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In Memoriam Dr. Mildred Scheel

The Wilsede Meeting is also supported by the Wilsede Fellowship Pro-
gramme 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 contribu-
tion 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 de-
voted 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 Af-
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fairs. When Mr. Scheel subsequently became President of the Federal Re-
public 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 sup-
ported in particular the treatment of childhood cancer in many hospitals,
and initiated the psychosocial after-care of patients and their families. In ad-
dition, 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 in-
stitutes and provides a fellowship programme for scientists to work and
study at institutions abroad. Included in that programme is the Wilsede Fel-
lowship 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 on-
cological 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, to-
gether with a human touch. She was always very hard-working and en-
thusiastic, 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 al-
ways 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 revelat quod melius est.*

Benedictus de Nursia
Regula Benedicti, ca. 550 A.C.
Caput I11,3

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 300-
year-old Emmenhof in Wilsede, in the heart of the Liineburg Heath, to dis-
cuss modern trends in human leukemia.

It was Pappenheim who in 1910 prepared the first international hematol-
ogy congress. It was to have been held in Berlin under the title ,,Der groBe
mononukleire 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 hematol-
ogists, especially between Pappenheim and the Austrian hematologist
Tiirk.

Fortunately the Wilsede Meetings have never incurred this type of per-
sonal 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 ac-
tive and sure-handed guidance of the chairmen an outstanding scientific pro-
gram 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 alle zur Beratung einberufen werden, weil der Herr oft
einem Jiingeren 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 orig-
inally intended that he should become a forest ranger, as was his father.
However the yearning for freedom and independence, which was to influ-
ence 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 of life, 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 re-
ward 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 re-
gion 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 1 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
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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 of leukemia 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 B,,, 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 protooncogenes 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 protoonco-
genes. 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 impor-
tant 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 inde-
pendent fields will merge, because certain protooncogenes 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 recep-
tor 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 re-
search, 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 chro-
mosome. At about that time the concept that a balance of genes was impor-
tant 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. An-
other 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 ab-
normality; however, this would imply that an alteration in regulators regu-
larly occurs.

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 or-
igin, 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 im-
portant 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 im-
portant for the growth and differentiation of a particular cell type, we logi-
cally attach special attention to it.

The first consistently observed chromosomal abnormality, the Philadel-
phia 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 chromo-
some 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 de-
velops, and eventually obtain evidence as to whether leukemia transforma-
tion 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 exam-
ine 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 know-
ing what the gene product does and proving that it is important for the de-
velopment 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 hu-
man 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 re-
gion 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 demon-
strated the location of c-myc at the distal end of the long arm of chromo-
some §. In later studies we reported that c-myc was translocated from chro-
mosome 8 to chromosome 14 in each Burkitt lymphoma. The results were
also presented and discussed in detail at these meetings. Now, of course, it
18 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 sig-
nificance.

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 prob-
ably agree that the Epstein-Barr virus (EBV) plays a role in this malignancy,
but the generally precise geographic limitation of BL means that its develop-
ment 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. Fur-
thermore, the available evidence argues that during B-cell gene rearrange-
ment 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 in-
creased by the chronic antigenic stimulation change in T-cell function and
the excess replication of EBV. 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 acti-
vated c-myc genes but a tumor arises from only one such cell. Thus, this dis-
ease demonstrates multifactoral, multistage, probably multiple genetic
events in a cancer.

But can this serve as a general model? Should we think about all leu-
kemias, lymphomas, and cancers as multifactoral, multistage and multige-
netic? There are some things that bother me about this conclusion. For ex-
ample, 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 dis-
covered. 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, multi-
factoral, multigenetic events? Also, what about the T-cell leukemias associ-
ated 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 fac-
tors are required. All current data argues that the virus and the virus alone
s 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 if it 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 col-
leagues have been doing and reporting at these meetings. Some epidemio-
logical studies demonstrated the importance of radiation, e.g., the Atomic
Bomb in Japan and occupational sources of radiation in mostly myeloid leu-
kemias. 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 leu-
kemia, 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 leu-
kemia-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 retro-
viruses 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 cop-
ies; 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 sug-
gested 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 activa-
tion of these endogenous viruses, i.€., 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 re-
searchers, doing veterinary biology-virology, argued that naturally occur-
ring leukemias and lymphomas in animals are apparently often due to exog-
enous retroviruses. At that time the concept of any cancer being infectious
was thought to be naive at the very best. Subsequently, we learned that in-
vestigators (again, usually veterinary biologists) working in the avian sys-
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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. Al-
though a vertical transmission, this was, according to Gross, still an infec-
tion and not the simple gene transmission of unaltered endogenous retro-
viruses.

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 na-
ture 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 sar-
coma virus (SSV), or woolly monkey virus, had viral sequences essentially
identical to GaLV but contained additional sequences specifically homolo-
gous to cell sequences of the normal (uninfected) woolly monkey DNA.
Moreover, Wong-Staal et al. and others showed that GaLV had homolo-
gous 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 in-
fection 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 inter-
species 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 ani-
mals 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 discuss-
ed 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 con-
cept hitherto not even considered by the field. Animal retroviruses, including
the disease-causing exogenous FeLLV and avian leukosis virus (ALV), al-
though 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 GaL'V showed little or no unin-
fected 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, MuLV, and GaLV) of retrovirus leukemias, virus was so readily found
as to require no special techniques or efforts. In fact, viremia preceded leu-
kemia, 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 spe-
cial 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. Al-
though FeLL'V was known to replicate extensively in most cat leukemias/lym-
phomas (see above), many of these cases were virus negative, as William
Hardy and Max Essex emphasized at early Wilsede meetings. The epidemi-
ology of these cats strongly implied that FeLV was involved. In addition, al-
though 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 phenom-
enon. 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 meet-
ings 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 bi-
ology. At the very first Wilsede meetings Arsene emphasized the minimal
replication of BLV, the lack of viremia in infected animals, and the rare ex-
pression of virus in the tumor despite the presence of an integrated provirus.
This was, of course, precisely the situation with HTLV-I and -1I. 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, espe-
cially leukemias (our laboratory, Fersten group and Peter Bentvelyen and
colleagues). The viruses were subsequently shown to be extremely closely re-
lated 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 in-
dications that lead me to think that it will be interesting in the future to re-
evaluate the question of retroviruses related to GaLV and SSV in humans.

In the remaining part of this presentation I will summarize our informa-
tton 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 ex-
ploited reverse transcriptase (RT) as a possible sensitive assay for discover-
ing these viruses. Perhaps we could detect low levels of virus. Between 1970
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1975 the methods were made more sensitive and specific. The latter was nec-
essary in order to distinguish viral RT from normal cellular DNA polymer-
ases. 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 retro-
virus.

Spiegelman’s group also used another approach that gave tantalizing re-
sults 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, i.e., 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 se-
quences present in some animal leukemia viruses. Thus, these experiments
suggested that human leukemic cells contained added and probably virus-de-
rived sequences. No one has yet pursued these studies further. The key criti-
cism has always been that the amount of difference between the hybridiza-
tion 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 spe-
cifically 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 IL-
2, 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 lympho-
cytes 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 ap-
proached 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-I.

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 T-
cell malignancy. This was late 1978 when I called Arsene Burny for BLV re-
agents 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 retro-
viruses. 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 re-
agents to BLV provided by Arsene Burny this was done and soon we were
able to characterize HTLV-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 simi-
lar 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 T4
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, Yodoi, and Uchiyama. In
1977, they described a disease cases of which clustered in southern Japan. Al-
though T4 cells and often accompanied by skin abnormalities, this disease
seemed to differ from typical mycosis fungoides. They believed it to be a dis-
tinct disease, distinguished by its aggressiveness and, more importantly, by
its geographical clustering. To my knowledge, this was the first time a repro-
ducible clustering of human leukemia had been shown. They developed this
lead by reexamining the epidemiology of lymphoid leukemia in Japan. Orig-
inally there were no leads, only that the relative incidence of B-cell leukemia
in Japan was less than in the West. With availability of monoclonal anti-
bodies, 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 HTLYV 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 Jap-
anese-American woman who had come from the southern part of Japan to
the Durham, North Carolina area. Otherwise only sporadic cases were iden-
tified in the United States.

By this time we had made contact with the late Professor Yohei 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 leu-
kemias 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

XLII



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 iso-
lates, the characterization of the virus, and the positive results on the Japa-
nese 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 of HTLV (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 Catov-
sky, 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 of HTLV-I and its geo-
graphic 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 to-
tally 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 identi-
fication 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 south-
eastern 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 pre-
sented this year in Wilsede by Mel Greaves which suggest that HTLV-I may
also be transmitted by the household mosquito, dedes egypti. A similar con-
clusion 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 me-
dium-sized lymphoma, mixed-cell lymphoma, large cell histiocytic lym-
phoma, 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 tar-
get cell (T, cells), and relatively straightforward epidemiology. It is impor-
tant 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 fun-
goides, and some non-Hodgkins T-cell lymphomas. Careful clinical histo-
logical 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 leu-
kemias 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 pro-
liferation. 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 trans-
formed 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 onc gene contain-
ing animal retroviruses which do not generally play a role in naturally occur-
ring 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 simu-
lated by HTLV-I transformed T cells in vitro.

2. Theintegrated 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 mecha-
nism.

3. Sequencing of the HTLV-I provirus has shown the presence of a new se-
quence not previously known in animal retroviruses. F. Wong-Staal and co-
workers 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-act-
ing 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 ex-
pression of at least three types of cellular genes: IL-2, IL-2R, and HLA class
IT 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 ma-
lignant transformation, but these have not yet been defined. Finally, al-
though 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 tu-
mor but in that of normal T cells. Some results suggest that this may be due
to a chronic antigenic stimulation of B-cell proliferation, coupled with defec-
tive T4-cell function (due to HTLV-Iinfection) and spontaneous chance mu-
tations 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 in-
teresting new opening.

HTLV-II, the second known human retrovirus, was isolated in my labo-
ratory 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. Begin-
ning in 1982 we proposed that the likely cause of this disease was a retro-
virus, a new one infecting T4 cells. I strongly suspected that it would be re-
lated to HTLV-I or -I1. We knew from discussions with Max Essex and Wil-
liam 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 FeL'V may lie in the enve-
lope. 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 fea-
tures.

What do we know at present about the cytopathogenic effect of HTLV-III
(HIV) and its mechanism? Studies by Peter Biberfeld at the Karolinska In-
stitute 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 calcu-
lated 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 micros-
copy, 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
HTLV-I; infected with HTLV-III, these cells produce virus but are not kil-
led. Resting T4 cells can also be infected — without virus production but with
immune activation. IL-2 receptor, IL-2, and gamma interferon genes are ac-
tivated 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 of T4-cell kill-
ing 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 dimin-
ished virus killing and maintained induction of giant cell formation Zagury
has defined the conditions as decreased O, and/or temperature.

The genome of HTLV-III (HIV) reveals at least five extra genes. In addi-
tion to gag, pol, and env, this has a rat gene, a gene in the middle which we
call sor, and a gene at the 3’ end called 3’ orf. 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-tran-
scriptional 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 orf. 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 of HTLV-III and their func-
tion 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’-orf may repress virus production. Why
HTLV-1II 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-1, 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 con-
sider interaction of T4 and the envelope has a critical factor in virus killing.
Nucleotide sequence data have now been obtained in our laboratory on
many independent isolates of HTLV-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 of HTLV-III (HTLV-IIlz;) and mapped over two different time
periods, showed no change in culture over many months. However other iso-
lates obtained from patients showed significant changes over an 8-month pe-
riod; 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 progres-
sive 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 thy-
mus 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 of ma-
lignancies, 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 multiplic-
ity of ways in which viruses can produce these malignancies. We know, for
instance, of insertional mutagenesis (the apparent mechanism for avian leu-
kemia virus and probably several other gag-pol-env retroviruses), which ap-
parently operates by LTR activation of nearby cell genes important to
growth. We also know of the infection of an onc gene containing retroviruses
(only in animals and admittedly very rare). We have heard that FeLV may
regularly recombine with cat cell sequences and acquire onc 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 dif-
fers and involves a trans-acting mechanism; and there is evidence for some
of these viruses as well as for others influencing the development of leu-
kemia/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®

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 medi-
cal schools of Bonn, Hamburg, and Diissel-
dorf 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 Diissel-
dorf, where zur Hausen worked with Pro-
fessor Kikuth. In 1966 Harald zur Hausen
went to the United States to the Children’s
Hospital of Philadelphia, joining the labora-
tory of Werner and Gertrude Henle. 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 Werner and
Gertrude Henle was the most decisive in
Harald zur Hausen’s research career. The
period in the Henles’ laboratory formed
him. It was there that Harald zur Hausen ac-
quired the basic tools and the broad intellec-
tual outlook for his research. Harald zur
Hausen has carried on the tradition of the
Henles as great innovators in medical virol-
ogy; through his work he has augmented
and enriched it, becoming himself an emi-
nent representative of this tradition.

