that binds to the receptor. We do not
at present know the biochemical nature of
the HTLV receptor.
Pseudo types of HIV -1 plate only on cells
expressing T4 antigen (Dalgleish et al. 1984).
These may be T -helper lymphocytes or
monocytes, such as the U937 cell line. Using
monoclonal antibodies (mAbs) to T4
antigen, we found that pseudotype infection,
and also induction of multinucleated syncytia by HIV-1, could be blocked in T4 + T
cells (Dalgleish et al. 1984) and U937 cells
(Clapham et al. 1987). Infection by HIV-1
(Dalgleish et al. 1984) and treatment by TPA
(Clapham et al. 1987) caused concomitant
disappearance ofT4 antigen and HIV-1 receptor from the cell surface without affecting the HTLV receptor. Other groups have
also observed that mAbs specifically
blocked infection by HIV-1 (Klatzmann et
al. 1984) and binding of labelled HIV-1
virions (McDougal et al. 1986). Preliminary
studies also indicate that HIV-2 (LAV-2;

Clavel et al. 1986) reception is also blocked
by certain anti-T4 mAbs. Thus, the T4
antigen acts as a specific receptor on lymphocytes and monocytes for binding HIV.
The precise epitopes on the T4 antigen
recognized by HIV-1 remain to be determined. In collaboration with Q. Sattentau
and P. C. L. Beverley, we have analyzed a
series of25 different mAbs raised against T4
for ability to block each other and HIV-1
syncytium induction (Sattentau et al. 1986).
The mAbs that interfere with HIV-1 reception fall into three noncompeting groups.
Two block HIV-1 completely and the third
only weakly. Some mAbs, e.g., OKT4 and
OKT4c, fail to compete with the HIV-1 receptor at all. These epitopes are thought to
be located near to the transmembrane domain of the T4 molecule. Although there is
some degree of variation in T4 epitope expression on T lymphocytes from different
African and Caucasian individuals, this was
not correlated with susceptibility to HIV-1
infection in vitro and did not affect those
epitopes most important for T4 binding
(Sattentau et al. 1986).
We next examined whether the T4 antigen
would act as a functional receptor for HIV-1
if expressed ectopically on the surface of unusual cell types. In collaboration with P.
Maddon, R. Axel, and J. S. McDougal, the
cDNA for the human T4 gene was introduced into various human and mouse cell
types via a retrovirus vector carrying a neomycin resistance gene as a dominant selectable marker (Maddon et al. 1986). Our findings, summarized in Table 2, show that human cells such as the immature T-cell line
HSB2, the Burkitt's lymphoma line, Raji,
and the cervical carcinoma line, HeLa, become susceptible to HIV-1 infection and
replication upon expression of T4. On the
other hand, transfection and expression of
the human T4 gene to mouse cells, including
L3T4 + mouse cells (the murine equivalent of
human T4 + lymphocytes), does not result in
infection of HIV-1 or of the VSV(HIV-1)
pseudotype. HIV-1 virions did, however,
bind specifically to the surface of T4 transfected mouse cells and not to control mouse
cells. Therefore, we conclude that T4 antigen
is sufficient for HIV -1 attachment to the surface of mouse cells, but that some other human component, present in HeLa and Raji
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Table 2. Interaction of HIV-1 with cells transfected with the human T 4 gene a

Cell type b

HIV-1
virion binding

Syncytium
induction

VSV (HIV-1)
infection

HIV-1
replication C

Human
HSB2 T cell
B cell
Raji
HeLa Carcinoma

+
+
+

+
+
+

+
+
+

+
+
+

Murine
3DT T cell
Fibroblast
L
NIH-3T3 Fibroblast

+
+
+

Data from Maddon et al. (1986).
All control cells (transfected with neo vector alone or neo + human T8 gene) were universally negative
for all HIV-1 interactions listed in the table.
C HIV -1 replication was assayed by production of reverse transcriptase, immunofluorescence for viral
antigens, and induction of syncytia in indicator T cells.

a

b

cells, is necessary for functional penetration
following attachment. It appears that the
binding of virions alone is insufficient to
trigger endocytosis of the ligand-receptor
complex on mouse cells.
E. Conclusions

Our studies of virus neutralization serve to
distinguish different strains of human retroviral pathogens and may eventually provide
prognostic tools and aid the development of
vaccines. Our receptor studies serve to distinguish the cellular tropisms of HTLVsand
HIV s, and have identified certain epitopes of
the T4 surface antigen as the binding receptor for HIV. Infection of T4 + lymphocytes
and monocytes by HIV-1 largely explains
the immunodeficiency underlying the opportunistic infections and neoplasms evident
in AIDS. The binding of free envelope glycoprotein to uninfected T4 + cells when shed by
infected cells may further exacerbate the immunodeficiency, as T4 antigen plays a functional role in cell interactions in the immune
system (Dalgleish 1986).
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Markers of HTLV-I-Related Virus
in Hamadryas Baboon Lymphoma
A. F. Voevodin 1, B. A. Lapin 1, A. G. Tatosyan 2, and I. Hirsch 3

A. Introduction

Our previous studies have shown that hamadryas baboons of the Sukhumi "high lymphoma" stock are infected with human Tlymphotrophic virus (HTLV)-I-related virus
to a significantly higher degree than baboons of different lymphoma-free populations. Levels of anti-HTLV-I-related antibodies in prelymphomatous baboon sera
were also significantly higher than those in
matched controls [1, 2]. These studies posed
the question of whether HTLV-I -like virus is
etiologically related to baboon malignant
lymphoma. The most informative indirect
approach to the study of this possibility is
the search for integrated provirus in baboon
lymphoma DNA. Thus, we tested by Southern blotting PstI, BamHI, and EcoRI digests
of high molecular weight baboon lymphoma
DNA, using as a probe genome-length
HTLV-I cloned in SstI site of pSP-65 vector
(this molecular clone was kindly provided by
Dr. R. Gallo). Ten PstI-digested lymphoma
DNA samples (lymphomatous lymph
nodes) were found positive (Table 1). The
band pattern was similar to, but clearly different from, that characteristic for HTLV-I
(cf. Figs. 1, 2, 4). At least three fragments
(1.7 kb, 1.5 kb, and 1.1 kb) were observed in
all samples (Table 1; Fig. 1). They were
1 Institute of Experimental Pathology and Therapy, USSR Academy of Medical Sciences, Sukhumi, USSR
2 All-Union
Oncological Research Center,
Moscow, USSR
3 Institute of Sera and Vaccines, 10103 Prague,
Czechoslovakia
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thought to be internal fragments [3]. In each
positive sample "individual" bands were
also found that suggest monoclonal (or oligoclonal) integration of HTLV-I provirus
into different sites in baboon lymphoma
DNA (Fig. 1). This suggestion was proved
correct by Southern analysis of BamHI and

Fig. 1. Southern analysis of Pst! digests of baboon
lymphoma DNA. 1-10, sample numbers the same
as in Table 1; K, baboon cell line (594S-F9) producing HTLV-I-like virus; M, Molecular size
markers: 23.4, 9.4, 6.5, 4.4, 2.3, and 2.0 kb

Table 1. HTLV-I-related sequences in DNA of lymphomatous lymph nodes of hamadryas baboons
No.

1.
2.
3.
4.
5.
6.
7.
S.
9.
10.

Tumor no.

PHL-l
PHL-2
PHL-3
PHL-4
PHL-5
PHL-6
PHL-7
PHL-S
PHL-9
PHL-l0

BamHI digests

PstI digests

+/-

internal
fragments
(in kb)

++
++
++
++
++
+
+
++
+
++

1.7; 1.5; 1.1 a ++
1.7; 1.5; 1.1 a ++
1.7; 1.5; 1.P +++
1.7; 1.5; 1.1 a +++
1.7; 1.5; 1.1 a +
1.7; 1.5; 1.1 a +
1. 7; 1.5; 1.1 a +
1.7; 1.5; 1.1 a ++
1. 7; 1.5; 1.1 a NT
1.7; 1.5; 1.1 a NT

+/-

EcoRI digests

fragments
(in kb)

+/-

fragments
(in kb)

25; 15
24; 22
14; 8; 4.1
9
12; 7.5
13; 10; 7.6
S.4; 5.S
8

++
++
+++
+++
NT
+

20
23.5
24; 5
23.4; 4.5
23.5; 15

-?
11.5; 9.4; 7
24
20; 12

+++
++
++

+, weakly positive; + +, positive; + + +, highly positive. NT, not tested.
Junction fragments of different sizes were individual for each sample in Pst digests.
Ten J.1g of high molecular weight DNA was digested with the enzymes Pst!, BamHI, and EcoRI
under optimal conditions (5u/J.1g, 37° C overnight), electrophoresed through 1.2% (PstI) or 0.8%
(BamHI, EcoRI) agarose, blotted to nitrocellulose filter in 20 x SSC according to Southern blotting.
Hybridization was carried out with 32 P-Iabeled DNA of pMT-2 plasmid (pSP 65 vector containing
genome-length insert of HTL V-I which represented approximately 70% of pMT-2) at 42° C for 40 h
in the following solution -4 x sse, 2 x Denhardt's solution, 0.5% Sodium dodecyl sulfate,
0.02M EDTA, 100 mg/ml sonicated denatured salmon sperm DNA, 50mg/ml yeast RNA, 50%
formamide 5 x 10 7 cpm probe DNA. Before this, filters were prehybridized in the same solution, but
without probe DNA, for 16 h. Washing was carried out twice for 10 min at room temperature in
2 x SSC, five times for 15 min at 55° C in 2 x SSC + 0.1 % SDS, and finally five times for 15 min at 55° C
in 0.1 x SSC+O.1 % SDS. Filters were exposed to X-ray film with intensifying screens at -70° C for
5-10 davs.
a

..1

M-1136.,

K

... 1 1 3 It

,

1 I

9 10

lit

0.9

A
Fig. 2

Fig. 3

Fig. 4

Fig. 2. Southern analysis of BamHl digests of baboon lymphoma DNA
Fig. 3. Southern analysis of EcoRl digests of baboon lymphoma DNA
Fig.4. Southern analysis of PstI (B) and BamHI (a) digests of positive-control cellular and plasmid
DNA. C91, human cell line (C91-PL) producing HTLV-I

EcoRI digests of the same lymphoma DNA
(Table 1; Fig.2, Fig. 3). One to three large
fragments were observed in each sample, all
with individual size. In some cases, fragments were found which were smaller than
the expected HTLV-l-like provirus size.
These data suggested multiple integration of
HTLV-like provirus(es) in some baboon
lymphomas or the oligoclonal origin of these
tumors, as well as integration of defective
provirus(es) in several cases. HTLV-I-related sequences were not found in one
sample of baboon normal lymph node DNA
and three samples of muscle DNA isolated
from lymphomatous animals.

B. Conclusions
1. HTLV-l-Iike provirus is integrated into
DNA of baboon malignant lymphomas.
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2. Baboon HTLV-l-Iike provirus is closely
related to, but distinct from, HTLV-I.
3. In most cases the integration ofHTLV-Ilike provirus is mUltiple monoclonal, or
the origin of these tumors is oligoclonal.
4. Defective HTLV-l-Iike proviruses are integrated into DNA of some baboon malignant lymphomas.
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A. Introduction

Human retroviruses represent an emerging
class of complex pathogens involved in a
wide variety of maladies, including leukemias and lymphomas, diseases of the central nervous system, and immune function
impairment. These have recently been reviewed by Wong-Staal and Gallo. Four different types of human retroviruses have been
isolated to date: the etiological agents of a
malignant T cell leukemia/lymphoma, the
virus HTLV-I which causes the disease
A TLL, two viruses associated with more benign forms of T-cell leukemia (HTLV-II),
and the etiological agent of the acquired immune deficiency syndrome and related disorders (HIV). Additionally, retroviruses of
genomic organization similar to that of HI V
but differing markedly in DNA sequence
have recently been isolated among persons
in West Africa (Kanki et al. 1985; Clavel et
al. 1986).
As far as they have been characterized to
date, the human retroviruses display interesting features of growth regulation not previously observed for the well characterized
murine and avian retroviruses. The following presents a brief overview of the some of
the unusual features of human leukemia
viruses with some discussion of similar features in the bovine leukemia virus and
simian T-cell leukemia virus, which have

* Laboratory of Biochemical Pharmacology,
Dana-Farber Cancer Institute, Department ofPathology, Harvard Medical School, Department of
Cancer Biology Harvard School of Public Health

genomic organization similar to that of the
human T -cell leukemia viruses.
B. Pathogenesis
The T -cell leukemia and lymphoma induced
by HTLV-I and -II all appear only after a
very long incubation period, measured in decades (Catovsky et al. 1982). Infection is
marked by seroconversion, but there is some
evidence that seroconversion may occur
only after very prolonged periods, ranging
from 10 to 15 years from the time of infection at birth to the time of seroconversion in
the teens. There is an absence of viremia in
the patients and a notable lack of virus expression even in fresh tumor cell populations
(Franchini et al. 1984). Stimulation of infected patient T cells with mitogens results in
the expression of high levels of viral RNA
and protein and the budding of virus particles (Poiesz et al. 1980).
T cells from infected patients can be made
to transform normal peripheral blood T cells
from uninfected people (Chen et al. 1983;
Popovic et al. 1983; Miyoshi et al. 1981; Yamamoto et al. 1982). Such transformation is
generally accomplished by co-cultivation
and is very difficult to accomplish with cellfree virus. The transformed cells have the appearance of tumor cells, characterized both
by a distinctive set of surface markers including the T4 antigen and by large lobulated nuclei similar to those of the tumor
cells. The fresh tumors cells and cell lines immortalized by HTL V-I express abnormally
high levels of the interleukin 2 (IL-2) surface
receptor.
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The absence of viremia in infected persons
and the difficulty of free infection may help
to explain the epidemiology of infection
transmission. For most populations, including those in the Pacific rim, particularly Japan and Taiwan, and in the Caribbean,
Africa, and the United States, transmission
is limited to family contexts (Blattner et al.
1983). Transmission from mother to child
and from infected male to female partner is
documented, whereas transmission from infected female to male sex partners is thought
to be rare. The virus is also transmitted by
needle, either by blood transfusion or by hypodermic syringe. The latter route appears
to be a significant factor in current transmission patterns of the virus, as large proportions of certain populations - for instance, intravenous drug abusers - have
been found to be infected with either HTLVI, HTLV-II, or HTLV-IV, depending upon
the geographical region.

C. Genomic Organization
How might one explain the limited replication and the pathogenesis of these viruses in
molecular terms?
The genomic structure of the human leukemia viruses differs from that of other
retroviruses characterized to date except for
the two very close relatives of these viruses,
the simian T -cell leukemia virus type 1
(STLV-I) and, more distantly, the bovine
leukemia virus (BLV). The latter, like
HTLV-I, -II, and -V, is poorly infectious,
and it is transmitted most commonly by the
veterinarian needle. The unusual features of
the organization of these viruses is pictured
in Fig. 1. As with all other retroviruses the
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human leukemia retroviruses contain genes
that encode the virion internal capsid proteins (gag gene proteins), genes that encode
replication functions (reverse transcriptase,
integrase, and protease), and genes that
specify the exterior proteins which are embedded in the lipid layer that surrounds
virion. The envelope protein is comprised of
an exterior glycoprotein and an integral
transmembrane protein. The organization
of the virion structural genes and replicative
genes is similar to that of the simplest avian,
murine, and feline viruses.
The genome of HTLV-I, HTLV-II, and
BLV viruses differs from that of other retroviruses by the presence of approximately
1500 nucleotides located between the 3' end
of the envelope glycoprotein and the 3' LTR
(long terminal repeat) (Seiki et al. 1983;
Haseltine et al. 1984; Shimotohno et al.
1984). This region, called pX, has the capacity to encode multiple polypeptides of the
size of 100 amino acids or greater. For an
analysis of the coding capacity of the pX region of HTLV-I, see the review by Haseltine
et al. (1984). Similar analyses indicate that
the corresponding regions of HTL V-II and
of BLV have the capacity to encode numerous polypeptides.
It has been demonstrated that the pX region of HTLV-I specifies at least three polypeptides which are made in infected, activated T cells (Kiyokawa et al. 1985). The
largest of these proteins - of sizes 42 kD,
38 kD, and 36 kD for HTLV-I, II, and BLV,
respectively - encode a protein that is located primarily in the nucleus (Goh et al.
1985; Slamon et al. 1985). Initially we have
called this protein the X-lor protein for the
product of the long open reading frame
within the X region; however, we now refer
to it as the tat gene product for trans-activator (see below) (Sodroski et al. 1985b). A
subscript, tat], tatll , or tatBL v or tatsTL v, denotes the virus of origin. Approximately half
the people infected with HTLV-I, whether
symptomatic or not, produce antibodies to
this protein. The tat protein is also called X
or pX40 by others who have confirmed the
existence of this gene product in HTLV-I
and -II infected cells (Felber et al. 1986; Seiki
et al. 1986).
The tat product is synthesized from a
doubly spliced messenger RNA specIes

which includes transcripts of portions of the
5' LTR, a small sequence located immediately 5' to the envelope gene, and the distal
two-thirds of the pX region through the end
of the 3' LTR (Sodroski et al. 1985b; Seiki
et al. 1985; Wachsman et al. 1985; Aldovini
et al. 1986).
It has recently been reported for HTLV-I
that this same messenger RNA species encodes two other polypeptides from an overlapping reading frame (Fig. 1) (Kiyokawa et
al. 1985; Nagashima et al. 1986). The initiating codons for the larger of these two polypeptides is located 5' to the site of initiation
of the tat gene product. The same splice
donor-acceptor combinations as is used for
production of the tat gene product places the
alternative open reading frame in the correct
register with a second open reading frame
which overlaps that used to produce the tat
gene product. The product of this second initiation event is a 27 kD protein. The protein
is phosphorylated and located predominantly in the nucleus (Kiyokawa et al. 1985).
The protein is called pp27, denoting both its
size and the observation that it is phosphorylated. A second polypeptide is also
synthesized from the same reading frame as
is the pp27 protein. This third product of the
pX region is thought to be initiated at an
AUG codon within the second coding exon
of the messenger RNA. This protein is also
phosphorylated and has an apparent molecular weight of 21 kD; it is located primarily
in the cytoplasm.
It is notable that the genomes ofHTLV-II
(Shimotohno et al. 1985), STLV-I (Watanabe et al. 1985), and BLV (Sagata et al.
1985 a, b) all possess the capacity to encode
similar alternative reading frame polypeptides. Indeed, there is evidence that BLV, as
does HTLV-I, in fact also encodes such proteins (Y oshinaka and Oroszlan 1985). It is a
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curosity that these proteins do not raise antibodies in infected people. No reactivity to
these smaller proteins is observed in cattle or
sheep infected with BLV. The complete coding capacity of these virus has not yet been
fully explored. It is conceivable that other
virally encoded proteins which are of low
antigenicity in infected people are present in
virus-infected cells.
D. Trans-Activation: The tat Protein
The phenomenon of trans-activating retroviral gene products was first reported for
HTLV-I and -II (Sodroski et al. 1985b). It
was observed that the LTRs ofHTLV-I and
-II function much more efficiently as promoter elements in infected than in uninfected cells (Fig. 2) (Sodroski et al. 1985 b). A
positive trans-activating genetic regulatory
system requires at least two elements, the
trans-activator product and a cis-acting responsive element.
The trans-activator product of HTL V-II
was initially identified as the product of the
HTLV-II pX open reading frame (Sodroski
et al. 1985 a). It has since been reported that
the pX open reading frame of HTLV-I and
of BLV also encodes a trans-activator
(Rosen et al. 1986). Isogenic cell lines which
differ only in their ability to express the long
open reading frame product are capable of
trans-activation. Gene expression directed
by a plasmid which carries the trans-activator gene has been shown to stimulate the homologous LTR of HTLV-I, -II, and BLV
(Sodroski et al. 1985 a; Pashkalis et al. 1986;
Rosen et al. 1986; Fujisawa et al. 1986). Plasmids constructed so as to eliminate the
possibility of producing the pp27 and pp21
gene products are also capable of trans-activation as measured in transient cotransfec-
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Fig. 2. HTLV-I X region illustrating the openreading frames known to encode protein
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tion assays (Kiyokawa et ai. 1985). The LTR
of HTLV-I can also be activated by the tat
gene product of either HTLV-I or -II but not
by the tat BLV product (Sodroski et ai.
1985 a; Rosen et ai. 1986).
The increase in LTR-directed gene expression induced by the tat genes is accompanied by an increase in the steady-state
level of corresponding messenger RNA species (Sodroski et al. 1985 b; Felber et ai.
1985). The increase in messenger RNA levels
of heterologous genes directed by the LTR
corresponds very roughly to the level of increase observed for protein expression.
However, precise correspondence is difficult
to document and post-transcriptional alterations in the efficienty of mRNA utilization
cannot be ruled out entirely. A cautionary
note is in order. At present trans-activation
of viral genes is only inferred from the ability
of the trans-activator proteins to increase the
expression of heterologous genes directed by
the HTLV LTRs. Direct induction of viral
genes by the trans-activators has not yet
been reported. Therefore the ability of the
tat gene alone to stimulate the expression of
viral genes is not established.
The cis-acting regulatory sequences, called TAR (trans-acting responsive region),
were initially found to be located in the U3
region ofthe viral LTR, entirely 5' to the site
of initiation of viral RNA synthesis (Rosen
et ai. 1985). It was noted above that the U3
element of the HTLV-I and -II LTRs contained 21 nucleotide sequences repeated several times and that the sequences of these repeat units were preserved between HTLV-I
and -II (Sodroski et al. 1984). It was also observed that except for these repeated sequences and for a short region near the site
of RNA initiation, the sequences of the
HTLV-I and -II LTRs are notably different
as compared to the extent of conservation of
other parts of the genomic sequences. Recently synthetic oligonucleotides which correspond to these 21-nucleotide long sequences have been demonstrated to convey
a response to the trans-activator upon heterologous promoters (Shimotohno et aI.
1986). The response to the trans-activator is
observed when the 21-nucleotide repeat sequences are located proximal to the promoter and is irrespective of the orientation
oftpe 21-nucleotide sequence with respect to
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the promoter. In some experiments a single
repeat unit suffices to convey the trans-activation response (Rosen et aI., to be published) whereas others report that two or
more 21-nucleotide long sequences, tandemly repeated, are required for the transactivation effect. These repeat units are called TAR-21 sequences to denote the observation that they convey a responsive phenotype (Rosen et aI., to be published).
Another cautionary note is appropriate.
Although the TAR-21 sequences do permit
increased expression of both homologous
and heterologous promoters in the presence
of the trans-activators, the response is weak
and the level of expression of heterologous
genes is one or two orders of magnitude below that observed for promoters and their
natural configuration - even for promoters
which contain 5' deletions that preserve only
the TAR-21 sequence located proximal to
the promoter (Rosen et ai. 1985). This observation suggests that promoter strength and
inducibility depend upon the sequences adjacent to TAR-21.
Two other curious features of the viral
promoters are notable. The promoter
strength of HTLV-I is dependent upon sequences located 3' to the site of RNA initiation, within the Rand U 5 regions of the
LTR (Derse and Casey 1986; Rosen et aI., to
be published). A set of nested deletions originating in the U 5 region of the HTLV-I LTR
and extending to the site of RNA initiation
results in a progressive weakening of promoter activity. Gene expression directed by
such altered LTRs is inducible by the transactivator genes, although the ultimate level
of LTR-directed gene expression is progressively diminished both in the induced and
uninduced states by these deletions. Evidently the Rand U3 region of the viral LTR
encodes sequences important for high-level
LTR-directed gene expression. Location of
these sequences 3' to the site of RNA initiation raises the possibility that they may be
involved in post-transcriptional regulatory
events as well as in contributing to the rate
of RNA initiation. Sequences which have
similar effects are reported to exist 3' to the
site of RNA initiation within the BLV
LTR.
The second notable feature of the viral
LTRs lies in asymmetry in the function of

the HTLV-I and -II sequences. The LTR of
HTLV-I functions well as a promoter ofheterologous genes in a wide variety of cell
types, unrestricted as regards species or tissue of origin (Rosen et al. 1985). The activity
of the HTLV-II LTR is markedly limited
(Sodroski et al. 1985). It functions well in
very few cell types. It is remarkable that the
HTLV-II LTR does not function as a promoter in most human lymphoid cell lines,
whether they be T or B cells. In fact, no promoter activity was observed in two human
lymphoid cell lines that expressed a functional tatu product (Sodroski et al. 1985 a).
The tatu product in these cell lines was found
to be capable of stimulating the HTLV-I
LTR, while in the same cell lines no HTLVII promoter activity was observed. It can be
concluded that the HTLV-II promoter is either extremely fastidious as regards the requirement for cell-specified expression factors or that viral gene products of the transactivator are required for activity of the
HTLV-II LTR. Such other gene products
cannot be supplied by the alternative reading frame product, pp27, as the HTLV-II
LTR is inactive in the cell line that is reported to express both the HTLV-I trans-activator and pp27 proteins. The BLV LTR
also displays a narrow cell line activity and
is a very poor promoter in most uninfected
cell types.

E. Transactivation:
The pp27 and pp21 Proteins

A recent report by Inoue et al. (1986) indicates that the pp27 protein may play an important role in virus replication via a transacting mechanism. An integrated provirus
deleted for the amino terminal portion ofthe
env gene was found to be defective for RNA
synthesis and for gag gene production. The
deletion was such as to eliminate the 5' coding exons of the tat and pp27 proteins.
Transfection of a cell line containing this defective provirus with plasmids capable of expression of the tat and/or pp27 proteins revealed that gag gene synthesis was dependent upon both tat and pp27 gene expression
from the transfected plasmids. Moreover, no
gag gene RNA was detected upon transfection with the tat expressing plasmid alone.
This observation indicates that both the
tat and pp27 proteins are needed for the expression of viral genes. Heterologous gene
synthesis directed by the HTLV-I LTR,
however, is not dependent on pp27, nor does
the expression of pp27 markedly affect the
rate of expression of such constructs (Rosen,
Sodroski, Dokhelar, and Haseltine, unpublished observations).
The function of the pp27 gene resembles
in a formal sense that of the art gene of HIV
(Table 1). Neither pp27 nor art are required

Table 1

LTRcheterologous gene
LTR]-gag]
LTRctat,
LTR,-env,
LTRm-heterologous gene

LTRucheterologous gene
L TRm-gagm
L TRu-envm
LTRIII-tatm

None

tat,

pp27

(tat, + pp27)

+

++++

+

+

+

++++
++++
+

+

(unknown)

+

+

+

+

None

tatm

art

(tat m + art)

+

+++

+

+

+

+

++++
++++
++++
+

LTR, is the LTR of the HTLV-I virus.
LTRIll is the L TR of the HIV virus.
gag] is the gag gene of the HTLV-I virus.
gagm and enVm are the gag and env genes of HIV, respectively.
tat, and tatu are the trans-activators of the HTLV-I and HIV viruses, respectively.

399

for expression of heterologous genes under
the control of the LTR. However, in the absence of a second gene product the trans-activator genes (tat genes) of these viruses are
insufficient to permit expression of viral gag
proteins. We nevertheless note that the
trans-activator genes of both viruses can be
synthesized in the absence of auxiliary proteins (Rosen, Sodroski, Dokhelar, and
Haseltine, unpublished observations). For
both viruses the regulatory genes are controlled independently from the structural
genes.
Although the art and pp27 genes display
a formal analogy in functional terms, such
similarity does not necessarily imply that the
mechanism of action is the same. The transactivator gene of HTLV-I acts primarily as
a transcriptional trans-activator of the viral
LTR whereas the trans-activator of HIV is
primarily a post-transcriptional activator. It
remains to be tested whether the pp27 protein possesses an antirepression function as
does art, although the preliminary genetics
suggest that this is likely. Table 1 also shows
that the tat genes ofHTLV-I and of HI V do
not reciprocally trans-activate the heterologous virus LTRs.

F. The Mechanism of Transformation
The process of in vitro formation of tumors
by HTLV-I, -II, and BLV has not been fully
characterized. Infection of T cells by the
virus does not result in immediate tumor formation. Rather, tumors arise rarely (1 in
100-300 infected people over a lifetime). The
role of viral genes in the transformation process is strongly inferred by epidemiological
studies which link seropositivity to disease
as well as the observation that T-cell tumors
in infected people invariably contain at least
one integrated copy of the provirus (Seiki et
al. 1984). It is sometimes observed that tumors contain only the 3' portion of the genome. However, most of the tumors found
in patients contain, as a minimum, the 5'
L TR and the pX region.
T -cell tumors in patients are clonal with
respect to the site of integration of the
provirus (Seiki et al. 1983; Hahn et al. 1983).
The long latent period and the clonal nature
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of the tumors indicate that events in addition to infection of T cells with the virus are
required for the appearance of malignant tumors. Such events may represent either secondary changes occurring within the infected cell, such as somatic mutations, or
changes in the immunological status of the
host.
Two additional observations indicate that
the viral genes play an important role in the
initiation and maintenance of tumors. Tumorigenesis by the avian, murine, and feline
retroviruses which contain only those genes
required for virion formation and virus replication depend upon activation of cellular
growth regulatory genes. This conclusion is
reached from the observation that independent, virally induced tumors contain
proviruses that are found integrated near the
same cellular genes. Such is not the case for
tumors induced by HTLV-I or BLV, for
which no repeated chromosomal sites of integration have been observed in naturally
occurring tumors (Seiki et al. 1983; Hahn et
al. 1983). It is therefore inferred that viral
genes themselves playa key role in the initiation and maintenance of the tumor phenotype.
The role of the viral genes in the transformation process is also inferred from in vitro transformation studies. Primary T cells
can be immortalized by co-cultivation with
infected cells treated with mitomycin C. In
contrast to role cultures, recipient cell cultures continue to proliferate without continued antigen stimulation in the presence of
the T-cell growth factor, IL-2. Eventually
immortalized cells emerge from such cultures (Chen et al. 1983; Popovic et al. 1983;
Miyoshi et al. 1981; Yamamoto et al. 1982).
The expanding population of T cells is initially polyclonal with respect to the site of
provirus integration. Cell lines that are
monoclonal with respect to the sites of viral
integration eventually emerge from the population and dominate the culture. Such cell
lines may remain dependent upon IL-2 for
growth or may become capable ofIL-2 independent growth, depending on cell culture
conditions. Such immortalized primary cells
are typically T 4 + cells as are most HTLV-I
induced tumors. T8 + cell lines can be derived by co-cultivation of mitomycin-treated
infected cells with primary populations of

lymphocytes enriched for cells which bear
the T8 antigen (DeRossi et al. 1985).
It is possible that cell lines established
from patient cells are not derived from tumors themselves but represent immortalization of the normal patient T cells by a
mechanism analogous to that described for
immortalization ofT cells via co-cultivation.
In this regard Waldmann and colleagues
have found the T-cell receptor beta gene rearrangement in patient and tumor cells to
differ (T. Waldmann, personal communication).
Events that occur between the initiation of
infection and establishment of IL-2 dependent or independent T-cell lines have not
been well characterized. Selection of specific
fast growing clones may occur both in infected patients as well as in vitro. It is possible that secondary changes occur within the
infected cell which permit rapid growth. Alternatively, the clonality of the tumor cells
may represent selection of a cell population
which expresses high levels of viral proteins
that promote cellular growth.

G. Induction of the IL-2 Receptor
by the Trans-activator Gene

The promoter of the IL-2 receptor and the
IL-2 genes have been cloned. Cotransfection
of the promoters placed 5' to reported genes,
such as the chloramphenicol acetylase transferase gene, with the trans-activator gene of
HTLV-I has been shown to increase the level
of expression of the IL-2 gene promoter (W.
Greene, personal communication and our
unpublished observations). The level of expression ofthe genes under the control of the
IL-2 promoter was found be increased
slightly in similar experiments. The trans-activator gene of HTLV-II has also been
shown to increase the level of expression of
the IL-2 receptor gene, albeit more weakly
than that observed for the tatl gene, at least
in the particular experimental configuration
used.
These observations suggest that the transactivator gene of HTLV-II can contribute to
the growth properties of the T cell by deregulation of genes which normally control

T-cell proliferation in response to antigen
stimulation. Such a model for T-cell trans-

formation must include the additional consideration that the expression of the viral
genes is dependent upon T-cell activation.
Thus, an infected resting T cell should not be
transformed as the viral genes are not expressed.
Although simple, this explanation for
transformation does not suffice to account
for the clinical observations with ATLL patients. If tat genes were sufficient to induce
both IL-2 and IL-2 receptors, infection
should lead to transformation. However,
malignant growth of T cells in infected patients is a rare event. It is also possible that
the pp27 and pp21 proteins playa role in the
activation of cellular genes.

