
remains to apply such studies to primates and ultimately
humans � studies which are currently in progress.

Introduction

While monoclonal antibodies are powerful immuno-
suppressive agents and can induce significant graft pro-
longation and tolerance in the mouse (1-3), these agents
have been disappointing in human therapy, both in trans-
plantation, where graft prolongation or tolerance is
desired, and in tumor immunotherapy (4, 5). In humans,
mouse antibodies have been used predominantly. These
have a short half-life for two major reasons: firstly, the
antibodies are often galactosylated, and as humans have
naturally occurring anti-Galα(1,3)Gal antibodies, immune
complexes form and these galactosylated antibodies are
removed from circulation. Secondly, immune responses
to mouse immunoglobulin in humans are difficult to sup-
press and human anti-mouse antibodies usually appear
within 7-10 days. This again shortens the half-life of the
antibody, making repeated doses of little value (6). A fur-
ther problem with murine monoclonal antibodies is that
the Fc piece is poor at activating complement in other
species. Indeed, even in the mouse, such phenomenon
as hyperacute, antibody-mediated graft rejection, Arthus
phenomenon and related antibody-mediated effects are
difficult to study (5). Thus, mouse antibodies used alone
are certainly not the ideal agents to promote graft prolon-
gation in humans. To reduce immunogenicity, antibodies
have been selected and engineered as either chimeric or
humanized so that the antigenic differences between
donor and host antibodies are minimized. A number of
such humanized antibodies are now in clinical trials and
show some promise (7). Roche has recently launched the
first humanized monoclonal anti-IL-2R antibody,
Zenapax® (daclizumab). However, at this time OKT3
(anti-CD3) is the only monoclonal antibody which has
been widely used for many years to combat rejection in
clinical transplantation and has proven effective in revers-
ing graft rejection episodes in humans (8).
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Summary

Until now the use of monoclonal antibodies to modify
T-cell responses in transplantation has had limited suc-
cess because of the immunogenicity and toxicity of these
agents, which restricts their use in clinical transplantation.
New reagents have been developed, including modified
antibodies and immunotoxins to reduce these side effects
and increase T-cell depletion. We have studied ways of
using mAbs as inert carriers for cytotoxic drugs, with the
aim of killing or inactivating T cells which respond specif-
ically to organ allografts. In our studies, idarubicin (IDA)
and aminopterin (AMN) have proven most potent. With
anti-CD8 antibodies, which were not immunosuppressive
when used alone, we have produced immunosuppressive
and indeed tolerogenic conjugates with IDA or AMN cou-
pling. With an anti-CD3, which at immunosuppressive
doses was toxic due to cytokine release, the IDA-CD3
conjugate, used at low doses, was tolerogenic and the
cytokine release syndrome avoided. Thus, the principle
that antibodies �armed� with drugs could be useful in
transplantation has been validated in mice. It now
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mediated immunosuppression and the development of
peripheral tolerance. Less toxic anti-CD3 may be tolero-
genic in other experimental and clinical systems.

T-cell activation by OKT3 or 145-2C11 is dependent
on the presence of the Fc domain. Thus, a number of
studies have looked at the use of F(ab�)2 preparations
from these mAbs for use in immunosuppression. Hirsch
et al. (16), using a mouse skin allograft model, reported
that 145-2C11 F(ab�)2 was immunosuppressive when
used in repeated doses but was not as effective as the
intact mAb. When used to treat graft-versus-host disease
and inhibit primary antigenic responses to ovalbumin in
mice, the anti-CD3 F(ab�)2 caused T-cell modulation but
not depletion, and immune function recovered rapidly
when treatment was discontinued (17). More recently,
OKT3 and 145-2C11 F(ab�)2 fragments have been used
to produce chimeric molecules with low affinity-Fc binding
IgGs. These agents were nonmitogenic, but as effective
as the native molecule in graft prolongation (18, 19).