Harald zur Hausen returned to Germany
in 1969, first going to the institute of another
ex-Philadelphian, Eberhard Wecker, in
Wiirzburg. In 1972, Harald zur Hausen ac-
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cepted the offer to head an independent in-
stitute 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 ac-
cepted 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 Dermato-
logical Society, and an Honorary Doctor of
Science degree from the University of Chi-
cago. He has been visiting professor at the
university of Belo Horizonte in Brazil and
the universities of Brisbane and Perth in
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 Mo-
tors 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 concentrated early on
persistent infections with DNA viruses. This
focus of interest quite naturally led him to a
study of herpesviruses. He was the first to
demonstrate the DNA of Epstein-Barr virus
in Burkitt’s lymphoma cells that do not pro-
duce the complete infectious virus. He
showed that Epstein-Barr virus DNA was
present in Burkitt tumor tissue and in the tis-
sue of another tumor, nasopharyngeal carci-
noma, 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 nasopharyn-
geal carcinoma.

Harald zur Hausen’s recent work deals
with human papillomaviruses. There are nu-
merous, distinct types of these viruses. None
of the them can be grown in tissue culture, so
their study relies heavily on molecular biol-
ogy techniques. Harald zur Hausen has
demonstrated that papillomavirus se-
quences 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 ex-
pressed in tumor tissue. All this together
strongly indicates that papillomaviruses
play an important role in the initiation and
possibly the maintenance of these human tu-
mors.

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 Epstein-
Barr virus to Burkitt’s lymphoma. The study
of papillomaviruses has gained far fewer ad-
herents, and here Harald zur Hausen has al-
ways been and remains the prime and dom-
inant advocate for the oncogenic impor-
tance of these viruses.

If I mentioned only herpesviruses and pa-
pillomaviruses, I would ignore one of Har-
ald 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 direc-
tor 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 inter-
national 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 mod-
ern scientific institution that has become
worthy of the national effort devoted to its
maintenance. This almost miraculous tur-
naround did not come about by a revolution
or by confrontations but through Harald
zur Hausen’s determined, firm and persuas-
ive 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, dis-
tinguished scholar, accomplished leader,
and seasoned diplomat.



Viruses in Human Tumors

H. zur Hausen?

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 ge-
netic material into the host cell nucleus,
where it persists. The expression of at least
one viral function appears to be a prerequi-
site 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 in-
fections does not require persistence of viral
DNA, but selective DNA amplification in-
duced by these agents may play a 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, per-
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sonal communication) and murine cytome-
galoviruses (R. Heilbronn, unpublished
data) share this property. Even a member of
the poxvirus group, vaccinia, is able to in-
duce selective DNA amplification [32]. It re-
mains to be seen whether this property is
consistently linked to transforming func-
tions.

A third group of agents is represented by
viruses causing the acquired immuno-
deficiency syndrome (AIDS). In this condi-
tion, specific types of tumors develop as a
consequence of the depressed immune func-
tion without being directly related to the
AIDS virus infection.

The fourth rather interesting group is rep-
resented by agents suppressing oncogenicity.
This property has thus far been observed ex-
clusively in infections with autonomous or
helper-dependent parvoviruses. Their mode
of interaction with infected host cells may
provide some clues on early events in carci-
nogenesis. Available evidence suggests an in-
terference 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

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

cells

Induction of immunodeficiencies; secondary development of

lymphomas and Kaposi sarcomas

Inhibition of oncogenesis

Hepatitis B, papillomaviruses,
EBV, HTLV-I

Herpes simplex virus;
cytomegalovirus (?)

HIV (AIDS)

Parvoviruses




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
HTLV-1

Human papillomaviruses
types 5, 8, 14, 17

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

Primary hepatocellular carcinoma
Adult T-cell leukemia

Squamous cell carcinomas in patients with epidermo-
dysplasia verruciformis

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
HTLV-I

Epstein-Barr

T-cell leukemia
Burkitt’s lymphoma
Epstein-Barr

HPV 5, 8, 14, 17
verruciformis

HPV 16, 18, 31, 33, 35

Primary hepato-cellular carcinoma

Nasopharyngeal cancer

Skin cancer in epidermodysplasia

Cervical cancer, vulvar cancer,

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

20-50

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 hu-
man tumors. These viruses and the respec-
tive 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 pres-
ent approximately 15% for both sexes [41].
In females close to 20% of all cancers can be
linked to viral infections, most notably cer-
vical cancer, amounting to almost 16%..In
males slightly less than 10% are virally
linked; 6.2% represent primary hepatocellu-
lar carcinomas.

All cancers developing as a consequence
of these viral infections share some charac-
teristics:

6

1. They are monoclonal.

2. They develop only after long latency pe-
riods (in most instances after several de-
cades; see Table 3).

3. Only a small percentage of infected indi-
viduals 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. Par-
ticularly human anogenital cancer (includ-
ing cervical, vulvar, penile, and perianal
cancer) and specific rare forms of human
skin cancer have been linked to these infec-
tions [43]. The mechanism of cancer induc-
tion following some of these infections may
provide clues for the understanding of virus-



linked oncogenesis in man and will be dis-
cussed in more detail subsequently.

Observations made by Rigoni-Stern (pub-
lished in 1842) on a vastly different incidence
of cervical cancer in prostitutes as compared
with nuns mark the first important contribu-
tion to etiological factors in human genital
cancer [27]. These studies, confirmed by
many subsequent analyses, stimulated re-
search 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 simul-
taneously reported seroepidemiological data
implying an involvement of herpes simplex
virus (HSV) type-2 infections in the etiology
of cervical cancer [23, 26]. During the fol-
lowing 10 years a surprising number of con-
firmatory manuscripts were published, in-
cluding experimental data on viral reactiva-
tion from tumor tissue, on the presence of a
variety of HSV-specific antigens, on viral ri-
bonucleic acid, and (much more scarce) on
fragments of viral DNA within premalig-
nant and malignant tissue (reviewed in zur
Hausen [40]). Since partially inactivated
HSV was also shown to induce transforma-
tion of rodent cells [9], by the end of the
1970s HSV appeared to be a strong candi-
date 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
of EBV 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 DNA-
RNA hybridizations [42, 44]. Therefore, it
was an obvious task to use the same technol-
ogy in attempts to find HSV DNA in anoge-
nital cancer. Somewhat unexpectedly, we en-
countered 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 re-
mained a strong candidate for a viral etiol-
ogy, during 1972 we started looking for a
role of other viruses in human genital
cancer.

There were good reasons for selecting hu-
man papillomavirus (HPV) for the sub-
sequent study: a virus had been known since
1907 [4] to be the causative factor of human
warts. Genital warts, a particularly unpleas-
ant infection characterized by exuberant
exophytic growth, had been shown electron
microscopically to contain viral particles
morphologically identical to those in com-
mon warts [1]. More importantly, there
existed a substantial number of anecdotal re-
ports, published over almost a whole cen-
tury, 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 character-
ized 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 prepara-
tions 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 hybrid-
ized 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 par-
ticles, this was a clearcut suggestion that,
most likely, different types of HPV are caus-
ative agents of condylomata acuminata.
This result prompted a period of analyses of
individual virus particle-containing papillo-
mas for a genetic heterogeneity of papillo-
mas; this was established in 1976 [10] and led
to the identification of individual types 1
year later [12, 25].

The identification of genital papillo-
mavirus infections turned out to be difficult

7



because of low 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 sub-
sequent developments: the introduction of
gene cloning techniques into the papillo-
mavirus field and the application of hybrid-
ization procedures at lowered stringency re-
vealing the relatedness of distinct papillo-
mavirus types, both first used in Peter Howl-
ey’s laboratory [18]. The use of these
methods led to a rapid expansion of identi-
fied types of HPVs: today 42 types have been
established, and this number will most likely
increase further.

Gerard Orth in Paris, Stephania Jablon-
ska in Warsaw, and their colleagues identi-
fied a large number of HPV types from a
rare human condition, epidermodysplasia
verruciformis [25]. This syndrome is charac-
terized by an extensive verrucosis and a re-
markably high rate of malignant conver-
sions of specific types of papillomas at sun-
exposed sites. It was of particular interest to
demonstrate specific types of HPV, prefer-
entially HPV 5, but also HPV 8 and - rarely
— others, within the carcinomas, although
patients with epidermodysplasia verruci-
formis 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 infec-
tion and physical carcinogens such as the ul-
traviolet part of sunlight.

Returning to genital papillomavirus infec-
tions, cloning of HPV 6 DNA [6] permitted
the identification of a closely related HPV
DNA, HPV 11, in genital warts and laryn-
geal papillomas [13, 14, 22]. Applying condi-
tions 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]. Sub-
sequently, additional types have been identi-
fied, 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 pres-
ent that HPV 6 and 11 are the most preva-
lent virus types in genital warts, accounting
for approximately 90% of all condylomata
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acuminata and for about one third of all oral
papillomas. In contrast, HPV 16 and proba-
bly also HPV 18 are found at external geni-
tal sites, most commonly in very different le-
sions, characterized as Bowenoid papulosis
or Bowen’s disease [16]. The histology re-
veals marked nuclear atypia and shows char-
acteristics 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 col-
poscopically visible lesion is the “flat condy-
loma” [20].

Although ardently disputed at gyneco-
logical 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 patho-
gnomonic marker for this type of infection.
HPV 16 and 18 viruses appear to prefer-
entially induce lesions with marked nuclear
atypia, a low degree of koilocytosis, or ab-
sence of visible koilocytosis. It is likely that
some of the rather confusing data on the his-
topathology of HPV types result from infec-
tions with more than one type of HPV.
Probably the majority of histopathologists
would not have difficulties in discriminating
a Bowenoid lesion from a koilocytotic con-
dyloma at an external genital site. It would
be rather surprising if the same type found in
both of these lesions induced a uniform his-
topathological pattern at cervical sites.

Kreider and his colleagues [17] recently
demonstrated that HPV 11 infections induce
changes characteristic of koilocytotic dys-
plasia upon infection of human cervical tis-
sue heterografted beneath the renal capsule
of nude mice. It is anticipated that this tech-
nique 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
HPYV 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 peria-
nal and anal cancers and in a small percent-
age of oral, tongue, laryngeal, and lung car-
cinomas. HPV 18 DNA has so far been de-



tected only in anogenital cancer, occurring
in about 20% of the biopsies tested. Approx-
imately an additional 10% of these biopsies
contain HPV 33, 31, or 11 DNA, bringing
the total percentage of biopsies with identifi-
able HPV types to about 80%. It is likely
that the majority of additional genital tu-
mors also contain HPV DNA of yet unde-
fined 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, vul-
var, 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 cer-
vical cancer biopsies permitted an analysis
of the state of the viral DNA within the tu-
mor 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 con-
tain in addition episomal viral DNA [7]. Pre-
cursor lesions, Bowenoid papulosis, and cer-
vical dysplasias appear to contain prefer-
entially 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 dis-
rupting the early region [34]. No preferential
chromosomal sites have been noted for inte-
gration [21]. One line, Caski, contains at
least 12 different integration sites in 11 dis-
tinct 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 re-
vealed the existence of a small intron within
the E6 open reading frame [33]. The second
E6 exon 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 signifi-
cance.

The regularity of transcription in HPV-
positive cervical cancer cells and the consis-
tent 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 regu-
lation may represent another event impor-
tant for malignant conversion. Several re-
cent, still somewhat preliminary studies fur-
ther emphasize the role of HPV expression
in the maintenance of the malignant pheno-
type. 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 par-
ticular that of chromosome no.11, leads to
a reacquisition of malignant growth upon
heterotransplantation into nude mice. Since
HelLa cells express HPV 18 RNA, it was of
obvious interest to analyze HPV 18 ex-
pression in the nonmalignant HelL.a hybrids
as well as in their malignant revertants.

The data obtained thus far (E. Schwarz et
al., in preparation) indicate that no differ-
ence in HPV 18 expression occurs in HelLa
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 clo-
nability and growth in soft agar. Whereas
HeLa cells and malignant revertants conti-
nue to express HPV 18 DNA after trans-
plantation into nude mice, initial experi-
ments suggested a complete block of
HPV 18 expression in the nonmalignant hy-
brid 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 1is
schematically outlined in Fig.1. The data
point to an intracellular control of HPV ex-
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HELA CELL

No regulation of viral tran-
scription. CIF genes modi-
fied and functionally
inactive

\

MALIGNANT
GROWTH

HYBRID CELL in vitro
CIF gene not activated

\

MALIGNANT
PHENOTYPE

In vitro

Absence of functioning
CIF gene

\

MALIGNANT PHENO -
TYPE

Fig. 1. Interpretation of data on HPV 18 expression

pression by cellular genes. These genes are
most likely modified and functionally inac-
tive in HeLa 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 hetero-
transplantation 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 fail-
ing host-cell control of persisting viral genes
[36-38, 41]. The model derived there from
can readily explain the frequently observed
synergism between papillomavirus infec-
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NORMAL CELL

Absence of viral DNA.
CIF .genes functioning
after activation

HYBRID CELL in vivo
CiF gene activated by
activating factor

¥

SUPPRESSION OF
MALIGNANT PHENO -
TYPE DIFFERENTIA-
TION

In vivo
Activation of CIF -gene
not possible

\

MALIGNANT GROWTH

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 de-
velopment of genital cancer are presently
poorly defined. Smoking, viral infections
with initiating properties (e.g., herpes sim-
plex virus and cytomegalovirus), and po-
tentially 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 dis-
tribution of the latter compared with cancer
of the cervix.

The data suggest the existence of an intra-
cellular surveillance mechanism which con-
trols papillomavirus infections. It may have
far-reaching implications for other human
tumor virus infections as well, possibly con-
trolled 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
coevolving viruses. The expression of these
viral functions in differentiating cells which
are unable to proliferate, permitting replica-
tion and maturation of the respective papil-
lomaviruses, points to a fine tuning of host-
virus 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 de-
velop the respective cancer type. Since, in
addition to a persisting viral genome, modi-
fications 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 infec-
tions and smoking-related chemical carci-
nogens, 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!