H. Summary
The broad outlines of mechanisms of tumorigenesis by the HTLV-I family of viruses
are beginning to emerge. The viruses encode
at least three genes in addition to the genes
(gag, pol, and env) required for virus replication. These additional genes encoded for by
the X region are likely to affect in a specific
fashion the growth of lymphocytes. The tat
gene appears to mimick at least part of the
response of mature lymphocytes to recognition of the cognate antigen. That is, in Tlymphocytes the tat l gene seems to induce
the IL-2 and IL-2 receptor genes (W. Greene
et al. 1986). The alternative reading-frame
proteins, pp21 and pp27, have some similarity of cellular proteins that are associated
with Go to G 1 transitions and may contribute to the transformed phenotype in cooperation with the tat gene.
The expression of viral genes in infected
lymphocytes, the tat gene and pp21 and
pp27 proteins, and possibly other viral genes
(since the coding capacity of the X region is
not exhausted by the tat and pp21 and pp27
proteins) may be sufficient to account for
the transformation of T cells in culture. A
secondary change in the infected cells in culture is not required to explain the outgrowth
of cells which are clonal with respect to the
site of viral genomic integration, as selection
of the most rapidly growing infected cell
could account for this observation.
The case of infected patients is more complex. Infection ofT cells with the HTLV-I or
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-II virus is not sufficient to produce malignant disease. Failure of the virus to induce
malignancy in all infected T cells may be attributed to diverse causes. It is possible that
viral gene expression is suppressed in most
infected T cells. Certainly no viral RNA is
detected in peripheral lymphocytes of infected patients which include the tumor cells
themselves. Transcriptional repression of
viral genes in infected cells is a sufficient explanation for the failure of the virus to transform most T cells in patients.
It is also possible that T cells which do express viral antigens are eliminated by the immune system. The observation that many tumor cell lines derived from patients contain
deletions of virus structural proteins is consistent with this notion. Patients infected
with HTLV-I and -lIdo show good immune
responses to virion structural proteins.
An additional explanation may lie in homeostatic regulatory mechanisms of the immune response itself. Lymphocytes are
thought to possess regulatory mechanisms
that limit their proliferation response to
antigen recognition. The early proliferative
response of T cells in response to the presence of the cognate antigen is followed by
reestablishment of a resting phase. Stabilization of the stimulated population of T cells
was thought to involve activation of an internal cellular program of a repressive nature. Interaction of the activated T cells with
other components of the immune system
may also contribute to reestablishment of
the resting state. It is conceivable that the
homeostatic mechanisms regulating T-cell
proliferation also regulate HTLV-I and -II
gene expression and thereby limit the growth
of infected cells in patients. In this view, malignant transformation by HTLV-I and -II
requires bypass of the normal homeostatic
mechanisms of growth control of lymphocytes. Such bypass may occur either by a secondary intracellular change that occurs in
the infected cells or it may be due to a systemic failure of normal immunoregulatory
mechanisms. Either process could give rise
to a tumor cell population, the first by outgrowth of a cell which contains a secondary
genetic lesion, and the second by overgrowth
of the infected cell population by fast growing infected cells as is observed in cell culture.
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The molecular biology and in vivo replication of the virus also provide some insight
into the mechanisms of transmission into the
virus. This family of viruses seems to be either poorly infectious or altogether noninfectious for uninfected cells. For establishment of infection it is likely that viral gene
products transferred from an infected cell by
cell fusion are required. The infectious unit
may well be an infected cell rather than a cell
previrion. In this context the X genes of this
family of viruses are required for replication
and may be viewed as replicative genes. Tumorigenesis may be a byproduct of the natural replicative cycle of this family of viruses.
-'---"
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There is considerable evidence that the human T -lymphotropic virus type III/lymphadenopathy-associated virus (HTLV-Ill/
LAV) is the etiological agent in the acquired
immunodeficiency syndrome (AIDS) and
AIDS-related syndromes [1]. The most convincing line of evidence is the recapitulation
with in vitro infection of the major manifestation of the disease, depletion of T 4 cells [2].
Definition of the viral determinants of this
lymphocytopathic activity is critical to
understanding the pathogenesis of AIDS.
With this goal in mind we have established
an in vitro model which will facilitate this
analysis. In this system, plasmid clones with
the full HTLV-III/LAV proviral sequence
are transfected into normal human umbilical
cord blood mononuclear cell cultures. This
results in production of virus particles with
a morphology typical of HTLV-III/LAV
and in death of the cell culture (Fig. 1).
To provide the basic information for utilization of this assay system, we have determined the complete nucleotide sequence of
the biologically active proviral clone HXB2
[3]. Eighty nucleotide substitutions are
noted, compared to the previously reported
HTLV-III/LAV sequence for clone BH10
[4]. Insertions of two and three nucleotides
in HXB2 compared to BH10 were recog1 Division of HematologyjOncology, Washington
University, St. Louis, MO
2 Laboratory of Tumor Cell Biology, National
Cancer Institute, Bethesda, MD
3 Biotech Research Laboratories, Inc., Rockville,
MD
4 The Clinical Oncology Program, National
Cancer Institute, Bethesda
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nized in noncoding regions, as well as a deletion of one copy of a 36-nucleotide, tandemly repeated sequence in the overlap of
gag and pol. Most notable is the lack of alterations in the size and location of each of
the seven previously identified viral genes
[3].
Polymorphism is also noted in the predicted amino acid sequences of the viral protein products of HXB2 compared to the
other sequenced HTLV-III/LA V viruses.
Gag, pol, and sor are relatively well conserved, with 0.6%-3.6%, 1.0%-4.0%, and
0.5%-10.9% amino acid substitutions respectively. Tat, trs, env, and 3'or! are more
polymorphic, with 0.0%-11.6%, 5.2%16.3%, 1.7%-17.5%, and 2.9%-16.0%
amino acid substitutions respectively. A
number of amino acid insertions and deletions are also noted. The relationships of
these sequence variations to alterations in
neutralizing epitopes, receptor binding domains, and other biological characteristics
of the virus remain to be determined. The
use of molecularly cloned viruses generated
from this in vitro system will provide reagents for approaching these problems.
The biological activity of several other
HTLV-III/LAV clones was also tested in
umbilical cord blood mononuclear cells and
the T4+ cell line, ATH8 [3]. To test the
functional capabilities of clone BH10, the
missing portions of the provirus were complemented with long-terminal repeat sequences from HXB2. The resultant clone
gave rise to a lymphocytopathic virus. Clone
HXB3 has been partially sequenced and appears to be closely related to HXB2, differing at only 63 of 3890 positions in the 3' por-
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Fig.t. An in vitro model system for AIDS. The
schematic drawing depicts the major characteristics of the transfection system for analysis of the
biological activity of HTLV-Ill/LAV DNA
clones. The top-center drawing shows the growth
curve of umbilical cord blood mononuclear cells
after transfection with a plasmid lacking HTLVIII/LAV DNA sequences (pSV2neo) or a plasmid
with the full HTLV-III/LA V provirus. Param-

eters measured 7-25 days after transfection include analysis of viral DNA by Southern blot, of
viral RNA by Northern blot or in situ hybridization, of viral proteins by reverse transcriptase assays, Western blot, immunofluorescence for gag
or env products, or phase-contrast microscopy for
syncytia formation, and of the expression of particles with a morphology characteristic of HTL VIll/LAV

tion of the genome. A notable difference between HXB2 and HXB3, however, is the
presence of a termination codon in 3' orf of
HXB2 and the lack of this sequence in
HXB3. Viruses generated from HXB2 and
HXB3 have similar replicative and cytopathic abilities. This finding, together with
additional data on clones with deletions in
3' orf(see Fisher et ai., this volume), suggests
that 3'orfplays no essential role in the ability
of HTLV-III/LAV either to replicate or to
kill T4-lymphocytes.
Thus, these data provide the basic information essential for utilization of this system to construct clones of HTLV-III/LA V
with alterations in the viral genome and for
their assay in human lymphoid cells. Appli-

cation of this system has yielded a variant
with markedly attenuated cytopathic activities but normal replication (see Fisher et aI.,
this volume). Further applications should
provide information essential to understanding the pathogenesis of cell killing in
AIDS and lead to approaches to the treatment and prevention of this disease.
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LAV/HTLV-III was investigated by thinsection and immunoelectron microscopy.
Formation of the virion takes place at the
cell membrane. The inner components are
assembled concomitant with budding, as is
characteristic of type-C oncovirinae. Different from type-C viruses and typical for the
subgroup of lentivirinae, these components
in immature particles form an 18-nm broad,
electron-dense spherical shell apposed to the
viral membrane. After budding the structural components are rearranged ("maturation"). The electron-dense nucleoid formed
is surrounded by a prismatic electronopaque core shell 4-5 nm thick [1]. From immunocryoultramicrotomy, using monoclonal as well as mono specific antibodies, we
concluded that the core shell is built up by
p24. The inner leaflet of the envelope is
covered by a 5-7-nm electron-dense layer
with p18 antigenicity.
Adjacent to this layer we observed· electron-dense "lateral bodies" with unknown
composition and function. Knobs on the
viral envelope can be demonstrated with
tannic acid-treated samples. While on budding or immature particles a uniform fringe
Institut fUr Virologie der FU Berlin
2 Robert-Koch-Institut des Bundesgesundheitsamtes
3 Institute of Cancer Research, Chester Beatty
Laboratories, London
4 Deutsches Primatenzentrum, Gottingen
5 National Cancer Institute, Bethesda, MD
6 New England Regional Primate Res. Center,
Southborough
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of equidistantly spaced spikes is visible,
which can be labelled with anti-gp120 and/
or anti-gp41 antibodies, mature virions lack
these projections partially or completely.
The spontaneous loss of knobs seems to be
rapid. This became particularly evident
when parallel cultures harvested at different
times were investigated. Five- to 7-day-old
cultures only rarely contained spiked particles. The knobs, about 70-80 per virion,
have a height of 9 nm above the unit membrane and a diameter of 15 nm. They are
connected to the virion via stalks 7-8 nm
thick [2].
When patient sera were investigated by
IEM it could be shown that LAV/HTL VIII-infected individuals carry antibodies directed against different viral proteins. IEM
revealed a qualitative correlation oflabelling
intensity of viral envelope components and
neutralizing capacity. The presence of antibodies in patients and the assumption that
envelope proteins are also shed in vivo have
important implications. First, protecting antibodies might be captured by shed proteins
and are therefore not available for neutralization. Second, circulating immune complexes (CIC) can be involved in the pathogenicity of LAv /HTL V-III. CI C of unknown
composition have been frequently observed
in ARC and AIDS patients. An improvement of clinical symptoms after plasmapheresis of CIC has been reported [3]. The question whether LAV/HTL V-III antigens are
involved in the formation of CIC can be
answered by the characterization of such
complexes.
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Fig. I. a Ultrathin sections of LA V/HTLV III particles after treatment with tannic acid and Epon
embedding. "Immature" particles just after budding are densely studded with knobs. The viral
RNP is closely apposed to the viral membrane as
a concentric shell. "Mature" particles lack the
fringe of projections and show an elongated tubular core and ill-defined "lateral bodies". b, c Pre-

embedding IEM of LA V/HTLV III using antigp120 (b) or anti-gp41 (c) peptide antisera. d, e
Immuno-gold labelling of ultrathin cryosections
after incubation with a p24-specific monoclonal
antibody (d) and a monospecific anti-p24 antibody (e). f Labelling after incubation with antip18 hyperimmune serum leads to a shell-like distribution of the marker
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Transfusion-Acquired HIV Infection Among
Immunocompromised Hosts
R. Marlink, K. Anderson, M. Essex, and J. Groopman

Introduction
Since the surveillance definition of acquired
immunodeficiency syndrome (AIDS) excludes patients who have other etiologies of
immunodeficiency, transfusion - associated
HIV disease in immunocompromised hosts
has not been described. We have studied the
transmission of HIV to 25 immunocompromised cancer patients through the transfusion of blood components harvested from a
single asymptomatic seropositive donor
prior to the initiation of blood bank serologic screening. Recipients and their intimate contacts/family members were traced,
and serologic, virologic, immunologic, and
medical evaluations were performed.

Results
In this study, we documented nearly uniform transmission of HIV via blood products from a single donor to immunocompromised patients with cancer. The asymptomatic index blood component donor, nine of
ten living recipients of his blood products,
and cryopreserved sera available from two
decreased recipients demonstrate HIV seropositivity by all available serologic techniques at a median of approximately 1 year
after transfusion. The recovery of HIV from
cultures of peripheral blood mononuclear
cells (PBMC) of seven of nine seropositive

Dept. of Cancer Biology, 665 Huntingdon Avenue, Boston, Massachusetts 02115, USA
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recipients, coupled with significant decreases in the T4:T8 ratio in seven of eight
seropositive recipients, further confirms that
these patients are infected with this retrovirus (Table 1).
The only recipient tested who remains
seronegative at > 2 years after transfusion
received only one unit of fresh frozen plasma
from the seropositive donor. Since fresh
frozen plasma contains few leukocytes and is
frozen then thawed prior to use, this patient
may not have received a significant inoculum of infectious virus. Overall, HIV transmitted by transfusion to immunocompromised hosts appears to have an extremely
high attack rate (Table 2).
Although many of the 25 recipients have
died from their underlying cancer, HIV - related clinical sequelae have been noted in
eight recipients (seven seropositive and one
unable to be tested). To date, these sequelae
have included hematologic abnormalities
and opportunistic infections, together with
lymphadenopathy and wasting (Table 3).
The median time to development of these sequelae has been less than 1 year. This latent
period in our adult immunocompromised
patients resembles that of the pediatric HIVinfected population.
The HIV serologic profiles of the immuno compromised patients analyzed by native
and recombinant gp41 Western blot (WB)
and by radioimmunoprecipitation (RIP)
were similar to serologic profiles of previously healthy high-risk seropositive individuals. Furthermore, as shown by RIP, the
envelope proteins gp160 and gp120 appear
to be the most immunogenic in this population.

Table 1. HIV serologic and virologic studies
Recipient
patient

Interval from
transfusion to
ELISA seropositivity
for HIV
antibodies (days)

1
2
3

686
384
423

4
5
6
7
8
9

553
380
331
323
402
237

we
13

21

(807)
(seronegative)
26
12

Interval from
transfusion to
HIV
culture positivity
(days)
714 b
659 b
(647)
(culture-negative)
643 b
322 c
387 b
343 b
615 b
(267 and 322)
(culture-negative)
(807)
(culture-negative)
NT
NT

Interval from
transfusion
to death (days)

T4:T8 a at time of
ELISA seropositivity
for HIV
antibodies

0.20
0.21
1.26
0.57 d
qns a
0.21
qns
0.30
0.31
1.21
43
55

NT
0.02

NT, not tested.
Anti-T4 and anti-T8 monoclonal antibodies were used to enumerate helper-inducer and cytotoxicsuppressor cells within recipient's PBMC. Normal T 4:T8 ratio is 1.5-2.5.
b HIV culture positivity was not documented at the same time as ELISA evidence of HIV antibody was
obtained, owing either to the time oftesting or to the need for repeated cultures; but this does not imply a
temporal sequence for viral culture positivity and seropositivity for HIV in recipient patients.
c Patient 5 underwent autologous bone marrow transplantation at 256 days after transfusion as
treatment for neuroblastoma and was HIV CUlture-positive but ELISA-seronegative at 66 days after
transplant (322 days after transfusion). ELISA seroconversion was documented 58 days after cultures
were positive, at 380 days after transfusion.
d The quantity of PBMC available was not sufficient to permit accurate phenotypic analysis.
e Patient 10 is the only living recipient to have received fresh frozen plasma and remains HIV
seronegative and culture-negative, as well as in good health, 807 days after transfusion.
a

The commercial enzyme-linked immunosorbent assays (ELISA) were false-negative in three cases (patients 5, 8, and 21) on
the basis of concomitant positive native WB,
recombinant gp41 WB, and/or RIP with
banding indicative of HIV antibodies. This
false-negative ELISA "window" was during
seroconversion and may be prolonged in immunocompromised hosts.
A correlation was noted between the
clinical status of the patients and the presence of serum-neutralizing antibodies. The
two transfusion recipients who manifested
neutralizing activity (patients 1 and 3) remain asymptomatic, one after prolonged
thrombocytopenia which has resolved.

The one sexual partner of a recipient who
has tested positive for seroconversion is
also asymptomatic and has high neutralizing
titers. The seropositive blood donor is also
asymptomatic, repeatedly culture-negative
for HIV, and has high titers of serumneutralizing activity. In contrast, seven of
nine seropositive recipients who lack neutralizing activity have manifested severe clinical complications indicative of HIV infection. These observations strongly support the view that an in vitro assay for
neutralizing antibody, utilizing a stringent
cut-off of > 90% inhibition of HIV infection, may have clinical and prognostic
significance.
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Table 2. Characterization of HIV antibodies

Recipient
patient

1
2
3
4

5
6
7

8

9

10
13

21

Day after
transfusion

714
384
659
423
647
553
322
380
387
323
343
267
296
337
402
443
269
807
43
2 days before
transfusion
12

Intimate contact of recipient
1
686
6
331
323
7
476
13
620
21
629
23
25
370

ELISA-

+
+
+
+
+
+

WB
Native b

Recombinant gp41 c

+
+
+
+
+
+
+
+
+
+
+

+
+
+

RIp d

Neutralizing
antibodye

+

+

+

NT
NT
NT

NT
NT
NT

+
+

+
+

+
+
+
+
+
+
+
+f
+
+
+
+
+
+
+f

+

+
+

+
+

+
+f

+

+

+

+

+

+

+

+

+

NT
NT

NT
NT

NT
NT

NT
NT

NT
NT

NT
NT

NT
NT

NT
NT

+
+
+
+

NT

+
+
+
+
+
+
+

_I

+
+
+

+

NT, not tested.
_ Positive ( + ) or negative ( - ) by repeated ELISA.
b Presence of bands at p24 or gp41 and of at least one other band characteristic of HI V infection (gp 120,
p64/53, p34, or p17) is positive on native WB.
C Presence of band at gp41 on recombinant gp41 WB is positive (+).
d Presence of definite bands in the envelope region gp 16~120 is positive (+). Other characteristic
bands (p55, p27, p24, and p17) are usually also seen on RIP.
e Neutralizing activity of a patient's or family members sera against HIV is determined using a
modification of the assay described by Robert-Guroff et al. Neutralization is arbitrarily defined using a
stringent cut-off of ~ 90% inhibition of HIV infection compared to control cultures with known HIV
seronegative sera.
e Presence of band on RIP at gp 160/120 only.
1 Presence of band on native WB at p24 only.
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Table 3. HIV clinical sequelae 8
Status
(day after transfusion)

Day after transfusion
when HIV seropositive
seropositive by ELISA

Manifestation of HIV infection
(day after transfusion)

2

Alive (745)

384

3

Alive (718)

423

5b

Deceased (411)

380

6
7

Alive (459)
Deceased (365)

331
323

8

Alive (718)

402

Deceased (194)

NT

Deceased (54)

12

Pneumocystis carinii pneumonia
(745)
Immune thrombocytopenic
purpura, resolved (233)
Persistent thrombocytopenia (286)
Pneumocystis carinii pneumonia
(411)
Persistent thrombocytopenia (56)
Pneumocystis carinii pneumonia
(365)
Recurrent cryptococcal
meningitis (266)
Lymphadenopathy, wasting
and lymphopenia (456)
Lymphopenia and Candida
esophagitis (169)
Undefined pneumonia (194)
Cytomegalovirus pneumonia (54)

Recipient
patient

14

NT, not tested
HIV clinical sequelae observed by 1 March 1986.
b Patient 5 underwent autologous bone marrow transplantation at 256 days after transfusion as
treatment for neuroblastoma and was HIV viral-culture-positive but ELISA seronegative at 66 days after
transplant (322 days after transfusion). ELISA seroconversion was documented 58 days after cultures
were positive, at 380 days after transfusion.
c Patient 21 underwent autologous bone marrow transplantation 18 days before the transfusion of
platelets from the seropositive donor. At 30 days after transplant (12 days after transfusion) she was
seropositive, and at 66 days after transplant (54 days after transfusion) she died of cytomegalovirus
pneumonia.

8

Summary

References

This survey suggests that HIV infection in
immunocompromised hosts is characterized
by a high attack rate, short incubation
time to clinical sequelae, and WB and RIP
seropositivity which may precede evidence
of antibodies by ELISA by weeks or months.
The functional properties of patients' serum
antibodies, such as neutralizing activity
against HIV in vitro, may correlate with
clinical course.
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Restricted Neutralization of Divergent HTLV-III/LAV Isolates
by Antibodies to the Major Envelope Glycoprotein
Th.J. Matthews 1, A.J. Langlois 1, W.G. Robey 2, N. T. Chang 3, R.C. Gallo 4,
P.J. Fischinger 2 , and D.P. Bolognesi 1

A. Summary

By analogy to other retroviruses, the major
envelope glycoprotein - gp120 - ofHTLVIII/LAV is a probable target for neutralizing
antibody. This antigen has been purified
from H9 cells chronically infected with the
HTLV-I1IB prototype strain. Several goats
immunized with the gp120 produced antibodies that neutralized infection of H9 by
the homologous virus isolate. These same
sera failed to neutralize the divergent
HTLV-I1IRF isolate. Individuals infected
with HTLV-III/LA V commonly develop
antibodies to gp120 which could be isolated
using the gp120 antigen coupled to an immunoadsorbent resin. The antibody fraction
that bound tightly to such a resin was found
to neutralize the I1IB but not the RF isolate
in a fashion similar to that of the goat antigp120 sera. However, the nonbinding fraction (effluent) from the resin also contained
neutralizing activity which was able to block
infection by both virus isolates with similar
efficacy. Human antibodies to the other
virus envelope gene product, the transmembrane gp41 , were also affinity-purified utiliz1 Department of Surgery, Duke University Medical School, Durham, North Carolina 27710,
USA
2 Office of Director, National Cancer InstituteFrederick Cancer Research Facility (NCIFCRF), Frederick, Maryland 21701, USA
3 Center for Biotechnology, Baylor College of
Medicine, Houston, Texas 77025, USA
4 Laboratory of Tumor Cell Biology, National
Cancer Institute, National Institutes of Health,
Bethesda, Maryland 20892, USA
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ing the recombinant peptide 121, but they
failed to influence infection by either virus
isolate.

B. Introduction
Human T-cell lymphotropic virus type III
(HTLV-III) is a pathogenic human retrovirus that is structurally and genetically related to the subfamily Lentivirinae [1]. Epidemiological studies combined with virus
isolation and antibody detection in acquired
immunodeficiency syndrome (AIDS) or
AIDS-related complex (ARC) cases, especially in blood donors and recipients, have
defined the association of HTLV-III infection with AIDS [2-5]. The virus contains an
RNA genome capable of coding for at least
six gene products [6-9]. The envelope (env)
gene products and the internal structural
gene (gag) products are the most antigenic in
man because antibodies to them are readily
detectable in patients by a variety of tests [4,
10-12]. We [15] and others [10, 12] have recently reported some of the characteristics of
the HTLV-I1I envelope gene products. The
primary gene product of this gene is a
160000 dalton glycosylated protein (gp160)
that is processed by proteolysis into a gp120
external glycoprotein and a gp41 transmembrane protein [10, 12, 15].
Purification ofHTLV-III gp120 to homogeneity was possible through the use of infected cells or cell culture fluids as the source
of the glycoprotein [16]. The purified material is immunogenic in goats, horses, and
rhesus monkeys in that antibody to gp120

both precipitated gp120 and neutralized the
infectivity ofHTLV-III in cell culture. These
results suggest that the establishment of protective humoral immunity to HTLV-III may
be theoretically possible in man [16].
Neutralization of HTLV-III/LAV by
naturally occurring human antibodies has
been observed by several investigators with
varying degrees of efficiency depending on
the type of assay utilized [13, 14, 17]. However, two major issues concerning the specificity of virus neutralization require resolution. First, it has not been demonstrated that
the antibodies in HTLV-III/LAV-infected
individuals neutralize virus through reactivity with a virus-encoded gene product. Second, it is not known to what extent the neutralizing activity relates to the genetic diversity of the various isolates which is found in
large part in the envelope gene of the virus
[18, 19]. The exterior-envelope-encoded
product of HTLV-III/LA V has been identified as gp120 [10,11,15,20] and, by analogy
to other retrovirus systems, is likely to represent the major target of neutralizing antibodies [21]. Interspersed within this gene are
both hypervariable and conserved regions
[19], both of which may contribute to formation of epitopes involved in virus neutralization. Retroviruses can also incorporate cellular antigens into their envelope structure,
and it is known that antibodies to leukocyte
alloantigens can neutralize virus infectivity
[22]. Recent studies suggest that HLA-DR
molecules can be found in association with
HTLV-III/LAV and that some AIDS-related sera contain antibodies to these determinants [23].
In this study it was our aim to examine the
role of the HTL V-III envelope gene product,
gp120, as a target for neutralizing antibody
and to assess the impact of gp120 polymorphism on such antibodies. We have compared the ability of heterologous antisera
raised against purified gp120 and gp120 affinity-purified human antibodies to block
infection by the homologous virus isolate,
HTLV-III B , as well as by the widely divergent Haitian HTLV-IIIRF isolate [18]. The
nucleotide sequences of these two isolates
predict a 21 % difference in amino acid residues in the corresponding gp120 polypeptides [19]. Both isolates readily infect the H9
cell line [18, 24], and it was thus possible to

compare directly the activity of the various
antibodies on these two dissimilar genotypes
under the same assay conditions.
C. Materials and Methods
I. Cells
Uninfected H9 cells, H9 cells chronically infected with HTLV-III B , and H9 chronically
infected with the Haitian isolate HTLVIIIRF have been described [18, 24]. Cells were
maintained in RPMI 1640 (GIBCO, Grand
Island, New York) supplemented with 20%
fetal calf serum, penicillin (100 units/ml),
and streptomycin (100 llg/ml).
II. Virus
Virus stocks were prepared from 100 ml cultures of chronically infected H9 cells that
had been passed into fresh medium 24 h before harvesting. Cells were removed by centrifugation, and the supernatants were filtered through a 0.45 llm Millipore filter and
frozen at - 70°C in 1 ml aliquots. The infectious titer of the virus stocks was measured
in the following manner. Tenfold dilutions
were made in growth medium, and 0.1 ml of
each dilution was added to six well plates
(Falco Labware) containing 1 x 10 5 H9 cells
in 0.2 ml growth medium. The medium volume was doubled daily for 6 days. On the
7th day, cell clumps were disrupted and the
culture volume was reduced to 0.5 ml. Fresh
medium was added as before for 2 more
days, after which growth of virus in the cultures was monitored on the basis of sedimentable reverse transcriptase (RT) activity
(see below). The infectious titer of the virus
stocks was taken as the highest dilution that
yielded R T activity at least 20-fold that of
background activity. Both the HTLV-IIIB
and RF isolates yielded virus stocks ranging
in titer from 104 to 10 5 infectious units/ml.
III. Neutralization Assay
The virus stocks were diluted with growth
medium to give 1000 infectious units per

0.1 ml, and that volume was added to indi415

vidual wells of the six Falcon well plates.
Fourfold dilutions of test sera were made in
growth medium, filtered (0.45 Jlm Millipore), and 100 JlI of each dilution was added
in duplicate to the virus-containing wells.
The plates were incubated at 37°C for
30 min, after which 1 x 10 5 H9 cells were
added to each well in a volume of 0.1 ml.
Fresh medium was added each day as described above, and the cultures were tested
for virus release 10 days later. For that purpose, cells were removed by centrifugation
and the supernatants assayed for R T activity. Briefly, virus was concentrated from
3 ml of culture fluid by precipitation with
polyethylene glycol (PEG) and resuspended
in 0.12 ml of Triton X-100 containing lysis
buffer as described [25]. Duplicate 10 JlI
samples were tested for R T activity using
poly (rA) p(dT) 12-18 as template primer
[24,25]. The results are expressed as average
counts per minute per 10 JlI sample assayed.
The neutralizing titer of individual sera was
defined as the reciprocal of the serum dilution required to inhibit R T activity by 50%
in relation to no serum controls.
IV. Antigens
The purification and characterization of
gp120 from H9 cells chronically infected
with HTLV-IlIB is described elsewhere [26].
Briefly, the antigen was isolated by affinity
chromatography from cell lysates. The sequence of the N-terminal18 amino acid residues matched that predicted by the corresponding env gene nucleotide sequence of
the BH10 clone ofHTLV-IlIB [7]. A similar
procedure was used to isolate gp120 from
HTLV-IIl RF • The recombinant peptide 121
is encoded by sequences in the transmembrane gp41 env gene and is specifically reactive with most, if not all, HTLV-IlI antibody-positive human sera [27].
V. Affinity Chromatography
Immunoadsorbent resins were prepared by
coupling the purified gp120 (about 0.5 mg)
or the peptide 121 (about 5 mg) to cyanogen-bromide-activated Sepharose 4B
(Pharmacia) [28]. Two ml of test serum was
416

incubated with these resins for about 2 h at
room temperature. Nonbinding protein was
washed from the resins with phosphate-buffered solution (PBS) until no further A280
absorbing material was detected. This flow
through fraction was collected as effluent
(usually 20-30 ml). The resins were further
washed with lObed volumes of PBS (discarded). The bound fraction was eluted with
4 M magnesium chloride and dialyzed
against PBS. The effluent was concentrated
to about 2 ml and rechromatographed over
the resins as before. This process was repeated so that each serum was passed over
the indicated resins a total of three times.
The eluate fractions were pooled together,
and both the final effluent fraction and the
eluate pool were concentrated to 2 ml
through an Amicon PM10 filter.

D. Results
1. Neutralization

by Unfractionated Human Serum
We have examined the ability of human
serum to block infection of H9 cells in an assay system similar to that described by
Robert-Guroff et al. [14], except that the
end-point measurements for virus infection
were based on development of sedimentable
RT or levels of viral p24 antigen in the supernatant of challenged cells. A comparison of
these tests using a human AIDS serum is
shown in Table 1. Over 100 HTLV-IlI antibody-positive sera have been tested, about
90% of which were found to prevent infection completely at low-serum dilutions
(1 : 8). This effect was titratable such that it
was possible to assign to individual sera a
specific neutralization end point based on
the reciprocal of the serum dilution required
to block RT activity by 50%. The most active of the sera tested yielded neutralization
titers of about 500-1000 when assayed in
this manner. Patient sera positive for antiviral antibodies with no neutralizing activity
in these experiments were from individuals
who either had recently seroconverted (2-6
months) or were in late stage of disease. At
a serum dilution of 1-8 or higher, none of 55
antibody-negative sera showed any inhibi-

Table 1. Neutralization ofHTLV-III as measured
by R T and viral p24 antigen
Serum dilution a RTb (cpm)
(Reciprocal)
8
32
128
2048
No serum

2500
1700
70000
82000
68000

p24 C (ng/ml)

<
<

1
1
100
140
130

Serum from an AIDS patient was tested for
neutralization of HTLV-IIIB' as described in
Sect.B.
b Ten days after infection, virus was concentrated
from a 3 ml portion of cell-free supernatant for
measurement of RT.
A second portion of cell-free supernatant at 10
days was made in 0.5% Triton X-100 and tested
for viral p24 antigen, using a competition radioimmunoassay developed by E. 1. DuPont
de Nemours and Company, Wilmington,
Delaware. The lower limit of detection with this
assay is about 1 ng/ml of culture supernatant.

both the HTLV-I1IB and HTLV-IIIRF isolates. Both viruses were effectively neutralized with 50% neutralization titers of700 for
the I1IB and 600 for the RF isolates - not a
significant difference in this assay. To date,
we have titrated 15 antibody-positive human
sera against these two virus prototypes. Of
the sera tested, seven failed to neutralize either virus, while the remaining sera blocked
infection by both viruses with no more than
a twofold difference in titer.

a

C

tory activity. A compendium of these results
will be reported elsewhere and in general are
in agreement with those of Robert-Guroff et
al. [14].
An example of a titration of a strongly
neutralizing serum taken from an individual
with PGL (persistent generalized lymphadenopathy) is shown in Fig. 1. Each dilution of
serum was tested on 1000 infectious units of

"t

II. Neutralization
by Goat Anti-HTLV-IIIB gp120 Sera
As described elsewhere [26], purified gp120
from HTLV-IIIB was used to obtain heterologous sera from two goats. One of these animals (NATIVE) received antigen exposed
only to 4 M magnesium chloride and 0.1 %
Triton X-100. The other animal (PAGE) received the gp120 following sodium dodecyl
sulfate (SDS) denaturation and electrophoresis as a final purification step. The antigens
(50 ).1g per immunization) were administered
intradermally in Freund's complete adjuvant twice over a 5-week period, after
which the sera utilized for these studies were
taken. We have reported elsewhere [26] that
both of these animals developed antibodies
that were capable of neutralizing the homologous HTLV-IIIB virus isolate. Thus, the
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Fig. 1. Titration of human serum for neutralization of HTLV-IIIB and HTLV-IlIRF. Sera were
obtained from a seronegative laboratory worker
(open) and a seropositive bisexual with persistent
generalized lymphadenopathy (closed). Serial
fourfold dilutions of each sera were incubated for

30 min with 1000 infectious units of each HTLVIlIB (circles) and HTLV-IlIRF (triangles). The
virus-sera mixtures were added to H9 cells, and
virus propagation was monitored 10 days later on
the basis of sedimentable R T activity in the supernatant of the cultured cells
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completely blocked infection by HTLV-IIIB
at a dilution of 1-8 and yielded a titer of
about 50. In contrast, there was no effect on
the RF isolate, and the immune and preimmune bleeds from this animal were essentially identical. Each serum has been
tested on both isolates three times, and the
results of each experiment were the same as
shown in Fig. 2.
Binding studies indicate that the inability
to neutralize the RF isolate is not related to
an overall lack of recognition by these goat
sera. For example, in the solid-phase binding experiment shown in Table 2, the PAGE
goat serum gave essentially equivalent levels
of binding to the gp120 of HTLV-IIIB and
HTL V-IIIRF . It failed to react with recombinant peptide 121, and this is consistent with
the apparent specificity of that serum for the
gp120 portion of the envelope gene. Other
radioimmunoprecipitation (RIP) and Western blot experiments (not shown) confirmed
the results set out in Table 2. We conclude
from these studies (a) that the neutralizing
epitopes on the glycoprotein are only a subset of a larger number of potentially immunogenic sites on the molecule, and (b) that
the neutralizing epitopes recognized by the
goat sera are not conserved on the two divergent isolates studied here.

Fig.2a-c. Titration of goat anti-HTLV-IIIB
gp120 serum (a) and human serum fractions (b
and c) for neutralization of HTLV-IIIB and
HTLV-IIIRF' In a, dilutions of preimmune goat
serum (open) and immune goat serum (closed)
were tested for their ability to block infection of
the HTLV-IIIB isolate and the HTLV-IIIRF isolate. Panels band c a 2 ml sample of serum from
a seropositive homosexual with PGL was fractionated on an immunoadsorbent resin containing
HTLV-IIIB gp120. Untreated serum, flowthrough or effiuent fraction, and eluate fraction
were titrated for neutralizing activity against the
I1IB isolate (b) and the RF isolate (c). Virus production in the presence of normal human serum is
indicated by the open circles in band c

SDS treatment did not irreversibly destroy
epitopes that can induce neutralizing antibodies. The relative activity of the PAGE
serum on the divergent HTLV-IIIRF isolate
in comparison to the homologous HTLVIIIB is shown in Fig. 2 a. Again, this serum
418

III. Neutralization
by Human Antibodies Directed to gp120
The availability of the purified viral glycoprotein made it possible to fractionate human serum on immunoadsorbent resins and
to estimate the proportion of neutralizing
activity which can be attributed to the
HTLV-IIIB gp120. Moreover, it was possible to analyze further the specificity of such
antibodies with respect to neutralization of
divergent isolates. An example of a serum
fractionated in this manner is shown in Figs.
2 band 2 c. When the homologous HTLVIIIB isolate was used as the target virus
(panel B), neutralizing activity could be detected in both the antibody-binding (eluate)
and nonbinding (effluent) fractions. Even
after repeated passes over the gp120 resin,
we were unable to remove all of the neutralizing activity from the effluent. When
serum fractions were tested in Western blot

Table 2. Antibody binding to gp120 of divergent isolates
Serum b
Preimmune goat
Goat anti-gp120
Normal human
Human PGL

(1/100)
(1/100)
(1/10)
(1/10)

HTLV-IIIB gp120
cpm

HTLV-IIIRF gp120
cpm

Recombinant p121
cpm

2600± 100
35700±700
1800±200
15200±400

2800±200
33900±800
1600±200
17500±600

3800 ± 200
4400 ± 200
2900±300
31 000 ± 600

Solid-phase immunoassay was performed as described [17], except that binding antibody was
monitored with 1251_SpA (200000 cpm) per well. About 200 ng of each antigen was added per well
of Immulon 1 microtiter strips (Dynatech Lab. Inc., Alexandria, Virginia), and sera were tested in
triplicate.
b Sera were tested at the dilutions indicated in a final volume of 200 ~l. The goat sera containing wells
were incubated with 100 ~I of rabbit anti-goat IgG (Cappel) at a 1-300 dilution before addition of
12sI_SpA.
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Fig. 3 a, b. Western blot analysis of human sera
fractionated on affinity resins bearing gp120 (a)
and p121 (b). In a, the serum fractions from the
gp 120 resin as shown in Figs. 2 band 2 c were
tested for binding to partially purified HTLV -IIIB
gp120 by the Western blot technique, using 125 1_
SpA to localize antibody. In b, serum from an
AIDS patient was fractionated on the p121 affinity resin and tested for binding to disrupted
HTLV-IIIB virus proteins by the Western blot
procedure. Serum and serum fractions were incu·bated with appropriate nitrocellulose strips at a
dilution of 1-100

(Fig. 3 a) and plate-binding assays, we found
no evidence of anti-gp120 antibodies remaining in the effiuent fraction, and essentially all of the reactivity in whole serum
(Table 2) was found in the tightly binding
antibody fraction which was subsequently
eluted from the resin. However, when measured by immunoprecipitation of radioiodinated gp120, considerable activity was also
noted in the effiuent fraction (not shown).
This confirms earlier conclusions that RIP
analyses are the most sensitive and accurate
measure of antibodies to the gp120 [29] (see
Discussion for further elaboration of this
point).
The results when HTLV-IIIRF was used as
a target for neutralization were qualitatively
different (Fig. 2c). Of note is the fact that the
activity against RF in the effiuent fraction is
essentially indistinguishable from that in untreated serum. In contrast, the material in
the eluate had no detectable activity against
the divergent RF strain. Although the absolute titers differed, three other human sera
fractionated in this manner gave the same
qualitative results shown in Figs. 2 band 2 c.
In all cases, the eluate fractions neutralized
the IIIB but not the RF isolate, while the effluent fractions blocked infection by both
viruses. Thus, we conclude that human
serum commonly contains anti-gp120 antibodies that neutralize infection by HTLVIII in a fashion that is restricted with respect
to divergent isolates. The identity of the

more broadly neutralizing antibodies represented in the effiuent is uncertain at this
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time. It is possible that these antibodies are
also directed against the gp120 but bind with
insufficient avidity, to be totally removed by
antigen isolated from a single virus genotype. Alternatively, other viral or cellular
antigens may be involved as suggested earlier.

