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A. Introduction 

Bone marrow transplantation is now in fre
quent use for the treatment of a number of 
hematologic diseases, including severe im
mune deficiencies, aplastic anemias, and 
acute and chronic leukemias. In allogeneic 
transplantation, a problem remains with 
graft versus host disease-producing im
munocompetent cells which contaminate 
the marrow. In autologous transplantation 
for treatment of the leukemias, residual 
leukemic cells may result in the return of 
unwanted cells to the recipient. Thus, an 
objective for both autologous and al
logeneic marrow transplantation has be
come the removal of these unwanted cells 
prior to infusion into the recipient. 

In our institutions, the approach to the 
problem of purging marrow of unwanted 
leukemic or GVHD-producing cells has 
been the development of monoclonal anti
bodies that bind to surfaces of leukemic or 
GVHD-producing cells. Such monoclonal 
antibodies have several advantages over 
alternative means of purging marrow. First, 
an advantage over pharmacologic means is 
that the antibodies are highly specific for 
molecular determinants that are character
istic of particular cells. Second, these 
monoclonal antibodies have the advantage 
over previously produced heteroantisera in 
that large quantities of highly specific anti
body may be produced in a very stan
dardized manner. 
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The current approach taken by ourselves 
and others is to utilize antibodies which are 
well characterized with respect to binding 
of unwanted cells, but do not bind to stem 
cells. Highly specific reagents can be used 
in this way to treat marrow in vitro without 
the need to administer potentially toxic 
substances to patients in vivo. An ad
ditional reason for the in vitro use of such 
reagents is to avoid the uncertain and often 
toxic effects of agents administered in vivo. 
With the use of antibodies in vitro, an ad
equate killing mechanism must be provid
ed. In vivo killing mechanisms, such as 
through complement activation, are not 
sufficiently dependable to be reliable, as we 
observed in our earlier studies of marrow 
purging [1]. Thus, our recent studies have 
focused on in vitro killing. We have used 
antibody plus rabbit serum as a comple
ment source [2], or alternatively, antibody 
conjugated to the potent toxin, ricin, de
rived from the castor bean [3]. These anti
body-ricin conjugates which represent a 
new class of pharmacologic reagents have 
been developed at the National Institute of 
Mental Health [4, 5]. We have found both 
complement and ricin-mediated killing to 
be effective in vitro [2, 3] and studies are 
currently underway comparing the two 
forms of cell killing. Antibody-ricin im
munotoxin conjugates have an advantage 
over antibody alone in that they can be 
produced in standardized form without re
liance on the complex complement cas
cade. Not all antibodies produce effective 
ricin conjugates, however, in that high af
finity antibodies are generally required for 
efficient specific killing [6]. 



Table 1. Monoclonal antibodies and immunotoxins for marrow transplantation; purging bone mar-
row of ALL or GVHD-producing cells 

Anti- Refer- Cluster Structure Used with Used as Autologous: Allogeneic: 
body ences designa- detected rabbit ricin removal of removal of 

tion comple- conju- leukemic cells mature t 
ment gate lymphoid cells 

BA-I [19] CD 24 gp 45/55a Yes No 80% of B lineage No 
BA-2 [20] CD9 p24 Yes No 70% of B lineage No 
BA-3 [21 ] CD 10 gpI00(CALLA) Yes No 70% of B lineage No 
TA-l [12; 13] gp170/95 No Yes 95% ofT lineage Yes 
UCHTl [14] CD3 P19!29 No Yes 25% ofT lineage Yes 
T101 [15] CD5 p65 No Yes 95% ofT lineage Yes 

a S. J. Pirruccello and T. W. LeBien, 1985. J. Immunol., in press 

B. T Lineage Antibodies for Removal 
of GVHD-Producing T Lymphocytes from 
Allogeneic Marrow or Leukemic T 
Lymphocytes from Autologous Marrow 

A major use for monoclonal antibodies is to 
purge marrow of GVHD-producing T lym
phocytes. A great deal of evidence has ac
cumulated to indicate the T lymphocyte
depleted marrow can result in effective en
graftment without GVHD, despite trans
plantation across major transplantation 
barriers in the rodent [7, 8]. In our studies, 
marrow has been effectively depleted of T 
lymphocytes in mice by antibody plus com
plement [8] or in more recent experiments 
by antibody conjugated to ricin [9]. The 
ricin molecule is composed of two chains, A 
and B. The A chain is responsible for kill
ing via inhibition of protein synthesis at the 
level of the 60 S ribosome. Conjugates con
taining B chain generally kill more ef
fectively and exhibit more efficient cell kill
ing per occupied receptor than conjugates 
made with A chain alone [10]. Ricin B 
chain binds to branched galactosyl residues 
on the cell surface; conjugates containing B 
chain are made specific for the target cell 
by blocking ricin binding to non-target 
cells with lactose [11]. In our clinical stud
ies, intact ricin is currently in use. Ricin 
used in these experiments is conjugated us
ing a heterobifunctional cross-linker result
ing in a thioether linkage [5]. 