Immunoconjugates designed to increase
T-cell depletion

Because anti-CD3 mAbs act by a combination of
modulation and target cell depletion, not all CD3 cells are
deleted in vivo, even in rodents where high doses of anti-
CD3 are tolerated (20). Thus, a number of recent studies
have used genetically engineered anti-CD3 immunotox-
ins incorporating diphtheria toxin genes (21, 22). One of
these has been used in a rhesus monkey kidney allograft
model where it improved host T-cell depletion prior to
donor bone marrow infusion, resulting in chimerism and
the establishment of central tolerance (23, 24). This
immunotoxin used the mutant diphtheria toxin CRM9 and
the anti-rhesus CD3-ε FN18 (anti-CD3-IT). It was used
with deoxyspergualin to avoid the proinflammatory
cytokine release. Graft survival for MHC incompatible
kidneys was comparable to that seen with rabbit antithy-
mocyte globulin treatment. T-cell recovery with antibody
treatment alone was 50% at 3-4 weeks, while recovery in
the immunotoxin-treated animals was 50% at 6-8 weeks.
In the first week after treatment and transplantation, near-
ly complete elimination of T cells from the host lymphoid
tissue was achieved in this latter group. This anti-CD3-IT,
in contrast to mAb alone, acts by irreversible blockade of
protein synthesis and is independent of Fc and comple-
ment. A single toxin molecule per T cell should be lethal
(24).

Drugs linked to antibody carriers

The challenge that we undertook was to derive meth-
ods whereby antibodies which were ineffective in humans
could be made into useful immunosuppressive agents.
We turned to the �magic bullet� approach originally
described by Paul Ehrlich in 1906 (25), wherein the bul-
lets (antibodies) were armed with either drugs, toxins or

This and other anti-CD3 mAbs have been effective in
both clinical and experimental studies (9-11). CD3 is
essential for T-cell activation following antigen recognition
by the T-cell receptor. Anti-CD3 can suppress T-cell
responses by modulation of CD3, lysis of T cells and
blocking of cell surface CD3. OKT3 is a mouse anti-
human mAb which causes rapid T-cell depletion and also
activates T cells, stimulating cell division and the release
of cytokines, including IFN-γ, TNF-α, IL-4, IL-3 and IL-2.
This effect causes �first dose syndrome�, with significant
morbidity and rarely, mortality. OKT3 is immunogenic, as
detailed above, and can only be used for a limited time
before the host response renders it ineffective. Both T-cell
activation and immunogenicity are dependent on cross-
linking of anti-CD3 via the Fc region to FcR+ accessory
cells (6). Despite these drawbacks, OKT3 is very effective
in treating organ rejection and is routinely used in trans-
plantation as a short-term treatment, either at the time of
grafting or to treat rejection episodes. New agents have
now been developed in efforts to reduce toxicity and
improve the effectiveness of anti-CD3 agents.