IV. Human Serum Fractionated
by Recombinant Peptide 121
All known retroviruses contain a second
env-gene-encoded product, a transmembrane polypeptide, that under certain conditions can also serve as a target antigen for
neutralizing antibody [30]. The analogous
polypeptide in the case of HTLV-III has
been identified as gp41 [12]. Since almost all
antibody-positive human sera react with
gp41 , as with gp120, it was therefore a good
candidate for an additional target for neutralizing antibodies. We thus performed
similar analysis, as shown in Figs. 2 band
2c, using an affinity column containing the
recombinant peptide 121 [27]. This molecule
contains only about one-half the gp41 sequences, but a major portion of the immunodominant epitopes of gp41 [27]. In three
of the six sera tested, it was possible to remove all gp41 reactivity by Western blot
analysis with the p121 resin, as shown in Fig.
3 b. Sensitive plate-binding assays using the
121 recombinant peptide also failed to detect
antibodies in the effluent fraction. Both
these measures are more effective than RIP
assays for measuring antibodies to gp41 , unlike the situation with gp120 [10].
Analysis in the neutralization assay revealed that the bound fractions failed to
neutralize either the IIIB or RF isolates,
while the effluent fractions showed only a
modest reduction in titer, probably resulting
from manipulative losses rather than from
any specific effects. Rabbit serum raised
against p121 also failed to neutralize the
virus, even though it reacted strongly with
gp41 (not shown). These results do not rule
out the possibility that neutralization targets
exist on gp41 which are not contained in the
recombinant peptide 121. Nevertheless, on
the basis of those sera from which we were
able to remove all detectable gp41 reactivity,
420

we feel this antigen does not play a major
role in neutralization under the conditions
used.
E. Discussion
The experiments described here focus attention on the polymorphism in the gp120 envelope region of HTLV-III/LAV. On the one
hand, polyclonal sera raised in goats (and in
other animal species; unpublished results)
bound with similar efficacy to widely divergent gp120 species, but their ability to neutralize the infectivity of the respective viruses
was much more restricted. It is possible that
further immunization may overcome the apparent type specificity, as has proven to be
the case in hyperimmune sera prepared
against the gp71 of Freund murine leukemia
virus [10]. When the gp120 derived from
HTLV-IIIB isolate was used to sequester the
antibodies in human sera, a similar phenomenon was noted. The bound antibodies behaved like the goat anti-gp120 immunoglobulins, demonstrating strong binding capabilities to both HTLV-IIIB and HTLV-IIIRF
gp120 species but able to prevent infection
of only the homologous (lIIB) isolate. In the
simplest terms, one would interpret these
findings as indicating that the neutralizing
response to a given gp120 is predominantly
isolate-specific. However, the apparent type
specificity of goat and human neutralizing
antibodies seen with the widely divergent
IIIB and RF isolates cannot be generalized to
other HTLV-Ill/LAV viruses. Thus, it is
quite possible that cross-neutralization of
more closely related viruses than IIIB and
RF does occur through antibodies directed
against the gp120 of a single isolate.
Analysis of the antibody fraction that did
not bind to the HTLV-IIIB gp120 resin raises
a number of additional questions. First, antibodies are present in this fraction which, in
spite of their lack of binding activity to the
immobilized gp120, neutralize not only the
HTLV-IIIB but also the highly divergent
HTLV-IIIRF isolate. It is possible that these
antibodies represent low-affinity immunoglobulins with significant neutralizing potential. An argument in favor of this is the
fact that in RIP assays, one can readily detect anti-HTLV-III Bgp120 antibodies in the

effluent fraction. It is not clear why these antibodies do not bind the immobilized
antigen well, but it is possible that there is a
better opportunity for multivalent binding
and resultant stabilization of the complex
when the antigen is in solution.
Other possibilities exist, however, which
could explain the presence of neutralizing
activities in human sera which are not related to gp120. Potential targets for neutralization include other viral antigens such as
the gp41 transmembrane envelope component, which is highly immunogenic in man
and known to represent a target for neutralization in animal retroviruses, albeit in the
presence of complement [30]. Our studies
demonstrate that at least in the absence of
complement, anti-gp41 antibodies do not
playa detectable role in virus neutralization
and do not account for the neutralizing activity in the gp120 unbound fractions. In addition, antibodies directed against leukocyte
alloantigens which can associate with the
budding virion may also be targets for neutralization, as demonstrated with feline leukemia virus [22]. The presence of antibodies
to HLA in HTLV-Ill/LAV-infected individuals has also been documented, as has the
association ofHLA chains with HTLV-IIIB
[23]. Therefore, it is conceivable that at least
some portion of the unbound fraction may
contain such antibodies, and studies are in
progress to determine this and the antibodies' potential role in virus neutralization.
Our studies represent a first step in defining the epitopes of the HTLV-III/LAV
gp120 that are associated with biologically
important functions and the degree to which
these epitopes are immunogenic in man. The
present results clearly demonstrate that this
viral antigen can serve as a target for neutralizing antibodies. It is not yet known what
portions of the gp120 are involved, but our
results demonstrate that there is at least one
such epitope that is polymorphic, i.e. not
conserved in the HTLV-IIIB and HTLVIIIRF isolates. If conserved sequences that
can also serve as neutralizing epitopes are
present, the goats immunized with gp120
have yet to recognize these regions. Likewise, it was not possible to isolate broadly
reactive human neutralizing antibodies by
immunoaffinity chromatography, usmg

gp120 obtained from a single isolate. The
latter result, however, could be due to other
limitations of the technique, including avidity and/or steric accessibility to the epitopes
in question. Because of these considerations,
we cannot conclusively eliminate the possibility that conserved sites serve as targets for
neutralizing antibody. The broad reactivity
commonly observed with antibody-positive
human sera might be due to such conserved
sites or, alternatively, these might reflect a
response by the individuals exposed to multiple virus genotypes. A more definitive answer to this question must await studies
similar to those described here, ones utilizing
purified gp120 from other prototypic strains
(e.g., RF) as well as field isolates. Our results, however, raise the possibility that multiple gp120 immunogens might be required
to generate antibodies that would neutralize
the full spectrum of divergent viruses which
exist in the population. Even if this were
achievable, either naturally or through vaccination, much more needs to be learned
about the role of virus neutralization in protection against HTLV-III/LAV infection.
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with the HTLV-III* LTR Target Sequences In Vitro
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A. Summary
The location of cis-acting regulatory sequences within the long terminal repeat
(LTR) of the human T-cell lymphotropic
virus type III was determined by eukaryotic
cell transfection and chloramphenicol acetyltransferase (CAT) assay or in vitro cellfree transcription. A 160 base pair (bp) region of the LTR at position -104 to 56 is required for trans-activation (cap site 1). A
24 bp enhancer element (EHE) capable of
increasing the rate of transcription, irrespective of orientation, is located between nucleo tides -105 to - 80. It contains two
10 bp repeats. Three Sp1 binding sites (Sp1
III-I) are located between -78 and -45.
A deletion of Sp1 III allowed for limited
TATIlI response while the presence of a
functional enhancer restored the activity in
HTLV-III infected cells. Complete loss of
transcriptional activity and CAT gene expression could be attributed to the absence
ofEHE and Sp1 111-1 at position -48. However, reinsertion of the enhancer restored accurate initiation but at a decreased level suggesting that the presence of a Sp1 binding
site is not a prerequisite for the accurate initiation of transcription but is required for
transcriptional activation independent of a
promoter. The presence ofa negative regulatory element (NRE) has been demonstrated
by removal of the 5' part of U3 to position
-117.

* HTLV-III/LAV = HIV
Laboratory of Tumor Cell Biology, Developmental Therapeutics Program, National Cancer Institute, Bethesda, Maryland 20892, USA

Nucleotide sequences around the cap site
and poly (A) site contain a trans-activator
response element (TRE) and could be arranged into a unique secondary structure. A
of
four
nucleotides
deletion
TCTGAGCCTGGGAGCTC causes a loss
of three dimer linkage sequence binding.
The CAT gene enzyme expression is completely abolished but transcriptional activity
remains at reduced level.

B. Introduction
Human T-Iymphotropic virus type III
(HTLV-IlI, LAV-1, HIV), the virus causing
the acquired immunodeficiency syndrome
(AIDS), can infect OKT 4+ human T-cell
lines in culture [13]. A high level of virus
expression is observed after 1 week. This
high gene expression results, at least in part,
from transcriptional [7] and post-transcriptional activation [2, 9]. In both mechanisms
the virus encoded trans-activator protein
T A TIll is involved. The target site of this
protein (trans-acting responsive element,
TAR) is part of the LTR downstream of the
RNA initiation site [10]. Other regulatory
elements within the LTR have been detected: a negative regulatory element
(NRE), an ERE [10], and three binding sites
for the Sp1 protein[4].
In this study various deletion mutants of
the L TR have been tested to locate cis-acting
regulatory regions responsive to the virus associated trans-acting regulatory factors at
transcriptional and post-transcriptional
levels.
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C. Material and Methods

[1], ligation of HindIIIlinkers, and and subsequent ligation of the resulting fragment
into the HindIII site of pSVOCAT. The 5'
deletion mutants were derived from
pC15CAT, which contains a portion of 3'
orf, U3 and the majority of the R region, by
cleavage at the KpnI site, digestion with
Bal31 exonuclease, blunt-ending and the addition of a unique XbaI site. These 5' mutants include pCD12CAT (no deletion
within the LTR, ca. 50 bp, KnpI site),
pCD7CAT (deletion to -278), pCD16CAT
(-176), pCD23CAT (-117), pCD52CAT
(-65), and pCD54CAT (-48). Nucleotide
1 was assigned as determined by nuclease Sl
mapping [12]. Synthetic oligonucleotides of
HTLV-III sequences (EHE) from -105 to

1. Cell Lines
H9 and HTLV-III infected human H9 Tlymphocytes (H9 fIll) were maintained in
RPMI-1640 medium supplemented with
10% fetal bovine serum (FBS). Hela cells,
S3, were grown in MEM with 10% FBS.
II. Plasmid Constructions
Plasmids pSVOCAT, pSV2CAT, and
pRSVCAT have been previously described
[11]. pC15CAT (Fig. 1) was constructed by
blunt ending the PstI cDNA insert of C15

3'ORF

.
.
.
XhoI
.
.
.
CCAGCAGCAGATGGGGTGGGAGCAGTATCTCGAGACCTAGAAAAACATGGAGCAATCACAAGTAGCAACA 8515
P A A 0 G V G A V S R D L E K H G A ITS S N
57

·
.
.
.
.
.
.
.
KpnI.
.
-600 CAGCAGCTACCAATGCCGCTTGTGCTTGGCTAGAAGCACAAGAGGAGGAGGAGGTGGGTTTTCCAGTCACACCTCAGGTACCTTTAAGCCCAATGACTTA 8615
T A A T N A A CAW LEA Q E E E E V G F P V T P Q V P L S P M T Y
91
Putative (+)-strand
primer sequence !B
·
. 8g1 I I .
.
.
[U3 .
.
.
EcoRV
.
-500 CAAGGCAGCTGTAGATCTTAGCCACTTTTTAAAAGAAAAGGGGGGACTGGAAGGGCTAATTCACTCCCAACGAAGACAAGATATCCTTGATCTGTGGATC 8715
K A A V D L S H F L K E K G G LEG L I H S Q R R Q D I L D L W I
104

ill.

·
.
.
.
.
.
EcoRV
.
.
.
-400 TACCACACACAAGGCTACTTCCCTGATTGGCAGAACTACACACCAGGGCCAGGAGTCAGATATCCACTGACCTTTGGATGGTGCTACAAGCTAGTACCAG 8815
Y H T Q G Y F P D WQ N Y T P G P G V R Y P L T F G W C Y K L V P
137
112
·
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!:!TJJI.:..h.) I
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-300 TTGAGCCAGATAAGGTAGAAGAGGCCAACAAAGGAGAGAACACCAGCTTGTTACACCCTGTGAGCCTGCATGGAATGGATGACCCGGAGAGAGAAGTGTT 8915
V E P D K VEE A N K G E N T S L L H P V S L H G MOD PER E V L 191
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H~

I~

~E

·
. -.
.
.
.
Seal
.
-:- 1-117.
-200 AGAGTGGAGGTTTGACAGCCGCCTAGCATTTCATCACATGGCCCGAGAGCTGCATCCGGAGTACTTCAAGAACTGCTGACATCGAGCTTGCTACAAGGGA 9015
E W R F 0 S R L A F H H MAR E L H P E Y F K N C
INS
8LV
IHE
~
i!!LIl
~
TATA
·
.
.
.
:-65.
. 1-48.
.
PvuII
.
U3]
-100 CTTTCCGCTGGGGACTTTCCAGGGAGGCGTGGCCTGGGCGGGACTGGGGAGTGGCGAGCCCTCAGATGCTGCATATAAGCAGCTGCTTTTTGCCTGTACT 9115

IR

Q.R

-

IR

Q.R-

Dl

~!1Al

[R
.
8g1 II
. SacI .
.
.
.
HindII!
.
R]
1 GGGTCTCTCTGGTTAGACCAGATCTGAGCCTGGGAGCTCTCTGGCTAACTAAGGAACCCACTGCTTAAGCCTCAATAAAGCTTgccttgagtgcttca

Fig.1. Sequence of pC15CAT. Numbers on the
right of each line are according to Ratner et al. [8].
The 5' deletion clones schematized in Fig. 2 a
and b are indicated by vertical lines followed by
the distance of each from the transcriptional start
site at 1 (position 9116). Shown are the portion of
the coding region for 3' orf which terminates at
position -125 (8991). The LTR sequences begin
at -454 bp (8662) from the CAP site. The promoter signal (TATA) is at - 27 and the polyadenylation signal [P(A)S] at position 74. Bases written in lower case letters from 84 to the polyadeny-

424

lation site [P(A)] at 98 were deleted from the C15
insert during the construction of C15CAT and replaced by the bacterial chloramphenicol transferase gene. Sequences homologous to other genes as
previously reported and EN are underlined. IL-2,
interleukin 2; HTLV-I, -II, human T-Iymphotropic viruses type I and II; IF, gamma interferon;
INS, insulin gene; ERE, enhancer; SpJ III-I, Sp1
binding sites (- 77 to - 46); EN, core enhancer
consensus sequences; and DR or IR, direct or inverted repeats

-80 were placed in front of pCD52CAT
( - 65) and pCD54CA T (- 48) in sense
orientation which results in pCD52ECAT
and pCD54ECAT (GGGACTTTCCGCTG
GGGACTTTCCATCTAGA -65 or -48),
or antisense orientation which results in
pCD52EWCAT
and
pCD54EWCAT

°

as a carrier, 1 JlI of Hela whole cell extract
(Hela CE), and 0.4 Jlg (16 Jlg/ml) of template
DNA. Extraction of RNA products,
denaturation with glyoxal, and agarose
(1.8%) gel electrophoresis followed. To
quantitate the in vitro transcripts, gel slices
were cut and the radioactivity was counted.

(GGAAAGTCCCCAGCGGAAAGTCCCT-

CTAGA -65 or -48). pVHHCAT (5/-3/)
and pVHHWCAT (3/-5/) were constructed
by cloning the 3/ HindIII fragment of
pHXB2gpt [3] into pSVOCAT. DNA templates for in vitro transcription were prepared by cleavage with Neol. For the deletion mutants within the TRE, pCD23CAT
was digested with Sad (pCD23.6.SCAT),
BglII and SacI (pCD23.6.BSCAT), BglII and
HindIII (pCD23.6.BHCAT), or Sad and
HindIII (pCD23.6.SHCAT) and self ligated.
pCD23.6.SHaCAT is a replacement of the
Sad and HindllI fragment (38 to 80) by a
oligonucleotide sequence from 39 to 56. The
extent of each deletion was confirmed by
DNA sequencing analysis [6] and revealed
that the resulting mutants pCD23.6.SCAT
and pCD23.6.SHaCT lacked, after ligation,
the HindIII fragment containing tailing sequences.

D. Results

To identify transcriptional regulatory elements, recombinant plasmids containing the
bacterial chloramphenicol acetyltransferase
(CAT) gene with various deletions from the
5/ end of the HTLV-III LTR, detailed in
Fig. 1, were investigated in an in vitro cellfree system or transfected into H9 or infected H9 cells for CAT enzyme level determination.
In a second series of deletions, we examined nucleotide sequences surrounding a
possible hairpin structure in the terminal redundancy (R). Table 1 summarizes the results of these experiments.
I. Identification

of Negative Regulatory Regions
III. Eukaryotic Cell Transfections
and CAT Assays
In general, 10 Jlg of plasmid DNA was
transfected into approximately 10 7 lymphocytes using the DEAE-dextran method. Cell
extracts were prepared by three freeze and
thaw cycles 48 h post-transfection. CAT assays were performed as described previously
[11].
IV. In Vitro Transcription
Nuclear extracts were prepared from H9
HTL V-III infected cells (H9 JIIIE) [7] and
whole cell extracts from Hela cells (Hela CE)
[5]. Standard in vitro transcription mixtures
(25 JlI) contained 12 mM HEPES (pH 7.9),
60mMKCL,7mMMgCI,0.2mMEDTA,
1.3 mM DTT, 10% glycerol, 50 JlM each of
ATP, CTP, and UTP, 5 JlM GTP plus
10 llCi of[- 32 P] GTP, 4 mM creatine phosphate, 0.4 Jlg of poly [d(l-C)]: poly [d(I-C)]

The activity of the individual 5/ L TR deletion mutants was tested by co-transfection
experiments with pHXB2gpt, transfection
into H9 or H9jIII, or by in vitro transcription. A small deletion of ca. 50 nucleotides
(pCD12CAT) into the 3/orf sequences of
pC15CAT significantly increased the level of
CAT gene expression in co-transfection
(twofold) and transfection (fourfold) experiments. Additional deletions from - 278
(pCD7CAT) to -117 (pCD23CAT) showed
no further increase. However, we also examined a plasmid, pVHHCAT which contains
the 3/ end of envelope, 3/orf, U3, and R sequences derived from an infectious provirus.
In contrast to pC15CAT, the level of CAT
gene expression was increased and values are
comparable to pCD12CAT (Table 1, Experiment 2). To determine if the level of
CAT enzyme activity reflects their in vitro
we
tested
transcriptional
activities,
pCD12CAT, pCD7CAT, pCD16CAT, and
pCD23CAT in an in vitro cell-free system
with or without preincubation of nuclear ex425

Tabelle 1. CAT activity and in vitro transcription activity of LTR recombinants and controls
~

N

0"1

Co-transfection Absolute CAT activity
with
pHXB2gpt(a)
Exp 1 (b)

Exp 2 (b)

H9

H9

H9II1

H9

H9II1

Hela CE

(30 min)

(16 h)

(30 min)

(15 h)

(20 min)

H9

H9

H9/IIIE

pVHHCAT
pC15CAT

pHXB2gpt(5' -3')
C15

NT
24.1 (0.0)

NT
0.3

NT
5.1 ±0.5

92.7± 1.3
20.8

NT
NT

NT
NT

pCD12CAT
pCD7CAT
pCD16CAT
pCD23CAT

Del KpnI
-278
-176
-117

44.9
46.4
58.4
21.4

88.8± 10.9
NT
NT
97.5

2
2
3
4

8
9
9
10

pCD52CAT
pCD52ECAT
pCD52EWCAT

-65
EHE(5'-3')-65
EHE(3' -5')-65

2.1
NT
NT

0.0
NT
NT

1.6±0.5
NT
NT

0.1 ±O.O
0.4±1.0
0.9±0.3

32.1 ±O.O
99.0± 0.0
99.2± 0.1

1
NT
NT

2
7
NT

pCD54CAT
pCD54ECAT
pCD54EWCAT

-48
EHE(5' -3')-48
EHE(3' -5')-48

0.0
NT
NT

0.0
NT
NT

0.0
NT
NT

O.O±O.O
0.2±0.0
0.2±0.0

O.O± 0.0
26.7± 0.0
30.8± 1.0

0
NT
NT

1
4
NT

pCD23~SHaCAT

-117 to 56
-117 Sac! -HindIII
-117 BglII -HindIII

NT
NT
NT

1.0
1.0
NT

40
0.0
NT

NT
16.7
0.1

NT
1.2± 0.3
0.0

1
NT
0

7
NT
3

pCD23~BSCAT

-117 Sac!
BglII-Sac!

NT
NT

NT
1.0

NT
0.0

0.2
0.2

pVHHWCAT
pSVOCAT
pSV2CAT
pRSVCAT

pHXB2gpt(3' -5')
CAT
SV 40
RSV

NT
NT
NT
(2.9)

NT
NT
NT
61.0

NT
NT
NT
0.5±0.1

Plasmid

pCD23~SHCAT
pCD23~BHCAT
pCD23~SCAT

Description

2.0
2.6±0.3
2.1 ±0.3
1.1 ±0.1

39.4±5.9
58.0±9.8
60.5±12.3
55.9±3.2

2.4 ± 0.34
0.1 ±O.O
0.7±1
NT
NT
0.4

0.1 ±O.O
O.O±O.O
6.7±1.5
48.4± 3.4

In vitro
transcription
activity (c)

0.0
0.1
0.0
O.O± 0.0
2.6± 0.0
18.8± 4.8

1
0
NT
NT
NT
NT

4
2
NT
NT
NT
NT

Co-transfection using HTLV-III LTR CAT plasmids and pHXB2gpt in H9 cells. Absolute activies are average valuese for two independent experiments
48 h post-transfection. pC15CAT and pRSVCAT values in parentesis are transfections without pHXB2gpt.
b Plasmids were transfected into the indicated cells and CAT assays were performed on extracts after 48 h. The values show percent conversion per time of
chloramphenicol to acetylated metabolites. Transfections were done in triplicate.
C Ratio of CAT enzyme activities of H9 (16 or 15 h) and H9/II1 (30 or 20 min).
d Run-off RNAs were obtained from in vitro transcription of indicated plasmids after digestion with Nco!. Values indicate relative radioactivity between 0
and 10.
NT, not tested; Exp, Experiment; Del, deletion.
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Fig.2a,b. 5' (a) and 3' (b) deletion plasmids of
pC15CAT. Deletions were made as described in
the material and methods section. pCD12CAT
(CD12) contained a small deletion at the KpnI
site. Each plasmid is numbered corresponding to
the distance in nucleotides from the transcriptional start site 1. The 3' deletion is constructed

from plasmid pCD23CAT (CD23) and indicated
as b.BS, b.S, b.SHa, and b.BH. Sizes of the transcripts are labeled in nucleotides (nt). Autoradiogramms of the in vitro transcription experiments
are shown with (+) or without (-) H9/III extract

tract prepared from HTLV-III infected H9
cells (H9/IIIE). Deletions to position -117
showed gradual enhancement of transcription after incubation with H9/IIIE (Fig.2,
Table 1). Experiments at the post-transcriptional and transcriptional level indicate the
presence of an negative regulatory element
around the KpnI site and 5' part of U3.

gene enzyme activity. The data in Table 1
demonstrate indeed that the gene expression
was activated after insertion of an EHE independent of orientation in pCD52ECAT or
pCD52EWCAT and comparable to
pCD12CAT.
III. Importance of Sp1 Binding Sites

II. Location
of an HTLV-III Enhancer Element
The level of CAT gene expression was substantially decreased with plasmids containing deletions extending to
-117
(pCD23CAT). We concluded that the reduced activity might reflect the removal of
an EHE, a direct repeated sequence of 10 nucleo tides from -104 to - 80. If this is the
case, substitution would restore functional

Binding of the nuclear transcriptional factor
Sp1 has been shown to be specific for GC
rich regions [4]. Experiments in which regions of DNA were protected from reagents
by specifically bound proteins indicated that
the region - 77 to - 46 contains three tandem, closely spaced Sp1 binding sites ofvariable affinity (Fig. 1).
To detennine if Sp1 binding sites influence the gene expression at transcriptional
or post-transcriptional level in combination
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with an EHE, we studied this region carefully. The activity ofpCD52CAT (-65) was
reduced and can be restored after addition
of an EHE (pCD52ECAT and pCD52EWCAT). This demonstrates that Sp1 II and I
are sufficient for CAT gene expression in the
presence of an EHE. However, a deletion to
-48 (pCD54CAT) abolishes the activity
and substitution of an EHE in sense
(pCD54ECAT) or antisense orientation
(pCD54EWCAT) restores activity to only 1/
3 of the CAT gene expression in comparison
to pCD23CAT in infected H9 cell. The in vitro transcriptional results are in agreement
with this data. The in vitro transcription of
pCD52CAT is dramatically reduced, but
can be restored with an enhancer element.
The deletion to -48 (pCD54CAT) is inactive irrespective of an EHE (pCD54ECAT
and pCD54EWCAT).
IV. Characterization of a Region
Responsive to Virus-Associated
Trans-Acting Regulatory Factors
Previous studies have shown that heterologous promoter and enhancer sequences
could be placed in front of a region from
-17 to 80 of the HTLV-III LTR [10]. Specific elements in this region are recognized
by factors present in response to virus infection. To determine the location of these elements responsive to trans-acting regulatory
factors we deleted sequences around a possible hairpin structure (Fig. 3). For these experiments pCD23CAT, a plasmid with high
CAT gene activity, was used for all deletions
in the R region. A deletion of 54 bp
(pCD23.6.BHCAT) inactivates CAT gene
activity completely and decreases in vitro
transcription (Fig. 2b). pCD23~SHCAT, a
deletion of 40 bp, shows high promoter activity of Exp2 (Table 1), but CAT expression
in infected cells are low in Expl and 2. The
in vitro transcription is comparable to
pCD23.6.SHCAT. Two deletions of 14 bp
and 4 bp around the hairpin structure,
pCD23~BSCAT and pCD23~SCAT, are
inactive in the CAT gene expression system.
The in vitro transcription of pCD23~SCAT
shows transcripts at decreased level. A deletion of 18 bp between 56 and 84
(pCD23~SHaCA T) gave values comparable
to pCD23CAT.
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Fig. 3. Possible secondary structure of the nucleotide sequences around the cap site and poly(A) site
of C15. In parentheses are variation of other virus
isolates [8], arrow indicates the deletion offour nucleo tides (pCD23.6.SCA T). The polyadenylation
signal is boxed

E. Discussion

The cis-acting regulatory elements located
within a 160 bp region of the HTLV-III
LTR have been described in an in vitro transcription system or CAT gene enzyme expression assay. The presence of the NRE has
been demonstrated on the transcriptional
and post-transcriptional level by removal of
the 5' part of the 3' orf and U3 to -117 of
pC15CAT. In addition we found differences
in CAT gene enzyme response between
pC15CAT and pVHHCAT. A explanation
for the low activity of pC15 (ca. 1/4 of
pCD12CAT) might be a negative regulation
of sequences between the XhoI and KpnI
site. A dramatic loss of transcriptional and
CAT enzyme activity upon deletion of sequences between -117 to - 65 suggested

the presence of a strong positive-regulatory
element. A substitution of the ERE ( -1 04
to -81) restored CAT gene activity and in
vitro transcription. However, we can not
conclude from this experiment that all of
these 24 inserted base pairs are needed for
enhancement; one of the 10 bp repeat might
be sufficient for trans-activation.
Three Sp1 binding sites have been identified from -78 to -45 [4]. Complete loss of
transcriptional activity could be attributed
to the absence of Sp1 III-I. However, reinsertion of the EHE at -54 (pCD54ECAT
and pCD54EWCAT) restored the accurate
initiation at the transcriptional level, suggesting that the presence of Sp1 binding sites
are not a prerequisite for the accurate initiation of transcription. This findings implicate
also that one important component of the
virus transcriptional unit interacts with the
cellular transcription factor, Sp1, and that
this factor must function in conjunction with
transcriptional elements located downstream of the RNA initiation site to mediate
the response of the LTR to viral trans-activation.
Sequences surrounding the site of
genomic RNA initiation respond to viral-associated trans-acting regulatory factors in
the presence of the enhancer. This TRE, including Sp1 II and I, that we have mapped
to the region - 65 to 56, overlaps the promoter, suggesting trans-activation may occur via an increased rate of transcriptional
initiation. A deletion to 56 (pCD23.6.SHaCAT) showed transcriptional and CAT gene
enzyme activity comparable to pCD23CAT.
However, a small deletion of four nucleotides (pCD23.6.SCAT) resulted in an complete loss of CAT gene enzyme expression
and remaining in vitro transcriptional activity at decreased level. This observation sug-

gested the possibility that at least part of the
increase of the HTLV-III LTR directed gene
expression in infected cells might be due to
post-transcriptional
events,
including
mRNA stability and transport or initiation
of protein synthesis. We can arrange the sequences of TRE into a secondary structure
(Fig. 3). If for example pCD23.6.SCAT is
configured as proposed, a loss of three dimer
linkage binding sites may result in an inactivation of CA T gene expression due to posttranscriptional events, but the activity at the
transcription level could be decreased.
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Improvement of HIV Serodiagnosis
I. Wendler 1, J. Schneider 1, F. Guillot 1, A. F. Fleming 2, and G. H unsmann 1

Summary

Experience is described with four different
assays to detect antibodies against the HIV.
ELISA tests using HTLV-III from two different cell lines or the bacterially synthesized
envelope peptide ENV(80)-DHFR were
compared with the confirmatory immunoprecipitation assay. A total of 831 sera - 678
from Germany and 155 from Zambia - were
examined. The specificity of the ENV(80)
ELISA was found to be superior to the two
virus ELISAs and equivalent to the immunoprecipitation. The diagnostic value of the
ENV(80) ELISA test was confirmed with
European and African sera.
Serological assays for the detection of antibodies to the human immunodeficiency
virus (HIV), earlier named LAV, human Tlymphotrophic virus (HTLV)-III, or AR V,
are importan" for identifying individuals infected with such a virus and for epidemiological research on the acquired immunodeficiency syndrome (AIDS) and related diseases. Four different methods are widely
used to determine HIV antibodies.
In the enzyme-linked immunosorbent assay (ELISA), antigen adsorbed to beads or
wells of microtitre plates is incubated with
sera to be tested. Bound immunoglobulins
are detected by a second enzyme-linked antiantibody. The amount of first antibodies
bound is quantitated by the colour-produc-

1 Deutsches Primatenzentrum Gottingen, Kellnerweg 4, D-3400 Gottingen, FRG
2 Tropical Diseases Research Centre, 9, Ndola,
Zambia
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ing enzyme reaction. Numerous commercial
ELISAs are available.
For Western blotting, viral proteins are
separated electrophoretically in the presence
of sodium dodecyl sulfate (polycrylamide gel
electrophoresis) (PAGE) and transferred to
a nitrocellulose membrane. Antibodies
binding to viral proteins on the membrane
are visualized with an anti-antibody linked
to an enzyme catalysing a colour reaction.
In the immunofluorescence assay, virusproducing or non-infected cells as negative
controls are fixed onto slides and then incubated with patients' sera. Subsequently, antibodies recognizing viral proteins are visualized under a fluorescence microscope with
a second fluorescein-labelled anti-antibody.
For immunoprecipitation (IP), lysates of
virus-producing cells labeled with radioactive amino acids are incubated with patients'
sera. The immunocomplexes are collected by
adsorption to protein A sepharose and subsequently separated by PAGE. Precipitated
radiolabelled proteins are identified by autoradiography. IP is an expensive and sophisticated assay. On the other hand, it is highly
specific because native viral polypeptides are
selected out of a large excess of cellular proteins and characterized by PAGE according
to their molecular weight (Fig. 1).
The ELISA is most suitable for screening
large numbers of sera for HIV antibodies.
However, our own experience and interlaboratory tests regularly performed among
German blood banks have shown that the
ELISA gives a substantial number of false
positive results which have to be sorted out
by time-consuming confirmatory assays [1].
More seriously, up to 5% of positives may

Contr.
1

3

Blood donors
AIDS Hom. Haem.
--------;;..;--

--- -5
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11

13

15

17

gp120-

p24-

be missed in the primary ELISA screening
[2). False-positive results occur when antibodies bind to cellular antigens, e.g., histocompatibility antigens [3], or proteins derived from medium contaminating the
antigen preparation. False-negative results
are probably due to the low concentration of
the viral membrane protein gp120 in the
virus preparation. Gp120 is mainly detected
by serum antibodies in the IP assay [4].
However, it is lost considerably during virus
preparation and density gradient purification [5]. Therefore, sera with low titres or
sera which recognize only gp120 may be missed in the screening ELISA.
To obtain a highly specific and sensitive
ELISA, the essential antigenic determinants
have to be presented in high concentrations
free of non-viral proteins. The antigen for
the ELISA and other HIV tests is most commonly derived from the H9/HTLV-IIIB cell
line [6]. In our experience, virus harvested
from these cultures by two sedimentation
steps contains a great excess of contaminating proteins from cells and medium. We
have established a cell line permanently producing HTLV-IIIB by infecting the human
lurkat mature T -cell line [7]. lurkat/HTLVIII cells release 10-15 times more virus than
the H9/HTLV-III line. Moreover, such virus
preparations are less contaminated with
non-viral proteins, as shown by PAGE analyses and determination of specific R T activity. To normalize ELlS As performed with

--

Fig. I. Immunoprecipitations of
HIV polypeptides confirm results
of the ELISA. Cell extracts of
H9/HTLV-III cells labelled for
4 h with 3SS-cysteine were
reacted with ELISA-positive sera
from blood donors (4-12), AIDS
patients (13), homosexuals (14,
15) and haemophiliacs (16,17).
Gp120 and p24 were detected as
the predominant immunoreactive
polypeptides in HTLV-III infected cells

...

different antigen stocks, the relative optical
density (OD) of each serum was calculated
by dividing its OD through the OD of a positive control serum run on the same plate.
A comparison of sera tested in the ELISA
with antigen derived from H9 /HTLV-III or
lurkat/HTLV-III has shown that the relatively pure virus from lurkat cells allows a
clearer differentiation between positive and
negative sera (Table 1). ELISA results of all
sera were compared with those obtained by
IP. In our experience, IP is the most specific
and sensitive HTLV-III antibody assay
(Fig. 1). IP positive and negative sera overlap in their relative OD in the ELISA. This
range extended from 0.1 to 0.25 with antigen
from lurkat/HTLV-III cells, but from 0.1 to
0.6 when H9/HTLV-III cultures were used
as antigen source. Sera attaining OD values
within the range of uncertainty were classified as +/-.
A pronounced enhancement of specificity
and sensitivity is expected from second generation ELISA tests, which use bacterially
produced antigens. In these tests, the essential antigenic determinants can be offered in
great quantity and purity.
In our laboratory, the diagnostic potential
of a bacterially produced peptide of the HIV
env gene was tested. A synthetic DNA fragment of 240 base pairs coding for a peptide
homologous to a conserved region of the
gp41 transmembrane glycoprotein of HIV
was expressed in E. coli as aN-terminal fu431

Table 1. Detection of antibodies against HTLV-III in European sera by four different assays
H9/HTLV-III
ELISAa

Ipa

Jurkat/HTLV-III
ELISAa

ENV (80)-DHFR
ELISA b

Ip b

Score c

No.

Scored

%e

Scoref

%

Score g

%

Score

No.

+

111

+
+/-

57
42
1

+
+/-

77
23
0

+
+/-

95
2
3

+

225

+
+/-

3
40
57

+
+/-

0
3
97

+
+/-

3
1
96

68 h

272 h

a The same 179 sera derived from AIDS patients, AIDS risk groups or healthy blood donors were
tested comparatively by IP, H9/HTLV-III ELISA and Jurkat/HTLV-III ELISA.
b The same 497 seca derived from AIDS patients, AIDS risk groups or healthy blood donors were
tested comparatively by IP and ENV (80)-DHFR ELISA.
C Sera precipitating gp120 or additional viral proteins were recorded as positive.
d Sera with a relative OD below 0.1 were scored as negative. Positivity was recorded when a serum
gave a relative OD of at least 0.6 (see text).
e Percent of IP + or - sera.
f Sera with a relative OD below 0.1 were scored as negative. Positivity was recorded when a serum
gave a relative OD of at least 0.25 (see text).
g Sera with OD below 0.15 were scored as negative. Positivity was recorded when a serum gave an
OD of at least 0.25.
h Including sera which were not tested by IP, since they gave clear negative results in other different
screening assays.