It is a personal pleasure to introduce my
friend and former colleague, Donald Met-
calf. 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 kin-
etics and was one of the first to analyze the
impact of thymectomy and thymic grafting
on lymphopoiesis. Indeed, he should be con-
sidered the first to demonstrate the effects of
thymectomy on lymphoid tissue and the au-
tonomous control of lymphocyte prolifer-
ation within the thymus. In addition, his
analysis of leukemogenesis in AKR mice is
still considered definitive, revealing his abil-
ity to compare and contrast the cellular biol-
ogy of the normal and neoplastic to gain in-
sight into the etiology and pathogenesis of
leukemia. The same consummate skills as an
experimentalist, and the same insight and in-
terest, were to mark his subsequent investi-
gations into myelopoiesis and myeloid leu-
kemia that have occupied the last two de-
cades.

I had known and admired Don’s work
during his “thymic phase,” since I also be-
gan my research career on thymic develop-
ment, 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 immun-
ologists? To wunderstand this you must

! 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 Mac-
farlane Burnet, retired as Director of the
Walter and Eliza Hall Institute for Medical
Research (WEHI), appointing as his suc-
cessors his two protégés, Gus Nossal as Di-
rector and Don Metcalf as Assistant Direc-
tor and Head of the Cancer Research Unit.
This was a wise decision, since Don re-
mained relatively unburdened by adminis-
trative responsibilities, which he naturally
finds irksome, and was able to pursue his sci-
entific interests. The “golden age of immu-
nology” 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 re-
search, choosing instead to move in his own
directions and as much as possible into un-
charted territory.

At this time, experimental hematology
was emerging from its lowly status as a de-
scriptive morphological discipline, helped by
radioisotope labeling kinetics and the first
stem cell assay (CFU-S), as well as some
knowledge about erythropoietin and regula-
tion of erythropoiesis. While vision and con-
cepts are necessary to move a field, there is
a third essential, the catalyst of methodol-
ogy. Hematology lacked in vitro systems for
quantitation of hematopoietic cell prolifer-
ation and differentiation, and so an impor-
tant milestone was reached in 1965 when
Don, with Dr. Ray Bradley, developed a
semisolid culture technique, permitting the
clonal growth and maturation of granulo-
cytes and macrophages, from committed
precursors in the bone marrow. This tech-



nique was subsequently modified by him
and his colleagues to permit the clonal cul-
ture of eosinophils, megakaryocytes, B-lym-
phocytes and multipotential cells. With the
use of these clonal culture techniques and
cell separation procedures, he and his col-
laborators succeeded in characterizing he-
matopoietic 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 granulo-
cytes, monocytes, and related blood cells. In
this era of megabuck 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 par-
ticular tree ...” I think this is best illustrated
by recalling the circumstances surrounding
the murine myelomonocytic
WEHI-3. This tumor arose very early in a
very large experiment on mineral oil induc-
tion of plasmacytomas in BALB/c mice, be-
ing 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 prolifer-
ation 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 ex-
tending from the role of growth factors in
normal myelopoiesis to regulatory aberra-
tions in myeloid leukemia.

Studies on WEHI-3 led to subsequent
studies in which human myeloid leukemic
populations were shown to remain CSF-de-

leukemia

pendent for cell proliferation, but one CSF,
G-CSF, also had the property of suppressing
myeloid leukemic cells by enforced differ-
entiation. While showing that myeloid leu-
kemia development need not involve auto-
crine 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 else-
where 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 attend-
ing 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-of-
age party for experimental hematology, her-
alding its own golden age, which Don was so
instrumental in creating. For those who at-
tended 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 con-
tributions 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’ experimen-
tal 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 satisfac-
tion 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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Hemopoietic Growth Factors and Oncogenes
in Myeloid Leukemia Development *

D. Metcalf!

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 spe-
cific growth-regulatory factors. What has in-
trigued workers in both fields has been the
recognition that, in a number of instances,
the products of oncogenes or proto-onco-
genes have been shown to be related either to
growth factors themselves or to the recep-
tors for such growth factors. The reported
examples of this association are already nu-
merous enough to make a chance associ-
ation improbable — c¢-sis and PDGF [1], c-
erb-B and the EGF receptor [2], ¢-fims and
the CSF-1 receptor [3]. When this associ-
ation is considered in the light of the numer-
ous documented examples, particularly in
the leukemias and lymphomas, of non-ran-
dom chromosomal translocations that in-
volve proto-oncogenes [4], a strong case
exists for formalizing earlier notions of
cancer into a concept that neoplastic change
results from aberrant or aberrantly ex-
pressed 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

! Cancer Research Unit, Walter and Eliza Hall
Institute, P.O. Royal Melbourne Hospital, 3050,
Victoria, Australia

* The work from the author’s laboratory was sup-
ported 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 (ei-

ther 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 hypoth-

esis of cancer. At first sight, these extensions
seem reasonable, both on grounds of sim-
plicity 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 indicat-
ing that these more extreme views of cancer
formation are likely to be naive and incor-
rect:

1. Neoplastic change is not simply a ques-
tion of stimulation of cell division but de-
pends on incorrect responses to prolifera-
tive stimulation with the occurrence of an
abnormally high proportion of self-repli-
cative versus differentiative divisions.
Rapid cell division in excess of that
shown by any cancer population is ex-
hibited by many normal tissues. Rates of
cell division are therefore not the key fea-
ture distinguishing the behavior of nor-
mal from neoplastic cells, the latter de-
pending on intrinsic defects in the quali-
tative 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 mech-
anism, requires the existence of a crucial
heritable abnormality in the genetic pro-
gramming of the cell that determines its
abnormal pattern of response to prolifer-
ative 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 in-
fluence 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 fac-
tor. This again indicates that the critical
abnormality in cancer cell lies in its re-
sponse pattern to signalling rather than
to the signal itself.

Because information on the molecular
control of hemopoietic cells is now quite ex-
tensive, the complex issues involved in the
development of leukemia are at present bet-
ter 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 granulocyte-
macrophage 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 mye-
loid leukemia cells, individual colonies
grown in vitro can be shown to be able to in-
duce transplanted leukemia in recipients,
and by this means the clonogenic cells can be
shown to be stem cells of the leukemic pop-
ulation. We can be somewhat confident,
therefore, that our knowledge of the behav-
ior 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 leu-
kemic cells, because in chronic myeloid leu-
kemia 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 com-
plete, 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 molec-
ular level but it must be kept in mind that for
many human myeloid leukemias, there re-
mains an important black box that prevents
us from being certain regarding the controls
operating during the emergence of the first
clonogenic leukemic cell in the stem cell
compartment.

B. Control of Normal
Granulocyte-Macrophage Populations

Analysis of the factors controlling the pro-
liferation of murine granulocyte-macro-
phage populations has shown that the glyco-
protein colony-stimulating factors (CSFs)
are the only known molecules in biological
materials that are able by direct action to
stimulate cell proliferation in these popula-
tions. Four such murine CSFs have been
identified, purified and sequenced, and
c¢DNAs for three have been isolated and ex-
pressed in mammalian and bacterial ex-
pression systems (Table 1). Several features
of these CSFs have become evident: (a) All
are glycoproteins, but the extensive carbo-
hydrate 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 (M-
CSF) is a dimer, also with some form of nec-
essary disulfide bridging. (c) No sequence
homology exists between the CSFs or be-
tween the CSFs and known oncogene prod-
ucts or growth factors for other tissues. (d)
Each CSF has a corresponding specific
membrane receptor, one of which (for M-
CSF) is, or is closely related to, the c-fins
proto-oncogene product [3]. (¢) Responding
granulocyte-macrophage progenitor cells si-
multaneously 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 spe-
cific CSF [13].
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Table 1. The granulocyte-macrophage colony-stimulating factors

Species Type Alternative Approximate cDNAs cloned
acronyms mol. wt.?
Mouse GM-CSF MGI-1 GM 23000 Yes [6]
G-CSF MGI-1G 25000 Yes (S. Nagata, personal
communication)
M-CSF CSF-1, MGI-1M 35000-70000 ?
Multi-CSF IL-3, PSF 23000-28000 Yes [7, 8]
Man GM-CSF CSFa 22000 Yes [9]
Pluripoietin a
G-CSF CSF B 19000 Yes [10, 11]
Pluripoietin
M-CSF CSF-1 45000 Yes [12]

* 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 corre-
sponding murine and human CSFs. Despite
this, there is not necessarily species cross-
reactivity. 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 leukemo-
genesis: (a) the CSF’s are mandatory for all
cell divisions in granulocyte-macrophage
precursor cells, the concentration determin-
ing 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 prolifer-
ation to that of normal cells, although on
continued culture in vitro, such cell lines
eventually lose most or all of their CSF de-
pendency.
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Conversely, CSFs can inhibit the prolifer-
ation of leukemic cells. In one extensively
studied murine myeloid leukemia (WEHI-
3B 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 prolifer-
ation [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 sup-
pression 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 indi-
cated that the irreversible commitment pro-
cess closely resembled the commitment ac-
tion of the CSFs on normal granulocyte-
macrophage progenitors [20]. A differenti-
ation-unresponsive subline of WEHI-3B
cells (D~ cells) was shown to be unrespon-
sive because of failure to express membrane
receptors for G-CSF [21], although other ab-
normalities 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 leu-
kemic cells [20], suppression of the popula-



tion commencing only following the induc-
tion of significant levels of differentiation
commitment. Thus, even in this otherwise
optimal system for demonstrating CSF-in-
duced 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 gen-
eral relevance for other myeloid leukemias.
However, in current experiments a similar
differentiation induction has been observed
with other murine myeloid or myelomono-
cytic 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 contin-
uous hemopoietic cell lines that are not leu-
kemogenic by transplantation tests sub-
sequently 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 produc-
tion of CSF, by providing an internal, non-
regulatable source of the appropriate
growth factor, is the final step in the multi-
stage 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 in-
sertion of a retroviral construct containing
GM-CSF cDNA [24]. The resulting consti-
tutive production of GM-CSF on which the
FD cells are dependent for survival and pro-
liferation was the only obvious effect of the
experimental procedure that resulted in leu-
kemic transformation.

A quite different conclusion was reached
from studies in which continuous hemo-
poietic cell lines were transformed to auton-
omous, 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 oc-
currence of abnormal expression of mem-
brane receptors for either CSF. It is evident
from these latter experiments that leukemo-
genic transformation does not of necessity
require either the autocrine production of
growth factors or the expression of abnor-
mal numbers of growth factor receptors.

Although FD-CP1 cells are non-leukemic
and absolutely CSF dependent, they are
highly abnormal, being immortalized, inca-
pable of differentiation, possessing eight
metacentric marker chromosomes, and ex-
hibiting 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 self-
renewal is necessary, but not in itself suffi-
cient, 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 preleu-
kemic changes, so none of the above obser-
vations really addresses in totality the ques-

Table 2. Self-generation by clonogenic FD-CP1 cells compared with self-generation by leukemic

FD-CP1 cells transformed by GM-CSF ¢cDNA

Colony No. of Mean no. Mean no. Percent of
type colonies recloned of cells per colony  of clonogenic cells  clonogenic
per colony cells
FD-CP1 20 3630 322042680 89
GMYV FD 1. 10 1770 2080+ 980 118
2. 10 4380 322041000 74

FD-CP1 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 leu-
kemic cell.

Granted their abnormal state, the ques-
tion remains as to what final step was re-
quired 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 signal-
ling cascade induced by binding of CSF to
its receptor. This would bypass the necessity
of involving CSF, yet result in a common se-
quence of end-stage changes. There is in fact
evidence that when the CSFs act on re-
sponding normal granulocyte-macrophage
cells, marked changes can occur in transcrip-
tion rates of known proto-oncogenes [27; C.
Willman, personal communication], so it is
not improbable that the dysregulated ex-
pression of a viral oncogene could result in
activation of signalling pathways normally
involved in CSF-initiated signalling. If these
common pathways are indeed of signifi-
cance, then the role of CSF as a mandatory
proliferative stimulus for both normal and
emerging leukemic cells acquires extra sig-
nificance in the leukemogenic process.

Despite these emerging links, it is neces-
sary to repeat that the crucial abnormality
required for an emerging leukemic cell is its
abnormal response pattern to such signal-
ling, and when this is considered in the light
of the clonal nature of the resulting leukemia
it is still necessary to propose that other heri-
table abnormalities must exist in the re-
sponding cell that determine its abnormal
response pattern to the signalling cascade,
whether CSF induced or oncogene initiated.
What the G-CSF experiments discussed ear-
lier indicate, however, is that for at least
some myeloid leukemias, the abnormal gene
programming in the cells is able to be cor-
rected or reversed by G-CSF action.