We have extensively studied three anti-T 
lymphocyte antibodies, each of which binds 

to a unique determinant on T cell surfaces 
(Table 1). The antibody TA-l binds to a 
gp 170/95 kilodaltons structure as pre
viously described [12, 13]. The antibody 
UCHTI is a CD3 antibody which binds to a 
p19/29 kilo dalton structure as previously 
described [14]. The third antibody, TIOI, is 
a CD5 antibody, which binds to a p65 kilo
dalton structure as previously described 
[15]. These three antibodies have been con
jugated to ricin as already discussed. The 
antibody-ricin immunotoxin conjugates 
have been studied extensively relative to 
inhibition of T cell function in the PHA as
say, the generation of cytotoxic T lym
phocytes, and the inhibition of stem cell 
growth [3]. These studies indicate that while 
each of these conjugates individually are 
effective in cellular killing, T lymphocyte 
activity can be further reduced by about 1 
log when the conjugates are used as an 
equal part mixture, designated TUT. 

Based on preclinical studies suggesting 
the high efficiency of the TUT -ricin im
munotoxin cocktail for T cell removal, we 
have proceeded to phase I-II clinical stud
ies in which HLA-matched sibling donor 
marrow has been treated in vitro with the 
TUT-ricin cocktail prior to administration 
to sibling recipients [16). Preliminary re
sults indicate that marrow engraftment is 
extremely prompt, indicating no undue 
toxicity to marrow stem cells. No toxicity 
has been observed in the patients following 
administration of the immunotoxin-treated 
marrow [161. To date, a total of eight pa-
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tients have been followed for a sufficient 
period for evaluation (Filipovich et aI., in 
preparation). Severe GVHD was observed 
in none of the patients and two developed 
steroid-responsive Grade 1-2 GVHD. Of 
concern was the fact that one patient, who 
showed prompt engraftment, subsequently 
had graft failure, presumably due to re
jection. Based on these preliminary ob
servations a phase III trial of TOT 
immunotoxin-treated marrow in HLA
matched combinations appears warranted. 

Preclinical studies have been performed 
using T antibodies conjugated to ricin for 
autologous marrow transplantation in T 
cell acute leukemia. These studies indicate 
that the antibodies TIOI and TA-I bind to 
most T cell leukemias and that killing in a 
clonogenic assay is extremely effective, par
ticularly with TIOI, where greater than 5 
log of killing was observed [17]. Three pa
tients with acute T cell leukemia have had 
autologous marrow treated with the T cell 
antibody-ricin conjugates and in each case 
prompt engraftment was observed (Kersey 
et aI., in preparation). The first patient 
treated in this manner had skin nodules 
prior to intensive treatment with total body 
irradiation and cyclophosphamide. She 
subsequently relapsed in the skin, suggest
ing, that the relapse occurred from inad
equate treatment of leukemia in vivo, 
rather than from inadequate removal of 
leukemia cells from the marrow. This case 
illustrates that when adequate control is 
obtained of leukemia in vivo, efficacy of 
marrow cleanup will be easier to ascertain. 
Phase I-II studies of T cell antibody-ricin 
conjugates for transplantation in T leu
kemia continue in our institution. 

C. B Lineage-Associated Antibodies for 
Autologous Transplantation in ALL 

The vast majority of cases of acute lym
phoblastic leukemia appear to be derived 
from B lineage progenitor cells based on 
studies of immunoglobulin gene rearrange
ment and immunoglobulin gene expres
sion; consistent with these observations are 
the data indicating that B lineage-associat
ed antibodies bind to these leukemias [18]. 
Three B lineage-associated ALL antibodies 
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have been produced and extensively stud
ied at Minnesota. These are BA-I, BA-2, 
and BA-3 (Table 1). BA-I binds to about 
85% of cases of ALL, but does not bind to 
multipotent stem cells [19]. BA-2 is an anti
p24 antibody that binds to most B lineage 
ALL, but not stem cells [20]. BA-3 is an an
ti-gplOO/CALLA antibody [21]. The three 
antibodies have been recently shown to be 
very effective as a cocktail with comple
ment for the killing of ALL cells in a clono
genic assay [22]. 

Based on the preclinical studies describ
ing the efficacy of that cocktail of BA-l, 2, 3 
for removal of clonogenic cells in the pres
ence of complement, we have begun phase 
I-II clinical trials in ALL. High risk pa
tients whose leukemic cells are BA-l, 2, or 
3 positive are eligible. Patients are gener
ally those who have previously relapsed 
and are back in remission. Remission mar
row is treated and stored while the patient 
recieves intensive therapy and total body 
irradiation and cyclophosphamide. To 
date, 21 patients have been treated and fol
lowed at least 2 months. Preliminary analy
sis indicates that patients have generally 
had prompt engraftment, consistent with 
the in vitro studies demonstrating lack of 
stem cell reactivity of the cocktail of BA-l, 
2, 3 plus complement (Ramsay et at, 1985, 
Blood, in press). The only toxicity of the 
treatment was observed in several patients 
early in the study who recieved marrow 
that was contaminated with gram-positive 
organisms, presumably a consequence of 
marrow collection and manipulation. This 
is currently an ongoing study in our insti
tution and similar to studies under way 
elsewhere. 

D. Conclusions 

Extensive preclinical studies have been per
formed with the use of monoclonal anti
bodies and antibody-ricin immunotoxin 
conjugates for purging marrow of unwant
ed cells. Purging of marrow has now been 
used in phase I-II clinical trials for both 
autologous and allogeneic marrow trans
plantation. The lack of in vivo toxicity of 
antibody or ricin and the lack of apparent 
stem cell toxicity is encouraging. Efficacy of 



marrow purging for removal of GVHD
producing cells in allogeneic transplan
tation or leukemic cells in autologous trans
plantation will be determined following ad
ditional clinical studies. 
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