Table 2. Detection of antibodies against HTLV-III in African sera by three different assays
IP
Score c

+

ENV (80)-DHFR ELISA

Jurkat/HTLV-III ELISA
No.

Scoref

No.

%g

Score g

27

+
+/-

27
0
0

100
0
0

128 h

+
+/-

2

44

2
34

82

64

No.

%

+
+/-

26
0
1

96
0
4

+
+/-

0
3
125

0
2
98

For footnotes see Table 1.

sion protein to dihydrofolate reductase [8].
The resulting ENV(80)-DHFR peptide was
enriched to high purity by affinity chromatography and used as antigen in an ELISA
[9]. A total of 497 sera from German individuals with AIDS, from AIDS risk groups and
from healthy blood donors were evaluated
by IP and ELISA, using the ENV(80)DHFR peptide as antigen. The results show
that the ENV(80) ELISA is a valuable
screenmg assay for HTLV-III antibodies
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(Table 1). The results of the ENV(80)
ELISA and IP agreed in 95% of the sera.
However, the Jurkat/HTLV-III ELISA
agreed with IP in only 77%. No clear statement was possible for 2 % of the sera tested
with the ENV(80) ELISA. Accordingly, the
latter was ten times more accurate than the
Jurkat/HTLV-III ELISA. Even more uncertain and false-positive results were obtained
in the H9/HTLV-III ELISA. The specificity
of the ENV(80) ELISA is comparable to

that of the IP. Three per cent of the sera
scoring as positive in either test were missed
in the other assay. This discrepancy between
ENV(80) ELISA and IP may be explained
by the genomic heterogenicity found in
LAV/HTLV-III variants [10-13].
The high specificity of the ENV(80)
ELISA compared to the HTLV-III ELISA
was also confirmed in a study comprising
155 sera from tropical Africa (Table 2). In
conventional ELISAs, reactions of African
sera are often difficult to interpret. The presence of high titres of antimalarial and other
antibodies and immunocomplexes in these
sera leads to a high frequency of false-positive and uncertain results [14, 15]. As summarized in Table 2, the ENV(80) ELISA is
96%-98% specific when applied to African
sera. However, early seroconversion was obviously not detected in one patient, who had
antibodies in the IP against gp120 but not
gp41. HIV antibody tests which work reliably in Africa are urgently needed to assess
the prevalence of viral infection and the
spread of the AIDS epidemic through this
continent.
Further improvement of the ENV(80)
ELISA should be possible when the antigen
is supplemented with peptides corresponding to other conserved regions of the viral
envelope and/or core protein.
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A. Jurdzinski, S. Mader, D. Schreiner and S. Sievert for expert technical assistance, and C. Schalt
for typing the manuscript. The gift of the
ENV(80) peptide from Hoffmann-La Roche is
gratefully acknowledged.

References
1. Hunsmann G, Wendler J, Schneider J (1986)
The LAV/HTLV-III antibody test: methods,
scoring and implications. AIFO 1:22-25
2. Schneider J, Wendler I, Bayer H, Hunsmann
G (1987) Zur Bedeutung der Serumantikorperbestimmung gegen humane lymphotrope
Retroviren. Arztliches Laboratorium 33:4547
3. Kuhnl P, Seidl S, Holzberger G (1985) HLA
DR4 antibodies cause positive HTLV-III
antibody ELISA results. Lancet 1:122-1223

4. Schneider J, Bayer H, Bienzle U, Hunsmann
G (1985) A glycopolypeptide (gp100) the
main antigen detected by HTLV-III antisera.
Med Microbiol ImmunoI134:39-42
5. Montagnier L, Clavel F, Krust B, Chamaret
S, Rey F, Barre-Sinoussi F, Chermann J C
(1985) Identification and antigenicity of the
major envelope glycoprotein of lymphadenopathy-associated virus. Virology 144:283289
6. Popovic M, Samgadharan MG, Read E,
Gallo RC (1984) Detection, isolation and
continous production of cytopathic retroviruses (HTLV-III) from patient with AIDS
and pre AIDS. Science 224:497-500
7. Wendler I, Jentsch KD, Schneider J, Hunsmann G (1987) Efficient replication of
HTLV-III and STLV-III mac in human Jurkat T-cell cultures. Med Microbiol Immunol
176:273-280
8. Certa U, Bannwarth W, Stuber D et al. (1986)
Subregions of a conserved part of the HIV
gp41 transmembrane protein are differentially
recognized by antibodies of infected individuals EMBO J 5:3051-3056
9. Schneider J, Wendler I, Guillot F, Hunsmann
G, Galatti H, Schoenfeld H-J, Stuber D,
Mous J (1987) A new ELISA test for HTLVIII antibodies using a bacterially produced
viral env gene product. Med Microbiol Immunol 176:47-51
10. Wain-Hobson S, Sonigo P, Danos 0, Cole S,
Alizon M (1985) Nucleotide sequence of the
AIDS virus. Cell 40:9-17
11. Ratner L, Haseltine W, Patarca R et al. (1985)
Complete nucleotide sequence of the AIDS
virus, HTLV-Ill. Nature 131:277-284
12. Sanchez-Pescador R, Power MD, Barr PJ,
Steimer KS, Stempien MM, Brown-Shimer
SL, Gee WW, Renard A, Randolph A, Levy
JA, Dina D, Luciw PA (1985) Nucleotide sequence and expression of an AIDS-associated
retrovirus (ARV-2). Science 227:484-492
13. Muesing MA, Smith DH, Cabradilla CD,
Benton CV, Lasky DJ, Capon DJ (1985) Nucleic acid structure and expression of the human AIDS/lymphadenopathy retrovirus. Nature 313:450-485
14. Hunsmann G, Schneider J, Wendler J, Fleming AF (1985) HTLV positivity in Africans.
Lancet 26:952-953
15. Wendler I, Schneider J, Gras B, Fleming AF,
Hunsmann G (1986) Seroepidemiology ofhuman immuno deficiency virus in Africa. British Med J 293:782-785

433

Haematology and Blood Transfusion

Vol. 31

Modern Trends in Human Leukemia VII
Edited by Neth, Gallo, Greaves, and Kabisch

© Springer-Verlag Berlin Heidelberg 1987

Incidehce of LAV/HTLV-III-Positive Blood Donors
R. Laufs

In January 1985 we started to screen all
blood donors of the blood bank of the University clinics in Hamburg Eppendorf
(UKE) for LAVjHTLV-III antibodies [1, 2].
Of the 7624 donors examined up until July
1985, 10 were positive in the enzyme-linked
immunosorbent assay (ELISA), the 1FT,
and the Western blot analysis. All of the
LAV/HTL V-III -positive donors were male;
the mean age was 34 years; nine out of the
ten LAVjHTLV-III positives were homosexual and one out of the ten had had multiple contacts with prostitutes.
Each of the stock donors who were LAVj
HTLV-III -positive at the first examination
had donated blood 8-95 times prior to detection of the infection. Fourteen out of 16
recipients followed back until 1981 are
LAVjHTLV-III -positive. From two of the
donors and the two recipients of their blood
we isolated LAVjHTLV-III using two procedures: the detection of reverse transcriptase after in vitro co cultivation of their lymphocytes with normal lymphocytes, and the
demonstration of the viral antigens in the
Western blot analysis, using the supernatants of those cultures. The env and core
proteins of LAVjHTLV-III were demonstrated in the supernatants of the isolates.
Among the recipients of LAVjHTLV-IIIpositive blood there is a higher rate of AIDS
in infants than in adults, and the mean incubation period is 4.5 years. In the United
Institute for Medical Microbiology and Immunology, University of Hamburg, FRG
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States, up to June 1986, 384 cases of AIDS
attributed to blood transfusion had been reported, and we have to expect an increasing
number in the years ahead.
From May to September 1985 about
0.02% of donors in West Germany proved
to be LAVjHTLV-III-positive. In the large
cities, where AIDS occurs more frequently,
the frequency of positive donors was much
higher: in Berlin it was 0.14% and in Hamburg 0.10%. In the second half of 1985 the
prevalence of LAVjHTLV-III -positive
donors dropped sharply in Hamburg from
0.1 %--0.003%.
Although 35% of the donors tested were
female and 65% were male, more than 90%
of ELISA- and Western-blot-positive
donors were men. The female donors, however, were overrepresented in the false
ELISA-reactive blood samples; 44% of the
latter were of female origin. About 20%30% of the ELISA-reactive sera could be
confirmed as positive in the Western blot
analysis. This may be partly due to the fact
that the H9 cell line used for the growth of
LAVjHTLV-III contains the HLA DR-4
antigen; 10 out of27 commercial DR-4 antisera were positive in the ELISA for LAV j
HTLV-III antibodies.
No cases of LAVjHTLV-III infection
have been attributed to the use of immunoglobulins, commercial hepatitis B antisera,
or the licensed hepatitis B vaccines.
The remaining problems for the screening
of blood donors are the seronegative LAV j
HTLV-III carriers and the blood donations
of freshly infected persons who carry the

virus but are still seronegative. These problems could be diminished by the introduction of an antigen test. The fact that the risk
of acquiring LAV/HTLV-III in Hamburg
by blood transfusion has already significantly decreased demonstrates the great
progress made in the screening of blood
donors for LAV/HTLV-III antibodies.
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Growth of the HTLV-III Strain of Human Immunodeficiency Virus
in Different Cell Types
E. M. Fenyo and B. Asjo

The major immunological abnormality in
the acquired immunodeficiency syndrome
(AIDS) appears to be a quantitative defect
in the T4 antigen-positive helper/inducer TDepartment of Virology, Karolinska Institutet,
Stockholm, Sweden

cell subset. AIDS is etiologically linked to a
retrovirus, designated human immunodeficiency virus (HIV), that has been shown
to selectively infect T4 antigen-positive lymphoid cells in vitro [1]. Since virus replication in vitro is associated with a pronounced
cytopathic effect, it has been suggested that

Table 1. Growth of the HTLV-IIIB isolate in different cell types
T4b
antigen
positive
cells (%)

Cell
type a

Virus c
dose
(cpm x 10 3 /
106 cells)

No.
of
experiments

Weeks after infection
1
RT

2
IFd

CPEe RT

(%+)
PBMC
Monocytes
T-cell lines
H9

HUT-78
Karpas45
Molt-3

32
180
180
75
2.5
60
12
70
50

Monocytoid eel/line and derived clones
U937 parental
150
<10
U937 clone 4
1800
<10
U937 clone 1
50-60
350
U937 clone 16
>95
100
25
2.5
Malignant glioma eel/lines
138
0
373
0
489
0

Footnote see p. 438.
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100
100
100

15
3
1

26
68.4
31

10
2
1

8

1

2
2
1
1
1
15
2
2
2
2
2

5.8
2.8
4.8

6.5
1.3
80
15
0.4

+

72
31
9.7

10

+

35
143

7

+
+
+

95

IF

CPE

(%+)
+

64

+

83

++
++
+++

65

293

3
1.7

+

5.8

+++
++

+++
++

2

immunodeficiency in vivo is a result of the
virus killing the T4 cells. To gain further insight into the virus-cell interactions we studied the replication of the HTLV-IIIB strain
of HIV in different cell types.
Peripheral blood mononuclear cells
(PBMC) from blood donors were separated
by Ficoll-Isopaque and treated with 2.5 mg/
ml phytohemagglutinin (pHA-P, Difco) for
3 days prior to infection [2]. Monocytes were
obtained by harvesting the surface-adherent
cells 24 h after separation of PBMC and either exposing them to OKT3 antibodies and
C' (negative selection) or submitting them to
F ACS selection of M3 antigen-positive cells
(positive selection). Both PBMC and monocyte cultures could readily be infected with
HTLV-IIIB and yielded reverse transcriptase-positive culture fluids 1 week after infection (Table 1). PBMC cultures showed
slight cytopathic changes. Virus production
descreased by the 3rd week, probably due to

4

3
RT

IF

CPE

depletion of virus-sensitive T4-positive cells.
Monocyte cultures showed no cytopathic
changes during the first 2 weeks after infection. From the 3rd week on, cell loss occurred due to gradual cell death.
All four T-cell leukemia lines could be infected by the HTLV-IIIB isolate. H9, HUT78, and Karpas45 cultures produced small
amounts of virus the first week after infection. Large amounts of virus were produced
during the second week when the majority of
cells became infected, as shown by immunofluorescence with monoclonal antibodies to
viral core proteins p24 and p15. The particular Molt-3 line used began virus production
with a 4-week delay. Virus spread was also
slower in these cultures, since only 50% of
cells were virus antigen positive 6 weeks after
infection. Cultures of all T -cell lines showed
cytopathic changes simultaneously with
virus production. In the case of H9, HUT78, and Molt-3 cells, cell death could be

9

RT

(%+)

IF

CPE

RT

(%+)

2.5

IF

CPE

Continuously
producing
line
. established

Virus
detected
by cocultivation
with U937-16

(%+)

0.5

Gradual cell death

3.0
64
135

134
104

12
35

Gradual cell death

70

+
+
+
+++

++

110
64
161
49

80

72

5

19
65

yes

++
++

yes
yes
no
yes

+
79
170

70

90

yes
yes
yes
no

+++
20

no
no
no

+
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compensated by the addition of uninfected
cells, and eventually a continuously virusproducing line, no longer showing cytopathic changes, could be established. In
Karpas45 cultures, however, the cytopathic
changes led to extensive cell death, and no
producer line could be established.
The U937 monocytoid cell line was originally derived from a histiocytic lymphoma
[3]. It has retained a basic phenotype corresponding to that of an immature monocyte
[4]. The cell line is inducible by various
agents to phenotypic alterations similar to
those of normal mono blasts undergoing differentiation. It has recently been cloned, and
several clonal lines with different properties
have been derived. Susceptibility to infection
with HTLV-IIIB and sensi ti vi ty to cytopathic changes following infection correlated with the expression of T4 antigen on
the cell surface [5]. The parental U937 line
and one of its subclones, clone 4, had less
than 10% T4-positive cells; hence, productive infection could be established only after
a long latency (parental line) or with a high
virus inoculum (clone-4 line). These lines
showed no or only marginal cytopathic effects.
The clone-lline contained 50%-60% T4positive cells and showed moderate susceptibility to infection. Cytopathic changes, even
if pronounced, could be overcome in the infected cultures by the addition of uninfected
cells, and in each case a producer line could
be established. Similarly, the U937 parental
and clone-4Iines, once infected, gave rise to
continuously virus-producing lines. The
clone-16 line contained more than 95% T4positive cells and was the line most sensitive
to infection and to cytopathic changes. Cell
death was so extensive following infection

that no continuously virus-producing line
could be established. The c1one-16 line thus
resembled monocytes in its prompt virus
production but was similar to the Karpas45
T -cell line in its sensitivity to cytopathic
changes. The results suggest that the T4 molecule may also play a role in the effector
mechanisms leading to cytopathic changes
as recorded by cell death.
None of the malignant glioma cell lines
used [6, 7] in these experiments appeared to
be T4 antigen positive. In spite of this, one
of the lines, MG138, could be infected with
the HTLV-IIIB isolate [8]. Infection appears
to be latent rather than productive, since
only a minority of cells in the MG138 culture show transient expression of viral
antigens. No virus production could be detected in these cultures. However, the presence of virus could be demonstrated through
cocultivation with sensitive target cells,
U937 clone 16 in the present experiments.
Through contact with the monocytoid cells
the virus present in the glioma cells can be
transmitted and can give rise to a fully productive infection. The fact that the T4
antigen-negative glioma cells do not show
any cytopathic effect provides further support for the notion that the T4 antigen is
necessary for the cytopathic effect after virus
infection.
In conclusion, T-lymphoid, monocytoid,
and glioma cell lines can be infected with
HIV. Whereas infection is productive in Tlymphoid and monocytoid cells, glioma cells
appear to be latently infected. Cells with low
expression or apparent lack ofT4 antigen do
not show cytopathic changes after virus infection. This suggests that the T4 antigen is
necessary for the cytopathic effect after virus
infection.

Footnote of Table 1, p.436:
Peripheral blood mononuclear cells were grown in RPMI medium supplemented with 10% fetal calf
serum (FCS), 10% T-cell growth factor (Cellular Products), 45 IU of sheep anti-human (X-interferon
serum, and 2 J..lgjml polybrene (PB). Monocytes, T -cell lines, and monocytoid cell lines were grown in
RPM I medium with 10% FCS and 2 J..lgjml PB. Malignant gliomas were grown in Eagles MEM with
10% FCS and PB.
b Indirect membrane immuniofluorescence with the Fab fragment of an anti-T 4 monoclonal antibody
(received from Dr. Ellis Reinherz) and fluorescein isothiocyanate (FITC)-labeled rabbit anti-mouse IgG
(Dakopatts, Glostrup, Denmark).
Estimated by reverse transcriptase activity (RT) [5].
d Immunofluorescence on methanol-fixed cells with monoclonal antibodies to HTLV-III p24 and p1S.
e Cytopathic effect: syncytia formation and cell death; +, < 5% of cells, + +, 5%-50%, + + +,
> 50% of cells show CPE.

a

C
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Nonhuman Primate Models of Human Hematological Malignancies
B.A. Lapin 1

Tremendous progress has been achieved in
cancer research in the past decade. It is
widely accepted that the major breakthrough is in the field of oncogenes. However, this direction of cancer research has
not yet contributed significantly to an
understanding of the etiology of human leukemia. On the other hand, in the past few
years we have witnessed a renaissance in the
field which I would call "classical virology."
It began with the isolation by Gallo and coworkers [1] of the first human retrovirus,
HTLV-I, implicated in the etiology of adult
T-cell leukemia/lymphoma [2, 3].
Here I will describe some aspects of a
nonhuman primate model of human lymphoma which we and our collaborators in
many countries have been working with for
almost 20 years. This model was studied
within the framework of the above-mentioned classical virological approach, and we
have found many interesting and unique
parallels with the human system.
The story began almost 20 years ago,
when, with the aim of isolating a hypothetical human leukemia virus, we inoculated
some baboons of our colony with pooled
fresh blood of leukemia patients. We were
too optimistic and expected that in a few
months we would have a human leukemia
virus in our hands. But after a year the inoculated animals did not show any symptoms
of leukemia. Our optimism sharply decreased, and due to some difficulties in keeping these monkeys in strict isolation we
1 Institute of Experimental Pathology and Therapy, USSR Academy of Medical Sciences, Sukhumi, USSR
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transferred them to open-air compounds
where they had close contact with untreated
animals.
To our surprise, approximately 2 years
after the inoculation, some of the treated
animals developed malignant lymphoma
(Fig. 1), and, totally unexpectedly, some of
their untreated neighbors developed the
same disease. It should be noted that our
monkey colony was established in 1927 and
we now have the eleventh generation of baboons born in captivity. However, we had
never seen lymphoma in this simian species
before the introduction of human leukemic
material.
Quite frankly, we still do not know what
role this human leukemic material played in
the development of malignant lymphoma in
our baboons. Nevertheless, it appeared, and
with these cases an outbreak of malignant
lymphoma started; to date almost 270 baboons have died of this disease. The mortality of the disease fluctuates, being around
1.8%-2% per year in a susceptible agegroup, which consists of animals over 3-4
years of age (see Table 1). There are now
1200 baboons in this age-group in our baboon stock, and this means that every year
we register up to 20 animals as dead or killed
because of malignant lymphoma [4, 5].
Our first impression was that the disease
was monomorphic. But later on, after thorough morphological investigations, we came
to the conclusion that there were many morphological variants ofthe baboon malignant
lymphoma. In some cases we observed
Hodgkin-type lymphomas; the rest of the
cases were non-Hodgkin types including
lymphoblastic, pro lymphocytic, immu-

.. Fig. 2

• Fig. 1

• Fig. 3

. ·Fig.4

Fig.t. Spleno- and hepatomegaly in baboon with malignant lymphoma
Fig. 2. B-cell immunoblastic non-Hodgkin's lymphoma
Fig. 3. T-cell immunoblastic non-Hodgkin's lymphoma
Fig.4. Skin proliferation in baboon with T-cell non-Hodgkin's lymphoma
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Lymphoma mortality among the
baboons of the Sukhumi monkey colony

Table 1.

Year

Number of
adult baboons
in the stock

Mortality
Number %

1966
0
346
0
1967
1
365
0.27
1968-1980
179
1.85
1981
1126
16
1.42
1982
1041
18
1.73
1983
1254
13
1.04
1984
1140
14
1.22
1985
1248
18
1.44
1986
1281
17
1.33
(September)
Total number of baboons dead of hemoblastosis
-276

noblastic, and some other variants (Figs. 24).

U sing a combination of immunological
and cytochemical typing, as well as ultrastructural studies, we found that our baboon
malignant lymphoma can be categorized
into three groups: T-cell (around 50% of
cases), B-cell lymphoma (around 40% of
cases), and "null," or non-T-, non-B-cell
lymphoma (around 10% of cases). Both
helper and suppressor phenotypes were observed in the T-cell lymphoma group.

Fig. 5. a Type-C retrovirus; b herpesvirus
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The disease could be transmitted with the
cell-containing materials, and we started our
attempts to isolate the viruses which might
be responsible for the development of the
disease. We isolated two types of oncogenic
viruses. The first was a B-Iymphotropic
EBV -like herpesvirus which we called Herpesvirus papio (HVP) [5,6]. This virus is very
closely related to EBV [7]. It immortalizes
primate B-Iymphocytes in vitro and has
antigens cross-reacting with corresponding
EBV antigens [8]. The genome structure of
both viruses is the same, and the overall
homology ofEBV and HVP DNAs approximates 40% [7].
The second virus is a C-type retrovirus
which belongs to the HTLV-I family [9,10].
It is closely related to HTLV-I but there are
some differences [11, 12] (Fig. 5). Although
we did not compare baboon HTLV-l-Iike
virus with various simian isolates called
STLV-I, we have many reasons to suspect a
close relationship between baboon isolate
and other STLV-I, as well as some differences.
Serological studies have revealed that infection with both viruses is quite common in
our high-lymphoma-risk stock [10, 12-14].
The prevalence of infection with both
viruses increases with age, which indicates
the horizontal transmission of these viruses
within the colony. HVP virus is more contagious than STLV-I. The data presented il-

lustrate the dynamics of the infections in
high-lymphoma-risk stock. It should be
noted that similar studies of ours with wild
animals have shown some of them also to be
infected with both HVP and STLV-I. But in
this case the prevalence of infection was
much lower, especially in the case ofSTLV-1.
The level of antibodies against both
viruses increases in the prelymphoma period
and as a rule decreases after lymphoma development. HVP-specific DNA has been
found in lymphomatous spleen tissues and
some normal baboon tissues [15]. We have
also demonstrated the presence of integrated
STLV-I provirus in the DNA of malignant
lymph nodes. The integration was monoclonal, and in some cases we found several integrated proviruses, including defective ones
[12].

All these baboon lymphomas occurred in
our main stock, which we called a high-lymphoma-risk stock. As controls we have another stock composed of animals imported
directly from the wilderness, that have never
had contact with the high-risk stock animals. This control stock numbers approximately 600 animals, a over a period of 15
years we have observed no cases of malignant lymphoma.
Thus, the material presented here shows
great similarities between baboon lymphomas and those in human beings. The discovery of the two viruses HVP and STL V-I in
baboon malignancy, with integration of
STLV-I provirus into the DNA oflymphomatous tissue, and the characteristic dynamics of antibody titers with their elevation
in the prelymphoma period make it possible
to conclude that baboon malignant lymphoma is associated with DNA and RNA
oncogemc VIruses.
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Modelling of Malignant Lymphoma in Rabbits,
Using Oncogenic Viruses of Non-Human Primates
L. A. Yakovleva, V. V. Timanovskaya, A. F. Voevodin, L. V. Indzhiia, B. A. Lapin,
M. T. Ivanov, and D. S. Markaryan

The discovery of lymphoid B-Iymphotropic
herpesvirus-producing cell lines from M.
arctoides peripheral lymphocytes (MAL-l)
producing their own lymphotropic virus
HVMA was reported earlier [1]. Subsequently, two more M. arctoides virus-producing lymphoid cell lines (MAL-2, MAL-3)
were discovered in our laboratory. The cells
of some baboon lymphoid cultures, parallel
with B-Iymphotropic herpesvirus, produced
C-type retrovirus antigenically similar to human T-Iymphotropic virus (HTLV)-1. The
cells of MAL-1, MAL-2 and MAL-3 cultures also produced B-lymphotropic herpesInstitute of Experimental Pathology and Therapy,
USSR Academy of Medical Sciences, Sukhumi,
USSR

virus, and small amounts of retrovirus particles were revealed (Fig. 1). Furthermore, it
was reported that a number of Old World
monkeys, including M. arctoides, can be the
carriers of simian T-lymphotropic virus
(STLV) related to HTLV-1 [3].
One of our research aims was to a achieve
a simplified modelling of virus-associated
malignant lymphoma, which we have been
investigating in primates. Tests in some laboratory animals, including rabbits, on their
sensitivity to B-Iymphotropic herpesviruses
of baboons (HVP) failed to give positive results. At the same time, some reports appeared on the transformation of rabbit lymphocytes in vitro caused by HTLV-I [2].
Six young grey rabbits bred in Sukhumi
(each weighing 500-600 g) were inoculated

Fig. I. Type-C and herpesvirus particles in tissue culture MAL-3 cells; x 60000

and x 200000
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Fig. 2. a The neck lymph nodes, thymus and heart
involvement in induced rabbit malignant lymphoma. Proliferation of malignant lymphoma

cells in lymph node (b) and heart (c). Haematoxylin and eosin, x 500 (b) and x 160 (c)

intramuscularly with M. arctoides cell cultures (MAL-1, MAL-2, MAL-3). Inoculation led to the development of malignant
lymphomas in all six rabbits. The first signs
of the process were revealed 20-25 days after
inoculation, and after 35--40 days the lymphoma acquired a generalized character.
The sites mostly affected were popliteal
lymph nodes, pelvic, mesenteric and neck
lymph nodes as well as spleen, kidneys
(rarely), liver, thymus, skin and bone mar-

row (Fig. 2). The injection of tumour materials from one animal into three others was
successful in one case. We have also succeeded in causing generalized lymphoma by
injection of cell-free filtrated supernatant of
MAL-3 culture. Cultivation of the tumour
cells of one ofthe rabbits led to the establishment of suspension lymphoid cell culture
(RT -I), which now has 18 passages. Growing factor supplement was not needed. Culture cells had no B-Iymphoid markers
(Table 1) and have so far not revealed the
presence of B- or T -lymphotropic viruses.
Tumour cells, including those being cultivated, possess rabbit karyotype.
In six control animals, inoculated with
materials of MAL-1, MAL-2 and MAL-3
cultures heated at 56°C for 1 h, a 4-month
observation has revealed no tumour occurrence.
The sera of a rabbit inoculated with homogenate of rabbit lymphoma (induced by a
mixture of MAL-2 and MAL-3 cells) were
tested against Epstein-Barr virus (EBV)-,
HTLV-I and STLV-I positive and negative
target cells before and after inoculation, using an indirect immunofluorescence test

Table 1. Testing of tumour and mononuclear
peripheral blood cells of a rabbit inoculated with
MAL-2 culture cells
Source of cells

SIg+ cells (%)a

Tumour
Mononuclear from blood

28.8

14.0

Cells were tested in a direct immunofluorescent
test with the use of fluorescein isothiocyanateconjugated swine anti-rabbit immunoglobulins
(Dakopatts, Denmark).
a
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Table 2. Reactivity of first passage rabbit sera against EBV /HVP and HTLV/STLV-I positive/
negative cells in an indirect immunofluorescence test a
Target Human B cells
cells
EBV-VCA/
EAHTLV-I(Raji)
Before
inoculation
After
inoculation
day 36
After
inoculation
day 60

Human T cells

Baboon B
cells
HVP+
STLV-I+
BEV+
(594S-F9)

?
?

Rabbit
cells

EBV-VCA/
EA+
HTLV-I(P3HR-I)

HTLV-I+
EBV(C9I-PL)

HTLV-IEBV(H9)

+d

++c

+c

+b

++c

++b

+c

±c

++b

+c

(OK-I)

Rabbit was inoculated by homogenate of tumour induced by a mixture of MAL-2 and MAL-3 in
another rabbit.
b Brilliant cytoplasmic fluorescence, low percentage of positive cells (5%-10%).
C Faint cytoplasmic fluorescence in practically all cells.
d Intensity of fluorescence

a

(Table 2). The preinoculation serum was
negative against all types of target cells. The
reactivity pattern of the postinoculation sera
suggested the presence of antibodies against
EBV/HVP antigens and against cell
antigen(s) shared by human T cells and cultured rabbit tumour cells during lymphoma
development.
The results of the present research show
high oncogenicity for rabbits inoculated
with M. arctoides lymphoid cell cultures. It
is possible that the occurrence of tumours in
rabbits after the injection of MAL-l , MAL2 and MAL-3 cultures is associated with simultaneous expression of EBV -like B-Iymphotropic herpesvirus and perhaps C-type
retrovirus.
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Retrovirus-Induced Malignant Histiocytosis in Mice:
A Model for the Human Disease
J. Lohler \ T. Franz 1, K. Klingler 1, W. Ostertag \ and R. Padua 2

Malignant histiocytosis, also known as histiocytic medullary reticulosis or malignant
reticulosis, is a hematopoietic neoplastic disorder characterized by proliferation of abnormal histiocytes and of their precursors,
with mostly a rapidly fatal course [1, 2].
Clinical findings are fever, jaundice, pancytopenia, and enlargement of liver, spleen,
and lymph nodes. The etiology of the disease
is unknown, although viral infections have
been suggested as playing a role [3]. The
study of its pathogenesis has been hampered
by the lack of a suitable animal model. However, we have recently described a novel
retrovirus inducing a systemic neoplastic
disease in mice which is strikingly reminiscent of malignant histiocytosis in humans
[4].
A new isolate of a murine retrovirus with
spleen focus-forming activity - the AF-1 or,
as it is now designated, malignant histiocytosis sarcoma virus (MHSV) - was derived
from sarcomas that had been induced on
passage of a cloned Friend helper virus in
newborn BALBjc mice. Subsequently, the
transforming defective subunit of the
MHSV complex was cloned in NRK cells.
Injection of the MHSV into mice revealed its
unique capacity to transform macrophage
precursor cells. MHSV-sensitive DDD mice
(Fv-2S and Fv-2T) rapidly develop splenomegaly, hepatomegaly, and pancytopenia after
intravenous infection and die within the first
Heinrich-Pette-Institut fUr Experimentelle Virologie und Immunologie an der UniversWit Hamburg, FRG
2 Marie Curie Memorial Foundation, Research
Institute, The Chart, Oxted, UK

25 days of the disease. Histological examination showed the proliferation of histiocytic
tumor cells in bone marrow, spleen, lymph
nodes, and liver, with a final infiltration of
all major parenchymal organs (Fig. 1). Permanent cell lines established from MHSVinfected DDD or BALB/c mice, histiocytic
tumor cells in situ, and cells of serially transplanted tumors all exhibited differentiationspecific antigens, intracellular enzyme patterns, and phagocytic ability characteristic
of mononuclear phagocytes (Table 1). Mice
Table 1. Histochemical, immunohistochemical,
and functional characterization of histiocytic
tumor cells in MHSV-infected DDD mice, and
permanent cell lines derived from tumor-bearing
DDD mice
Permanent cell lines
Tumor
cells in
spleens of HA15/Aa HA15/S b
DDD mice
Non specific
esterase
Lysozyme
Alkaline
phosphatase
F4/80
antigen
Pan-B-cell
antigen
Thy-l
Phagocytosis

+

+

+

+

+

+

+

+

+

+

+

+

1
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Slow-growing adherent cells resembling macrophages.
b Predominantly
suspended growing cells resembling monoblasts.

a

Fig. I. Spleen ofDDD
mouse 8 days after infection
with MHSV. Proliferation
of histiocytic tumor cells in
the marginal zone (mz) of
the white pulp (wp). The inset shows a multinuclear giant celL Toluidine blue;
x 187

infected with MHSV show a large relative

increase in myeloid precursor cells (CFU-C).
Examination of these CFU-C in spleen and
bone marrow ofiofected DDD mice showed
that the normal distribution of CFU-C
(CFU-G 25%, CFU-M 25%, CFU-GM
50%) was shifted toward a predominance of
macrophage colonies: approximately 95%

of the spleen CFU-C of infected DDD mice
were CFU-M. Most of these CFU-C pro-

In conclusion, symptoms and pathological alterations of the histiocytic neoplastic

disorder in mice caused by the MHSV share
many features with the malignant histiocytosis of man. Irrespective of a possibly different etiology of the human and murine
malignancies, we hope that studying this
animal model will provide more insight into
the mechanisms operating in the pathogenesis of the fatal human disease.

liferated in the absence of growth factors,

which are required for the growth of CFUM of uninfected animals. Partial nucleotide
sequence analysis of molecularly cloned
MHSV shows that MHSV has a unique FMuLV-related long terminal repeat with one
large deletion and duplications within the direct repeat. MHSV contains, like Harvey
and Kirsten sarcoma virus, rat VL30 sequences, and the ras oncogene ofMHSV encodes a p21 protein (padua et ai., in prepara-

tion).
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Oncogenes: Clinical Relevance
U. R. Rapp, S. M. Storm, and J. L. Cleveland