Do the experiments in which CSF in a
retroviral construct induces leukemia indi-
cate that the CSF genes can be added to the
list of proto-oncogenes? The answer is prob-
ably 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 concern-
ing the chromosomal location of the CSF
genes in human cells; it has obvious parallels
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with the involvement of ¢-myc in Burkitt’s
lymphoma and c-ab! in chronic myeloid leu-
kemia. 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, mono-
cyte and erythroid population resulting in
refractory anemia with excess blast cells,
typically in elderly women, and sometimes
classified as smouldering leukemia. In as-
sociation with other chromosomal abnor-
malities, the 5q deletion is also a characteris-
tic feature of secondary acute myeloid leu-
kemias occurring following chemotherapy.
The deleted portion of the 5q chromosome
appears not to be translocated to another
chromosome, and it remains to be deter-
mined 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 prolifer-
ative agents for granulocyte-macrophage
cells, it is important to recognize that CSFs
are not the only biological agents able to in-
duce differentiation in myeloid leukemia
cells with subsequent loss of leukemogenic-
ity. 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 prolifer-
ative 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 indi-
cates that production of the murine factor
can be T-cell-dependent [34], unlike the situ-
ation with G-CSF, and biochemical purifi-
cation studies have indicated that DF is sep-
arable and distinct from G-CSF [33, 35]. In-
jection of crude material containing MGI-2
inhibited the growth of transplanted mye-
loid 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 mate-
rial can be obtained. Certainly, if DF or re-
lated factors lack proliferative effects on re-
sponding leukemic cells but exhibit strong
differentiating effects, such factors would be
quite clearly superior to the CSFs as antileu-
kemic 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 sig-
nalling and account for the observed differ-
entiation occurring in both normal and leu-
kemic cells following exposure to G-CSF
[37, 38]. Any explanation of the differenti-
ation-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 ge-
nome 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 en-
counters the same types of difficulties as the
autocrine hypothesis of leukemia with re-
spect 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 pro-
ducing them, but the minute amounts se-
creted by individual leukemic cells are un-
likely to be of significance in the context of
cells residing in fluid containing the same
molecules produced by vastly more numer-
ous cells in other tissues. It is also improb-
able 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 1-ml volumes, since it is un-
likely that any one cell could synthesize suf-
ficiently 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 differ-
entiation 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 mye-
loid 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 abso-
lutely dependent on stimulation by extrinsi-
cally 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 depen-
dency of these cells earlier in their evolution
cannot be determined. For the large major-
ity of primary human leukemias, therefore,
the clonogenic GM cells exhibit no capacity
for autonomous proliferation in dispersed
suspension cultures, a situation which ap-
pears to effectively eliminate an autocrine
basis for their neoplastic behavior. The dif-
ferentiating cells (monocytes) in many popu-
lations of CML, AMML and AMonoL have
a clear capacity to produce CSF, but this ca-
pacity is no higher than that of correspond-
ing 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 develop-
ment, the above in vitro data would indicate
that the CSFs must play a mandatory role in
myeloid leukemia development in most pa-
tients since the leukemia clone is CSF depen-
dent. However, based on the general com-
ments 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 self-
generation 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 ex-
pected since each is clonally derived from a
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heterogeneous population. For the two hu-
man CSFs (GM-CSF and G-CSF) with pro-
liferative effects on human cells the respon-
siveness 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~ situa-
tion have been encountered [14].

Suppression of clonogenic self-renewal in
cultures of primary human myeloid leu-
kemia has been difficult to monitor since the
clones in conventional CSF-stimulated cul-
tures uniformly lack clonogenic cells. This
may indicate an extremely strong commit-
ment action of the CSFs, or it may merely in-
dicate 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 leu-
kemic 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 out-
lined 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 re-
mains capable of chemically induced differ-
entiation [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 cul-
ture appears to have been variable in differ-
ent laboratories, either because of subclone
differences or because the fetal calf serum
used in such cultures seems to have an influ-
ence on the observed effects. Culture in the
presence of either GM-CSF or G-CSF does
not induce obvious morphological differ-
entiation in these cells but does lead to ex-
pression on the membranes of lineage-spe-
cific 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 as-
sessed by recloning of treated HL60 cells
(Table 3). This raises the interesting possibil-
ity that suppression of self-renewal need not
be accompanied by morphological differ-
entiation and that use of the latter criterion
may lead to a serious underestimation of the
ability of the CSFs to induce differenti-
ation.

Given that the proliferation of human
myeloid leukemic cells is usually CSF depen-
dent but that the CSFs can exhibit a capacity
to extinguish such a population by differ-
entiation commitment, a dilemma is pre-
sented in assessing whether their use would
represent a useful procedure in the treatment
of myeloid leukemia. Use of the CSFs to ac-
celerate the regeneration of surviving nor-
mal clones during remission presents less of
a problem unless significant numbers of clo-
nogenic leukemic cells persist during such a
remission.

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

In- CSF Total Total Percent of cells
cubated concen- cells clono-
with tration (x107%)  genic Blasts Pro- Myelo- Meta- Monocytes
(Units/ml) cells myelo-  cytes myelo-
(x107%) cytes cytes
- 0 66.0 56.2 2.5 94.0 3.0 0 0.5
GM-CSF 400 23.6 4.1 0.5 95.5 4.0 0 0
G-CSF 150 38.1 5.4 1.5 96.5 1.0 0 1.0

Cells cultured for 2 weeks in the presence of purified recombinant human GM-CSF or purified cross-
reacting murine G-CSF (C. G. Begley, D. Metcalf, N. A. Nicola, unpublished data).
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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 under-
taken with circumspection and careful moni-
toring of leukemic cell levels prior to and fol-
lowing the administration of this agent. The
results with clinical trials of conventional cy-
totoxic agents have emphasized the com-
plexities 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 inter-
ferons and will be carried out from the out-
set with meticulous attention to objective as-
sessment of the effects induced by the
CSFs.

G. Summary

Most primary myeloid leukemias are depen-
dent for proliferative stimulation on the gly-
coprotein 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-on-
cogene. However, most evidence is against
an autocrine hypothesis of myeloid leukemia
based solely on CSF production by emerg-
ing 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 an-
tagonistic 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.

References

1. Johnson A, Heldin C-H, Wasteson A,
Westermark B, Deuel TF, Huang JS, Seeburg
PH, Gray A, Ullrich A, Scrace G, Stroobant
P, Waterfield MD (1984) The c-sis gene en-
codes a precursor of the B chain of platelet-
derived growth factor. EMBO J 3:921-928

10.

11.

12.

Ullrich A, Coussens L, Hayflick JS, Dull TJ,
Gray A, Tam AW, Lee J, Yarden Y, Lieber-
mann TA, Schlessinger J, Downward J,
Mayes ELV, Whittle N, Waterfield MD, See-
burg PH (1984) Human epidermal growth
factor receptor cDNA sequence and aberrant
expression in the amplified gene in A431
epidermal carcinoma cells. Nature 309:418-
425

. Sherr CJ, Rettenmier CW, Sacca R, Roussel

MF, Look AT, Stanley ER (1985) The c¢-fmms
proto-oncogene product is related to the re-
ceptor for the mononuclear phagocytic
growth factor CSF-1. Cell 41:665-676

. Cory S (1986) Activation of cellular onco-

genes in hemopoietic cells by chromosome
translocation. Adv Cancer Res 47:189-234
Metcalf D (1986) The molecular biology and
functions of the granulocyte-macrophage
colony-stimulating factors. Blood 67:257—
267

. Gough NM, Gough J, Metcalf D, Kelso A,

Grail D, Nicola NA, Burgess AW, Dunn AR
(1984) Molecular cloning of cDNA encoding
a murine haemopoietic growth regulator, gra-
nulocyte-macrophage colony-stimulating fac-
tor. Nature 309:763-767

. Fung MC, Hapel AJ, Ymer S, Cohen DR,

Johnson RN, Campbelli HD, Young IG
(1984) Molecular cloning of cDNA for mouse
interleukin-3. Nature 307:233-237

Yokota T, Lee F, Rennick D, Hall C, Arai N,
Mosmann T, Nabel G, Cantor H, Arai K
(1984) Isolation and characterization of a
mouse cDNA clone that expresses mast cell
growth factor in monkey cells. Proc Natl
Acad Sci (USA) 81:1070-1074

Wong GG, Witek J, Temple PA, Wilkens
KM, Leary AC, Luxenberg DF, Jones SS,
Brown EC, Kay RM, Orr EC, Shoemaker C,
Golde DW, Kaufman RJ, Hewick RM, Wang
EA, Clark SC (1985) Human GM-CSF: mo-
lecular cloning of the complementary DNA
and purification of the natural and recombi-
nant proteins. Science 228:810-815

Nagata S, Tsuchiya A, Asano S, Kaziro Y,
Yamazaki T, Yamamoto O, Hirata Y, Ku-
bota N, Oheda M, Nomura H, Ono M (1986)
Molecular cloning and expression of cDNA
for human granulocyte colony-stimulating
factor. Nature 319:415-418

Souza LM, Boone TC, Gabrilove J, Lai PH,
Zsebo KM, Murdock DC, Chazin VR, Bras-
zewski J, Lu H, Chen KK, et al. (1986) Re-
combinant human granulocyte colony-stimu-
lating factor: Effects on normal and leukemic
myeloid cells. Science 232:61-65

Kawasaki ES, Ladner MB, Wang AM, Ars-
dell J Van, Warren MK, Coyne MY,
Schweickart VL., Lee M-T, Wilson KJ, Boos-

23



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

24

man A, Stanley ER, Ralph P, Mark DF
(1985) Molecular cloning of a complementary
DNA encoding human macrophage-specific
colony-stimulating factor (CSF-1). Science
230:291-296

Walker F, Nicola NA, Metcalf D, Burgess
AW (1985) Hierarchical down-modulation of
hemopoietic growth factor receptors. Cell
43:269-276

Nicola NA, Begley CG, Metcalf D (1985)
Identification of the human analogue of a
regulator that induces differentiation in mu-
rine leukaemic cells. Nature 314:625-628
Metcalf D (1984) The hemopoietic colony-
stimulating factors. Elsevier, Amsterdam
Metcalf D (1982) Regulatory control of the
proliferation and differentiation of normal
and leukemia cells. Natl Cancer Inst Monogr
60:123-131

Metcalf D (1979) Clonal analysis of the action
of GM-CSF on the proliferation and differ-
entiation of myelomonocytic leukemic cells.
Int J Cancer 24:616-623

Metcalf D, Nicola NA (1982) Autoinduction
of differentiation in WEHI-3B leukemia cells.
Int J Cancer 30:773-780

Metcalf D (1980) Clonal extinction of myelo-
monocytic leukemic cells by serum from mice
injected with endotoxin. Int J Cancer 25:225-
233

Metcalf D (1982) Regulator-induced sup-
pression of myelomonocytic leukemic cells:
clonal analysis of early cellular events. Int J
Cancer 30:203-210

Nicola NA, Metcalf D (1984) Binding of the
differentiation-inducer, granulocyte colony-
stimulating factor to responsive but not unre-
sponsive leukemic cell lines. Proc Natl Acad
Sci USA 81:3765-3769

Hapel AJ, Lee JC, Farrar WC, Thle IN (1981)
Establishment of continuous cultures of Thy
1.2% Ly1 %27 T cells with purified interleukin-
3. Cell 25:179-186

Schrader JW, Crapper RM (1983) Autogen-
ous production of a hemopoietic growth fac-
tor “P-cell-stimulating factor” as a mecha-
nism for transformation of bone marrow-de-
rived cells. Proc Natl Acad Sci USA 80:6892—
6896

Lang RA, Metcalf D, Gough NM, Dunn AR,
Gonda TJ (1985) Expression of a hemato-
poietic growth factor cDNA in a factor-de-
pendent cell line results in autonomous
growth and tumorigenicity. Cell 43:531-542

Cook WD, Metcalf D, Nicola NA, Burgess
AW, Walker F (1985) Malignant transforma-
tion of a growth factor-dependent myeloid
cell line by Abelson virus without evidence of
an autocrine mechanism. Cell 41:677-683

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Pierce JH, Di Fiore PP, Aaronson SA, Potter
M, Pumphrey J, Scott A, Ihle JN (1985)
Neoplastic transformation of mast cells by
Abelson MuLV: abrogation of IL-3 depen-
dence of a nonautocrine mechanism. Cell
41:685-693

Muller R, Curren T, Muller D, Guilbert L
(1985) Induction of ¢-fos during myelomono-
cytic differentiation and macrophage prolifer-
ation. Nature 314:546-548

Weinberg RA (1985) The action of oncogenes
in the cytoplasm and nucleus. Science
230:770-776

Heubner K, Isobe M, Croce CM, Golde DW,
Kaufman SE, Gasson JC (1985) The human
gene encoding GM-CSF is at 5q 21-q32 the
chromosome region deleted in the 59~ anom-
aly. Science 230:1282-1285

Le Beau MM, Westbrook CA, Diaz MO,
Larson RA, Rowley JD, Gasson JL, Golde
DW, Sherr CJ (1986) Evidence for the involve-
ment of GM-CSF and FMS in the deletion
(59) in myeloid disorders. Science 231:984—
987

Lotem J, Lipton JH, Sachs L (1980) Separa-
tion of different molecular forms of macro-
phage- and granulocyte-inducing proteins for
normal and leukemic myeloid cells. Int J
Cancer 25:763-771

Yamamoto Y, Tomida M, Hozumi M (1980)
Production by spleen cells of factors stimulat-
ing differentiation of mouse myeloid leukemic
cells that differ from colony-stimulating fac-
tor. Cancer Res 40:4804—4809

Olssen I, Sarngadharan MG, Breitman TR,
Gallo RC (1984) Isolation and characteriza-
tion of a T-lymphocyte-derived differenti-
ation-inducing factor for the myeloid leu-
kemic cell line HL-60. Blood 63:510-517
Lotem J, Sachs L (1985) Control of in vivo
differentiation of myeloid leukemia cells. V.
Regulation by response to antigen. Leuk Res
9:1479-1486

Tomida M, Yamamoto-Yamiguchi Y, Ho-
zumi M (1984) Purification of a factor induc-
ing differentiation of mouse myeloid leukemic
M1 cells from conditioned medium of mouse
fibroblast 1929 cells. J Biol Chem 259:10978-
10982

Lotem J, Sachs L. (1984) Control of in vivo
differentiation of myeloid leukemic cells. IV.
Inhibition of leukemia development by mye-
loid differentiation-inducing protein. Int J
Cancer 33:147-154

Lotem J, Sachs L (1983) Coupling of growth
and differentiation in normal myeloid precur-
sors and the breakdown of this coupling in
leukemia. Int J Cancer 32:127-134

Nicola NA, Metcalf D, Matsumoto M,
Johnson GR (1983) Purification of a factor



39.