The last 10 years have seen something of a
revolution in experimental carcinogenesis,
sparked by the discovery of oncogenes [1-3].
The first such gene and most of the ones that
followed [1] have been isolated as part of the
genome of a tumor-inducing retrovirus.
Mostly obtained from birds and mice, these
viral oncogenes are nearly identical to genes
present in normal cells and, because of their
high degree of evolutionary conservation,
could be used directly to isolate their human
counterparts.
What implicated these genes in chemically
induced and natural tumors? First indications came from oncogene transduction experiments with retroviruses and chemically
transformed mouse and rat cells [4--6]. The
transduction experiments led to the isolation
of new oncogene-carrying viruses [5, 7, 8],
but proof of the supposition that cellular oncogenes were involved in chemical carcinogenesis came from another quarter. Gene
transfer methods using transfection of chromosomal DNA had become more efficient
[9,10], and their application to the search for
transforming genes in chemically transformed mouse cells was successful [11]. The
advent of molecular cloning greatly accelerated the identification of transfected, focusinducing DNA, thus leading to the following
central findings.
DNA from transformed cells was active,
while DNA from untransformed cells had
very little or no activity. The transforming
DNA was related to one of several groups of
Laboratory of Viral Carcinogenesis, Division of
Cancer Etiology, National Cancer Institute,
National Institutes of Health
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known viral oncogenes, the ras oncogenes.
Similar transforming DNA could be isolated
from human tumor cell lines and biopsies,
whereas normal control tissue was negative.
Comparison of ras oncogene DNA from tumor and normal tissue revealed point mutations at specific codons in transforming ras
genes, which increased their focus-forming
activity [for a review see reference 12). Thus,
it was established that at least some chemically transformed cells and cells in natural
tumors differed from their normal progenitors in the biological activity and primary
structure of a class of cellular oncogenes, the
ras family. Curiously, first experiments testing DNA from a wide variety of tumors
yielded only transforming ras genes, even
though the cells were known to harbor a fair
number of other oncogenes previously identified in retroviruses. While this was sometimes looked upon as a blessing, indicative
of the fact that all tumors were the result of
one basic malfunction, other lines of investigation suggested otherwise. Activation of
human oncogenes by translocation was discovered (myc, abE) [for a review see reference
13], and amplification of cellular oncogenes
(myc family, Ki-ras) was observed in certain
tumors [2, 14]. More recently, DNA transfection also led to identification of other,
non-ras-related oncogenes [15-19], and thus
it was established that a variety of cellular
oncogenes were involved in the development
of human tumors.
Was oncogene activation cause or consequence of tumor development? In animal
systems, it could clearly be shown to occur
as an early, presumably initiation, event [20,
21]. In human tumors, some changes, such

as oncogene amplification [22, 23] and perhaps activation by translocation [24], as well
as at least two documented cases of mutational activation of ras genes, appeared to be
late events [25,26]. This does not exclude the
possibility that other oncogenes had become
active early in the same tumors; in fact, the
combined data from in vivo carcinogenesis,
animal models, and human pathology make
it likely that oncogenes are involved in initiation, maintenance, and progression of human tumors [2, 3]. But the process of carcinogenesis is definitely more complex.
A major disappointment with tumor-derived ras genes was the observation that, as
a rule, they were not able to induce in one
step a fully transformed phenotype in the
presumed progenitor cells. Inspiration again
came from the tumor virus sector, where cooperation between two or more genes for
transformation had previously been observed [27-29], and high-efficiency transformation of primary cells in culture with
specific combinations of viral and tumor-derived oncogenes was accomplished [30-33].
While the in vitro experiments could only
suggest what might be going on in vivo, owing to the artificial nature of culture conditions and the limited variety of cell types of
which they allowed study, support for the

concept of cooperating oncogenes in natural
settings came from work with retroviruses
carrying mUltiple cell-derived oncogenes or
a single oncogene in the company of a supposed helper gene [33]. In fact, it was work
with a dual oncogene-carrying retrovirus
that established the phenomenon of synergistic transformation in vivo [32, 34] consistent with its behavior in vitro [32, 34, 35].
However, the mere fact that certain combinations of oncogenes accelerate tumor induction in birds and mice does not directly
address the question of the role of oncogene
synergism in human tumor development,
and to date there is no example of the isolation of multiple active oncogenes from a primary human tumor. Moreover, the true assay for the transforming potential of a tumor-derived oncogene, i.e., incorporation
into tumor progenitor cells by gene replacement or at least addition, and implantation
of these cells at various doeses into their natural site, has yet to be performed. Nevertheless, it seems reasonable to expect that multiple, weakly transforming oncogenes, presumably activated successively, are involved
in the development of perhaps the majority
of human tumors.
What are cellular oncogenes and what is
their normal role in cellular physiology? The
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Table 1. Human oncogene map

EGF,IGFI
Competence

Chromosome
1. N-ras, c-SK, NGF
2. fos, N-myc
3. raf-1
4. raf-2, IL-2
5. fms
6. myb, c-Ki-ras-1
7. ERV3, erb-B, A-raf-2 met
8. myc, mos
9. abl
10.
11. c-Ha-ras-1
12. c-Ki-ras-2, int-1
13. RB-1 (retinoblastoma)
14.
15. fes (fps), ERV2
16.
17. erb-A1, erb-A2
18. ERV1
19.
20. src
21.
22. sis (PDGF)
X. c-Ha-ras-2, A-raf-1

functions of several such genes have recently
been identified [36-38] or approximated [34,
39-42]. Figure 1 shows a compilation of the
best-studied oncogenes according to their
location in the cell, sequence relatedness, enzymatic activity, and known or presumed
function in the signal transduction pathway
of growth factors [34, 43]. Table 1 gives the
chromosomal locations of oncogenes in humans. Briefly, there are three major functional groups: ligands [sis = platelet-derived
growth factor (pDGF) gene-derived], receptors, and cytoplasmic transmitters (two
large families, src and ras) and genes for nuclear proteins, at least one of which (myc)
appears to function as a central relay for
growth factor signal transduction [34, 3941]. The largest superfamily of known oncogenes is the src family, which contains transmembrane receptors [erbB, derived from the
epidermal growth factor (EGF) receptor;
Jms, related to the colony-stimulating factor
(CSF)-l receptor; and neu, met, and trk, derived from receptors for unknown ligands],
and both membrane-associated (src, a form
of abl) and cytoplasmic protein kinases (eraj, A-raj, and mos). In general, these kin452

Dillerentiation

Reproductive Division

Fig. 2. Schematic representation of proto-oncogenes involved in the signal transduction pathways of growth factors. PDGF, platelet-derived
growth factor; IL-3, IL-2, interleukin 3 and 2;
EGF, epidermal growth factor; IGF-l, insulin-like
growth factor 1; CG, "competence" genes; :::;;;, receptors

ases have specificity for tyrosine, with the exception of the raj family and mos, which
have associated kinase activity specific for
serine and threonine [44]. The second, growing cytoplasmic/membrane-associated family is the ras family, which appears to have to
do with cyclic nucleotide metabolism and
guanosine triphosphate (GTP) binding [12].
The most prominent of the nuclear genes
are myc, los, and myb, which have all been
shown to be growth-factor-regulated in expression [39, 45-47] and might in turn mediate growth factor signals [40, 41]. Another illustration of the growth factor connection of
oncogenes is to be found in Fig.2, which
places various genes in a scheme built on
earlier observations made by others [48, 49]
in the course of study of growth regulation
of BALB 3T3 fibroblasts. Under certain
conditions, these cells require sequentially
two qualitatively distinct ligands - PDGF,
which was called a competence factor, followed by EG F, a progression factor - before
they enter S-phase. Treatment of cells with
PDGF induces a set of "competence" or
early G1 genes, [48] to which belong oncogenes such as myc and los and R -los [50], at
least one of which can partially [40] or completely [41], presumably depending on dose,
replace the cell's need for the inducing fac-

Table 2. Human tumors frequently associated

with a specific oncogene
Burkitt's lymphoma
CML
Neuroblastoma
Lung carcinoma
Stomach cancer

c-myc
abl
N-myc
c-raf-l
c-raf-l (sporadic?)

tor. On the basis of experiments in growth
factor abrogation [41], oncogene synergism
[32, 34, 51], and the relationship of ras and
raj oncogenes [43, 52, 53], the latter two were
placed in the progression pathway of growth
regulation, with raj located downstream of
ras. One possibility for connecting the two
pathways, consistent with the observed
synergisms and the enzymatic activity of raj
as well as with properties of mye, is the activation of myc by raj via phosphorylation
[43, 54].
Thus, the conclusion from the above findings is that oncogenes are relevant to human
oncology. Their deregulated function presumably causes the loss of growth control in
malignant cells. Does this knowledge help us
in diagnosis or treatment of clinical cancer?
The answer is no, or not yet. Although there
are a few types of human tumors in which a
specific oncogene is consistently involved
(presumably activated), such as chronic
myelocytic leukemia (CML) [55, 56], Burkitt's lymphoma [13, 57-59], and perhaps
lung and stomach cancer [18, 43, 60;
Table 2), most tumors appear to be variably
associated with a variety of oncogenes, if
they yield activated oncogenes at all. There
is some hope, however, that with the isolation of additional oncogenes and improved
histological typing, a list of preferred oncogenes may be emerging which is typical for
certain tumors. It is likely to be a list of genes
rather than a single one because, as indicated
in Fig. 2, oncogenes appear to belong in signal transmission pathways from cell surface
to the nucleus, where presumably each pathway involves the agency of multiple oncogene products, anyone of which may be able
to deregulate the chain. In any case, there is
some hope that different tumor types may be
distinguishable on the basis of oncogene
profiles, which would provide a set of functional rather than structural tumor markers.

What might be the consequence of identifying such markers? So far, there is no evidence that oncogene typing would be useful
for early diagnosis or treatment of tumors,
except for certain familial cases of retinoblastoma, where the DNA probe that is
being used, however, is not an oncogene
probe but a RFLP probe. Using such
probes, the presence of a predisposing retinoblastoma chromosome 13 (Table 1) in
one case was detected in amniocentesis material, and early surgery on the infant probably saved his life [61].
There are also familial cases of renal carcinoma which may involve raj and myc oncogenes [43, 62], and other rare familial tumors
associated with distinct chromosomal abnormalities [24] for which a similar approach may become applicable in the future.
Moreover chromosomal site changes or specific gene changes involved in hereditary
cancer may also occur in sporadic tumors of
the same type, and their identification may
thus become important for establishing tumor-specific (onco)-gene profiles in individual patients. Another example of the clinical
use of oncogene- or oncogene-related DNA
probes is a breakpoint specific probe characterizing the translocation that activates the
abl oncogene in CML. Current technology
allows detection of translocation-positive
CML cells in cell mixtures at the level of 1%,
and this probe is therefore presently being
evaluated in clinical trials to determine the
effect of various treatment regimens at the
level of the target cell.
Oncogene probes have also become clinically useful for diagnosis of unrelated genetic diseases. For example, the raf-2 pseudogene is currently the closest RFLP marker
for Huntington's chorea [63], and the active
met oncogene probe is used to help in the diagnosis of people with a predisposition to
cystic fibrosis [64-66]. Thus, oncogene
probes are today clinical tools important for
diagnosis and treatment of certain human
tumors as well as for diagnosis of two of the
four most common noncancerous human
hereditary diseases. Moreover, we are only
beginning to explore what other consequences of specific oncogene expression in
tumors might be exploited in the future. To
list a few ongoing investigations: (a) Production of transforming growth factors by tu-
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Table 3. raf oncogenes
2 active genes in man: c-raf-1 and A-raf-1
c-raf-1 on chromosome 3p25; site altered In
several epithelial neoplasias
Gene expressed in many tissues
A-raf-1 on chromosome Xp21
Gene expressed in select tissues
Genes encode 74- and 69-kd cytosolic proteins
with associated serine/threonine kinase activity
Function in signal transduction downstream
of ras
Oncogenic activation can be achieved by truncation
Both genes have pseudogenes: c-raf-2 and A-raf-2
c-raf-2 marks Huntington's chorea

mors and excretion in urine are being studied and may become of diagnostic and/or
prognostic value [67]. (b) We are determining the possibility of immunity induction to
altered oncogenes in cancer patients. (c)
There is some hope that expression of specific oncogene constellations in a cell will
alter their physiology such that they now differ from their normal progenitors predictably in sensitivity to metabolic poisons or
other cell regulators.

Since at least some growth factor receptors are cellular oncogenes and some tumor
cells show autocrine secretion, efforts are
under way to develop receptor-blocking
agents in order to stop or slow down cancer
cell growth. Unfortunately, cancer-specific
receptors have yet to be identified, and we
already know that tumor cells can become
receptor-independent by switching to oncogenes capable of intracellular mitogen signal
transmission [40, 41]. It is therefore especially worthwhile to focus on modes of inactivation of intracellular oncogenes, particularly those such as raj which are located at
the effector end of the growth factor signal
transduction chain. Indeed, there is preliminary evidence suggesting that raj protein
kinase activity is regulated at the level of the
protein, thus providing us with a target site
to which to fit a downregulating agent.
Many of the techniques and approaches
discussed above are being used in our laboratory to evaluate the role of raj oncogenes
in lung carcinoma, the most common tumor
of Western man.
The general properties of raj oncogenes
are summarized in Table 3. c-raJ-l was first
implicated in lung cancer because of its chromosomal map position at 3p25, a site that is
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Fig. 3. Expression of c-raf-1in human lung cancer
cell lines. Poly(A) + mRNA from the indicated
small-cell lung cancer cell lines was purified and

454

analyzed using Northern blot procedures for craf-1 RNA. The size of the c-rafRNA is shown in
kilobases (kb)
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c-raf immunoprecipitates from mouse 3T3 cells

Fig. 4. Western analysis ofc·raJproteins in human
lung cancer cell lines. Unlabeled extracts of cells
were affinity-purified using c-raf C-tenninal specific anti-SP63 antibody. The extracts were electrophoresed, blotted, and reacted with anti-SP63
serum and '2~I protein A. As a negative control,

were reacted with anti-pl5 gag serum and 12S1
protein A. For comparison of levels of raf. 3T3
cells transformed by v-raf(3T3/36U) are shown.
Sizes of proteins are indicated in kilodaltons (kd)

frequently altered in small-cell lung cancer
[43, 60, 68]. Expression of c-raf-l was therefore determined in lung cancer cell lines and
biopsy material by Northern blotting
(Fig. 3), Western blotting (Fig.4), and immunohistochemistry with raJ-specific antibodies, a highly sensitive technique applicable to biopsy material (data not shown). craf-l RNA and protein of normal size are
expressed in the majority of lung tumors of
all histological types, whereas they are low
or undetectable in normal lung (unpublished
results). Thus, c-raf-l, sporadically amplified myc family genes [2], and occasionally
occurring mutation-activated Ki-ras oncogenes [12, 69, 70] are candidate components
of the machinery that drives the uncontrolled growth of these tumors. But how can we
determine whether raf is an "activated" 00cogene in these cens, given the fact that it is
of normal size? Work with fun-length, normal c-raf-l eDNA has suggested that while
amino terminal truncation of the molecule is
a common structural change typical of several transforming versions of the gene, highlevel expression of the normal gene may also
facilitate transformation. The levels of c-raf1 protein in lung tumor cells are wen within
the range observed in c-raJ-l eDNA transformed mouse cells (unpublished results).
Nevertheless, because of the lack of telltale

signs of oncogenic activation, it remains to
be determined whether raf oncogene and
also myc gene functions playa role in the
maintenance of the transformed phenotype
of lung tumor cells.
Assuming that c-raf-l is involved in lung
carcinoma, is there evidence to suggest that
ra/transformed cells are more sensitive than
control cells to potential negative growth
regulators? We have examined the effects of
a variety of substances in ongoing experiments and observed inhibitory actions of
two reagents, the C-kinase activator TPA on
raJtransfonned mouse cells and hydrocortisone for transfonned rat, but not control
cells (Fig. 5 a, b). These are preliminary data,
and there may exist other agents, more suitable for clinical application, which are more
effective, but these experiments serve to iJlustrate that there is a basis for the hope that
tumor cells may have an altered or increased
sensitivity to (negative) growth modulators.
To evaluate further the effects of potential
negative growth regulators experimentally
in vivo, we have developed an animal model
system for the induction of lung carcinoma
(Fig. 6). Transplacental treatment with ethylnitrosourea of NFS (female) mated with
AKR (male) mice, followed by promotion
with butyl.ted hydroxy toluene (BHT), results in rapid tumor development, sta rting at
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Fig. 5 a, b. Growth inhibition of mouse NIH/3T3
(a) and rat FRE3A (b) raj-transformed cells with
TPA (a) and hydrocortisone (b), respectively; subconfluent cultures of control (., l') and v-raj
transformed (0, . ) cells were treated with the
dose of TPA and hydrocortisone indicated, and
after 4 days were pulsed with [125 1] IdUrd for the
last 24 h to determine levels of DNA synthesis. In-

corporation of [125 1] IdUrd is expressed in terms
of percent normal growth of untreated control
cultures. A minor fraction of flat revertant cells
present in the transformed parent culture is resistant to growth arrest by hydrocortisone. On microscopic inspection of LTR-raj transformed rat
cells treated with 10- 5 molar hydrocortisone only
flat revertants were apparent (data not shown)
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t

Fig. 6. Induction of lung adenocarcinoma and lymphoma in mice treated
with ethylnitrosourea (ENU). Pregnant
NFS females (mated with AKR males)
were injected transplacentally with
ENU, and weanling-age F1 mice were
promoted with weekly injections of butylated hydroxy toluene (BHT). The
incidence of tumor induction in F1 mice
is shown diagrammatically; about 70%
of animals develop a T -cell lymphoma
and nearly 100% develop lung adenocarcinoma
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Fig.7. Mortality curves for
NFS x AKR F1 mice
treated in utero with END
(0) and mice treated with
END followed by weekly
promotion with BHT (<> ).
Fifty percent of mice
treated with END + BHT
died with a mean latency of
13 weeks, whereas those
treated with ENU alone
died with a mean latency of
20 weeks. Vaccinations with
control proteins were ineffective
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Fig. 9. Mortality curves of
NFS x AKR F1 mice
treated with ENU + BHT
(0), and of those treated
with ENU + BHT and
vaccinated weekly with
purified v-raj protein ( <> )
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5 weeks of age (Fig. 7). Two types of tumors
result -lung adenocarcinoma (80%-100%)
and T-cell lymphomas (60%-70%). Expression of c-raf-1 RNA and protein is very
high in both types of tumor cells relative to
control tissue (Fig. 8 a, b), and tumor DNA
is positive in DNA transfection assays for
focus-forming activity (unpublished results).
Live cell fluorescence suggested surface expression of the predominantly cytoplasmic
raf protein in tumor cells. We therefore decided to test whether induction of an immune response to raf oncogene protein in
these mice would affect tumor development,
and observed significant effect of raf protein
vaccination on the BHT-promoted early
phase of tumor incidence, whereas no longterm protection was achieved (Fig. 9).
The raf oncogene may not be the best
choice for study of the potentials of immune
modulation of tumor growth, since it is predominantly located in the cytoplasm of cells
[43]. Receptor-related oncogenes which become structurally altered in tumors may be
more promising. However, the rules on how
to induce a cellular immune response, which
is presumably the critical element in host defense against tumor growth, are only becoming established. It may be that intracellular
antigens are in fact more efficient in triggering a cytotoxic T-cell response [71]. In any
case, the experiments with raf serve to illuminate some of the strategies for control of
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tumor growth that may hold promise for the
future.
In the last 10 years, a common denominator - the oncogenes - has been identified for
chemical, physical, and biological carcinogenesis. We are now in a position to use oncogene reagents as markers in a clinical context. There is reason to hope that future
work on the regulation of expre.,sion and biological activity of oncogenes will lead us to
knowledge on which we can base new rational therapeutic regimens.
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Retroviruses with Two Oncogenes
D. Stehelin and P. Martin

A. Introduction
Less than a decade ago the first retroviral
oncogene was discovered [1] and shown to
derive from a normal cellular gene [2]. To
date over 20 different retroviral oncogenes
have been found, all derived from cellular
counterparts. How a single oncogene can
cause cancer is still not fully understood.
Natural cancers are known to involve multistep molecular changes, raising a paradox,
as compared to cancers induced by retroviral oncogenes. To turn a cellular gene into
an active retroviral oncogene, an overexpression due to the very potent retroviral
promoter may suffice in a few cases, whereas
in most cases several modifications are probably required. These modifications might involve enhanced transcription, truncation of
Inserm U 186, Institut Pasteur, 15 Rue C. Guerin,
59019 Lille, France

the gene, specific mutations, deletions or insertions (Fig. 1) as well as the viral route of
transmission.
In this respect a retroviral oncogene may
then be regarded as a single gene having accumulated stepwise, through many replication cycles and selections by researchers
(these viruses do not exist in nature) several
modifications in order to become a potent
cancer gene. Such a process represents a
somewhat artificial situation difficult to be
challenged for statistical reasons by a cellular oncogene during the lifetime of the host
cells. Nevertheless, cellular oncogenes that
were identified through retroviruses seem to
be involved in some natural cancers, where
they are for example deregulated through
chromosomal translocation (c-myc) or mutations 13 (c-ras). Although they appear
much "weaker" transforming genes than
their viral counterparts, they legitimate the
use of retrovirus as tools. It follows that nat-
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ural Cancers are likely to involve single alterations on several distinct genes that cooperate in the tumorigenic process. Recently, a
first example of cooperation was demonstrated by in vitro studies showing that the
activated ras and myc oncogenes could
transforrn a rat embryo fibroblast in a way
that neither gene could achieve alone [3] and
some human tumor cell lines were found to
contain the cellular ras and myc oncogenes
both altered. How can we identify more such
cooperative genes? Retroviruses may again
represent useful tools. In 1979, studying
acute avian leukemia retroviruses, we raised
the possibility [4] that some retroviruses
undergoing modifications could have,
among those transduced, not one, but two
distinct cellular genes that could cooperate
in the viral transformation processes. There
are now three examples of such retroviruses
(Fig. 2) that we would like to review briefly.

I TD

erythroblasts which subsequently cannot
mature properly anymore. The erbA product alone does not modify erythroid cells in
a detectable way [6]. In contrast, wild type
AEV tightly blocks erythroid cells at an immature stage (erythroid colony forming
units or CFUe) [7]. Thus, erbA potentiates
the transforming activity of the erbB gene
product. The nucleotide sequencing of the
erbA gene appears unrelated to any of the
oncogenes characterized so far and related
to carbonic anhydrases, enzymes known to
play a major role in red blood cells, the progenitors of which are precisely the target
cells for AEV. Other studies performed on
embryonic tissue of the primitive streak indicate that AEV affects also target cells that
appear to precede the BFUe stage.
C. Avian Erythroblastosis Virus E26

B. Avian Erythroblastosis Virus

The genome of avian erythroblastosis virus
(AEV) contains the two oncogenes erbA and
erbB [5]. Deletion mutants in one or the
other oncogene have shown that in adult
bone marrow the erbB product transforms

,

The genome of E26 virus contains the two
oncogenes myb and ets [8], expressed in infected cells as a triple fusion protein P130gagmyb-ets
[5]. E26 appears able to transform uncommitted erythroid-myeloid hemopoietic
cells as well as cells committed in the erythroid and myeloid lineages (see Moscovici
et al., this volume). How the two oncogenes

myb and ets are involved in the transforming
properties of E26 virus awaits the construction of mutants deleted in one or the other of
the genes. We recently obtained a molecular
clone of E26 provirus that is biologically active (D. Leprince et aI., in preparation) and
that should facilitate the construction of
such mutants.
D. Mill-Hill-2 Retrovirus

The avian retrovirus Mill-Hill-2 (MH2) is a
replication defective retrovirus that causes,
like other avian myc-containing retroviruses
(MC29, CMII, OKlO), mainly liver and kidney carcinomas in the chicken, and transforms chicken fibroblasts and macrophages
in culture [5]. MH2 appears more aggressive
than the other myc-containing viruses in its
tumorigenic potential and its genome contains a second oncogene, mil [9], yielding in
infected cells the two onc proteins Pl00gag-mil
and p62/63 myc [10]. In order to examine the
respective roles of the two proteins in the
transformation process, we attempted the
isolation of spontaneous or constructed mutant expressing properly only the mil or only
the myc oncogene product. Two classes of
spontaneous mutants were isolated by
Calothy's group (Institut du Radium, Orsay, France) using fibroblasts and neuroretinal (NR) cells prepared from 7-day-old
chicken embryos. The choice of this latter
cell system was bound to the observation
that MH2 wild type virus was shown to stimulate the growth and to transform NR cells
Table 1. Characterization of MH2 mutants

Virus

Fb1
T

M
MC29
wtMH2
MH2 Cl16
MH20B
MH2 PA 200
MH2 LI 200

+
+
+
+

T

Apparent
functional
oncogene

+

myc
myc+mil

NR

+

myc} (Class I)
myc

+
+

mil}
. (Class II)
mil

Fb1, fibroblasts; NR, neuroretinal cells;
T, transformed; M, mitogenized; wt, wild type
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that remain usually quiescent in culture
([11]; Table 1). Such an effect was not detected with retroviruses like MC29 (Table 1)
that contain only the myc oncogene [2] and
readily transform chicken fibroblasts [5].
Class I mutants (Table 1) were selected on
the basis of their ina bili ty to induce NR -cell
proliferation, whereas they still transformed
fibroblasts. MH2 Cl16 exhibited such properties and was shown to suffer an extensive
deletion in the mil gene [12]. A mutant
(MH2-0B) with similar biological properties was constructed by inducing a frame shift in the v-mil gene in a molecularly
cloned MH2 provirus, resulting in a premature termination of the v-mil translation
product [13].
The class II mutant (i.e., MH2 PA 200)
was selected on the ground that it induced
NR cells to proliferate with the same efficiency as wt-MH2, but failed to transform
fibroblasts (Table 1). This mutant also failed
to morphologically transform NR cells and
showed upon analysis that it was extensively
deleted in the myc gene [14]. A mutant (MH2
L1 200) with similar biological properties
(Table 1) was constructed by inducing a frame shift in the v-myc gene of molecularly
cloned MH2 provirus that resulted in a premature terminatiQn of the v-myc translation
product.
The results presented here [13] indicate
that the ability to induce sustained proliferation and transformation of NR cells from
7-day-old chicken embryos is a remarkable
property distinguishing MH2 among other
myc-containing retroviruses, and requiring
the coordinate expression of both mil and
myc oncogenes. Class I mutants lacking a
functional mil gene (MH2 C116, MH2 OB)
do not induce NR-cell proliferation nor
transformation, although they still transform fibroblasts (and macrophages [15]).
Conversely, mutants expressing only the mil
oncogene (MH2 PA 200, MH2 L1200) induce NR cell proliferation without morphological transformation.
So far, the viral myc oncogene (or the
large T of polyomavirus) was shown to cooperate with the EJ bladder carcinoma activated ras oncogene (or middle T of polyomavirus) for rat embryo fibroblast transformation [3]. We show now that the myc
oncogene can also cooperate with the mil on-

co gene (the latter being structurally related
to the src-gene family [16]) for the transformation of NR cells. Thus, the myc oncogene may cooperate with two distinct types
of oncogenes depending on the cell types
considered. Whether myc plays a key role in
two distinct pathways leading to transformation, or whether the three types of oncogenes (myc-, ras-, and mil-like) belong to
a single pathway leading to cell-growth stimulation, where transformation can occur
when some of them become deregulated,
whereas others might be perhaps constitutively expressed at specific stages of cell maturation or in specific cell types, remains to be
examined. Earlier work on polyoma might
be recalled in this respect. Although the oncogenes of this virus were not shown to have
cellular counterparts, the large T and middle
T polyoma genes were shown to cooperate
for fibroblast transformation, as do the activated myc and ras genes, respectively [17]. In
addition, the middle T was shown [18] to
bind specifically in the transformed fibroblast the cellular protein pp60src that was
shown activated in the complex.
In conclusion, research is slowly beginning to unwrap the cooperation of genes in
normal and pathological cell-growth stimulation, and retroviruses with double oncogenes represent convenient tools in such investigations. They have allowed discovery of
three new oncogenes (erbA, ets, and mil) that
potentiate previously described oncogenes
(erbB, myb, and myc, respectively) in their

transforming activity or allow these viruses
to transform new target cells. Whether the
corresponding couples of cellular oncogenes
participate in the formation of natural human cancers is under investigation.
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Activation of the met Proto-oncogene in a Human Cell Line *
M. Dean \ M. Park \ K. Kaul \ D. Blair 2, and G. F. Vande Woude 1

The met oncogene was identified in the
MNNG-HOS cell line, derived by extensive
treatment of a human osteosarcoma cell line
(HOS) with N-methyl-N-N'-nitrosoguanidine (MNNG) [1]. DNA from MNNGHOS cells was used to transform NIHJ3T3
1 BRI-Basic Research Program, NCI-Frederick
Cancer Research Facility, Frederick, Maryland
2 Laboratory of Molecular Oncology, National
Cancer Institute, Frederick, Maryland, USA
* Research sponsored by the National Cancer Institute, DHHS, under Contract NO. N01-CO23909 with Bionetics Research, Inc. The contents
of this publication do not necessarily reflect the
views or policies of the Department of Health and
Human Services, nor does mention of trade
names, commercial products, or organizations
imply endorsement by the U.S. Government.

HOS - - - -...
-

MNNG
HOS

-----l.....

mouse fibroblast cells, and the transforming
gene (met) was isolated from one of these
NIHJ3T3 transformants [2] (Fig. 1 a).
The activated met allele in MNNG-HOS
cells is rearranged with sequences from another gene (Fig. 1). This second gene appears
to provide the promoter for the activated
met oncogene and has been named tpr for
"translocated promoter region" [3]. The tpr
locus has been mapped by somatic cell hybridization analysis to human chromosome
1 [3], whereas met mapped to chromosome 7
[2, 4]. Therefore, the met oncogene has been
activated by a DNA rearrangement involving portions of chromosomes 1 and 7.
We examined the expression of the met
and tpr sequences in HOS, MNNG-HOS,
and transformed NIH/3T3 cells. As shown

NIH-3T3
- - - - -..Transforman!

o

n

tpr-met

H

n

tpr

Fig.l. Diagram of the met oncogene rearrangement. HOS cells treated with MNNG gave rise to
MNNG-HOS cells. DNA from MNNG-HOS
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cells is capable of morphologically transforming
mouse NIH/3T3 cells, and the tpr-met gene was
isolated from a transformant

Table 1. met and tpr mRNA species
Probe

met
tpr-met
tpr

Size of mRNA species a (kb) in
HOS
cells

MNNGHOS cells

9.0,7.0,6.0

9.0, 7.0, 6.0
5.0
10.0

10.0

NIH/3T3
transformants

5.0

mRNA species were determined by RNA blot
hybridization, using met and tpr DNA as probes.

a

in Table 1, analysis with a tpr probe revealed
an mRNA species of 10 kb in both HOS and
MNNG-HOS cells. HOS and MNNG-HOS
cells expressed met mRNAs of9, 7 and 6 kb.
However, analysis with probes from the 3'
end of the met gene and the 5' end of tpr detected a hybrid 5.0-kb tpr-met transcript in
MNNG-HOS cells [3] (Table 1), which is
also found in NIH/3T3 cells transformed by
MNNG-HOS DNA. We conclude that the
gene rearrangement that activated the met
locus results in the appearance of a hybrid
mRNA transcript.
To determine the structure of the met gene
product, we have begun to determine the nucleotide sequence of the coding regions. We
have published the sequence of several met
exons and demonstrated that met exhibits
homology with the tyrosine kinase family of
oncogenes and growth factor receptors [4].
We have recently isolated several met cDNA

clones from a library prepared from A431
human squamous cell carcinoma cells. The
longest clone obtained was 1.6 kb, and when
the nucleotide sequence was translated, the
sequence was found to contain a single, long,
open reading frame. Figure 2 shows the met
sequence in one-letter amino acid code and
compares it with several other tyrosine kinase genes.
The met gene is most extensively homologous to the human insulin receptor gene [5]
and the v-abl oncogene from Abelson murine leukemia virus [6]. The homology is
mostly confined to the kinase domain of the
proteins and reaches 50%-60% at the
amino acid level. However, the carboxy terminus of met is significantly different from
that of the other members of the family.
Therefore, although met is homologous to
the tyrosine kinases, it is not identical to any
other known member of that gene family.
Previous studies mapped the rearrangement of the tpr-met gene to a 3.4-kb EcoRI
fragment [3]. To determine the nucleotide sequence of the breakpoint, we used met and
tpr probes flanking the site of rearrangement
to screen a A phage library of human placental DNA. The rearrangement was mapped
to small fragments present in the placental
met and tpr phage clones. These fragments
and a portion of tpr-met were cloned into
M13 vectors and the nucleotide sequence
was determined.
Figure 3 shows a portion of a sequencing
gel of the tpr and tpr-met genes surrounding
the chromosomal breakpoint. The se-

met
HuI;sR

v-abl
erbB/EGFR

v-src
v-mos

met
HuI;sR

v-abl

erbB/EGF R
v-src
v-mos

met
HulniiR

v-abl
erbB/EGFR

v-src
v-mos

Fig. 2. Amino acid comparison of met with several
protein kinases. The kinase domain of met is compared with the homologous region of the human

insulin receptor (HulnsR), viral abl gene, erbB/
epidermal growth factor receptor, viral src and
mos genes
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tpr-met

met

Oncogene

Protooncogene

CGTA

CGTA

met

tpr-met

tpr

_

Alu repeat
80% AT
21 As

Fig.4. Structure of the tpr-met breakpoint. Sche-

matic of the rearrangement showing the position
of the Alu repetitive element, 21 A residues, and
the A-T-rich region flanking the breakpoint

Fig. 3. Portion of a nucleotide-sequencing gel
showing the tpr-met breakpoint. C, cytosine; G,
guanine; Tthymine; A, adenine

quences of the met proto-oncogene and the
tpr-met oncogene are identical through a
stretch of 21 A residues. When the tpr sequence was used to search the NIH nucleotide data base, the sequence was shown to
contain a member of the Alu family of highly
repetitive sequences. These repeats are often
followed by poly A-rich stretches, and the
one in tpr is localized just upstream from the
21 A residues at the breakpoint. Therefore,
the DNA rearrangement leading to the ac466

tivation of met is located within this A-T rich
region at the end of an Alu repeat.
Figure 4 is a schematic diagram of the met
breakpoint region. The met and tpr-met
genes are identical beyond the breakpoint
for 600 residues, except for a single point
mutation (not shown). Beyond the rearrangement site, on the tpr gene, is a stretch
of 120 residues that are 80% A-T rich. Although chromosomal rearrangements have
been observed in a wide variety of malignant
cells [7], to our knowledge, this is the first
time a chromosomal breakpoint has been sequenced in a nonhematopoietic cell. The nucleotide sequences of several other breakpoint sites have been determined and include
rearranged c-mye, immunoglobulin heavy
and light chain genes [8, 9], bell [10], and Tcell receptor genes [11]; however, many of
these rearrangements involve immunoglobulin switch-region sequences [8, 10] and are
probably restricted to lymphoid cells. Our
determination of the tpr-met chromosomal
rearrangement also represents the first sequencing of a breakpoint isolated from a
chemically transformed human cell.
The presence of an A-rich tract at the
breakpoint suggests that these sequences
may have played a role in the rearrangement. The rearrangement appears to be illegitimate because it occurred in a region with
only four homologous nucleotides between
tpr and met (Fig. 4 a). MNNG is clastogenic
[12] and may have created a free end in either
met or tpr, which would promote rearrangement. Alternatively, the A-T-rich region of
tpr may have contributed to the rearrangement. These regions may exist in a singlestranded structure and may be more suscep-

tible to cleavage. Chromosomal regions with
increased lability (fragile sites) have been described previously and have been proposed
as playing a role in chromosomal rearrangement [13]. In fact, many fragile sites are induced by agents that interfere with thymidine metabolism [12]. It will be interesting
to see whether tpr maps to any of the fragile
sites located on chromosome 1.
The MNNG-HOS cell line used in our
study arose after 7 days of MNNG treatment to HOS cells [1]. We cannot be sure
that MNNG participated in the tpr-met rearrangement, but it is an interesting possibility. The principal action ofMNNG on double-stranded DNA is the methylation of the
N-7 position of guanine [14]. A pair ofG residues is located in tpr just 3' to the breakpoint (not shown). MNNG is also capable of
methylating adenine [14]; thus, MNNG-induced modification of residue(s) at the
breakpoint may have contributed to the rearrangement. Besides the breakpoint, the
only other change detected between tpr-met
and placental DNA is a G-to-T transition.
This alteration could be a polymorphic difference between individuals, could have
arisen during transfection or cloning, or
could have occurred as a consequence of
MNNG treatment. At any rate, it is clear
that massive mutation of the tpr-met gene
did not occur in MNNG-HOS cells.
The expression of a truncated tyrosine
kin~se domain appears to be a common activation mechanism for this family of oncogenes. In addition to tpr-met, rearranged
ber-abl and trk genes have been -isolated
from human tumor DNA [15, 16]. Furthermore, retroviral insertion within the chicken
epidermal growth factor receptor results in
the expression of a truncated (erbB) kinase
activity [17]. We are currently investigating
the role, if any, of the tpr sequences in the
transforming ability of the tpr-met oncogene.
The human met oncogene is located on a
portion of chromosome 7 associated with
nonrandom deletion in secondary acute
nonlymphocytic leukemia patients [18]. Although we have not found any direct evidence of the fact that met plays a role in
acute nonlymphocytic leukemia, an interesting outcome of that work is the discovery
that met is very tightly linked to the gene for

cystic fibrosis [19]. Cystic fibrosis is a recessive genetic disorder characterized by abnormal exocrine gland function. Cells from patients with cystic fibrosis show abnormal
regulation of chloride ion transport and impaired secretion in response to fJ-adrenergic
agents (inducers of adenyl ate cyclase). Although it may seem unlikely that met is involved in this pathway, several proto-oncogenes appear to be involved in signal transmission [20]. Recent evidence suggests that
chloride channels can be phosphorylated by
a tyrosine kinase [21] and that tyrosine kinases can cooperate with adenylate cyclase to
modulate gene expression [22]. Clearly, the
tyrosine gene family plays important roles in
the cellular control of growth, differentiation, and metabolism.
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Molecular-Genetic Analysis of myc
and c-Ha-ras Proto-oncogene Alterations in Human Carcinoma
P. G. Knyazev, S. N. Fedorov, O. M. Serova, G. F. Pluzhnikova, L. B. Novikov,
V. P. Kalinovsky, and J. F. Seitz

A. Introduction

c.

The results of recent studies on the molecular biology of cancer suggest the abnormal
expression of cellular proto-oncogenes in the
process of carcinogenesis [1]. The activation
of proto-oncogenes, i.e., their conversion
into cellular oncogenes, is associated with
gene structural alterations and mutations resulting in the unregulated production of oncoproteins, matched by deranged biological
function of the latter. Recently, "mixed"
variants of ras-family gene activation were
established. They involve both amplification
and point mutations in one of the "hot" codons [2,3].
The present study deals with the analysis
of alterations of v-myc-related sequences
and c-Ha-ras proto-oncogenes occurring in
primary tumors, metastases, homologous
with cancer-intact tissues and peripheral
blood leukocytes of cancer patients.

Amplification of myc-specific sequences was
observed in seven of 21 DNA samples obtained from human breast carcinomas
(Table 1). Three DNAs (BrC2, BrC1,
BrC23) contained additional myc-bands, besides a 12.0-kbp HindIII-c-myc germline,
and were characterized by a high degree of
amplification (20- and 100- to 150-fold) that
may be regarded as c-myc gene rearrangement (Fig. 1) [8].
Analysis of DNAs from 11 thyroid carcinomas revealed 5- to 10- and 60- to 80-fold
c-myc amplification in two samples (ThC3,
ThC6). In the DNA with the higher degree
of amplification we saw additional amplified
myc-fragments of the same size as those in
breast carcinomas (Fig. 1, Table 1).
Extra copies of the c-Ha-ras gene were
registered in the samples of breast and thyroid with superamplification of c-myc
(Fig. 2).
DNAs of 12 patients with ovarian cancer
were analyzed, and there was c-myc amplification in primary bilateral and metastatic
tumors of three of them (OvC7, OvCl1 ,
OvC16; Fig.3, Table 1). C-myc alterations
can be observed in poorly differentiated tumors characterized by an aggressive clinical
course. An increase in the copy number of
myc-related sequences has been also identified in the DNAs of peripheral blood leukocytes from two ovarian cancer patients
(Fig. 3) [9].
The analysis of ten lung tumors showed cmyc amplification in two squamous carcinomas. In the only undifferentiated large-cell
carcinoma tested amplification of maybe

B. Materials and Methods

Genomic DNAs from tumors of the breast,
ovary, luT'l!, thyroid, colon, and stomach
and homologous normal tissues were prepared as described [4], digested with restriction endonucleases, electrophoresed in 0.8%
agarose gels, denatured, and transferred to
nitrocellulose filters [5]. Filters were hybrid~ed with 32P-Iabeled (nick-translated) vI.
'c [6] or hu-c-Ha-ras [7] probes under
st) 1gent conditions, washed, dried, and expos to ORWO film.
1
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Table 1. Amplification of myc-related sequences in human tumors of different localizations and
histotypes
Tumor
localization

Tumor
histotype

Number of
tested tumors/
Number of
tumors with
amplification

Copy
number

Presence of
rearrangements a

Breast

Ductal invasive carcinoma

17/6

5- 10
100-150

Mucinous carcinoma
Medullar carcinoma
Tubular carcinoma
Papillary carcinoma
Lobular fibroadenomatosis

1/0
1/0
1/1
1/0
1/0
22/7
13/4
5/1

+

100-150

+

Total
Ovary

Serous cystadenocarcinoma
Serous cystadenocarcinoma
metastasis
Undifferentiated
cystadenocarcinoma
Undifferentiated cystadenocarcinoma metastasis
Mucinous borderline
cystadenoma
Endometrioid adenomyoma
Dermoid tumor
Thecoma

Total
Lung

Keratinizing squamous
cell carcinoma
Non-keratinizing squamous
cell carcinoma
Undifferentiated large
cell carcinoma

Total
Thyroid

Papillary carcinoma
Follicular carcinoma
Undifferentiated spindlecell carcinoma metastasis
Papillary carcinoma
metastasis
Follicular adenoma

Total
Colon

Adenocarcinoma
Signet-cell carcinoma
Adenoma

Total
Stomach

Total
Total

Adenocarcinoma
Signet-cell carcinoma
Undifferentiated carcinoma

5- 10
5- 10

6/2

10- 15

4/1

5- 10

1/0
1/0
1/0
1/0
32/8
6/1

10- 15

3/1

10- 15

1/1

15- 20

+

5- 10
60- 80

+

40- 50

+

15- 25

+

10/3
9/2
1/0
1/0
1/0
1/0
13/2
11/1
1/0
6/0
18/1
9/0
1/0
4/1
14/1
110/22

Presence of myc-related sequences containing restriction fragments different from the correspona,1
ones for c-myc locus
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Fig. 2. Restriction analysis of c-Ha-ras proto-onoogenes in breast (BrC) and thyroid (ThC) tumors
as compared with Donnal thyroid tissue (NTh)

L-myc (6.6-kbp EcoRI-fragment) could be
seen. AU three tumors were highly metastatic and aggressive.
Myc-amplification is rather frequent in
breast, ovarian, and lung tumors (seven of
21, eight of 28, three of ten respectively) and
less so in thyroid (two of 12), stomach (one
of 14), and colorectal (one of 12) malignancies (Fic.4, Table I).
We failed to detect amplification of mycspecific sequences in 13 DNA samples from
benign iumors of the colon, ovary, thyroid,
an' 'Jreast (Table 1).

'.

Bam HI
Forty-five samples of DNA obtained
from normal lung tissue and gastric and colonic mucosa were examined for any alterations of myc proto-oncogenes developing
in uninvolved tissues homologous with
cancer tissues. Extra copies of myc-related
sequences were identified in three of them.
In two cases (lung and gastric tissues) the degree of amplification and length of amplified
myc-fragments corresponded with those observed in tumors of the same patients. In one
instance we were able to identify the amplification of myc-specific sequences in the DNA
of colonic mucosa only, and there was none
in the colon carcinoma of this patient
(Fig. 5) [10].
The latter findings, as well as evidence of
myc gene amplification in blood-circulating
leukocytes, corroborate the concept of
cancer as a general disease.
Summarizing the results obtained, we can
conclude that the phenomenon of myc-gene
family amplification appears to be common
in human primary and metastatic tumors (22
of 98). Our observations are in line with
those of J . Yokota and colleagues [111, who
detected the above phenomenon in 11 % of
epithelial tumors tested. Perhaps the somewhat higher frequency of myc-gene amplification in our study can be explained by the
application of a v-myc-specific probe for detecting a c-myc gennline containing restriction fragments as wen as bands characteristic for other genes of the myc family or rearranged c-myc.
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Fig. 5. Restriction analysis of myc-related sequences in colonic mucosa of a patient with colonic carcinoma

The finding of abnormal (amplified) cmyc and c-Ha-ras proto-oncogenes in a few
breast and thyroid tumors confirms the hypothesis that these two genes somehow cooperate in the process of carcinogenesis.
In most cases myc-gene amplification was
matched by poor cell differentiation and an
aggressive clinical course of the tumor.
The study revealed that myc and c-Ha-ras
proto-oncogene activation contributes to tumorigenesis through the mechanism of gene
amplification and oncogene cooperation.

References
1. Cooper GM, Lane MA (1984) BBA 738:920
2. Taya Y, Hosogoi K, Hirohashi S (1984)
EMBO J 3:2943--2946

3. Rio G, Barrous M, Tordjam J (1984) Annu
Rep Fr Acad Sci 14:575
4. Maniatis T, Fritsch EF, Sambrook J (1982)
Molecular cloning. Cold Spring Harbor, New
York
5. Southern EM (1975) J Mol BioI 98:503-517
6. Vennstrom J, Moscovici C, Goodman HM,
Bishop JM (1981) J Viro139:625-631
7. Ellis RW, DeFeo D, Marya JM, Young HA,
Shih TY, Chang EH, Lowy DR, Scolnick EM
(1980) J Viro136:408-420
8. Plushnikova OF, Serova OM, Knyazev PO,
Fedorov SN, Novikov LB, Valdina EA, Moiseenko VM, Semiglazov VF, Vagner RI, Seitz
JF (1987) Exp Onco19:15--17
9. Serova OM (1987) Exp Onco19:25-27
10. Seitz JF, Fedorov SN, Serova OM, Kalinovsky VP, Knyazev PG, Melnikov RA (1985)
Vopr OnkoI 31:52-56
11. Yokota J, Tsunetsugu-Yokota Y, Battifora
H, Le Fevre C, Cline MJ (1986) Science
231:261-265

473

Haematology and Blood Transfusion

Vol. 31

Modern Trends in Human Leukemia VII
Edited by Neth, Gallo, Greaves, and Kabisch
© Springer-Verlag Berlin Heidelberg 1987

Interaction of Promoters and Oncogenes During Transfection
L. Z. Topol, A. G. Tatosyan, and F. L. Kisseljov

DNA transfection in recipient NIH3T3 mice
cells is most widely used for identification of
transforming genes in human tumor cells [1].
We showed earlier that c-Ha-ras proto-oncogene from a human malignant glioma cell
line (U 251 Mg) was active in transfection
experiments. In primary U 251 Mg cells, cHa-ras gene was present in a single copy but
amplified in transfected NIH3T3 cells [2].
F or the purpose of further analyzing this
system, we studied the influence of exogenous promoters on molecular-genetic processes which occur during transfection of genetic material. As a source of promoter, we
used pLTR 1.5 plasmid which was subcloned from pPR c11 plasmid containing
Rous sarcoma virus (RSV) provirus [3]. The
pLTR 1.5 clone contained the intact LTR of
RSV and the 5' leader sequence of the viral
genome.
This plasmid was cotransfected in
NIH3T3 cells with DNA containing amplified c-Ha-ras from nude mice tumors developed as a result of the injection of the cells
transfected by DNA from a human malignant glioma cell line [2] or with DNA from
the normal NIH3T3 cells. In both cases, 7
days after cultivation in vitro, the cells
(2 x 10 6 ) were injected into nude mice. In the
first case, tumors developed in a 2-week period, and in the second one a little later.
DNA from these cells was analyzed for LTR
sequences and the activation of cell protooncogenes by molecular hybridization tests

Institute of CarCinogenesis, Cancer Research
Center, Moscow, USSR
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[4] using nick-tranlated LTR and oncogene
probes [5]. Where cotransfection included
pLTR 1.5 and DNA from NIH3T3 cells in
the DNA of nude mice, the size ofLTR-con-

1

2

3 4 5

Fig. I. The analysis of pLTR 1.5 sequences in the
genome of nude mice tumors induced by the injection ofNIH3T3 cells transfected by various DNA
preparations. 1 NLTR 1 (first round); 2 NL TR 2
(first round ofthe second experiment); 3 NLTR 11 (second round); 4 NLTR 1-2 (second round of
the second experiment); 5 NIH3T3. Restriction
with EcoRI. Washing conditions: 65°C
0.1 x SSC, 0.1 % SDS. Probe: 32P_pLTR 1.5

2 3

1

4 5

6

2, 3-

... .
Fig. 2. Sequences specific for [os in RNA of nude
mice tumors induced after the injection of
NIH3T3 cells transfected by various DNAs. J
NIH 3T3; 2 NLTR 1 (first round); 3 NLTR 1-1
(second round); 4 NMg 1-1 (second round); 5
NMg LTR 1 (first round); 6 NMg LTR 1-1 (second round). Probe: 32p_fos

01

,

234

6

S

7

8

taining fragments was different in the first
and the second rounds of transfection
(Fig. I).
On the basis of these data, we suppose
that the integrated LTR can activate one of
the cell proto-oncogenes. We tested several
oncogenes (fes, src, myc, Ha-ras, sis, abl,
mos. fos) and found that in this type of tumors c-fos oncogene transcription takes
place. According to the results of Northern
blotting. this RNA was represented by a 2.3kb transcript (Fig. 2). The data obtained
from blot hybridization with DNA of the tumors restricted with EcoRI and BamHI indicate that no structural rearrangements in the
c-fos gene were found .
Injection into nude mice of NIH3T3 cells
cotransfeeted by pLTR 1.5 and DNA with
amplified human c-Ha-ras gene also resulted
in the development of tumors, which were
designated as N MgLTR. The tumors also
appeared in further rounds of transfection.
In the genome of these tumors, the integration of LTR and pBr 322 plasmid sequences
was shown (Fig. 3); the integrated site was
localized in the plasmid region because after
EcoRI restriction, an internal LTR RSV 0.3kb fragment could also be detected. This is
confirmed by Pst I digestion. Blot analysis
showed that the integrated pLTR 1.5 se-
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Fig.3, Analysis of the genome of nude mice tumors - NMg L TR 1 (first round) and NMg LTR
1-1 (second round). DNA preparations: ONLTR
1 (first round); 1, 11, 15 NIH3T3; 2. 6, 7. 8, 16
NMg LTR 1 (first round); 14 Np EJ-ras (nude
mice tumor after lransfec1ion pEJ~ ras~plasmid); 1 .
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10,13, 17 NMg LTR (second round); 4 NMg 1
(first round); 5, 18 NMg 1-1 (second round); 9
pLTR 1.5; 16 NMg 1-1-1 (third round). Restriction; 0-5, 11- 14 EcoRI; 6 BamHI ; 7 BamH 1 +
Pst 1; 8-10. J5- J9 Pst1. Probes: 0-10 3l p pLTR
1.5; J1-14 3lP_pBr 322; 15- 19 3lp EJ-raJ'
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quences in the genome of tumor cells were
amplified (Fig. 3) in comparison to NLTR
tumor DNA. The status of amplification is
preserved for the human Ha-ras oncogene as
well. We suppose that the integrated pLTR
1.5 and Ha-ras sequences are associated in
one and the same locus of cell genome. Thus,
LTR cotransfection with two different types
of mouse DNA (tumor and normal) is accompanied by various molecular-genetic
events, but the final result is the acquisition
of oncogenic potential by NIH3T3 cells.
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Conversion of ras Genes to Cancer Genes
K. Cichutek and P. H. Duesberg

The cellular precursor of Harvey and Balb
sarcoma virus, termed proto-ras, from certain tumors registers most frequently as
an apparent cancer gene in the gene transfer
assay with NIH 3T3 cells [1-4]. The viral
ras gene is a dominant transforming gene
that elicits all features of oncogenic transformation in a single step upon transfer
into established and primary human and
animal fibroblast cells [5]. This encodes a
single transforming protein of 21 kDA, p21
Ha-ras, which is presumed to be involved in
the growth regulation of cells similar to Gproteins [6, 7]. However, the role of the cellular ras gene as a human cancer gene is debatable, as only 10% of the DNAs from certain cancer cells produce foci of transformed
NIH 3T3 cells in the transfection assay. No
consistent correlation between ras activation
and any special type of human cancer is observed, thus 3T3-transforming proto-ras
may not be necessary for malignancy [8, 9].
Activation of proto-ras in the 3T3 cell assay is due to point mutations in codons 12,
13, 59 or 61 [10-12]. The ras coding region
in viruses also differs from the coding region
of proto-ras in normal cells at codon 12
(Balb SV) [13] and codons 12 and 59 (HaSV)
[14]. By analogy with the proto-ras genes,
these point mutations are also thought to activate viral ras in sarcoma viruses [15]. To
test this hypothesis, parts of viral ras including codons 12 (HindIII-PvuII fragment;
proviral DNA clones: pA12, pB12) or 12
and 59 (SacII-FspI fragment: pA1259-1 or
HindIII-FspI fragment: pA1259-2) were exDepartment of Molecular Biology, University of
California, Berkeley, CA, USA

changed in proviral DNA clones against the
corresponding fragments of normal rat
proto-ras 2. One proviral DNA clone derived
from pA1259-2 included a Sad-deletion of
ras sequence directly 5' of the p21 coding
region (PA1259-2.6.Sc) (see Figs. 1,2). Transfection of proviral DNA clones into NIH
3T3 cells (from S. Aaronson, NIH, Bethesda)
clearly showed that viral ras containing
normal codons 12 or 12 and 59 maintain a
transforming function (Fig. 3). With clones
pA12, pB12, pA1259-2 and pA1259-2.6.Sc
only a minor reduction of transforming
efficiency was observed, whereas pA1259-I
showed tenfold less transforming efficiency
(Table 1).
Finally, the complete coding region of
normal rat p-ras 1 (including introns) was
inserted into retro viruses to construct
pApraslX and pBpras1. Both proviral
clones showed efficient transforming function in NIH 3T3 cells (see Fig.2 and
Table 1). A slight delay of focus formation
of 2-3 days already observed withpA1259-1
and pA1259-2 was most pronounced with
pApraslX and pBprasl, probably due to the
splicing out of introns during the first
rounds of virus replication. Infection of primary Fischer rat embryo fibroblasts with
virus derived from pApraslX DNA demonstrated transforming ability similar to wild
type virus (Fig. 3). A few of these viruses will
be reisolated and sequenced to verify the
identity of the introduced codons of p21.
Inoculation of 104 -10 5 ffu of each virus
derived from the proviral clones described
above into 1-5 day old Balb/c mice resulted
in death of the animals within 2-8 weeks.
Typical signs of malignancy, such as tumor
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150-300

10 d

150-250

10 d

10

15 d

Fig. 2. Genetic structure of proviral DNA of Balb
sarcoma virus, rat proto-ras 1 and recombinant
constructs. The table shows the latent period in
days for transforming activity after transfection
into NIH 3T3 cells in the presence of Moloney
MLV

Table 1. Transforming activity of proviral DNA of wild type and recombinant Harvey sarcoma virus
after transfection into NIH 3 T 3 cells
Clone

pA
pA
pA12-1j-2
pA12-1/-2
pA1259-1
pA1259-2
pA1259-2D.Sac
pApras2
pApras1-X

Ras codon
12

59

122

MLV

v
v

v

v
v

+

v

P
P
P
P

v

v

v

v

P
P

v

p
p
p

p
p
p

v
v

p
p

A

+
+
+
+
+
+

Foci per
J..lgDNA

Days first
seen

1000-2000
40
1000-2000
4
100- 200
300- 400
1000-1500
0
140- 160

4
14
4
14
fr-8
5- 6
4

A'

B

s'

c

c'

D

Dr

Fig.3 A-D, A'-D'. Mouse NIH 3T3 cells (A-D)
and primary Fischer rat cells (A'-D') infected with
wild type (A dnd A') and recombinant Harvey sar-

10-14

coma viruses pA12-2 (B and B'), pA1259-2 (C and
C'), D and D' and helper virus (Moloney-MLV)
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Fig. 4. Sequence comparison between ras-containing sarcoma viruses and human, mouse, and rat protoras genes

formation at the site of injection (sarcoma)
or dark nodules in spleen and liver (erythroblastosis), were observed with wild-type and
recombinant viruses. It is concluded that the
transforming function of viral ras is independent of virus-specific point mutations in
codons 12 or 59.
Sequence comparison between viral ras in
HaSV, Balb SV and Rasheed SV, which
expresses a p29 gag-ras Ha protein, and normal proto-ras 1 from rat (B. Rapoport,
personal communication), mouse (1. Ihle,
personal communication), and humans revealed a common border of homology at position 1037 of HaSV (Fig. 4). About 1 kb upstream the homology picks up again. At the
homology junction perfect splice donor and
splice acceptor sequences are present in the
proto-ras genes. It is concluded that protoras 1 in humans, rats, and mice contains a
480

previously undetected 5' exon, termed exon1, that is only partially present in HaSV,
Balb SV, and Rasheed SV. Truncation of
exon-1 of p-ras 1 and therefore truncation of
the normal proto-one gene occurred during
transduction into the retroviruses [16].
Therefore we propose that substitution of
the native promoter and as yet undefined
upstream regulatory regions by the promoter of a retrovirus convert proto-ras to a
transforming gene. Morphological transformation of 3T3 cells by intact proto-ras
genes with point mutations may reflect a
biochemical effect that enhances tumorigenicity, but does not initiate malignant transformation like viral ras genes. It is consistent
with this view that 3T3 cells transform spontaneously at high frequency and that untreated 3T3 ceUs are aneuploid and already
tumorigenic (17].
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Identification of the Bovine Leukemia Virus
Transactivating Protein (p34X)
L. Willems, R. Kettmann, D. Portetelle, and A. Burny

A. Introduction
Enzootic bovine leukosis (EBL) has been
recognized as a neoplasm of infectious origin for half a century. The agent, bovine leukemia virus (BLV), is a retrovirus discovered
in 1969 in short-term cultures of peripheral
lymphocytes from animals with persistent
lymphocytosis, a benign response to BLV infection. A virus distantly related to BLV was
more recently identified as the etiological
agent in the vast majority of cases of adult T
cell leukemia and named for that reason human T-Iymphotropic virus I (HTLV-I) [20].
The pathologies of BLV- and HTLV-I-induced diseases are notably similar, namely
absence of chronic viremia, a long latency
period, and lack of preferred integration
sites in tumors. A second human virus, called HTLV-II, was identified in the MoT cell
line, derived in 1976 from the spleen of a patient with T cell-variant hairy cell leukemia
[2, 10]. Other isolates of HTLV-I and -II
have since been obtained around the world.
Both viruses not only transform normal Tlymphocytes but might also very well be involved in a number of degenerative diseases
of the nervous system.
The genomes of HTLV-I and -II show a
nucleic acid sequence homology of about
60%. Relatedness between HTLV-I and
BLV varies from 30% to more than 50%,
Faculty of Agronomy, 5800 Gembloux, Belgium,
Department of Molecular Biology, University of
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according to the genes under consideration
[22, 23, 27]. Sequence similarities between
the virion proteins of BLV, HTLV-I, and
HTLV-II have also been reported [3, 18].
Moreover, the three viruses have in common
the fact that they contain several overlapping open reading frames located between
the env gene and the 3' long terminal repeat
(LTR). In these three cases, proteins coded
by that region of the genome have been
shown to transactivate the L TR of the
provirus, hence their generic name of tat
proteins (for transactivation of transcription) [13, 31, 34].
As a 34- to 38-kD protein predominantly
located in the nucleus of the infected cell
[28], the putative tat BL V product p34x [26]
is highly similar to the 42- and 38-kD products encoded by HTLV-I and HTLV-II [6,
32]. That trans activating proteins play key
roles in tumor induction and maintenance is
strongly suggested by the observation that
the 5'LTR and 3' region of the provirus are
always conserved in BLV-induced tumors,
even in cases where extended proviral deletions have occurred [12]. The lack of - or the
very limited - expression of the tat gene
product in BLV-induced tumors, even those
propagated in vitro, argues in favor of BLV
acting as an inducer of the neoplastic process
and not as a maintenance determinant.
In this study we identified the protein
product of the long open reading frame
(LOR) gene, transcribed it in the SP6 system, and produced p34x protein in reticulocyte lysates. The expressed native protein
was used as an antigen to raise rabbit polyclonal antibodies. We further showed that
most tumorous cattle and infected sheep

harbor antibodies to p34x. Combined with
the transactivation effect observed by Rosen
et al. [26] with the same gene construct, our
data strongly suggest that p34x is the tat gene
product.
B. Results
Fetal lamb kidney (FLK)-BLV polyA +
RNA was used as a template for cDNA synthesis. The double-stranded cDNA, annealed with EeaRI linkers, was cloned in
AgUO. The library was screened with probes
1,2,3, and 4, as illustrated in Fig. 1. Accord-

ing to the known sequence of BLV provirus
[22, 23, 27, 29], and in comparison with the
HTLV-I and HTLV-II systems, it was inferred that the subgenomic mRNA coding for
p34x should contain sequences hybridizing
to probes 1 and 2 but that it should be devoid of sequences complementary to probe
4. Probe 1 partly corresponds to the LOR
encompassing the information for 308
amino acids. Probe 2 expands over the 3' end
of the pol gene, the env, and the 5' part of the
X region. Among the clones satisfying the
above requirements, one (BL-1) was selected, subcloned in pBR322, amplified, and
sequenced by the dideoxynucleotide
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Fig.lA,B. Characterization of the BL1-cDNA
and construction of the expression plasmid
pSP64-BL1.
A a: Localization of the BLV probes on the BLV
provirus. B, BamHI; C, Cia I; P, PvuII; Xh, XhoI.
These probes were identified by DNA sequencing
(not shown) and have been used previously [14]. b:
~matic representation of the BL1-cDNA
The splicing site between the methionine
:'ttion codon (at positions 4868-4870) [28,
,,~ entire BL-l LOR (beginning at posi-

tion 7246) generates an alanine (A) codon [30].
The two restriction endonuc1eases XhoI (Xh) and
Pvull (P) were used to subc10ne the coding region
of BL-1 into the pSP64 plasmid.
B Construction of plasmid pSP64-BL-1. The
XhoI-PvuII fragment of BL-l was subcloned into
the Sail (S)-SmaI (SM) sites ofthe pSP64 plasmid
[17], according to Maniatis et al. [15]. SP, SP6
promoter; 0 RI, replication origin; R, ampicillin
resistance gene; P, Pvull
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Fig.2. Expression of p34x. The techniques used
were essentially those described by Butler and
Chamberlin [1] and Renart and Sandoval [21].
Briefly, 5 ~g ofpSP64-BU DNA was digested to
completion with Pvull and transcribed in vitro by
the SP6 RNA polymerase (Amersham) at 37 DC
for 2 h. RNA was capped by means of a cap analogue (m 7 G ppp G, Pharmacia) as described by
the Amersham manufacturer. One microgram of
the capped RNA was translated at 37 DC for 1 h
in 20 ~ of rabbit reticulocyte lysate supplemented
with unlabeled amino acids [19]. The translation
products were analyzed according to Renart and
Sandoval [21]. The blotted p34x protein was revealed by 50 ~l of sera to be tested and
5 x 104 cpm of 125I-Iabeled protein A (specific activity: 3 x 10 7 cpm/~g). Lane 1, normal rabbit
serum; lane 2, rabbit anti-p24 polyclonal serum;
lane 3, rabbit serum raised [7] against synthetic
peptide RFPRDTSEPPLS of the p34x protein
[23]; lane 4, normal bovine serum; lanes 5 and 6,
persistent lymphocytosis sera of cows 285 and 928
respectively; lanes 7 and 8, bovine tumor cases 15
and 82; lane 9, molecular weight markers

method. It was shown to contain 2353 base
pairs consisting of 993 bp from the 3' end of
the pol gene ending at the splice-donor sequence GATGG/GTAAG and of 1360 bp
from the X region including 924 bp representing the LOR (or putative tat gene) and,
starting at CAAGT, a fragment immediately
following the splice-acceptor sequence
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TCTTTTAAG (Fig. 1). The BL-1 clone thus
derived from a spliced mRNA whose AUG
is very close to the end of the pol message, 44
nucleotides downstream from the putative
AUG of env mRNA.
The BLV restriction fragment (XhoIPvuII) containing the coding region of BL-1
was subcloned into the pSP64 plasmid. The
recombinant plasmid was used to transform
the HB101 strain of Escherichia coli. RNA
from this clone was synthesized in vitro by
the SP6 RNA polymerase and translated
into a 34000-dalton protein (p34X) in rabbit
reticulocyte lysates.
Figure 2 illustrates Western blot experiments performed with reticulocyte lysates
expressing p34x. A 34000-dalton product is
specifically recognized by a serum raised
against a synthetic peptide whose sequence
has been deduced from the putative COOHterminus of the X LOR protein (lane 3). No
p34x was revealed by either normal (lane 1)
or anti-BLV p24 (lane 2) rabbit serum. p34x
is also recognized by various sera from tumor-bearing BLV-infected cattle (lanes 7
and 8), although no p34x was revealed by
sera from animals with persistent lymphocytosis (lanes 5 and 6).
The data encountered in a limited epidemiological survey for anti-p34x antibodies
are summarized in Table 1. Most (22 of 24)
bovine sera from tumor-bearing animals
harbored anti-p34x antibody, detectable by
Western blotting. Many sera (6 of 8) from
cattle with persistent lymphocytosis remained negative. Almost all BLV-infected
sheep (23 of 25), whether in tumor phase or
simply infected, without hematological dis-

Table 1. Response of BLV-infected animals to
p34x
Species

Stage of the disease

Western blot
analysis

+
Cattle

Sheep

Persistent
lymphocytosis
Tumorous case

6

2

2

2"

Antibody carrier
to BLV gp51
Tumorous case

0
2

B

A

1

2

3

4

5

Fig. 3. Comparison of in vivo and in vitro synthesized p34x. p34x was expressed as described in the
legend to Fig.2. Subcellular localization of p34x
has been described previously [6]. A, In vitro synthesized p34x. Lane 1, normal rabbit serum;
lane 2, rabbit serum raised against synthetic
peptide RFPRDTSEPPLS of the p34x; lane 3,
rabbit serum raised against p34x made in reticulocyte lysates. B, FLK nuclei lsyate. Lane 4,
rabbit serum raised against synthetic peptide
RFPRDTSEPPLS of the p34x; lane 5, rabbit
serum raised against p34x

orders, reacted positively with p34x. The latter result possibly reflects the high susceptibility of sheep to BLV infection and the high
level of BLV replication in lymphoid and
epithelioid sheep cells. Bovine cells are less
susceptible to BLV replication, a fact reflected by the persistent, ratherlow antibody
titer found in BL V-infected cattle. In general, anti-BLV antibody titers increase to
high values (10 5 ) only in the tumor stage of
the disease. We are thus inclined to think
that detection of anti-p34x antibody in BLVinfected non-tumorous cattle might require
even more sensitive techniques.
Reticulocyte lysates programmed by BL-l
RNA were injected (three successive injections of 40 JlI lysates at 2-week intervals)
into a rabbit and elicited an excellent antip34x response. This rabbit polyclonal antibody (Fig.3, lane 3) and the anti synthetic
peptide rabbit serum (Fig. 3, lane 2) revealed

the presence of p34x in SP64-BL-l RNAprogrammed reticulocyte lysates. The same
antisera also recognized a p34x product in a
nuclear extract of BLV-infected FLK cells
(FLK-BLV) (Fig. 3, lanes 4 and 5). The
straightforward interpretation of these data
is that the proteins made in vitro or in vivo
are very similar, thus ruling out significant
posttranslational modifications.
A plasmid expressing the BL-l information was used in co-transfection experiments
with a plasmid containing the chloramphenicol acetyl transferase (CAT) gene under
the control of the BLV LTR. The spectacular increase of CAT expression demonstrates that p34x is a powerful transactivator
of BLV LTR ift the cell system used [26].
It is an established fact that the level of
transactivation and, hence, viral gene expression depend upon the cell line examined,
thus suggesting that cell proteins are mandatory and playa role in proviral transcription
[4, 5, 24-26, 31-34]. Through such interactions, it is commonly inferred that infection
by HTLV-I, -II, or BLV leads not only to activation of viral genes but also to modification of expression of normal cellular genes,
and this can be a first step toward malignant
transformation. In the HTLV-I and -II systems, genes such as IL-2, the IL-2 receptor,
and genes for class-II proteins of the major
histocompatibility complex are target candidates for tat 1 [8] and tat 2. The functional
similarity between the BLV and HTLV
transactivator products suggests that expression of the tatBLv product (p34X) may induce expression of cellular genes involved in
target cell proliferation. Overexpression of a
few genes, however, does not explain the entire transformation process, because of the
long latency period and monoclonality of
the tumor. We are thus led to speculate that
BLV-induced leukemogenesis is a multistep
mechanism initiated by tat.
We propose two explanations for the fact
that p34x expression is the first event in a
cascade leading to cell transformation and
leukemia or lymphosarcoma. Moreover, the
very limited expression of p34x in cultured
tumor cells indicates that maintenance of
transformation is independent of p34x expression [11].
Explanation 1: Expression of p34x leads
with low frequency to expression of a cell
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protein critical for cell proliferation, modulating positively its own expression and acting as a repressor of p34x expression. A
model of this kind of interaction is the A
phage system in the interplay between genes
CII and C I for establishment of lysogeny.
Explanation 2: Expression of p34x induces with low frequency chromosomal abnormalities that definitely stabilize the transformed state. There are numerous examples
of chromosomal
rearrangements
in
neoplasia, such as the translocation of the
Philadelphia chromosome in CML [9], the
various translocations affecting the myc oncogene in Burkitt's lymphomas [35], and the
chromosome breaks bel 1 and bel 2 in B cell
lymphomas [36,37]. Taking as an example a
situation recently described in yeast [16], we
imagine that p34x expression leads with low
frequency to an imbalance of histone-class
proteins, which in turn induces chromosome
abnormalities.
Cultured BLV-induced tumor cells systematically show karyotypic aberrations
(Yu G, in preparation). It remains to be seen
whether they are present in vivo or induced
during establishment of the culture.
Finally, it can also be hypothesized that
explanations 1 and 2 can be combined, chromosomal abnormality being a facultative
consequence of p34x expression.
Leukemogenesis by BLV is a complicated
network of interactions, among which p34x
plays the initial role. It contributes to bringing the target cell into the transformed state;
from then on, the cell proliferates and expands as the tumor clone.
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Monoclonal Antibodies Against the Viral
and Human Cellular myb Gene Product
H. Bading 1, C. Beutler 1, P. Beimling 1, J. Gerdes 2, H. Stein 2, and K. Moelling 1

Retroviruses code for oncogenes which
cause tumors in animals. The viral oncogenes have evolved from normal cellular
proto-oncogenes, to which they are closely
related. The viral and cellular oncogenes differ in point mutations and size, the viral
genes often being truncated and, in some
cases, fused to unrelated cellular genes.
These differences may be responsible for the
transforming function of the viral oncogenes.
In human tumor cells, activated cellular
oncogenes resembling the viral oncogenes
have been identified. They also carry mutations and/or deletions, and in many cases are
overexpressed from amplified genes. It is of
interest to determine whether these activated
cellular oncogenes are characteristic of certain tumors and whether their gene products
can serve as tumor markers.
To date, nearly two dozen viral oncogenes
have been identified. Some of them are
closely related to each other, and on the basis oftheir sequence homology, cellular loca-

tion, and associated enzymatic activities,
they can be roughly classified into three
groups. The largest group is the src gene
family, which consists of tyrosine-specific
protein kinases that are predominantly located at the inner side of the plasma membrane. Another group consists of protein
kinases which are not tyrosine- but serine-/
1 Max-Planck-Institut fUr Molekulare Genetik,
Abt. Schuster, Ihnestrasse 73, D-l000 Berlin 33,
FRG
2 Institut fiir Pathologie, Freie Universitat Berlin,
Klinikum Steglitz, Hindenburgdamm 30, D-1000
Berlin 45, FRG
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threonine-specific and are located in the cytoplasm, such as mil/raj The third group
comprises oncogene proteins located in the
nucleus, such as myc, myb, and los. They
presumably playa role in the regulation of
gene expression in tumor cells.
The c-myb oncogene, the homolog to the
transforming gene (v-myb) of avian myeloblastosis virus (AMV), is specifically expressed in hematopoietic cells and appears
to be tightly regulated during cell differentiation and proliferation [1, 5]. A five- to tenfold amplification of the c-myb gene was
found in cultured cells of a patient with
acute myelogenous leukemia (AML) [3]. Tumor cell lines have been established from
AMV -transformed bone marrow cells and
from a human immature T-cell line, designated BM-2 and MOLT4, respectiVely.
To analyze viral and cellular oncogene
proteins, antisera are required. They were
obtained against bacterially expressed oncogenes. An EcoRI/XbaI DNA fragment
which comprises almost the complete viral
oncogene myb (804 out of 1145 nucleotides)
was cloned into pPLc24 expression vector
[2]. The bacterially expressed proteins served
not only for immunization of rabbits and
mice but also for the identification of monoclonal antibodies in enzyme-linked immunoabsorbent assay (ELISA) tests. Monoclonal antibodies against the viral myb protein
were obtained by standard hybridoma technology. Twenty-one myb-reacting monoclonal antibodies were obtained and subcloned
until they were stable and characterized for
their reactivities in various assays such as
ELISA, Western blots, and indirect radioimmunoprecjpitation. For some of the clones,

Table 1. Summary of monoclonal antibody clones isolated against bacterially expressed viral myb

protein
Clone
no.