40.

inducing differentiation in murine myelomo-
nocytic leukemia cells. Identification as gra-
nulocyte colony-stimulating factor (G-CSF).
J Biol Chem 258:9017-9023

Symonds G, Sachs L (1982) Autoinduction of
differentiation in myeloid leukemic cells: res-
toration of normal coupling between growth
and differentiation in leukemia cells that con-
stitutively produce their own growth-induc-
ing protein. EMBO J 1:1343-1346

Metcalf D, Nicola NA (1985) Role of the
colony-stimulating factors in the emergence
and suppression of myeloid leukemia popula-
tions. In: Wahren B et al. (eds) Molecular bi-
ology of tumor cells. Raven, New York, pp
215-232

41.

42.

43.

Buick RN, Minden MD, McCulloch EA
(1979) Self-renewal in culture of proliferative
blast progenitor cells in acute myeloblastic
leukemia. Blood 54:95-104

Nara N, McCulloch EA (1986) A comparison
of the growth-supporting capacities of fresh
and cultured leukemic blast cells. Leuk Res
10:273-277

Abraham J, Rovera G (1981) Inducers and in-
hibitors of leukemic cell differentiation in cul-
ture. In: Baserga R (ed) Tissue growth fac-
tors. Springer-Verlag, Berlin Heidelberg New
York, pp 405425

Boyd AW, Metcalf D (1984) Induction of dif-
ferentiation in HL60 cells: a cell cycle-depen-
dent all-or-none effect. Leuk Res 8:27-43

25



New Strategies in Leukemia Diagnostic and Therapy



Poster Award for U. Creutzig

E. Henderson!

Through the years considerable advances
have been made, and have been highly pub-
licized in developing curative regimens for
acute lymphocytic leukemia. For most large
series the probability of a long-term continu-
ous 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 con-
straints of eligibility to the study. Surpris-
ingly, relatively little attention has been af-
forded the good news in the treatment of
acute myelocytic leukemias occurring in pe-
diatric 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-institu-
tion studies have achieved strikingly good
results with these patients (Weinstein,
Leventhal) using aggressive chemotherapy,
and a not inconsiderable proportion of the
successes of allogeneic bone marrow trans-
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plantation have depended upon HLA-
matched siblings of this younger age group.
However, only recently have large con-
trolled trials been conducted and analyzed
which employed intensive chemotherapy in
childhood AML. The studies presented by
Creutzig and her coworkers within the Ber-
lin-Frankfurt-Miinster group are notable
examples of the signal advances in pediatric
patient management and the outstanding
contributions made by West German clini-
cal investigators during the past decade.

All students of leukemia have been in-
spired by the early studies of the treatment
of childhood ALL, conducted by pathol-
ogists, internists, and even pediatricians in
those happy times when an ecumenical spirit
of achievement held sway. Today we conti-
nue to turn to advanced studies in childhood
cancers for those leads which may be used in
hematological malignancies of all age
groups.

For these several reasons the poster pre-
sentation by Creutzig et al. was chosen not
only “best of class” but “best of show.”

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?, J. Ritter !, M. Budde?, H. Jiirgens 3, H. Riehm ?, and G. Schellong*

A, Introduction

The number of children with acute myeloge-
nous leukemia (AML) who achieve re-
mission and the number of long-term sur-
vivors have increased in the last 10 years ow-
ing to intensified chemotherapy and better
supportive care. This report reviews nine pe-
diatric 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 en-
try. The treatment in the first study con-
sisted 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 in-
duction with Ara-C, daunorubicin, and VP-
16 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 103/ul) 24.0 and 28.5; ini-
tial CNS involvement: 9% and 7%, respec-
tively. Extramedullary organ involvement
(excluding liver and spleen enlargement) was
seen more often in the BFM-83 study (32%);

* Supported by the Bundesminister fiir For-
schung und Technologie, FRG.
Universitats-Kinderklinik Munster !, Hannover 2,
and Diisseldorf 3, FRG.
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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 FAB subtypes
[2] shows a higher proportion of the FAB
MS5 type (28%) in the BFM-83 study (only
21% in BFM-78). In both studies the mye-
loblastic 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 me-
dian follow-up time of 5.3 years (range 3.3
7.0 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 hyperleu-
kocytosis (WBC =100 x 103/pul) is the main
risk factor for early hemorrhage and/or leu-
kostasis (p <0.001, X? test), for nonresponse
(p<0.05, X? test), and also for relapse (p=
0.08, log rank test). In addition, in the
monocytic subtypes M4 and M5, extra-
medullary organ involvement was a risk fac-
tor 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 EF1 66%
(SD 7%) after 7 years.
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Table 1. Results of the AML studies BFM-78 and BFM-83, January

1986
BFM-78 BMF-83

Patients 151 143
Death before onset of therapy 2 9
Death during induction

Hemorrhage/leukostasis 12 7

Other complications 5 2
Partial/nonresponder 13 21

Complete remission achieved
Death in remission

Withdrawals (BMT)

Relapses (with CNS involvement)
In continuous complete remission
Alive

Event free survival (%)
Event free interval (%)®

119 (80%)
6

104 (78%)
4

52 6 (6)
54 (8) 25 (4)
54 69
66 88
38 (SD 4) 48 (SD 5)
47 (SD 5) 62 (SD 6)

BMT, bone marrow transplantation.

2 Kaplan-Meier estimated after 7.0 years in BMF-78 and 3.1 years in

BFM-83.

9.47 ( SD = 8.85 )

B.4
8.2
7 JAN 28, 1986
B.B ¥ T v ¥ L] T v ¥ 1 M )
o] 1 2 3 4 5 6 ? YEARS
AML-BFM 78 ( N = 119 ; 54 IN CCR )
----------- AML-BFM 83 ( N = 184 ; 69 IN CCR )

Fig. 1. Probability of event-free interval in AML
studies BFM-78, and BFM-83. /, patients in CCR
(all patients of BFM-78 study, last patient entered

B. Discussion

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].

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

Eight recent pediatric chemotherapy pro-
tocols with high remission rates and good re-
sults are presented in Table 2, together with
one bone marrow transplantation (BMT)
trial. Even though the induction/consolida-
tion regimens with two to seven drugs differ
considerably, they all include one of the an-
thracyclines and Ara-C. Vincristine and
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Table 2. Design and results of nine AML trials in patients <20 years of age

Study Start Induction/ CNS pro- Intensification/maintenance No. No. No. No. EFI?
institute  of trial consolidation phylaxis patients in CR relapses CNS re- %
lapses
VAPA 1976 VAPA 1-7, 1-5 - 12 months, intensive sequential 61 45 (714%) 22 8 48 5
80-035 (4) 1980 DA 3+7,2+5 Ara-C i. th. chemotherapy 64 45 (70%) 20 3 40> years
St. Jude’s 1976 D, V, AZA, Ax2-5 MTX.th. 30 months maintenance 95 68 (712%) 50 6 29
&) 1980 DA 347,245 - 12 months intensive sequential 87 65 (715%) 33 5 35—3 years
chemotherapy (or BMT) 15) (D (53)/
UK-MRC 1982 DAT 3+10x2 - _melphalan 66 60 (91%) 35
6) MAZE DAT/MAZE/HD-Ara-C /2.5 years
N\ (BMT) (15) (70)
Norway 1981 DAT (modified) - HD-Ara-C 2-4 courses 12 12 1 70—3 years
™ + retinol
BFM (1) 1978 V,P,A, A, T,CTX  Cranial 24 months A, A, T 149 119 (80%) 54 8 47—7 years
(8 weeks) irradiation
(18 Gy)
MTX i. th.
BFM 1983 ADE 8+3+3 Cranial 24 months A, A, T 134 104 (78%) 25 4 62 —3 years
followed by 8 weeks irradiation
induction/con- (18 Gy)
solidation Ara-C i. th.
Seattle (8) 1978 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.
2 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-aza-
uridine. In consolidation of the BFM stud-
ies, cyclophosphamide was given at least
twice.

In most studies, remission was induced by
relatively short and intensive therapy with a
seven-plus-three regimen (Ara-C plus dau-
norubicin), with or without thioguanine,
which induced a complete myelosuppression
and was followed by a therapy pause of ap-
proximately 3 weeks. In contrast, the BFM-
78 study used a prolonged induction/conso-
lidation 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 initi-
ated with the VAPA-10 protocol [4] and is
now part of most of the new studies pre-
sented in Table 2. Lie et al. [7] reported ex-
cellent results with high-dose Ara-C as post-
remission therapy in a small group of chil-
dren. 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 in-
cluding intensive induction regimens to-
gether with consolidation and intensifica-
tion or intensive maintenance with non-
cross-resistant drugs will improve the treat-
ment results in childhood AML and increase
the proportion of patients in long-term re-
mission to 50%. The low incidence of CNS
relapses in the BFM studies indicates that
prophylactic CNS treatment early in re-
mission can prevent CNS disease, and the in-
creasing number of long-term survivors em-
phasizes the need for effective prevention of
CNS relapse in pediatric patients. It still re-
mains to be seen whether prophylactic cra-
nial irradiation together with intrathecal
methotrexate or Ara-C is necessary or
whether systemic treatment with Ara-C in-
fusion or especially HD-Ara-C would pro-
duce 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 compari-
sons of BMT with chemotherapy intensifica-
tion or maintenance are necessary.
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The Treatment of Acute Myelogenous Leukemia
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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 chemother-
apy 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? days 1, 2, and 3), cytosine arabinoside by
i.v. bolus (100 mg/m? twice daily) and 6-
thioguanine 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 ap-
pearance of the bone marrow.

Patients were cared for in an open ward.
Bowel decontamination was attempted with
non-absorbable antibiotics; fever was as-
sumed to be due to bacterial infection and
was treated with appropriate antibiotic com-

ICRF Department of Medical Oncology, St. Bar-
tholomew’s Hospital, London, England

binations, and prophylactic platelet transfu-
sions were given to maintain the platelet
count above 20 x 10°/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 re-
mission with a median follow-up of 1 year
(four proceeded to allogenic or syngeneic
bone marrow transplantation, and have
been “censured” since that time). Thirty-
seven others are alive, five in second or sub-
sequent 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 in-
terval between cycles 1 and 2. The other fac-
tors considered were:

— Age

— FAB classification

— Blast count

— Serum albumin

Table 1. Responses to BX therapy among 106
patients

Complete remission

64 (60%)
Resistant leukaemia 11

Supportive-care failure 30
Other cause 1
Total 106
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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 atten-
tion must be given to very early treatment if
the results are to be improved, and that pro-
longing 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 main-
tained. Whether or not improvements will
be achieved by increasing the number of
drugs, altering the scheduling, or incor-
porating either allogeneic or autologous
transplantation remains to be demon-
strated.

It is probable, regardless of which ap-
proach is investigated, that prospective anal-
yses of patient variables, particularly in cy-
togenetics, 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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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 ther-
apy 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 com-
plete 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 Leukemia/Lym-

Dept. of Pediatric Oncology and Hemorrhagic
Diatheses, Institute of Pediatrics, Medical Acad-
emy, Warsaw

Table 1. Methods of treatment for ALL in children

phoma Study Group, treatment was with-
drawn for 371 after long-standing CR. For
111 children from this group CR persisted
for more than 4 years after therapy with-
drawal. 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

Methods of therapy

Number of Patients with over

patients 4 years’ remission

after therapy

cessation

Number Percent
Zuelzer’s 522 11 2.1
Varied, gradually intensified 349 21 6
Intensive chemotherapy + irradiation 359 79 22
Total 1230 111
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time of monotherapy to 22% when poly-
chemotherapy with CNS irradiation was in-
troduced (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 treat-
ment had been stopped, was testicular infil-
tration 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 re-
tention.
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Fig.1. Duration of follow-up after cessation of
therapy in 111 children with ALL
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In a majority of the 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 be-
tween 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 con-
siderable increase in the percentage of
cured ALL patients.

2. Long-lasting remission after treatment
cessation was possible, not only in chil-
dren 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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A. Introduction

It is well known that children with non-
Hodgkin’s lymphoma (NHL) are highly cur-
able by modern treatment schedules [3]. As
has been reported, with the LSA,L, pro-
tocol the Polish Children’s Leukemia/Lym-
phoma 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-

Departments of Pediatric Hematology and Medi-
cal Schools of Wroclaw, Krakow, Poznan, Wars-
zawa, and Zabrze, Poland
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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.