Clone

ELISA

Titer

Ig class

Blot
BM-2

1/10
1/12
1/21
2/22
3/12
3/20
4/10
4/14
5/18
9/ 1
9/12
9/14
9/19
10/ 7
10/22
14/14
15/23
18/ 3
18/ 9
18/24
19/16
M46

Lost

+
+

+++
++
+++

10°
10- 2
10- 2

+++
+++
+++
+++
+++
++
+++
+++
+++

10- 2
10- 3
10- 1
10- 1
10- 2
10°
10- 1
10- 3
10- 3

+++
+++
+++

10- 1
10°
10- 1

+++

10- 2

Lost

+
+
+
+
+
+
+
+
+
Lost
Lost

+
+
+
Lost
Lost

+

RIP
MOLT4

+++

IgG 2b

+

IgM
IgG I
IgG 2b

+
++
+++

+

(+ )
++

++
+++
+
+++
++
+
+
++
+++

++

(+)
+
++
++

(+ )
+
+
IgG 2a

MOLT4

(+)
(+ )
++

+
IgG 2a

BM-2

++

+
+++

++

The reactivities in various tests were graded by + + +, + +, +, and ( + ), according to the intensities
of the signals obtained.
The serum titer was about 1000-fold higher than that of the hybridoma culture supernatants. Isolation
of monoclonal antibodies followed standard techniques.
ELISA, enzyme-linked immunoabsorbent assay; RIP, indirect radioimmunoprecipitation; M46, mouse
46 used for fusion.

their immunoglobulin subgroups were determined and ascites fluid produced. These
properties are summarized in Table 1.
_ Clone 4/14 precipitates the viral and human cellular myb gene products from 35S_
methionine metabolically labeled BM-2 and
MOLT4 cells (Fig. 1). The p48 v - myb and
p75hU-C-myb proteins are predominantly precipitated (Fig. 1, slot 4, left and right). The
specificities of the two precipitations are
proven by use of excess bacterial myb protein for competition of the antigen-antibody
reactions (Fig. 1, slot 5, left and right).
The anti-myb monoclonal antibody 3/20
proved useful for the purification of mybspecific protein from BM-2 cells. An immuno affinity column was prepared from ascites
fluid, and the immunoglobulin fraction was

isolated by protein A chromatography and
subsequently coupled to carrier beads. Details of this procedure have been published
[2]. The purification of the p48 v - mYb protein
from 35S-methionine metabolically labeled
BM-2 cells is about 3000-fold (Fig.2). The
p75hu-C-myb protein can be purified from
MOLT4 cells, using an identical approach
with clone 4/14 (data not shown). The analysis of human tumor cell lines is hampered
by the fact that the level of human myb protein expression is about 10-fold lower than
that of the avian viral system.
It is of interest to determine the reactivity
of the myb monoclonal antibody 4/14 with
human and avian tumor cells. In order first
to establish its specificity in immunoperoxidase staining, clone 4/14 was tested with
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Fig. I. Indirect immunoprecipitation of myb protein from 3$S_
methionine metabolically labeled avian BM-2 and human
MOLT4 cell lines (2 x 106 cells
per precipitation labeled with
500 flO/mt l'S-methionine for
90 min and processed as described in [2]). For precipitation, 5 III of normal rabbit
serum (slot J) and rabbit antibacterial myb serum (slot 2)
were used. 1 m1 of supernatant
from NS-l myeloma cells (sial
3) and from hybridoma clone
4/1 4 (SIOI 4) were used. Competition of the precipitation
reaction was performed using
5 ",g of purified myb antigen
(slol 5). M indicates marker
proteins, from top to bottom:
92K, 68K, 54K, 45K, and 32K.
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Fig.l. Immunoaffinity column purification of p48 v ....,b protein from
HS-methionine metabolically labeled BM·2 cells, using the monoclo·
nal clone 3/20. The coLumn was prepared according to previously
pu blished procedures [2]. 5 x 10 7 cells labeled with 500 ~Ci/ml for
90 min were used. An aliquot (5%) of the eluted fractions (2 rnl each)
was analyzed o n sodium dodecyl sulfate polyacrylamide gel and
exposed for autoradiography (time: 1 week)
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Fig. 3 a, b. Immunoperoxidase
staining ofBM-2 cells with
monoclonal antibody, clone
4/14. Ascites fluid was used
at a dilution of 1 : 600 (a).
Competition by excess of
antigen (5 ~g) (b). Immunoperoxidase staining was performed as described in [4J

b

BM-2 cells. As is shown in Fig. 3, the monoclonal antibody gives rise to nuclear staining
in BM-2 cells. The specificity of the reaction
is proven by competition of the antibody
binding with excess of antigen, which is
shown in Fig. 3 b. Preliminary evidence indicates that the human cellular myb gene product can be detected in the human tumor cell
line MOLT4 by an identical technique, in
spite of the fact that it is expressed at about
10-fold lower levels in those cells (data bot
shown).
In summary, of the monoclonal antibodies isolated against v-myp, lout of 21
recognizes the human cellular myb gene
product in several experimental approaches.
The differences between the viral and cellular myb genes are extensive, since besides

several point mutations the viral myb gene is
truncated to about two third the size of the
cellular myb gene. In spite of this, the crossreactive monoclonal clone 4/14 suggests the
existence of a conserved antigenic site located on an EcoRI/XbaI fragment ofv-myb.
Since the expression of c-myb protein may be
related to different malignancies, antibody
clone 4/14 is a useful tool for investigating
whether or not c-myb protein can be used as
a tumor marker. Such investigations are
now under way.
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Atavistic Mutations Reflect the Long Life Span
of Dispensable Genes
S.Ohno

A. Introduction
I t looks as though the list of c-onc genes in
the mammalian genome has been growing
every month: some sharing the tyrosine kinase domain with growth factor receptors,
others sharing the domain with steroid hormone receptors. Are they all essential to the
development and well-being of the host?
From their sheer redundancy alone, I suspect that most of them are not. If they are,
more often than not, nonessential, why have
they been persisting so long? The evolutionary antiquity of some of them has been well
established.
In a previous paper [1], I pointed out that
because of the low inherent error rate in vertebrate DNA replication estimated as 10- 9 /
base pair per year, the average half-life of
genes after they have become dispensable is
as long as 45 million years. It would be recalled that the first placental mammals
emerged only 75 million years ago. In another previous paper [2] and also in an accompanying paper to this one, I also pointed
out the c-onc gene coding sequences are still
constructed in the manner reminiscent of
primordial coding sequences at the very beginning oflife on this earth some 3.5 or more
billion years ago, the possession of long unused open reading frames giving them a
measure of immortality.
In this paper, I shall give an example of
the primordial gene evolved before the division of eukaryotes from prokaryotes becom-

Beckman Research Institute of The City of Hope,
Duarte, CA 91010, USA

ing dormant in various phylogenetic trees
.for very, very long time, only to be resurrected later. Before the advent of molecular
biology, such resurrections were known as
atavistic mutations. A few dramatic examples shall also be given.

B. The Evolutionary Game
of Hide- and Emerge Played
by Hemoglobin Genes
The ultimate origin of hemoglobin genes is
of extreme interest. In vertebrates, hemoglobins are encased in circulating erythrocytes,
and the genome of certain teleost fish and
upward contains two unlinked sets of genes;
one set for ct-chain and its allies, and the
other for p-chain and its allies. Within vertebrates, hemoglobin polypeptide chains have
been changing rather rapidly - a 1% amino
acid sequence divergence every 8.3 million
years. By contrast, glyceraldehyde 3-phosphate dehydrogenase, one of the sugar-metabolizing enzymes, has been undergoing a
1% amino acid sequence change every 40
million years. Reflecting the above noted
rapid evolutionary changes, monomeric hemoglobins of lampreys are already intermediate between myoglobins on one hand and
ct- and p-chains of jawed vertebrates on the
other [3]. Thus, within vertebrates, all the indications were that the gene duplication
event that yielded the ancestral hemoglobin
gene from a redundant copy of the myoglobin gene must have taken place at the onset
of vertebrate evolution 300 million or so
years ago. Indeed, at the rate of a 1% amino
acid sequence divergence every 8.3 million
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years, hemoglobins should have become totally unrecognizable in 830 million years:
100% amino acid sequence divergence.
Yet it had been known for a long time that
hemoglobins appear sporadically not only
among invertebrates (e.g., Chinoromus
among dipteran insects, earthworms among
the class Polychaeta of the phylum Annelida)
but also among the plants (e.g., in nitrogenfixing nodules of leguminous plants). A dimeric bacterial hemoglobin from Vitreoscilla has recently been sequenced 14]. It
is comprised of 146 amino acid residues and
is therefore of the same length as mammalian p-chains. Furthermore, all the functionally critical residues are present, e.g., a pair
of histidine residues that hold a heme - 46th
phenylalanine, which is invariant in all hemoglobins. This bacterial hemoglobin
shows the greatest sequence homology
(24%) with the pea leghemoglobin which is
153 residue long.
The fascinating evolutionary history of
hemoglobins revealed above again confirms
the view that most of the major innovations
in evolution occurred at the very beginning
of life on this earth before the division of eukaryotes from prokaryotes. In addition, it
reveals yet another evolutionary principle

often overlooked [2]. The gene once invented
might remain dormant for a very, very long
time, only to be resurrected in certain
members. For example, insects as a rule do
not express hemoglobin genes; even among
dipteran insects, the familiar Drosophila and
mosquitoes do not, while Chyronomus does.
The gene that can be resurrected after a very
long period of dormancy must necessarily be
endowed with the immortal property, being
impervious to normally function-depriving
deleterious mutations that cause premature
chain termination, reading frame shifts, etc.
This is the inherent property of coding sequences endowed with long unused open
reading frames capable of encoding amino
acid sequences similar to that encoded by the
used reading frame of that gene. Such was
the property of primordial coding sequences
of eons ago that were repeats of base
oligomers, the number of bases in oligomeric
units not being a multiple of three [2].

C. A Few of the More Dramatic Examples
of Atavistic Mutations
A pair of horns adorning the poll is quite
common among bovids (cattle, sheep, goats,

Fig. I. A portrait of Belmar, the winner of the 1895 Belmont stakes, from a newspaper of the time [51
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and antelopes), cervids (deer), and even
giraffids of the order Artiodactyla. Among
members of the order Perisodactyla, however, such development apparently has
never taken place, although extinct Brontothelium sported, and persisting rhinoceroses still sport, a horn or horns on the
nose. Yet there have been two documented
instances of modern horses growing a pair of
horns on the poll. Records of racing thoroughbreds have been kept impeccably. Marooned was a popular gelding of the 1930 in
the United States. He had small horns growing "pronouncedly" though not "conspicuously." Similarly, the horse who
crossed the wire first in the 1895 Belmont
Stakes boasted nobs above his forehead
(Fig. 1). Belmar, a steel-gray runner of distinction also won the Preakness and Manhattan handicap [5]. It would be recalled
that starting with the Kentucky Derby, the
Preakness and the Belmont constitute 2nd
and 3rd legs of the Triple Crown races for 3year-olds in the United States.
The characteristic body shape of modern
whales was already evident in an Eocene
whale (Zeuglodon) of some 50 million years
ago. This reversion of the body form of tetrapod mammals to the original fish-like
body form of ancestral vertebrates was accomplished by transformation of front limbs
to a pair of paddles, while pelvic bones became residual, and femur became an internal
diminutive cartilaginous vestige, thus eliminating hind limbs. Yet Andrews [6] described a humpback whale, Megaptera nodosa, with hind limbs over a meter long. The
femur of this whale was external and nearly
complete. A number of sperm whales,
Physeter catodon, have also been discovered
which possessed not only the external femur
but also partial phalanges [7J. These whales
with hind limbs represent the case of an
atavistic revision to the tetrapod body form
from the previous atavistic reversion to the
fish-like form.

D. Summary

Most of the major innovations in evolution
occurred at the very beginning of life on this
earth some 3.5 billion years ago before the
division of eukaryotes from prokaryotes.
This initial innovativeness was due, in no
small part, to the peculiar construction of
primordial coding sequences that were repeats of base oligomers, the number of bases
in oligomeric units not being a multiple of
three. Such coding sequences are conferred
with a measure of immortality. Because of
this initial immortality and of long life span
of genes after becoming dispensable, the ancient gene may remain silenced in particular
phylogenetic trees for a very long time, only
to be resurrected later. Hemoglobin genes
expressed in exceptional bacteria, plants,
worms, insects, as well as in all vertebrates
are a good example of this.
Atavistic mutations are more dramatic
visible examples of such resurrection of long
do~ant genes. A few interesting examples
are gIven.
References
1. Ohno S (1985) Dispensable genes. Trends
Genet 1:160-164
2. Ohno S (1986) Viral V-Onc and host C-Onc
genes: their dispensability, immortality and active site sequence conservation. Cancer Rev
2:65-85
3. Atlas of Protein Sequence and Structure (1972)
Dayhoff MO (ed). Natl Biomed Res Found,
Silver Springs
4. Wakabayashi S, Matsubara H, Webster DA
(1986) Primary sequence of a dimeric bacterial
Vitreoscilla. Nature
haemoglobin from
322:481-483
5. Fleming M (1984) Wrought by inexact science.
Throughbreds of California, June 4-8
6. Andrews RC (1921) A remarkable case of external hind limbs in a humpback whale. Am
Mus Novitates 9:1-16
7. Lands R (1978) Evolutionary mechanism of
limb loss in tetrapods. Evolution 32:73-92

495

Haematology and Blood Transfusion Vol. 31

Modern Trends in Human Leukemia VII
Edited by Neth, Gallo, Greaves, and Kabisch
© Springer-Verlag Berlin Heidelberg 1987

Cancer Genes Generated by Rare Chromosomal
Rearrangements Rather than Activation of Oncogenes *
P. H. Duesberg 1

A. Introduction

In order to understand cancer, it is necessary
to identify cancer genes. The search for such
genes and for mechanisms that generate
such genes must take into consideration that
at the cellular level cancer is a very rare
event. The kind of cellular transformation
that leads to cancer in vivo occurs only in
about one out of2 x 10 17 mitoses in humans
and animals. The basis for this estimate is
that most animal and human cancers are derived from single transformed cells and are
hence monoclonal [1-5], that humans and
corresponding animals represent about 10 16
mitoses (assuming 10 14 cells that go through
an average 10 2 mitoses), and that about one
person in five dies from tumors [6].
The only proven cancer genes are the
transforming (one) genes of retroviruses.
These are autonomous transforming genes
that are sufficient for carcinogenesis [7, 8].
They transform susceptible cells in culture
with the same kinetics as they infect tham,
and they cause tumors in animals with single-hit kinetics [7,8]. Therefore, these viruses
are never associated with healthy animals
and are by far the most direct and efficient
natural carcinogens.

* This manuscript is based on a previous publication [1] and was also presented at the Third International Symposium in Hematology and Oncology: Assessment and Management of Leukemia
Cancer Risks in Stockholm, Sweden, May 1987.
1 Department of Molecular Biology University of
California, Berkeley, California
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However tumors with retroviruses that
contain one genes are very rare in nature, as
only less then 50 cases are recorded from
which such viruses were isolated [5, 7-9].
Moreover these viruses have never been reported to cause epidemics of cancer. The
probable reasons are that viral one genes
arise naturally only with great difficulty via
two or more illegitimate recombinations,
and that once arisen they are very unstable
because they are not essential for virus replication [7, 8]. Nonessential genes are readily
lost due to spontaneous deletion or mutation. Indeed, one genes were originally discovered by analysis of spontaneous deletions of the sre gene, the one gene of Rous
sarcoma virus (RSV) [10, 11]. Subsequently,
about 20 other viral one genes were identified in retroviruses [7-9, 12]. All these viral
one genes were originally defined by "transformation-specific" sequences that are different from the known sequences of essential
virus genes [13].
Since one genes are unstable, they must
also be recent additions to retroviruses. Indeed, the cellular genes from which the
transformation-specific sequences of oncogenic retroviruses were transduced have
been identified in normal cells. This was initially done by liquid hybridization of transformation-specific viral sequences with cellular DNA [14-18], and later by comparing
cloned viral one and corresponding cellular
genes [19]. Such cellular genes have since
been termed proto-one genes [7].
The cellular origin of the transformationspecific sequences of retroviral one genes is
frequently presented as a particular surprise

[9, 12]. However, cells are the only known

source of genetic material from which
viruses could transduce genetic information,
and viral transduction has been canonical
knowledge since phage A. was first shown by
the Lederbergs and Zinder to transduce {3galactosidase in the 1950s [110]. Indeed,
viruses are themselves derivatives of cellular
genes that have evolved away from their
progenitor genes as they acquired their capacity of self-replication.
B. The Oncogene Concept

On the basis of the sequence homology between viral one genes and proto-one genes,
viral one genes have been postulated to be
transduced cellular cancer genes, and protoone genes have been postulated to be latent
cancer genes or oncogenes [20-29]. According to this view, termed the oncogene concept [29], proto-one genes are not only converted to transforming genes from without
by transducing viruses, but also from within
the cell by increased dosage or increased
function [20-29]. Activation of latent oncogenes from within the cell is postulated to
follow one of five prominent pathways: (a)
point mutation [30, 31]; (b) chromosomal
translocation that brings the latent oncogene under the control of a heterologous enhancer or promoter [24, 32]; (c) gene amplification [28, 29]; (d) activation from a retroviral promoter integrated adjacent to the latent oncogene [9, 23-29]; or (e) inactivation
of a constitutive suppressor [33]. Thus, this
view predicts that latent cancer genes exist in
normal cells. However, the existence of latent cancer genes is a paradox, because such
genes would be the most undesirable genes
for eukaryotic cells. The very essence of enkaryots is cellular cooperativity, rather than
autonomy as is typical of cancer cells and
prokaryotes.
The oncogene concept was a revision of
Huebner's oncogene hypothesis, which postulated activation of latent oncogenic
viruses instead of latent cellular oncogenes
as the cause of cancer [34]. Nevertheless,
Huebner's hypothesis remained unconfirmed because most human and animal tumors are virus-negative [9, 12]. Moreover,
the retroviruses and DNA viruses that have
been isolated from tumors are not directly

oncogenic [5], except for the fewer than 50
isolates of animal retroviruses which contain
one genes [8, 9, 12].
The oncogene concept was highly attractive at first sight because it derived credibility from the proven oncogenic function of
retroviral one genes, the viral derivatives of
proto-one genes, and because it promised direct access to the long-sought cellular cancer
genes in virus-free tumors with previously
defined viral one genes as hybridization
probes. Predictably, the hypothesis has
focused the search for cellular cancer genes
from the 10 5 -10 6 genes of eukaryotic cells to
the 20 known proto-one genes [8, 9, 23-29,
43].
The hypothesis makes four testable predictions, namely, (a) that viral one genes and
proto-one genes are isogenic; (b) that expression of proto-one genes would cause
cancer; (c) that proto-one genes from tumors
would transform diploid cells as do proviral
DNAs of viral one genes; and above all (d)
that diploid tumors exist that differ from
normal cells only in activated proto-one
genes. Despite record efforts in the past 6
years, none of these predictions has been
confirmed. On the contrary, in fact, the genetic and biochemical analyses that have defined essential retroviral genes, viral one
genes, and proto-one genes during the past
16 years show in reference to (a) that viral
one genes and proto-one genes are not isogenic [7, 8] (see below). As regards (b), it
turned out that most proto-one genes are frequently expressed in normal cells [8]. Contrary to the expectation in (c), none of the 20
known proto-one genes isolated from tumors functions as a transforming gene when
introduced into diploid cells. (The apparent
exceptions of proto-ras and proto-mye are
discussed below). By comparison, proviral
DNAs of retroviraI one genes transform normal cells exactly as the corresponding
viruses [9, 12]. And finally, no diploid tumors with activated proto-one genes, as hypothesized in (d), have been found except for
those caused by viruses with one genes
[35, 36]. Instead of activated oncogenes [8],
clonal chromosome abnormalities are a
consistent feature of virus-negative tumors
[1-4, 37] and also of all those tumors that
are infected by retroviruses without one
genes [5].
497

C. Claim that Proto-ras Genes Become
Cancer Genes Due to Point Mutations

Harvey proto-ras is the cellular precursor of
Harvey, Balb, and Rasheed murine sarcoma
viruses, and Kirsten proto-ras is the cellular
precursor of the murine Kirsten sarcoma
virus [9, 12]. Both proto-ras and the viruses
encode a colinear protein, termed p21, of
189 amino acids (Fig. 1) [38-44]. In 1982 it
was discovered that Harvey proto-ras extracted from a human bladder carcinoma
cell line, but not from normal cells, would
transform the morphology of a few
aneuploid murine cell lines, in particular the
NIH 3T3 mouse cell line [30, 31]. Subsequently proto-ras DNAs from some other
cell lines and from some primary tumors [8,
38-40] were also found to transform 3T3
cells. Since such proto-ras DNAs behave like
dominant and autonomous cancer genes in
this morphological assay, they were claimed
to be cellular cancer genes [30, 31, 43]. The
3T3 cell transforming function of the Harvey proto-ras gene from the bladder carcinoma was reduced to a single point mutation that changed the 12th ras codon of p21
from the normal gly to val [30, 31]. In the
meantime, more than 50 different point mutations in five different ras codons have been
identified, all of which activate 3T3 cell
transforming function [41, 42, 88]. Since the
viral ras genes and proto-ras genes encode
the same p21 proteins, whereas most other
viral one genes encode proteins that are different from those encoded by proto-one
genes (Fig. 1) [7, 8], this system has been considered a direct support for the hypothesis
that viral one genes and proto-one genes are
indeed isogenic and hence can become functionally equivalent by point mutations [2631,42-44].
However the following arguments cast
doubt or the claims that point mutations are
indeed necessary or sufficient to convert
proto-ras to a dominant cancer gene:
1. Although most, but not all (see below),
proto-ras genes with point mutations have
been found in tumors or in certain cell lines,
ras mutations are very rare in most spontaneous tumors [8, 38-40]. In fact, the gly to
val mutation that was originally found in the
human bladder carcinoma cell line [30, 31]
has never been found in a primary tumor
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[43, 88]. Moreover, even in certain chemically induced or spontaneous tumors in
which ras mutations are relatively frequent a
consistent correlation between ras mutations and tumors has never been observed [8,
43-45].
Furthermore, it is not known whether in
animals the origin of a ras mutation coincides with the origin of the tumor. For example, the ras mutation of the human bladder carcinoma [30, 31] was only found in a
cell line 10 years after this line was derived
from the original tumor [46].
On the basis of a numerical argument it is
also unlikely that point mutations are sufficient to convert proto-ras genes to dominant
cancer genes. The frequency of point mutations of eukaryotes is one in 10 8 -10 10 nucleo tides per mitosis [47, 48]. Thus, about
one in 10 7 mitoses is expected to generate
mutant Harvey ras genes with dominant
transforming function, since the diploid human cell contains about 6 x 10 9 nucleotides
and since 50 different mutations can activate
each of two sets of ras genes of diploid cells.
By contrast, spontaneous transformation
that leads to clonal tumors occurs in fewer
than one out of about 2 x 10 17 mitoses and
only a small minority of these contain mutant ras genes.
It may be argued, however, that indeed
one out of 10 7 mitoses generates a tumor cell
with activated proto-ras and that the immune system eliminates these cells. However
this is unlikely since a point mutation is not
an easy target for immunity. Further, animals or humans who are tolerant to ras
point mutations would be expected to develop tumors at a very early age, if pointmutated proto-ras genes were dominam
cancer genes, as the 3T3 assay suggests. Instead, spontaneous human tumors with activated proto-ras are very rare and all were
observed in adults [8, 38-40]. Moreover, the
argument that cellular oncogenes exist that
can be activated by point mutation and then
controlled by immunity is hard to reconcile
with the existence of athymic or nude mice
which do not develop more spontaneous tumors than other laboratory mice [49]. Furthermore, this view is inconsistent with the
evidence that immunosuppressive therapy
or thymectomy does not increase the cancer
rate of humans [50]. Finally, one would pre-

dict that in the absence of immunity, as in
cell culture, one out of 10 7 normal cells
should spontaneously transform due to
point mutation of Harvey proto-ras alone
and probably the same number due to mutation of Kirsten proto-ras [9]. Yet spontaneous transformation of diploid cells in culture is clearly a much less frequent event.
In an effort directly to test the hypothesis
that ras genes are activated to dominant
cancer genes by point mutation, we [41] analyzed whether the transforming function of
ras genes does indeed depend on point mutations. Using site-directed mutagenesis we
have found that point mutations are not necessary for the transforming function of viral
ras genes and of proto-ras genes that had
been truncated to be structurally equivalent
to viral ras genes [41]. (See also Cichutek and
Duesberg this volume.)
2. Contrary to expectation, the same
proto-ras DNAs from human tumors that
transform aneuploid 3T3 cells do not transform diploid human [51] or diploid rodent
cells [52-54], the initial material of natural
tumors. Thus transformation of 3T3 cells
does not appear to be a reliable assay for
transforming genes of diploid cells. Instead
of initiating malignant transformation, mutated proto-ras genes merely alter the morphology and enhance tumorigenicity of
aneuploid 3T3 cells. Apparently they activate one of the many morphogenic programs of eukaryotic cells. Observations that
untreated 3T3 cells are tumorigenic in nude
mice [55-57] are consistent with this view.
Thus, proto-ras genes with point mutations
are not sufficient to initiate malignant transformation. They only appear as dominant
c3.ncer genes in certain aneuploid cells, such
as 3T3 cells, based on unknown biochemical
effects that alter the morphology of these
cells. Furthermore, morphological transformation of 3T3 cells is not ras gene specific. It occurs spontaneously [58] and also
upon transfection with several DNA species
derived from tumors or tumor cell lines that,
like proto-ras, do not transform diploid cells
[28, 43, 44]. Such DNAs are now widely considered as cellular cancer genes [28, 43, 44],
although they are not related to viral one
genes and do not transform diploid cells.
3. Assuming that mutated proto-ras
genes are cancer genes, like viral one genes,

one would expect diploid tumors that differ
from normal cells only in ras point mutation. Contrary to expectation, chromosome
abnormalities are consistently found in
those tumors in which proto-ras mutations
are occasionally found [2, 4]. The human
bladder carcinoma cell line, in which the first
proto-ras mutation was identified, is a convincing example. This cell line contains over
80 chromosomes (instead of 46) and includes
rearranged marker chromosomes [46]. In
view of such fundamental chromosome alterations, a point mutation seems to be a
rather minor event. Indeed among diploid
hamster cells transfected with mutated ras
genes, only those that developed chromosomal abnormalities upon transfection were
tumorigenic [59, 60].
Thus, proto-ras genes with point mutations are neither sufficient nor proven to be
necessary for carcinogenesis and are not autonomous cancer genes as are viral ras genes.
In addition, there is no kinetic evidence that
the origin of the mutation coincides with the
origin of the tumors in which it is found. It
is consistent with this view that proto-ras
mutations that register in the 3T3 cell transformation assay have been observed to occur in vivo in benign hyperplasias, as for example in benign murine hepatomas [61] or in
benign, purely diploid mouse skin papillomas that differentiate into normal skin cells
[62-66]. Ras mutations have also been observed to arise after carcinogenesis in
aneuploid cancer cells [67-69], rather than to
coincide with the origin of cancer. By contrast, viral ras genes are sufficient for transformation and thus initiate transformation
of diploid cells in vitro and in vivo with single-hit kinetics and concurrent with infection [8, 70, 71].
This then raises the question as to why
viral ras genes are inevitably carcinogenic
under conditions under which proto-ras
genes with point mutations are not. A sequence comparison between proto-ras genes
and the known viral ras genes has recently
revealed a proto-ras-specific exon that was
not transduced by any of the known
retroviruses with ras genes [41]. (See also
Cichutek and Duesberg this volume.) It
follows, that proto-ras and viral ras genes
are not isogenic (Fig. 1). Since four different
viral ras genes have been shown to lack the
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same proto-ras exon and since point mutations are not necessary for transforming
function, we have proposed that proto-ras
genes derive transforming function for diploid cells by truncation of an upstream exon
and recombination with a retroviral promoter ([41], see below).
D. Claim that the Proto-mye Gene Becomes
a Cancer Gene Under the Influence
of a Heterologous Cellular Enhancer

Proto-mye is the cellular precursor of four
avian carcinoma viruses, termed MC29,
MH2, CMIl, and OKlO, with directly oncogenic mye genes [8]. The transforming host
range of viral mye genes appears to be
limited to avian cells, as murine cells are not
transformed by cloned proviral DNAs [52,
53, 72]. Nevertheless, it is thought that
proto-mye, brought under the control ofheterologous cellular enhancers or promoters
by chromosome translocation, is the cause
of human Burkitt's lymphoma or mouse
plasmacytoma [32, 64, 73].
The following arguments cast doubt on
whether such activated proto-mye genes are
indeed necessary or sufficient for carcinogeneSIS:
1. The human proto-mye gene is located
on chromosome 8. This chromosome is typically rearranged in B cell lines derived from
Burkitt's lymphomas [8, 32, 64]. However,
although chromosome 8 is subjected to
translocations, proto-mye is frequently not
translocated, and when translocated it is frequently not rearranged [8, 32, 64].
Moreover, no rearrangements of chromosome 8 were observed in about 50% of primary Burkitt's lymphomas; instead, other
chromosome abnormalities were recorded
[74]. Thus, proto-mye translocation is not
necessary for lymphomagenesis.
2. Expression of proto-mye is not consistently enhanced in lymphomas [8].
3. As yet no proto-mye gene isolated from
any tumor has been demonstrated to transform any cells [8]. In an effort to assay transforming function in vivo, a proto-mye gene
that was artificially linked to heterologous
enhancers was introduced into the germ line
of mice [73]. Several of these transgenic mice
developed lymphomas after 1-5 months,
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implying that activated proto-mye had
transformed diploid cells. However, the lymphomas of the transgenic mice were all
monoclonal [73]. Thus, if the activated
proto-mye gene were indeed responsible for
the lymphomas, it would be an extremely inefficient carcinogen, because only one of
about 10 8 "control" B cells of the same
mouse [75] with the same transgenic mye
gene was transformed. Further, there is no
deletion or mutation analysis to show that
the activated proto-mye indeed played a direct role in the tumors of the transgenic mice
[73]. In contrast, viral mye genes transform
all susceptible cells directly and inevitably
[8].
4. If translocated proto-mye were the
cause of Burkitt's lymphomas, one would
expect all tumors to be diploid and to carry
only two abnormal chromosomes, namely,
number 8 and the chromosome that was
subject to reciprocal translocation with
number 8. Instead, primary Burkitt's lymphomas exist with two normal chromosomes 8 that carry other chromosome abnormalities [74]. Thus, translocated protomye genes are not sufficient or proven to be
necessary for carcinogenesis.
E. Probability of Spontaneous
Transformation In Vivo Is at Least 109
Times Lower than Predicted
from Proto-one Gene Activation
It was estimated above that the probability

of spontaneous transformation that leads to
monoclonal tumors in humans is 2 x 10- 17
per mitosis. One would expect activation of
a preexisting, latent proto-one gene to be a
much more frequent event. Fo'r a given
proto-one gene, the probability of activation
per mitosis would be the sum of the probabilities associated with each of the putative
pathways [28, 29, 33] of proto-one activation.
1. Since the probability of a point mutation per nucleotide per mitosis is about one
in 10 9 [47,48] per diploid cell, the probability that anyone of the 20 known proto-one
genes is activated would be 2 x 20 x 10 - 9,
assuming only one activating mutation per
proto-one gene. However, it would be 10- 7
for Harvey-ras alone, since 50 different mu-

tations are thought to activate this gene to a
dominant cancer gene (see above).
2. The probability of a given proto-one
gene to be activated by amplification is
about one in 108 , considering that about one
in 10 3-10 5 mitoses leads to gene amplification in vitro and possibly in vivo and that
about 10 3 out of the 106 kilo bases (kb) ofeukaryotic DNA are amplified [76, 77]. The
probability that anyone of the 20 known
proto-one genes would be activated by amplification would then be 2 x 10- 7.
3. The probability of oncogene activation
by chromosome translocation depends
largely on what distances between a protoone gene and a heterologous enhancer and
which enhancers are considered sufficient
for activation. Since distances > 50 kb of
DNA have been considered sufficient for activation of proto-mye [9, 64] and proto-abl
[9, 78] (the proto-one gene of murine Abelson leukemia virus [9]), and since an enhancer is likely to be found in every 50 kb of
cell DNA, nearly every translocation within
a 50-kb radius of a proto-one gene should be
activating. Thus the probability that a given
proto-one gene is activated per translocation
would be 5 x 10- 5 (50 kb out ofl0 6 kb). The
probability that one of the 20 known protoone genes is activated would then be 10- 3
per translocation.
Translocation frequencies per mitosis are
not readily available. In hamster cells, translocations are estimated to occur with a probability of 10- 6 per mitosis [79, 80]. In cells
directly derived from mice and humans,
even higher frequencies (0.01-0.3) have been
observed upon study in vitro [81-83]. The
probability of a translocation per meiotic
cell division in humans has been determined
to be 10- 3-:-10- 4 , based on chromosome abnormalities in live births [84]. Assuming one
translocation in 104 mitoses, the probability
that one out of the 20 known proto-one
genes is activated per mitosis by translocation would then be about 10- 7.
4. The probability that a proto-one gene
would be activated from without by the promoter or enhancer of a retrovirus integrated
nearby is even higher than those associated
with the intrinsic mechanisms. Since retrovirus integration within 1-10 kb of a putative latent cancer gene is considered sufficient for activation [9, 23-29], since retro-

virus integration is not site-specific [10, 12],
and since eukaryotes contain about 10 6 kb
of DNA, a given proto-one gene would be
activated in at least one out of 10 6 infected
cells [5, 8]. The probability that anyone of
the 20 known proto-one genes would be activated would be 2 x 10- 5 per infected cell.
The sum of these probabilities should reflect the spontaneous transformation frequency of cells per mitosis in vivo and in vitro. It would be between 10- 5 and 10- 7 •
However, it should be at least 10- 7 due to
Harvey proto-ras mutations alone. Nevertheless, the actual number may be 10 times
lower (or about 10- 8 ), depending on
whether all or only some of these four putative mechanisms could activate a proto-one
gene and depending on whether a given cell
is susceptible to transformation by a given
one gene or to a given retrovirus. Instead,
spontaneous transformation per mitosis
that leads to monoclonal tumors is only
about 2 x 10- 17 in vivo. Thus the expected
probability of spontaneous transformation
due to activation of preexisting oncogenes
differs at least by a factor of 10 9 from that
observed in diploid cells in vivo.
Again it may be argued that spontaneous
malignant transformation does indeed occur
at the above rates but that immunity eliminates nearly all transformants. However in
this case athymic or nude mice should not
exist and the cancer incidence should increase significantly upon immunosuppressive therapy or thymectomy; yet this is not
the case [49, 50]. Moreover, diploid cells in
culture have not been observed to transform
at the above rates.
5. Certain cancers (e.g., retinoblastomas)
are thought to be caused by activation oflatent oncogenes that are normally suppressed
by two allelic suppressor genes [33]. Cancers
caused by such genes would be the product
of inactivations of two allelic suppressors
and thus very rare [33]. In individuals with
genetic defects in one putative suppressor allele tumors such as retinoblastomas should
occur due to inactivation of the second suppressor allele with the same frequencies as
those estimated above for point mutation,
translocation, and retrovirus insertion [33].
However, in over 80% of retinoblastomas
that occur in individuals without prior genetic defect the putative suppressor genes
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appear to be normal as judged by chromosome analysis [33], suggesting that other
suppressors inhibit the putative retinoblastoma oncogene or that it does not exist. Instead, other chromosomal abnormalities
that are always seen in such tumors [33] may
be relevant to carcinogenesis (see below).
Further, this activation hypothesis predicts
that normal cellular DNA would cure retinoblastoma cells upon experimental transfection. Yet this has not been reported. Likewise, it would be expected that experimental,
human-nonhuman heterokaryons that have
lost chromosomes with suppressor genes
would be transformed. It would also be expected that retinoblasts or other cells from
individuals with a genetic defect in one suppressor allele would spontaneously transform with the probability of chromosome
nondysjunction. Dysjunction has been observed to occur upon cultivation of biopsied
murine [85] and human cells [86] with a
probability of one in 10- 3 (monosomies) to
one in 10 - 4 (trisomies) per chromosome and
mitosis. However, spontaneous transformations have not been described as occurring at
this rate. Thus there is as yet no proof for
suppressed cancer genes in normal cells.
F. Hypothesis that Activated Proto-one
Genes Require Unknown Complementary
Genes for Carcinogenesis

Because of the consistent difficulties in demonstrating oncogenic function of protoone genes, a further revision of the oncogene
concept has recently been favored. It proposes that "activated" proto-one genes, like
proto-ras or proto-mye, are not autonomous
one genes like their viral derivatives, but are
at least necessary for the kind of carcinogenesis that requires multiple cooperating oncogenes [32, 52, 53, 64, 65, 87, 88]. Thus, activated proto-one genes are proposed to be
functionally different, yet structurally equivalent to viral one genes. According to this
theory, activated proto-one genes would not
be expected to register in transformation assays that detect single-hit carcinogens like
viral one genes [7, 8].
However, the hypothesis fails to provide
even a speculative explanation as to why activated proto-one genes are no longer to be
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considered functionally equivalent to viral
one genes [8]. Clearly, until the postulated
complementary cancer genes are identified,
this hypothesis remains unproven [8].
The hypothesis also fails to explain why
among certain tumors, such as human carcinomas, individual carcinomas are only distinguishable from each other by the presence
or absence of activated, putative oncogenes
[8, 38-40,42-44]. This implies either (a) that
unknown oncogenes that do not register in
the 3T3 cell assay would cause the same tumors as the putative oncogenes that do, or
(b) that the putative oncogenes are not necessary for these tumors.
G. Viral one Genes as Specific
Recombinants Between Truncated Viral
and Cellular Genes

Genetic and structural analyses of retroviral
genes, viral one genes, and proto-one genes
and direct comparisons between them have
shown that viral one genes and proto-one
genes differ both structurally and functionally. Therefore, we have proposed that viral
one genes are indeed new genes that do not
preexist in normal cells, rather than being
transduced cellular genes [7, 8, 13, 19]
(Fig. 1). The original basis for this proposal
was the definition of the transforming gene
of avian carcinoma virus MC29 [89] as a genetic hybrid, rather than a transduced cellular oncogene [90]. It consists of a promoter
and coding elements (Llgag) from an avian
retrovirus linked to 3' coding elements from
cellular proto-mye (Fig. 1) [90]. Initially this
became evident by comparing the structure
and map order of MC29 with that of HIe
three essential retrovirus genes, namely
5'gag-pol-env 3' (Fig. 1) [91, 92].
Sequence comparison of the viral Llgagmye gene with the chicken proto-mye gene
provided direct proof that only a truncated
proto-mye gene was present in MC29. Indeed a complete 5' proto-mye exon was missing from the viral Llgag-mye gene [19]. This
was apparently not an accident since the
same 5' proto-mye exon was also missing in
the three other mye-containing avian carcinoma viruses MH2 [93, 94], CMII, and
OK10 [8, 95]. Thus a viral and a cellular gene
functioned as progenitors or proto-one

proto-one genes

5'??