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

[+ 4
(8]
>

m ﬁ B @

RBD
BCNU
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T W
XRT
L 2 3 4 3 ., _1,2,3,4 5,6,7 8,8,0,  ,1,2,3,¢,5,6,7,8,9,0,
weeks

Fig.1. Modified LSA,L, protocol. CY, Cyclo-
phosphamide 1200 mg/m?3 i.v. VCR, Vincristine
1.5 mg/m? i.v. RBD, Rubidomycin 60 mg/m? i.v.
L-ASP, Asparaginase 10000 p/m?2 i.v. 6-Tg, Tio-

guanine 75 mg/m? o. BCNU, Belustine 60 mg/m?
0. Mtx, Methotrexate 10 mg/m? o. Mtx, 6,25 mg
1.th. Ara-C, 30mg i.th.; hydrocortisone i.th.
30 mg; cranial xrt, cranial Cobalt
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Fig. 3. The Murphy-Bowman protocol

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
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primary tumor location and B cell immunol-
ogy 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
I11, including NHL with a mainly abdomi-
nal location and B-cell histology. It is evi-
dent, however, that the treatment results in
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children with initial CNS or BM involve-
ment remain highly unsatisfactory with all
the protocols used.
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Strategies for the Future Chemotherapy
of Human Immunodeficiency Virus (HIV)

S. Broder!

Acquired immune deficiency syndrome
(AIDS) is caused by the third known human
T-lymphotropic 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 ARYV) 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 in-
formation flows from RNA and DNA, a re-
verse 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 at-
tack 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 ac-
complish 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 com-
position), 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 an-
other [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 diffi-
culty of this approach, however, is that
virally infected cells could make infectious
cell-to-cell contacts. In this regard, the rec-
ognition that macrophages can harbor the
virus and can infect T cells through cell-to-
cell 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 be-
cause 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 transcrip-
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tase (RT), to copy itself, employing the viral
RNA as a template. The viral DNA poly-
merase is encoded in a genetic region de-
noted as the pol gene. Eventually, the genetic
information encoded by the virus as a single
strand of RNA is transcribed into a double-
stranded DNA form. RT is the enzyme that
characterizes the entire family of retro-
viruses. Because of its unique role in retro-
viral replication and because a great deal is
known about it [13], RT 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 oli-
gonucleotides (which are linked by phos-
phorothioate esters) to inhibit retroviral rep-
lication, perhaps by serving as competitive
inhibitors of primer for reverse transcription
(Matsukura et al., unpublished).

The DNA copy of the virus is circularized
soon after its formation, and it can either re-
main in an unintegrated form or become in-
tegrated 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 inter-
fere with the viral “integrase” (thought to be
a function of the pol segment) which medi-
ates this integration step.

At some later time, perhaps after activa-
tion of the infected cell, the DNA is tran-
scribed to messenger RNA using host RNA
polymerases, and this RNA is then trans-
lated to form viral proteins, again using the
biochemical apparatus of the host cell. How-
ever, within any given cell, the retrovirus
could either remain latent (perhaps for the
life of the cell) or begin another cycle of rep-
lication, sometimes in response to T-cell ac-
tivating stimuli. It has recently been shown
that HIV has a transcriptional and/or trans-
lational activating gene which makes a prod-
uct (called the ta¢-111 protein) that markedly
enhances the production of viral proteins.
All of the known pathogenic human retro-
viruses have special transcriptional or trans-
lational activating (zat) genes; but there are
significant differences [1, 14-18], and certain
ideas about these rat genes are still evolv-
ing.

The tat-I11 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 pro-
vide 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-111 gene, although it is likely that genes
outside the tar-I1II region will also be found
to play a role in the cytopathic effect.

The tat-IIl1 protein is small (86 amino
acids), with a cluster of positively charged
amino acids, and it is thought the taz-I11
gene product influences the translation of
other proteins by binding to critical regula-
tory sequences at the 5’-end of messenger
RNA. It is possible that drugs or other
agents may be found which inhibit either the
tat-1I1 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 HIV [19]. The data suggest that a
product of this gene provides a second post-
transcriptional kind of trans-regulatory
function for the efficient synthesis of HIV
gag and env, but not tar-1II proteins. The
segment of DNA required for this novel sec-
ond trans function partly overlaps the taz-111
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 func-
tion of retroviral 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 sys-
tems, and perhaps this activity could be use-
ful in retrovirally induced disorders [19, 20].
To date, ribavirin has not been shown to ex-
ert 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 “anti-
sense”” oligodeoxynucleotides. Basically,
these could be short sequences of DNA (or
DNA which is chemically modified to enable
better cell penetration and resistance to en-
zymatic 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 theoreti-
cally 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-11I or the sec-
ond trans-regulatory gene already discussed,
or with both. In principle, it might be possi-
ble 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 bud-
ding. Interferons may act to interfere with
this stage of HIV replication. Other strate-
gies 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 not-
ing that the virus could theoretically set off
a chain of secondary events in vivo (autoim-
mune reaction, toxic lymphokine produc-
tion, etc.) that is necessary for the expression
of clinical disease. However, we will not be
able in this article to discuss strategies for in-
tervening 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 of HIV. From one perspective, these
are certainly not new chemicals, and in sev-
eral cases pioneering studies have been ac-
complished over the past 20 years or so [26—
32]. 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 illus-
trate the need to combine virologic, immu-
nologic, 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 nor-
mal substrate for nucleic acid synthesis into
a potent compound with the capacity to in-

hibit the replication and cytopathic effect of
HIV, at least in vitro.

Certain relationships between the struc-
ture and activity of these nucleoside analo-
gues 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 anti-
retroviral 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 develop-
ment, and preliminary studies in mice and
dogs suggest that it will prove to have good
oral bioavailability and to be comparatively
nontoxic (Grieshaber, unpublished observa-
tions). 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 ap-
pear that as 2',3'-dideoxynucleosides are
successively phosphorylated inside a target
cell to yield 2',3'-dideoxynucleoside-5-tri-
phosphates, they become analogues of the
2'-deoxynucleosides that are the natural sub-
strates for cellular DNA polymerase and
viral DNA polymerase (RT). It is important
to stress that the crucial phosphorylation
reactions are catalyzed by host cellular kin-
ases; the retrovirus does not provide these
enzymes and, therefore, it (unlike herpes ver-
sus certain antiviral drugs) cannot adopt a
simple strategy of mutating a kinase gene to
develop drug resistance, although drug resis-
tance (e.g., a mutation in the viral DNA
polymerase) must always be among the rea-
sons why an experimental agent could fail.
Similar considerations apply to 3’-azido-3'-
deoxythymidine (AZT) [34], a compound
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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 phos-
phorylation. It is also worth noting that
cells with different histologic or species
origins may show different profiles of phos-
phorylating activity. Therefore, in testing
these drugs in animals it is important to
determine such phosphorylating profiles in
advance. ~

We are now focusing our research etforts
on various 2',3’-dideoxynucleosides. There
are data to suggest that the DNA polymer-
ase (RT) of HIV is much more susceptible to
the inhibitory effects of these drugs as tri-
phosphates than is mammalian DNA poly-
merase alpha (Mitsuya and Broder, unpub-
lished 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 dis-
cussion in [33]). One explanation for the ac-
tivity of these drugs is that following anabo-
lism 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 normal 5'—3’
phosphodiester linkages cannot be com-
pleted. Thus, one model for the activity of
these compounds is that the viral DNA poly-
merase is more easily fooled into accepting
the dideoxynucleotide than is the mamma-
lian 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, dideoxy-
thymidine 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 retro-
viral systems with this drug, and is another
warning that one cannot extrapolate from
animal models in developing drugs against
pathogenic human retroviruses. Interest-
ingly, the substitution of an azido group at
the 3'-carbon of the sugar in place of a hy-
drogen (AZT) significantly restored the anti-
viral 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 prelim-
inary clinical observations made when using
AZT in patients with AIDS and related dis-
orders [35]. This drug is an interesting com-
pound that was synthesized over 20 years
ago [27] and shown by Ostertag et al. more
than 12 years ago [34] to inhibit C-type mu-
rine retrovirus replication in vitro; however,
no application of the agent was found for the
practice of medicine. It was recently devel-
oped as an experimental agent against HIV
in a clinical collaboration between the Clini-
cal Oncology Program of the National
Cancer Institute, and Duke University. The
drug is manufactured by the Burroughs-
Wellcome company under the tradename
Retrovir™. It was found to have in vitro ac-
tivity against HIV as part of the Clinical On-
cology Program’s screening effort in Febru-
ary 1985, after it had been shown to have po-
tent in vitro activity in a murine retroviral
system at the Wellcome Research Laborato-
ries. At that time, it had not been used as a
drug in human beings. We gave the first pa-
tient the drug as part of a phase I AIDS ther-
apy protocol in July 1985, at the Clinical
Center of the National Institutes of
Health [36].

Initially, the patients received AZT intra-
venously. It was subsequently shown that
the drug was well absorbed when given
orally (60% bioavailability), and each pa-
tient was then switched to receive oral AZT
after an initial 2-week administration of
AZT intravenously. Pharmacokinetic stud-
ies showed that peak levels of 1.5-2 pM 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 propor-
tionally increased peak levels; for example,
5mg/kg given intravenously over 1h
yielded a peak level of 6-10 pM and a con-
centration of 0.6 pM 4 h after the start of the
infusion. In addition, sampling of the cere-
bral spinal fluid (CSF) showed penetration
of AZT; CSF levels have ranged from 15%
to >100% of simultaneously measured
plasma levels ([36], and Klecker et al., un-
published observation). The excellent capac-
ity of this drug to cross the blood-brain bar-



rier is a noteworthy feature, given the pro-
pensity of HIV 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 re-
ceived 3, 7.5, 15, 30, or 45 mg/kg per day in-
travenously for 2 weeks, followed by twice
that dose given orally for 4 weeks. The first
four-dose regimens have previously been de-
scribed [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 modifica-
tion was made because of the relatively
short half-life of AZT. Bone marrow sup-
pression was observed in half the patients
on the two highest doses, suggesting that
these doses might not be suitable for pro-
longed 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 par-
tial 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-in-
ducer T-lymphocytes, 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 re-
quires 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 helper-
inducer (CD4+) cells (p <0.001). At the
highest dose tested (45 mg/kg on day 1V),
the data suggest that drug-induced bone

marrow toxicity represented a significant
side effect (Yarchoan and Broder, unpub-
lished observations). However, some pa-
tients with fulminant AIDS have bone sup-
pression 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 ad-
vanced disease.

In addition to the partial immunologic re-
constitution 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 with-
out specific antifungal therapy. In addition,
1 patient who had debilitating aphthous sto-
matitis before therapy had healing of the le-
sions, a majority of patients had weight
gains of 2 kg or greater (not explainable by
fluid retention and associated with an in-
crease in appetite), and 6 patients noted that
their fevers stopped or that they had an im-
proved sense of well-being. One patient had
lower extremity weakness and dysesthesia
accompanied by electromyelogram abnor-
malities which were attributed to HIV infec-
tion. After receiving AZT, his symptoms re-
solved, and a repeat electromyelogram was
normal. Finally, one patient with an expres-
sive aphasia and one patient with severe im-
pairment 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-life-
threatening infections (localized herpes
zoster, sinusitis, pneumonia, and Pneumo-
cystis carinii pneumonia, respectively) dur-
ing the 6-week period of the initial protocol;
each of these infections responded to appro-
priate therapy. The patient with Pneumocys-
tis carinii pneumonia developed clinical evi-
dence 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 immu-
nologic improvements, HIV could be identi-
fied in several of the patients on the lower
dose regimens by using the technique of phy-
tohemagglutinin-stimulated lymphocyte
culture to detect the virus. At the higher
doses (e.g., =30 mg/kg per day intrave-
nously 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 sug-
gesting that a virustatic effect might have
been attained with high-dose AZT.

One of the fundamental problems of clini-
cal 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]; quan-
tifying the amount of virus present in vivo
was never a primary goal. The current tech-
niques usually depend on detecting RT or a
structural protein of the virus in cultures of
peripheral blood lymphocytes that have
been activated by a polyclonal T-cell mi-
togen. 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 replica-
tion which had been underway in the patient
and is permitted to continue in tissue cul-
ture. Physicians should take these factors
into consideration as they evaluate reports
summarizing HIV-related treatment pro-
tocols, and it is especially important to rec-
ognize the pitfalls of relying on viral cultures
alone as an end point. More recent tech-
niques 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 experi-
ence was gained, patients who were enrolled
into the later phases of the study were some-
times 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 cur-
rently 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 re-
gimens, and in some patients (particularly at
higher doses), the number of helper-inducer
T cells may show a decline. Such patients ap-
pear to remain at some risk for developing
opportunistic infections. Seven of the pa-
tients being followed have Kaposi’s sar-
coma; of these, one has had a complete re-
mission of his Kaposi’s sarcoma, and three
have had some clearing of their lesions
(Yarchoan and Broder, unpublished obser-
vations). Interestingly, the patient with com-
plete clearing had worsening of his lesions
during the early part of the AZT regimen but
had clearing starting in the 8th week of ex-
perimental therapy. At this time, we cannot
say whether these changes are due to the
antiviral effects of the drug or to an unantici-
pated 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 le-
sions as an end point in patients with HIV
infection, one should be prepared to wait at
least 3 months before making a definitive as-
sessment 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 fo-
late or vitamin B12 deficiencies which do, in
fact, occur in this patient population), ac-
companied by falls in the total white blood
cell counts. Some patients develop red-cell
hypoplasia on long-term treatment. (Inter-
estingly, in our studies, AZT seemed to spare
platelets, and, indeed, some patients seemed
to have significant increases in platelet
counts. Therefore, perhaps patients with id-
iopathic thrombocytopenic purpura in the
setting of HIV infection would be particu-
larly 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 py-
rimidine pools. We have recently shown that
T cells exposed to high concentrations of
AZT in vitro have decreased levels of thy-
midine triphosphate, and AZT-induced py-
rimidine starvation, due in part to an inhibi-
tion of thymidylate kinase, may be one fac-
tor responsible for this late toxicity (Bal-
zarini et al., unpublished results). Therefore,
one of the important challenges for future
clinical investigation will be to develop ap-
proaches 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 py-
rimidine starvation) as an index of impend-
ing drug toxicity (Yarchoan and Broder, un-
published observations).