3'

viral one genes
AMV

2

MC29
FSV
AbLV

3

HaSV
BaSV
MH2

4

RSV

Retrovirus
8 to 9 kb

Fig. 1. The generic, recombinant structures of
retroviral one genes and their relationship to viral
genes (stippled) and cellular proto-one genes (unshaded). The genes are compared as transcriptional units, ormRNAs. All known viral one
genes are tripartite hybrids of a central sequence
derived from a cellular proto-one gene, which is
flanked by 5' and 3' elements derived from retroviral "proto-one" genes. Actual size differences,
ranging from over 1-7 kb [9], are not recorded.
The map order of the three essential retrovirus
genes, gag, pol, and env, and of the splice donor
(SD) are indicated. Four groups of viral one genes
are distinguished based on the origins oftheir coding sequence ( 0 ): 1, The coding unit has a tripartite structure of a central proto-one-derived sequence that is initiated and terminated by viral
coding sequences; avian myeloblastosis virus
(AMY) is an example [9, 96]. 2, The coding unit is
initiated by a viral and terminated by a proto-one
sequence; the Agag-mye gene of avian carcinoma
virus MC29 is an example [8,9,19,90], as are hybrid one genes of avian Fujinami sarcoma virus
[97] and'murine Abelson leukemia virus [9]. 3, The
coding unit of the viral one gene is colinear with
a reading frame of a cellular proto-one gene; the
ras gene of the murine Harvey and Balb sarcoma
viruses [41] and possibly the mye gene of the avian
carcinoma virus MH2 are examples [93, 94]. 4,
The coding unit is initiated by a proto-one derived
domain and terminated by a viral reading frame;
the sre gene of Rous sarcoma virus is an example
[7, 9]. The transcriptional starts and 5' untranscribed regulatory sequences (?) of all proto-one
genes are as yet not or not exactly known [8, 9].
There is also uncertainty about 5' translational
starts and open reading frames in some proto-one
genes (?) that are not transduced into viral one

genes of each of the viral recombinant myc
genes (Fig. 1). More recently, the four
known viral ras genes were each also shown
to lack a 5' proto-ras exon [41] (see above;
Fig. 1).
Comparisons between the one genes of
other retroviruses and the corresponding
proto-one genes proved that, defined as
transcriptional units, all viral one genes are
new genes. They are recombinants of protoone genes and retroviral genes (Fig. 1) [7-9].
Most but not all viral genes also encode new
recombinant proteins. Based on the origin of
their coding elements, the viral one genes can
be divided into the four groups illustrated in
Fig.1.
1. Those with amino and carboxy terminal
domains from retroviruses and central
domains from proto-one genes. The one
gene avian myeloblastosis virus (AMV) is
the prototype [9, 96].
2. Those with amino terminal domains
from viral genes and carboxy terminal
domains from proto-one genes. The
Agag-mye gene of MC29 is the original
example (see above). The one genes of
Fujinami sarcoma virus [97] and Abelson
leukemia virus [9] also have the generic
£1gag-X structure.
3. Those that are colinear with a reading
frame of a proto-one gene. The ras genes
of Harvey and Balb murine sarcoma
virus [41] and possibly the mye gene of
avian carcinoma virus MH2 [93, 94] are
examples.
4. Those with an amino terminal domain
from a proto-one gene and a carboxy terminal domain from the virus. The sre
gene of RSV is the prototype [7-9].
Since three of the four groups of recombinant viral one genes also encode recombinant proteins, their specific transforming
function can be directly related to their specific structure compared to that of proto-one
genes, as in proto-mye [98], proto-sre [7], or protoras [41]. It is clear however that proto-one-specific
regulatory elements are always replaced by viral
promoters and enhancers and that proto-one coding sequences are frequently recombined with
viral coding sequences. Thus, all viral one genes
are tripartite recombinant genes of truncated viral
and proto-one genes
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gene products. The transforming function of
the recombinant one genes of group 3, which
encode transforming proteins that are colinear with proteins encoded by proto-one
genes, cannot be explained in this fashion.
However, all viral one genes of this group
each lack at least one proto-one-specific 5'
exon like the avian carcinoma viruses with
mye genes [8, 19, 93-95] or the murine sarcoma viruses with ras genes [41]. Conceivably elimination of transcribed or untranscribed suppressors or elimination of an upstream proto-ras cistron [41] or proto-mye
cistron [98] and recombination with viral
promoters are the mechanisms that generate
transforming function (Fig. 1).
It follows that viral one genes and the corresponding proto-one genes are not isogenic.
Viral one genes are hybrid genes that consist
of truncated proto-one genes recombined
with regulatory and frequently with coding
elements from truncated retroviral genes.
These consistent structural differences must
be the reason why viral one genes inevitably
transform and why proto-one genes are not
transforming although they are present in all
and are active in most normal cells [7, 8].
Clearly if cellular oncogenes preexist in
normal cells, it would be much more likely to
find retroviruses with intact cellular oncogenes than retroviruses with new one genes
put together from unrelated and truncated
viral and cellular genes by illegitimate recombination. However, it may be argued
that proto-one gene truncations reflect
packaging restrictions of transducing retroviruses rather than conditions to activate
proto-one genes. Such restrictions would
have to be mostly sequence-specific, as most
retroviruses with one genes can accommodate more RNA - at least 10 kb, as in RSV
[99] - than they actually contain, namely 38 kb [9]. But there is no evidence that retroviruses discriminate more against certain
transduced or artificially introduced sequences [9] than against others, because
retroviruses can accommodate very heterogenous sequences, such as the 20 different
transformation-specific sequences [7-9, 13].
Yet all nonessential sequences of retroviruses are unstable [7, 8] unless selected for
a given function.
Moreover, the fact that the same exons
were selectively truncated from several
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proto-one genes in independent viral transductions that have generated active one
genes indicates that specific truncations are
necessary for transforming functions. Examples are proto-mye, the precursor of four
avian carcinoma viruses [8, 19, 93], protoras, the precursor of three murine sarcoma
viruses [41], proto-myb, the precursor of
avian myeloblastosis and erythroblastosis
viruses [9, 100], proto-erb, the precursor of
three avian sarcoma and erythroblastosis
viruses [9], proto-fes, the precursor of three
feline sarcoma viruses [9], proto-fps, the precursor of three avian sarcoma viruses [9,
101], proto-abl, the precursor of Abelson
murine leukemia and a feline sarcoma virus
[9], proto-mos, the precursor of several
Moloney sarcoma viruses [9, 102], and
proto-sre, the precursor of RSV and two
other avian sarcoma viruses [103]. In some
cases of independent transductions, the
same proto-one genes were even truncated at
exactly the same breakpoints, as for example
in two different avian sarcoma viruses derived from proto-fps [101].
The existence of at least seven retroviruses
containing proto-one sequences that had already been truncated by recombination with
other cellular or viral genes prior to transduction lends further independent support
to this view. Examples are the one genes of
avian carcinoma virus MH2 [8, 93, 94], of
avian erythroblastosis and sarcoma virus
AEV [9], of avian erythro- and myeloblastosis virus E26 [100], of the feline sarcoma
virus GR-FeSV [9,104], ofRSV [7, 9] and of
Harvey and Kirsten sarcoma viruses [9, 41].
Certainly the odds against transduction of
rare, rearranged proto-one genes instead of
normal proto-one genes are overwhelming.
Yet seven out of the less than 50 known isolates of retroviruses with one genes [9] contain previously rearranged proto-one sequences, most likely because truncation is
necessary for transforming function. Indeed,
it may be argued that these viruses have
transduced these. rearranged proto-one
genes from a preexisting tumor that was generated by these. rearrangements. Thus, the
rearranged proto-one genes of these seven
oncogenic re.troviruses may be "transduced
cellular oncogenes" after all.
Therefore recombination of proto-one
genes withretroviral or cellular genes ap-

pears to be necessary to convert proto-one
genes to transforming genes. A definitive assessment of why viral one genes transform
and cellular proto-one genes do not requires
more than comparisons of primary structures and transforming tests with DNAs. It
will be necessary to know what proto-one
genes do and whether they encode proteins
that function alone or as complexes with
other proteins.
I propose, then, that proto-one genes that
are transcriptionally activated or have
undergone point mutations but retain a
germline structure are not cellular cancer
genes. I suggest that the hypothesis that
proto-one genes are latent cellular cancer
genes that can be converted to active transforming genes by increased dosage or function is an exaggerated interpretation of sequence homology to structural and functional homology with viral one genes.
This proposal readily resolves the paradoxes posed by the hypothesis that protoone genes are latent cellular cancer genes
that can be activated by enhanced expression or point mutation. The proposal
accounts for the frequent expression of
proto-one genes in normal cells [8]. The proposal is also entirely consistent with the lack
of transforming function of "activated"
proto-one genes from tumors. The fact that
mutated proto-ras changes the morphology
and enhances tumorigenicity of aneuploid
and tumorigenic 3T3 cells is an important
observation, but not an exception to the experience that native proto-one genes from
tumors analyzed to date do not transform
diploid cells. The proposal also provides a
rationale for the chromosome abnormalities
of tumor cells, as these appear to be microscopic evidence for cancer genes (see below)
instead of the "activated" proto-one genes
identified to date.
H. Hybrid one Genes of Retroviruses
as Models of Cellular Cancer Genes

The proposal that proto-one genes derive
transforming function by truncation and recombination with retroviral or cellular genes
predicts that recombinations among cellular
genes could also generate transforming
genes. The view that cellular cancer genes

are rare recombinants of normal cellular
genes is in accord with the fact that rearranged and abnormal chromosomes are the
only consistent, transformation-specific
markers of tumor cells [2-5,37]. Further, the
clonality of chromosome alterations, e.g.,
the marker chromosomes of tumors [2-5,
37], indicates that tumors are initiated with
and possibly caused by such abnormalities
as originally proposed by Boveri in 1914
[105].
A major difficulty with the view that specific recombination sites among rearranged
chromosomes are markers of recombinant
cancer genes is that neither the chromosome
breakpoints nor the karyotypes of different
tumors of the same cell lineage are the same.
Although some tumors show typical nonrandom abnormalities, such as the Philadelphia chromosome of chronic myelogenous
leukemia and the 8 to 14, 2 and 22 translocations of Burkitt's lymphomas, exceptions
are always seen, and the chromosome breakpoints of two different tumors with the same
karyotypes are not the same at the nucleotide level [43, 74, 106]. Such heterogeneity of
breakpoints, and thus of mutation, among
otherwise indistinguishable tumors argues
either for different transforming genes in the
same tumors or against chromosome breakpoints as markers of transforming genes.
However, this argument does not take into
consideration that together with the microscopic karyotype alterations other submicroscopic mutations may have occurred that
could have produced cancer genes. It is consistent with this that tumor cells contain, in
addition to microscopic chromosome abnormalities, submicroscopic deletions and
restriction enzyme site alterations [107].
Thus, specific marker chromosomes may
only be the tip of an iceberg of multiple chromosomal mutations that may have generated cancer genes as well as mutationally activated or inactivated growth control genes.
The generation of retroviral one genes
from viral genes and proto-one genes appears to be a direct model for the process of
how cancer genes may be generated by chromosomal rearrangements. Less than 50 isolates of retroviruses with one genes have
been recorded in history [8, 9, 12], although
both potential parents of retroviral one
genes are available in many animal or hu-

n

505

man cells because retroviruses are widespread in all vertebrates [5, 9, 12]. This extremely low birth rate of retroviruses with
one genes must then reflect the low probability of generating de novo an oncogenic
retrovirus from a proto-one gene and a
retrovirus by truncating and recombining
viral and cellular genes via illegitimate recombinations [7,8, 13]. Clearly, at least two
illegitimate recombinations are required
(Fig. 1): one to link a 3' truncated retrovirus
with a 5' truncated proto-one gene, the other
to break and then splice the resulting hybrid
one gene to the 3' part of the retroviral vector.
The first of these steps would already generate a "cellular" cancer gene that ought to
be sufficient for carcinogenesis. The birth of
such a gene would be more probable than
that of an oncogenic retrovirus that requires
two illegitimate recombinations, but it
would be harder to detect than a complete
replicating retrovirus with an one gene. Nevertheless even this would be a rare event.
Given that such a recombination would
have to take place within the 8-9 kb of a
retrovirus (Fig. 1) integrated into the 106-kb
genome of a eukaryotic cell and also within
an estimated 1-2 kb of a proto-one gene
(Fig. 1), and assuming that translocation or
rearrangement occurs with a probability of
to- 4 (see above), the probability of such a
recombination per mitosis would be 8 x to - 6
2x10- 6 ·tO- 4 , or to- 15 . That a second
illegitimate recombination is required to
generate a retrovirus with an one gene would
explain why the occurrence of these viruses
is much less frequent than spontaneous
transformation due to recombinant cancer
genes. This probability may, nevertheless, be
higher than the square of 10- 15, since the
two events may be linked and since multiple
integrated and unintegrated proviruses exist
in most infected cells.
The probability that illegitimate recombination would generate cancer genes from
normal cellular genes would also be very
low, since most illegitimate recombination
would inactivate genes. The above estimates
for the probability of spontaneous transformation of 2 x to- 17 per mitosis and of
translocation of 10 - 4, which would be a
minimal estimate for illegitimate recombina506

tion, suggest that 10 13 translocations or rearrangements are needed to generate a transforming gene that causes a monoclonal tumor. This could be either a single autonomous transforming gene that is like a viral
one gene or a series of mutually dependent
transforming genes [t08, 109] that would
each arise with a higher probability than an
autonomous one gene. The facts that multiple chromosome alterations are typically
seen in tumors [2-4, 37, 74] and that as yet
no DNAs have been isolated from tumors
that transform diploid cells with single-hit
kinetics suggest that most cellular cancer
genes are indeed not autonomous carcinogens like viral one genes. It is consistent
with this view that most cellular genes are
also not converted to autonomous cancer
genes by retroviral transduction via illegitimate recombination and truncation. Only
about 20 cellular genes, the proto-one genes,
have been converted to autonomous viral
one genes, although viral transduction via illegitimate recombination is a random event
that does not benefit from sequence homology between retroviruses and cells [7, 8, 13].
Thus viral one genes have not as yet fingered preexisting cellular cancer genes. No
cellular gene is a structural or functional
homolog of a viral one gene, but the viral one
genes appear to be models for how cancer
genes may arise from normal cellular genes
by rare truncation and recombination.
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Repetition as the Essence of Life on this Earth: Music and Genes
S. Ohno 1

A. Introduction

While it is believed that life on this earth
started as long ago as a few billion or more
years ago, a number of true innovations in
evolution appears to have been rather dismally small. Most of the successful adaptive
radiation of living organisms have apparently been accomplished by extensive
plagiarization of those preciously few innovations via the mechanism of gene duplication [1]. Furthermore, it appears that most
of these true innovations have occurred at
the very beginning, before the division of
prokaryotes from eukaryotes. For example,
nearly all the sugar-metabolizing enzymes
appear to have achieved their inviolable
functional competence at the above-noted
early date. Natural selection has since been
spinning wheels in the air.
B. The Story of Glyceraldehyde
3-Phosphate Dehydrogenase
It would be noted in Fig. 1 that the 332-res-

idue-Iong glyceraldehyde 3-phosphate dehydrogenase of the pig differs from the lobster
enzyme only at 86 positions. Inasmuch as
vertebrates, or rather chordates diverged
from crustaceans roughly 500 million years
ago, one can conclude from the above and
similar data on additional species that this
enzyme has been undergoing 1% amino acid
sequence divergence every 20 million years,
1 Beckman Research Institute of the City of Hope
Duarte, California 91010, USA

thus accumulating 26% amino acid sequence difference in 500 million years. If
such a rate calculation can be extended indefinitely, however, even at this snail's pace
one still expects this enzyme to have undergone 100% amino acid sequence divergence
in 2 billion years. Now 2 billion years ago
would have been about the time prokaryotes
diverged from eukaryotes. Yet the bacterial
amino acid sequence from Bacillus
stearothermophilis, also shown in Fig. 1, still
maintains 177 out of the 332 sites (53%)
homology with the pig enzyme, and similar
180 out of 332 sites homology with the lobster enzyme. In fact, there are 19 segments
(tripeptidic or longer), comprised of 92 residues in total, that remain invariant in all
three species. The longest conserved segment, tridecapeptidic in its length, occupying 144th to 156th position, represents the
most critical of the substrate binding sites,
149th Cys forming the thiol linkage with
substrate intermediates [2]. Indeed, after
achieving the appropriate degree of functional competence 2 billion or more years
ago, glyceraldehyde 3-phosphate dehydrogenase has not changed in its essence; evolutionary compatible amino acid substitutions
that accompanied successive diversification
and speciation merely symbolizing futile
spinning of the wheel. Such a futility is also
evident in Fig. 1, for at the 14 positions, a eukaryote (the pig) and a prokaryote (Bacillus
stearothermophilis) share the identical residues, while the other eukaryote (the lobster)
is left out as an oddball; e.g., the third position of the pig and the bacillus is Val, while
that of the lobster is Ile. At these and many
other positions, the game of musical chairs
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Fig. 1. The amino acid sequences of glyceraldehyde 3-phosphate dehydrogenases from three divergent species are compared. Bacillus refers to
Bacillus stearothermophilis. Discordant and identical residues are shown slightly displaced from
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each other; discordant ones are placed little above
identical ones. Amino acid residues of tripeptidic
or longer conserved segments are shown in large
capital letters and segments are boxed in. Deleted
residues are identified as black boxes

have apparently been in play among a
limited number of functionally compatible
amino acids.
Analogous situations have been found
with regard to other sugar metabolizing enzymes, e.g., phosphoglycerate kinase, triose
isomerase etc. Furthermore, all these sugarmetabolizing enzymes are constructed of the
same mould. The amino terminal half and
the carboxyl terminal half forming two distinct domains, a cleft between the two accommodating the substrate and the coenzyme. The amino terminal half is for the
coenzyme binding and the carboxyl terminal
half is for the substrate binding. Furthermore, Rossman [3], among others, has
pointed out that in the case of kinases, the
mononucleotide (e.g., ATP) binding site of
the amino terminal half is comprised of three
{J-sheet-forming segments and two (X-helixforming segments in the following order
from the amino terminus; {J(X{J(X{J. The dinucleotide (NAD or NADP) binding site of dehydrogenases, on the other hand, evolved
from the above by duplication; thus, it can
be expressed as 2 x {J(X{J(X{J. Inasmuch as the
most critical portion of the substrate binding
site evolved within the last segment of the
duplicate (e.g., 144th to 156th tridecapeptide
of Fig. 1), this intrusion of the substrate
binding active site into the dinucleotide
binding domain froze the dinucleotide binding domain of each enzyme as uniquely its
own. Thus, there is no more than 20%
amino acid sequence homology between
dinucleotide binding sites of different enzymes in spite of the fact that all are made of
the same 2 x {J(X{J(X{J mould. It would be recalled that within the same enzyme, conservation of greater than 50% homology is the
rule for the whole enzyme, therefore, the
dinucleotide binding amino terminal half.
At any rate, two notable facts emerge
from the above. First, coding sequences for
sugar-metabolizing enzymes and probably
for many other enzymes (e.g., proteases)
have already achieved the appropriate degree of functional competence before the division of prokaryotes from eukaryotes. Second, repetitions were the rule of the game
from the very onset of life on this earth; the
dinucleotide binding site evolving from the
mononucleotide binding site by duplication,
and that the mononucleotide binding site it-

selflikely to have evolved by 2.5 times duplication of the one {J(X or (X{J unit.
C. Ingeniousness Embodied
in the First Set of Coding Sequences
that Were Repeats of Base Oligomers

Orgel's group [4] has shown that in the presence of Zn ion, nonenzymatic synthesis of
nucleic acids occurs in the proper 3'- to 5'
linkage, provided that there is a template.
Thus, it would appear that what was in short
supply in the pre biotic world, before the
emergence oflife on this earth was long templates from which copies can be made. Put it
more succinctly, the first primordial question is: "How did oligonucleotides manage
to extend themselves to become worthy coding sequences?" There is one simple answer:
One tandem duplication of the preexisted
oligomer assures indefinite extension of that
template, as illustrated at the top of Fig. 2.
What if the heptameric template
CAGCCTG duplicated to become tetradecamer? After completion of its complementary strand, the two might pair in the manner shown; second copy pairing with the first
copy of the complementary strand. The
paired portion would now serve as the
primer for the next round of nucleic acid
synthesis. At the completion of the second
round, the 14-mer template now becomes
21-mer. In this way, the indefinite extension
of the primer is assured a priori, a paired segment always serving as a primer for the next
round of nucleic acid synthesis. The above
then is the first reason for believing that the
first set of coding sequences, or rather all nucleic acids in the prebiotic world that presaged the emergence oflife, on this earth were
all repeats of various base oligomers.
How accurate was a copying function of
the nonenzymatic nucleic acid replication?
Of various nucleic acid polymerases known,
the most error prone appear to be reverse
transcriptase of retroviruses, for their error
rate has been estimated as of the order of
10 - 3/base pair/year [5]. This is one million
times higher error rate compared to DNA
polymerases of vertebrates, and at this rate,
there would be 100% base sequence change
everyone thousand years. The inherent error rate of prebiotic, therefore, nonen513
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Fig.2. Replication of nucleic acids is based upon
the inherent complementarity that exists between
two purine-pyrimidine pairs; A pairs with T or U,
while G pairs with C. Accordingly, provided that
there is a template (the heptamer CAGCCTG
shown at the top), mononuc1eotides would readily
assemble themselves in the 3',5' linkage to form a
complementary strand in the presence of Zn [4] as
shown at the top. What was in short supply in the
prebiotic world then were templates of substantial
lengths. What if the above noted hap tamer repeated itself in tandem or some of the base
oligomers were by chance tandem repeats (two
copies of the shorter oligomer) to begin with. It
and its complementary strand can pair unequally
in the manner depicted at the middle. As a paired
segment now functions as a primer for the next
round of nucleic acid synthesis, infinite extension
of templates is now assured. All it takes to start
this process is the one tandem duplication.

Of long oligomeric repeats thus formed, those
that evolved to be the first set of coding sequences
likely started from oligomeric units whose
numbers of bases were not multiples of three.
There were two distinct advantages: (1) They gave
longer periodicities to polypeptide chains; e.g., repeats of the base octamer would have given octapeptidic periodicity while repeat of the base
nonamer would have only the tripeptidic periodicity. (2) They would have encoded polypeptide
chains of identical periodicity in all three reading
frames. Within the periodic unit such repeats
could have given both ex-helical segment and f3sheet forming segment as shown at the bottom.
Such alternating ex,p structures gave rise to the
mononucleotide binding site (3) which would
have been utilized immediately as parts of the
primitive nucleic acid polymerase. Later they gave
rise to ATP and NAD, NADP binding sites of
many enzymes as discussed in the text

zymatic nucleic acid replication is expected
to be higher than the above-noted 10- 3 ; as
error prone as they are, reverse transcriptases are, after all, the enzyme of a sort. Prebiotic coding sequences had to contend with
this very high replication error rate and
should still have been able to encode polypeptide chains of potential function. Provided that the number of bases in the oligomeric unit was not a multiple of three, repeats of the base oligomer would have been
very stable under this mostly trying circumstance of constant base substitutions, dele-

tions, and insertions. This is also iUustrated
at the bottom of Fig. 2. Since the monodecarner CGAAGCTGCTG cannot be divided by 3, three consecutive copies of it
translated in three different reading frames
gives the monodecapeptidic periodicity to a
polypeptide chain. Contrast the above to repeats of the base dodecamer, which can give
only the tetrapeptidic periodicity to the
polypeptide chain. Furthermore, since
within ,a given reading frame three consecutive copies of the monodecamer are to be
translated in· all three reading frames, such
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repeats encode polypeptide chains of the
identical periodicity in all three reading
frames. This openness of all three reading
frames give them a great deal of imperviousness to base substitutions, deletions, and
insertions. Repeats of the monodecamer
shown at the bottom of Fig. 2 encode both
potentially a-helix-forming segment and potentially p-sheet-forming segment within
one monodecapeptidic unit. In fact, sugarmetabolizing enzymes in general and phosphoglycerate kinase in particular might have
originally been encoded by repeats of such a
monodecamer, for AAGCTGCTG portion
of the monodecameric unit recur in many
variations in the modern coding sequence
(e.g., of man) for phosphoglycerate kinase as
already noted in our previous paper [6].
D. Repetition as the Essence of Coding
Sequences and Musical Compositions

Earth on which life has evolved has always
been governed by the hierarchy of periodicities. First, earth rotates on its own axis to
create days, while the moon's revolution
around the earth gives months, with neap
tides and spring tides to be topped by years,
reflecting the earth's travel around the sun.
It is small wonder if life itself was born out
of periodicities embodied in repetition of
unit base oligomers. Just as man eventually
devised seconds, minutes, and hours as arbitrary units of time measurement, one of the
periodicities embodied in polypeptide chains
encoded by the first set of codeing sequences
that were oligomeric repeats must soon have
been chosen as the arbitrary time-measuring
umt by the ancestral biological clock. It now
appears that this arbitrarily chosen unit was
the simplest dipeptidic periodicity. The polypeptide chain encoded by per locus of Drosophila merlanogaster, fundamentally involved in the expression of biological
rhythms such as cicardian behaviors and 55s rhythm of courtship song, is largely comprised of the Gly-Thr dipeptidic repeats interspersed with short stretches of its deviant
Gly-Ser dipeptidic repeats, and that the homologous gene encoding the polypeptide
chain of the above-noted dipeptidic
periodicity is conserved in the mouse as well

[7]. Observing the per locus coding sequence,

one notices that there have been numerous
neutral base substitutions, e.g., free base
substitutions at the redundant 3rd base position of glycine codons. Thus, it would appear that the time-keeping was done from
the beginning at the polypeptide level rather
than at the level of coding sequences, although the initial periodicity of that polypeptide chain had to be the consequence of
its coding sequence being repeats of unit
base oligomers.
Now we come to the origin shrouded in
mist, of the prehistory of musical compositions. Inasmuch as songs of canaries and
skylarks are as pleasing to our ears as they
must be to their mates as well as to themselves, it is clear that melodies as such are no
human invention. Furthermore, the vocal
cord and other sound-making apparatuses
of our immediate relatives (e.g., Homo neanderthalensis) appear to have been rather
underdeveloped. Accordingly, I wonder if
early Homo sapiens were capable even of
imitating beautiful bird songs noted above
even ifthey wanted to. I would rather believe
that music as such were invented by primitive man as purely rhythmic timekeeping device. For example, a hunting party intent on
bringing down a mammoth or two would
have to coordinate activities of several cohorts spread over a wide arc surrounding the
herd of mammothes. This, I suspect, was
done by rhythmic beatings of hollowed tree
trunks for example; fast repetitions of a
given rhythm conveying an urgent need to
close in whereas slow repetitions of the same
rhythm meaning cautious approach. It
would thus appear that music, too were initally born out of repetitious rendition.
Even today ofwonderous melodies, music
is still used as a time keeping device, as in
dancing and military parades. Rhythm of the
latter, marching music are essentially that of
our heart beat. Our heart beats slow in
slumber and contemplation, while it beats
uncontrollably fast in fright. Rhythm of
marching music should be somewhere in between to indicate willingness either to go
forth against formidable adversaries or to
defend against adversaries until death. Because of this homage to the periodicity inherent both in coding sequence construction
and musical composition, the way was
sought to interconvert the two. The solution
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Fig.3. An initial part of the treble-clef musical
score of Prelude No.1 from well-tempered clavichord by J. S. Bach, accompanied by the base se-

quence and the amino acid sequence transcribable
from that base sequence

that we arrived at is to assign a space and a
line on the octave scale to each base in the
ascending order of A, G, T, C in such a way
so that the classical middle-C position would
be occupied by C on the line, A in the space
occupying the position immediately above
[6].
In Fig. 3, the treble-clef musical score of
Prelude No.1 from well-tempered clavichord by J. S. Bach, the great master of the
early Baroque, is accompanied by the base
sequence transcribed from it according to
the rule stated above. It would be noted that
with regard to every 4/4th or 8/8th time signature unit, the second half is the exact repeat of the first half. Furthermore, until the
3rd line, each half is repeats of four notes,
the four-note subunit consisting of one 3/
16th note and three 1/16th notes followed by
one 1/4th note and four 1/16th notes. Translated to base sequence, the first time signature unit is comprised of four exact copies of
the AGCA tetramer followed by four copies

of a single-base substituted deviant of the
above-noted tetramer ATCA. The AGCA
recurrs again 8 times. Since 4 is not a multiple of three, these tetrameric repeats are capable of giving the tetrapeptidic periodicity
to a polypeptide chain, but alas. chain terminators TAA and TAG come in pairs at the
extreme right of 2nd line. From the 4th line
onward, one 3/16th note and a quarter note
are relegated to the base clef; therefore, the
treble-clef score becomes trimeric repeats.
When translated, this portion yields polyserine interspersed with teterailsoleucyne
and tetraarginine.
In general, J found musical compositions
of the early Baroque period to be repeats of
short base oligomers, these oligomers being
single-base substituted variants of each
other. Indeed, their resemblance to what I
conceived as the first set of coding sequences
at the very beginning of life on this earth is
uncanny (see Fig. 2). Most of the coding sequences possessed by modern organisms
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Fig, 4, The heart of the coding segment for

tyrosine kinase domain of the human insulin receptor p-chain (8). Amino acid residues of the two
active site segments are shown in large capital let-

have endured for hundreds of millions of
years. In the case of those for sugar-metabolizing enzymes, 2 billion years or more as already noted. Thus, their original periodicities are obvious only for discerning eyes.
Not surprisingly, musical compositions of
the late Romantic period resemble these
coding sequences. We have previously
shown that Frederic Chopin's nocturne Opus
55, No.1, resembled the last exon for the
largest subunit of RNA polymerase II [6]. In
Fig. 4, the musical 'transformation for violin
of the most functionally critical part of the
tyrosine kinase domain of the human insulin
receptor p-chain [8] is shown. This segment
includes two active site segments most critical for the assigned function of tyrosine
kinase. Amino acid residues of these two
active site oligopeptides are shown in large
capital letters. It would be noted that
nearly all of the second active site is encoded by tandem repeats of the dodecamer
GTGGTCCTTTGG, thickly underlined by
solid bars (2nd from the last line of Fig. 4).
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ters. This musical transformation for violin of the
coding segment is in E minor, 4/4th or 8/8th time
signature

Its two truncated derivatives at the top line
of Fig. 4 are also underlined by solid bars.
Other, more musically pertinent repeats are
also underlined by open bars and shaded
bars; e.g., the hexamer TCCCTO in 3rd and
4th lines of Fig. 4.
E. Summary

In prebiotic nucleic acid replication, templates appear to have been in short supply.
A single round of tandem duplication of
existing oligomers assured progressive extension of templates to the length adequate
for encoding of polypeptide chains. Thus,
the first set of coding sequences had to be repeats of base oligomers encoding polypeptide chains of various periodicities. On one
hand, the readiness of these periodical polypeptide chains to assume oc-helical and/or psheet secondary structures contributed to
the extremely rapid initial functional diversification of these polypeptide chains. It
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would be recalled that most, if not all, of the
sugar-metabolizing enzymes had already
achieved the inviolable functional competence before the division of prokaryotes
from eukaryotes. On the other hand, a certain (dipeptidic?) of the peptidic periodicities
was apparently chosen as the timekeeping
unit by the biological clock. Musical compositions too apparently evolved originally as a
timekeeping device. Accordingly, repetitiousness is evident in all musical compositions. Evolution of musical compositions
from the early Baroque to the late Romantic
parallels that of coding sequences from
rather exact repeats of base oligomers to
more complex modern coding sequences in
which repetitious elements are less conspicuous and more varied.
Inasmuch as the earth is governed by the
hierarchy of periodicities (days, months and
years), such reliance on periodicities is rather
expected.
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