We are currently trying to explore re-
gimens which take the above observations
into consideration. In collaboration with the
Wellcome Research Laboratories, we are ex-
ploring how to clinically modify hepatic glu-
curonidation 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 un-
changed.) We are also planning regimens
which might be able to test combinations of
antiviral modalities in the future. An alter-
nating regimen of AZT and dideoxycytidine
may offer several pharmacologic advan-
tages, and preliminary results are encourag-
ing.

These initial results with AZT suggest that
this drug can be administered with po-
tentially interesting effects in patients in a
short-term regimen. A randomized, double-
blind/placebo-controlled trial of orally ad-
ministered 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 re-
ceive 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 re-
verse some of the dementias that are associ-
ated 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 un-
expected and should be the topic of conti-
nued basic and clinical research.

AZT is certainly not a final answer, and in
some patients the drug may exhibit promi-
nent bone-marrow suppressive effects. Nev-
ertheless, the studies involving AZT have
confirmed in a general way the hypothesis
that an antiretroviral intervention can pro-
vide 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 ex-
tent of the tumor, particularly in malig-
nancies. Angiography also fails to define ac-
curately the local extent of most skeletal
neoplasms. Computed tomography, how-
ever, demonstrates the intramedullary and
extraosseous extent of skeletal neoplasms
much more accurately and is currently the
modality most frequently used for this pur-
pose.

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 me-
tastases. 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.

A. Osteosarcoma

Osteosarcoma comprises a variety of
neoplasms capable of osteoid matrix pro-

1515 Holcombe BLVD., Department of Diag-
nostic Radiology, The University of Texas M.D.
Anderson Hospital and Tumor Institute at Hous-
ton, Houston, Texas 77030 USA. Phone (713)
792-8295
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duction in at least a small focus. These tu-
mors vary in their biological behavior from
the relative indolence of the parosteal os-
teosarcoma to the extreme aggressiveness of
the telangiectatic type. The etiology of os-
teosarcoma is unknown; however, Paget’s
disease, radiation, and osteogenesis imper-
fecta are known precursors in some in-
stances. Osteosarcoma is the most frequent
primary malignant neoplasm of bone after
myeloma, and its peak incidence is in the sec-
ond decade of life. Males are more fre-
quently 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 radio-
graphs usually suggest the diagnosis, but the
relative nonspecificity of the radiographic
signs makes a tissue diagnosis mandatory
prior to the initiation of therapy. Osteosar-
coma may be completely lytic or predomi-
nantly sclerotic, but it usually exhibits a
combination of these features. The hallmark
of the roentgenologic diagnosis of osteosar-
coma is given by mineralized tumor osteoid
matrix, which characteristically presents as
nests of cloud-like to ivory-like density.

B. Therapy

For many years, radical surgery was the
principal mode of therapy for primary os-
teosarcoma 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 chang-
ing tumor cell viability and to prevent im-
plantation of cells dislodged during surgery.
However, this approach yielded survival
rates comparable to those achieved by sur-
gery alone [1], so radiation therapy was dis-
carded as a primary treatment modality.

Subsequently, various chemotherapeutic
agents were shown to be active against es-
tablished 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 chemother-
apy following surgery [7, 8].

Advances achieved with chemotherapy
led to the search for alternative methods to
treat the primary tumor short of amputa-
tion, the most significant of which has been
limb salvage [9-11]. Preoperative chemo-
therapy was initially used to control the pri-
mary tumor while awaiting the production
of a customized endoprosthesis for limb sal-
vage surgery [12]. Subsequently, preopera-
tive chemotherapy was employed with the
intent to treat the primary tumor and iden-
tify an effective chemotherapeutic agent for
adjuvant therapy based on the degree of tu-
mor necrosis [10, 13]. Using a combination
of various chemotherapeutic agents, Rosen
et al. [14] reported a 92% continuous dis-
ease-free survival for a median of 2 years in
a group of 79 patients.

C. Intra-arterial Chemotherapy

Since the therapeutic activity of most anti-
neoplastic agents is related to their concen-
tration 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 pa-
tients in whom it was administered via the
intra-arterial route [16]. There were nine
complete and two partial responses as deter-
mined by clinical, angiographic, and patho-
logical parameters. The local concentrations
of cis-platinum 1in the vein draining the re-
gion 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 func-
tion of the number of infusions, high cis-
platinum 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 cis-
platinum and systemic adriamycin.

Preoperative intra-arterial cis-platinum
120-200 mg/m? is currently being adminis-
tered to patients with localized osteosar-
comas 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/m?.

D. Technical Considerations

In pediatric patients, the procedure is per-
formed under general anesthesia. In older
patients, mild sedation and local anesthesia
suffice. The usual access route for the ar-
terial catheterization is the contralateral
femoral artery for patients with lower ex-
tremity and pelvic neoplasms, while either
femoral artery can be used for tumors lo-
cated elsewhere. Catheterization is per-
formed 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 admin-
istered during the course of the infusion of
cis-platinum.

Since thrombotic complications are re-
lated in part to the caliber of the catheters
employed, these should be of the smallest
caliber that will allow for a safe and atrau-
matic catheterization. We prefer to use 3.5-F
catheters in the pediatric age-group and 5-F

53



catheters for older patients. Straight guide
wires will decrease the likelihood of produc-
ing vascular spasm in younger patients.

Although curved catheters facilitate cath-
eterization, 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-ex-
tremity neoplasms, the catheter tip is pre-
shaped to facilitate engagement of the bra-
chiocephalic vessels, and it should conform
to the anatomy of the catheterized vessel to
provide greater stability and decrease endo-
thelial trauma.

Since the majority of osteosarcomas are
located about the knee, the vessels most fre-
quently catheterized for their infusion are
the superficial femoral and popliteal ar-
teries. Neoplasms in this region are fre-
quently supplied by multiple vessels consist-
ing of the geniculate arteries and hypertro-
phied periosteal-cortical arteries. The
catheter tip should be placed proximally to
the branches supplying the tumor, bypassing
as many musculocutaneous branches as pos-
sible. Laminar flow within the infused vessel
may prevent adequate mixing of the chemo-
therapeutic 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 in-
stance, necrosis of normal tissues and sub-
sequent 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 dis-
tribution 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 femo-
ral osteosarcomas is provided by the femoral
circumflex artery, which arises from the
deep femoral artery, frequently just beyond
its origin, providing an extremely short seg-
ment in which to place the tip of the infusion
catheter. A catheter in this position is un-
stable and may dislodge into the superficial
femoral artery, whose contribution to proxi-
mal femoral neoplasms is negligible. When
this situation is encountered, the catheter tip
is placed within the common femoral ar-
tery.

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 occlud-
ing these branches with segments of Gel-
foam. 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 alter-
nated 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 hu-
meral artery, which should be selectively in-
fused for at least one of the courses of preop-
erative chemotherapy.

Angiography in the frontal and lateral
planes is performed at the time of each cath-
eterization. Photographic subtraction of the
arteriograms allows assessment of the de-
gree of vascularity of the neoplasm.

E. Determination of Response

A cytotoxic effect may be apparent on the
plain radiographs of the tumor by the ap-
pearance of reactive calcification and a de-
crease in the size of the soft tissue mass. The
margins of the neoplasm may become better
defined, and varying degrees of cortical re-
modeling occur. Computed tomography will
demonstrate similar findings in cross sec-
tion. 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 par-
tial response represents at least a 50% de-
crease in the size of the tumor, cannot be em-
ployed in skeletal neoplasms since they fre-
quently do not decrease in size as they re-
spond 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 of ne-
crosis. Therefore, a clinical test that corre-
lates with the degree of histologic tumor ne-
crosis would be useful in devising the thera-
peutic strategy prior to resection. The fea-
tures of healing noted by conventional radi-
ography and computed tomography are
variable and not predictive of the degree of
tumor necrosis. However, the tumor vascu-
larity as noted on subtraction arteriograms
correlates reasonably well with the histo-
logic tumor necrosis. In a group of 79 pa-
tients 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 resid-
ual tumor vascularity almost always indi-
cates the presence of significant viable tu-
mor.

Following several courses of preoperative
chemotherapy, the neoplasm is resected as
part of a limb salvage procedure or an am-
putation, depending on the response. The
neoplasm is sectioned longitudinally, and a
slice through the center of the tumor or
through the region where residual vascular-
ity was noted in the last arteriogram is map-
ped out in multiple sections. The percent-
ages of viable and necrotic tumor within
each section are estimated, averaged for all
sections, and expressed as an overall per-
centage 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 of three
to six courses. Adjuvant chemotherapy of
adriamycin and cis-platinum was continued
until cumulative cis-platinum toxicity and
then changed to adriamycin and dacar-
bazine. Since 1983, patients with less than
90% tumor necrosis have been treated with
an alternating program adding high-dose
methotrexate and bleomycin, cyclophos-
phamide, and dactinomycin. The overall 3-
year 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, com-
pared with 62% for those treated from
1979-1982 [18].

Downstaging the tumor with preoperative
chemotherapy increased the number of pa-
tients 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 os-
teosarcomas in the humerus and those with
the telangiectatic type. All six patients with
humeral osteosarcomas underwent limb sal-
vage and are alive and free of disease. Six of
the seven patients with telangiectatic os-
teosarcomas are alive and free of disease; the
seventh died of treatment-related complica-
tions.
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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 WT1-Ricin A
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R. Bassan?, P.E. Thorpe 3, M. A. Horton !, J.S. Malpas !, and T. A. Lister*

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 lym-
phoblastic leukaemia (T-ALL) [2]. The anti-
body may be linked by a disulphide bond to
the A chain of ricin [3] to form an immuno-
toxin (WT1-ricin A) which kills cells that ex-
press the WT1 antigen but does not have an

! ICRF Department of Medical Oncology, St.
artholomew’s Hospital, London EC1A 7BE,
UK

2 Ospedali Ruiniti, Bergamo, Italy

3 ICRF Drug Targeting Laboratory

Table 1. Results obtained in patients studied

inhibitory effect on haematopoietic precur-
sors [4].

WT1-ricin A has been used to treat bone
marrow from patients in remission of T-
ALL 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 cryo-
preserved marrow to support the treatment
of these patients with intensive chemoradio-
therapy in second remission.

B. Materials and Methods
1. Patients

Clinical details are shown in Table 1.

Pa- Age Sex Diag- Pre WTl-ricin A Post WT1-ricin A
tient nosis
BM vol. MNC WT1 CFU-GM MNC WT1 CFU-GM
(ml) (x10%) (%) onday 12  (x10%) (%) on day 12
(per 10° (per 10°
MNC) MNC)
1 33 M ALL? 1420 2.2 5 50 1.7 <1 36
2 41 M NHL®* 1437 2.7 5 45 1.7 <1 51
3 49 M ALL 1376 2.3 8 36 1.8 «1 27
4 13 M ALL 1239 2.0 10 157® 1.1 <1 183°
5 26 M ALL 1736 2.5 13 28 1.6 <1 3
6 9 M ALL 579 0.7 20 72 0.6 <t 36
7 12 M ALL 740 1.4 27 49 1.2 <1 147
8 14 F NHL 578 1.4 22 26 0.6 <1 80

BM, bone marrow.
® Second remission, all others first remission.
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II. Methods

In Vitro Treatment of Marrow

Bone marrow was harvested during mor-
phological and immunological remission
(no detectable WT1+ /TdT + cells), and the
mononuclear cell (MNC) fraction was iso-
lated. Half the cells were cryopreserved un-
treated and half were treated with WT1-ricin
A. The cells were transferred to tissue cul-
ture flasks at a concentration of
5x10% 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 pg ricin A/ml. The flasks
were incubated for 20 h at 37°C in a 5%
CO,-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 immuno-
toxin. In four of eight cases, this was accom-
panied 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 rein-
fusion of such marrow and the monitoring
of subsequent haematological and immuno-
logical reconstitution. Furthermore, the in-
terest 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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A. Intreduction

Patients with non-Hodgkin’s lymphoma
who relapse almost invariably die as a con-
sequence of the disease regardless of histo-
logical subtype [1-4]. Ablative therapy sup-
ported by autologous bone marrow trans-
plantation (BMT) may result in durable re-
missions in a proportion of such patients [5—
8] although this approach is limited by the
high frequency of bone marrow (BM) infil-
tration. Nadler et al. [9] have used the B-cell-
specific monoclonal antibody anti-B1 [10]
and rabbit complement to deplete autolo-
gous marrow of residual, morphologically

ICRF Department of Medical Oncology, St. Bar-
tholomew’s Hospital, London EC1A, UK

Table 1. Clinical characteristics

undetectable lymphoma. A study is in prog-
ress at St. Bartholomew’s Hospital to evalu-
ate the use of ablative therapy supported by
such in vitro-treated autologous BM as con-
solidation of second or subsequent re-
mission 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 splenome-
galy 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.

Patient Age Histology Stage at Site Remission
presentation status

1 38 Follicular IITA Lymph node 3rd

2 44 Follicular IVB Lymph node, liver, spleen, BM 2nd

3 42 Follicular IVB Lymph node, pl. effn., ascites, BM  2nd

4 55 Follicular IVB Lymph node, lung, pl. effn., BM 2nd

5 36 Follicular IIIB Lymph node 2nd

6 29 Follicular IVB Lymph node, liver, spleen, BM 3rd

7 39 Follicular ITA Lymph node 2nd

8 61 Follicular IVA Lymph node, BM 3rd

9 26 Burkitt IVB Lymph node, CNS, kidney, BM 1st
10 56 Centroblastic IVB Lymph node, liver, spleen 2nd
11 49 Centroblastic IVB Lymph node, bowel 3rd
12 50 Follicular IVA Lymph node, BM 2nd
13 38 Follicular IIIA Lymph node 3rd
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II. In Vitro Treatment of BM

BM was aspirated from the anterior and
posterior iliac crests under general anaes-
thetic. The mononuclear cell fraction was
treated with three cycles of anti-B1 and rab-
bit 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 com-
pletion of radiotherapy.

C. Results

I. Haemopoietic and Immunological
Reconstitution

Neutrophil recovery (> 0.5 x 10°/1) occurred
after 25 days (mean) with a range of 1545
days. Platelet recovery (> 20 x 10°/l) occur-
red after 28 days (mean) with a range of 15—

Table 2. Haematological reconstitution

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. Circu-
lating immunoglobulin M and G (IgM and
IgG) levels fell to <25% of normal 2-3
months after transplantation, returning to-
wards normal at 6 months. The ratio of
T8+ ve (cytotoxic/suppressor) to T4+ ve
(helper/inducer) cells has reversed in all pa-
tients and this abnormality has persisted for
over 6 months. (Data not shown.)

II. Toxicity

Twelve patients were discharged from hospi-
tal 15-42 days after reinfusion of marrow,
one died of bronchopneumonia on day 9
(Table 2).

III. Survival

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

Patient N. of cells Days to Complications
reinfused
(x10°/D) Neutrophils  Platelets
(=0.5%x10°/1) (>20x10°/1)
1 3.6 21 23 Fever, no organism®
2 0.98 28 29 Pneumonia x 2°
3 1.7 18 25 Fever, no organism®
4 1.6 16 13 Fever, no organism
5 2.2 23 23 Septicaemia
6 1.3 45 45 Septicaemia®
7 1.9 15 15 Herpes simplex
8 0.99 42 >5m Fever, no organism®
9 2.3 20 54 Fever, no organism
10 1.6 Patient died on day 9 Bronchopneumonia
11 1.3 25 35 Fever, no organism
12 14 25 25 Fever, no organism?®
13 1.9 25 25 Fever, no organism

All patients lost up to10% of their body weight.
® Oral ulceration.

60



D. Conclusions

The experience to date confirms the feasibil-
ity of this approach. It remains to be estab-
lished whether such intensive therapy given
as consolidation prolongs remission dura-
tion.
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Use of Autologous Bone Marrow Transplantation

in Acute Myeloid Leukemia

A.K. Burnett?!

A. Introduction

Progress in achieving initial remission of dis-
ease 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 che-
motherapy protocols to maintain remission
is less easy to demonstrate. Unlike remission
maintenance chemotherapy in acute lym-
phoblastic leukaemia (ALL), there is little
evidence to suggest that continuous chemo-
therapy has prevented subsequent relapse
for the majority of patients. Some improve-
ments have been claimed for very intensive
protocols, with better results being achieved
in children [4, 5]. However, since the major-
ity of patients with the disease are adults, al-
ternative approaches are required.
Allogeneic bone marrow transplantation
(BMT) has proved to be an effective re-
mission maintenance strategy, with approxi-
mately 50% of patients becoming long-term
survivors [6-8]. This approach, however, is
not without its limitations. When the pro-
cedure goes well, it is probably much less
toxic than conventional intensive chemo-
therapy, 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 al-
lograft represent a risk. About 30%-40% of

! Glasgow Royal Infirmary, Castle Street, Glas-
gow G4 OSF, UK
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patients transplanted succumb to problems
such as pneumonitis, graft-versus-host dis-
ease (GVHD) or the consequences of immu-
nosuppression. A crucial point is that the ac-
tuarial risk of relapse following allograft ap-
pears 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 re-
mission. 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 re-
gard 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 chemo-
therapy is also offering improved results in
these cases. It can be anticipated that mor-
bidity and mortality of allograft patients will
be reduced by such measures as T-cell deple-
tion to abrogate GVHD [9], and cytomega-
lovirus-negative blood product support for
seronegative recipients [10, 11].

The mechanism involved in the cures ob-
tained by allograft may be complex. Two
major factors may operate. Allografted mar-
row 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 addi-
tion be an antileukaemic effect exerted by
the graft on any residual leukaemia [graft-
versus-leukaemia (GVL) 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 re-
presents a source of replacement haemo-
poietic stem cells following ablative chemo-
therapy or chemoradiotherapy. Potential
advantages offered by autologous BMT
(ABMT) are: (a) there would be an addi-
tional option available to patients who lack
a donor; (b) procedural morbidity and mor-
tality may be less; not only would GVHD be
eliminated as a complication but syngeneic
data suggest that pneumonitis and immu-
nosuppression 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 recog-
nised, 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 often-
quoted 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 predic-
tion, in man is not significant for AML in re-
mission, 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 re-
current disease usually within the first 12
months after transplant [15].

The second objection is that orthodox as-
sumptions about the nature of remission
suggest that the inevitability of relapse indi-
cates 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 impor-
tant 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 contam-
ination of the autologous marrow is rele-
vant; and (c) morbidity and procedural mor-
tality will be low.

Purging of residual leukaemia in vitro in
the context of AML presents special prob-
lems. 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 leu-
kaemia model of efficacy which used a cyclo-
phosphamide metabolite (4-hydroperoxy-
cyclophosphamide) because the tumour was
very sensitive in vivo to cyclophosphamide
[17]. An unsatisfactory aspect of such an ap-
proach is that there is no way of assessing ef-
fectiveness 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 allo-
graft and represent a useful benchmark.
There is some evidence to suggest that sub-
stitution 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 advan-
tage if used in remission. Chemotherapy can
be an effective alternative preparative re-
gime for allograft.

A number of studies involving chemother-
apy-based protocols with ABMT are cur-
rently 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 de-
gree of “in vitro purging” may be achieved
[19].
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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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64



These patients ranged in age from 13 to 53
years (median 36). The first 13 patients re-
ceived cyclophosphamide and single frac-
tion TBI (950 cGy) and autologous marrow
stored at 4 °C for 54 h. The next 9 patients
received melphalan (110 mg/m?) and frac-
tionated TBI (6 x 200 cGy) with cryopre-
served marrow. Nine patients have relapsed,
all within 12 months of transplant, 12 conti-
nue in remission and 8 have been in re-
mission for over 2 years. There was no pro-
cedural mortality, and morbidity was ac-
ceptable. One patient died of a cerebral
haemorrhage in complete remission 35
months after ABMT. The actuarial survival
at 4 years i1s 46% and leukaemia-free sur-
vival 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 pa-
tients were over 35 years old and may there-
fore be considered outside the acceptable
age range for allograft. A variety of cy-
toreductive protocols were used: single-
pulse high-dose chemotherapy, double auto-
graft, and cyclophosphamide and TBI; 53
patients received TBI, and 37 a chemother-
apy protocol (including 14 as double auto-
grafts). Twenty-seven patients relapsed, all
but 2 within 1 year of autograft. The leu-
kaemia-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

Available studies suggest autologous trans-
plantation may have a contribution to make
to remission maintenance in AML in first re-
mission. Prolonged follow-up of more pa-
tients is awaited with interest, but in the
meantime it is important to be aware of pos-
sible selection bias in these patients. In par-
ticular, they were in remission for variable
periods prior to autograft and may have se-
lected 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 re-
ferred to above, but it may also indicate that
chemotherapy prior to autograft plays an
important role.

These results are of importance in the fu-
ture 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 leu-
kaemia in the graft is unimportant. It will
also be difficult to demonstrate, at least in
first remission, significant benefit from

purging.
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A. Introduction

Acute lymphoblastic leukemia (ALL) in
childhood is a curable disease for the major-
ity of patients [1]. Most children who re-
lapse, however, have a poor prognosis. Al-
though second complete remission can
usually be obtained, the long-term disease-
free 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 alter-
native approach has been autologous bone
marrow transplantation.

Since leukemic cells almost certainly con-
taminate 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 deriv-
atives ASTA Z 7557 [4] and 4-hydroperoxy-
cyclophosphamide [5], and the use of het-
eroantisera [6] or monoclonal antibodies di-
rected against cell surface antigens of leu-

Dana Farber Cancer Institute, Division of Medi-
cal and Pediatric Oncology, Dana Farber Cancer
Institute, Childrens’ Hospital, Boston, MA, USA,
02115, 44 Binney Street

kemic cells. Monoclonal antibodies are uti-
lized 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 theo-
retical obstacles to overcome. Chemothera-
peutic agents might have excessive toxicity
to stem cells, and, thus, hematopoietic re-
covery would be impossible. The antigenic
heterogeneity of malignant cells in the indi-
vidual patient might mitigate against in vitro
cytolysis of all blast cells. Furthermore, anti-
bodies may cross-react with normal cells,
especially progenitors or stem cells. The phe-
notype 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 re-
mission bone marrow has been done in a set-
ting where the efficacy of the in vitro
manipulation could be compared to the use
of nonpurged 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 sub-
sequent remissions. Moreover, we will com-
pare these results with our concurrent allo-
geneic transplant experience.
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B. Methods and Materials

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 J2 [16, 17], were utilized with rabbit
complement. The JS antibody reacts with
the common acute lymphoblastic leukemia
antigen (CALLA), a 100-kd glycoprotein ex-
pressed 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

Table 1. Intensification therapy

Day
1 3 7 10
Vm-26 200mg/m?iv. x x x X
Ara-C 300mg/m?iv. x x x X
Aspara- 25000 1U/m?im. x x
ginase
Ara-C 40 mg i.t. X X X X
Hydro- 15mg it X X X X
cortisone

Table 2. Ablation therapy

CALLA and gp26 antigen, there are in-
stances 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, char-
acterization, and utilization of the monoclo-
nal antibodies in the in vitro elimination of
leukemic cells have been described pre-
viously [7, 19, 20]. The first 13 patients had
marrow treated with only one antibody: J5
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.

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 chemo-
therapy alone, were excluded. After re-
mission induction (usually with vincristine,
prednisone, and asparaginase), all children
received at least one course of intensification
therapy consisting of VM-26, cytosine ara-
binoside (ara-C), and asparaginase, together
with intrathecal hydrocortisone and ara-C
(Table 1). Patients who had not previously

Pretransplant day

—9 —8 -7 —6 —5 —4 -3 —2 —1 0

Vm-26 200 mg/m?
Ara-C 500mg/m?x5 n=22
500mg/m?x7 n= 6
3g/m*x6 n= 3
Cyclophosphamide 60 mg/kg
TBI  850c¢Gy n=12
1200 cGy (200cGyx6) n=16
1300 cGy (216cGyx6) n= 3

Bone marrow reinfusion

X X
AAMVMNMANATNNNN]

X X XX XX

N: number of patients treated,
TBI: total body irradiation.
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received intensive treatment with an anthra-
cycline were also given a single dose of dox-
orubicin. 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 cyclo-
phosphamide (60 mg/kg) in the days im-
mediately preceding radiation therapy. They
also received ara-C during the days preced-
ing cyclophosphamide treatment. Twenty-
two patients were given ara-C (500 mg/m?)
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 be-
cause of concern about increased morbidity
secondary to prolonged marrow aplasia.
The most recently treated patients were
given 3 gm/m? for six doses. VM-26 was ad-
ministered 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 re-
ceived 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 fur-
ther 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 in-
fused by rapid intravenous bolus. No che-
motherapy was administered after trans-
plantation.

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 re-
mission. 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 dura-
tion of first remission was 24 months (range

2-84), and the median duration of the sec-
ond remission for the nine children trans-
planted 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 con-
secutively or simultaneously, five children
had recurrent BM and CNS disease, two had
BM and testicular disease, and one had in-
volvement of BM, CNS, and testis. The me-
dian 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 treat-
ment policy of allogeneic bone marrow
transplantation for all patients with relapsed
ALL who had histocompatible donors. This
policy was modified in 1981 to exclude indi-
viduals whose relapse occurred more than 1
year after stopping chemotherapy. Twenty-
two 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 al-
logeneic transplant populations were com-
parable 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 re-
lapsed after intensive chemotherapy,
whereas the majority of patients in the autol-
ogous group had relapsed after more con-
ventional chemotherapy. Ablative therapy
for the allogeneic patients included only
cyclophosphamide and total body irradi-
ation, as compared to the more intensive
preparative regimen for the autologous pa-
tients.

IV. Statisti