Modification of anti-CD3 to reduce toxicity
and immunogenicity

Anti-CD3 mAbs have been studied extensively in
rodent models of transplantation and autoimmune dis-
ease. The most commonly used agent in experimental
transplantation is the hamster anti-mouse mAb 145-2C11
(9). This mAb, directed against the CD3-ε chain, is mito-
genic and immunogenic in vivo, and is thus the murine
equivalent of OKT3. A rat anti-mouse IgG2b, YCD3, also
binds to the CD3-ε chain and has a similar ability to acti-
vate T cells. It has been used to produce a bispecific
monoclonal antibody  which binds to cells bearing both
CD3 and CD25, the IL-2R (12). This mAb, with one arm
from YCD3 and the other from the anti-IL-2R, PC61,
binds weakly to unstimulated T cells and does not acti-
vate them. It rapidly cross-links and deletes activated (IL-
2R+) T cells. Neither the bispecific mAb nor the T-cell
depleting anti-CD3 have been reported to induce toler-
ance when used alone, although 145-2C11 has been
effective at very low doses when combined with other
mAbs which reduce the humoral response to the anti-
CD3 mAb (13). A nonactivating anti-CD3, G4.18, has
induced tolerance in some recipient strains in the rat
heart allograft model (11) and the data presented here
shows that KT3, a rat anti-mouse mAb with similar activi-
ty, induced tolerance in the mouse heart allograft model.
KT3, an IgG2a, binds to the same CD3-ε chain sites as
145-2C11 (14), modulates CD3 and activates T cells to
produce a range of cytokines, but like the G4.18 antibody,
requires the cross-linking agent PMA to induce T-cell pro-
liferation in vitro, suggesting that its Fc-FcR links are
weaker than those of 145-2C11 (14). Our data and that of
others (15) shows that in vivo KT3 is less toxic than 145-
2C11. Thus, extensive T-cell depletion and production of
high levels of cytokines are not required for anti-CD3-
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hyde that was reacted to antibodies via Schiffs bases,
which were stabilized by reduction with sodium borohy-
dride. Using this method, conjugates with 2-5 drug
residues per antibody molecule could be obtained.
However, we and others have shown that these conju-
gates were devoid of, or had very low, antibody and cyto-
toxic activity (29, 37). Alternative coupling methods via
the sugar moiety used the cross-linking agents glu-
taraldehyde and water-soluble carbodiimide (36). These
methods resulted in conjugates of decreased activity due
to homopolymerization of the antibody. Nevertheless,
preincubation of cross-linking agent with drug prior to
reaction with antibody resulted in conjugates that showed
antitumor activity. Our own work with doxorubicin involved
modification of the daunosamine amino group with an
iodoacetyl group (29). The derivatized doxorubicin was
40-fold less toxic than unmodified doxorubicin. The
iodoacetyl doxorubicin was then reacted with thiolated
monoclonal antibody. However, these conjugates had
poor biological activity and an alternative strategy, based
on an acid sensitive linker, was developed by Shen and
Ryser and used to produce daunomycin immunoconju-
gates (38, 39). These conjugates were prepared by first
synthesizing a cis-acotinyl derivative of daunorubicin from
cis-acotinic anhydride and then linking this derivative to
antibody via a water-soluble carbodiimide. These conju-
gates released free daunorubicin at pH 4-5.5. Therefore,
once conjugates are internalized, exposure to the acid
environment of the lysosomes resulted in release of free
drug.

Another method, taking advantage of lysosomal
release, was described by Trouet et al. (40) using peptide
linkers between the daunosamine amino group and anti-
body. These linkers consisted of Leu-Ala-Leu-Ala which
were stable in serum but sensitive to lysosomal enzymes
and were hydrolized to release free drug.

Linkage via the methyl ketone side chain

Reaction with the carbonyl group of the methyl ketone
side chain avoids modification of the amino group neces-
sary for interaction with DNA. Several methods have
been used for reaction via the carbonyl group using
hydrazone linkage. Braslawsky et al. made a hydrazone
derivative of adriamycin with a pyridyldithio group and
reacted this with thiolated antibody (41). These conju-
gates were shown to be stable at physiological pH, but
released adriamycin at pH 4.5. Zunino et al. linked
daunorubicin to polyamino acids using a 14-bromo deriv-
ative (42). The bromoketone reacts with amino groups or
carboxyl groups forming amines or esters. Garnett et al.
used this method to link daunorubicin to a monoclonal
antibody (39). Our studies have used the more toxic
derivative, idarubicin (29). Conjugates made by reacting
bromoidarubicin to antibody were selectively cytotoxic to
antibody reactive cell lines and have been used in tumor
therapy studies (30, 43) and in the transplantation studies
described herein.

isotopes so when they reached their site of activity they
would be more potent. The concept of immunotoxins,
using antibodies which attach to cell surface antigens to
carry drugs to selected target cells, has become a reality
with the advent of monoclonal antibodies and the descrip-
tion of the CD series of cell surface markers.
Immunoconjugates using plant and bacterial toxins are
now used clinically and for in vitro treatment of cells (26-
28). In testing drug-anti-T-cell conjugates, which were
originally designed for cancer treatment, we have used
anthracyclines and an antifolate agent coupled to anti-T-
cell mAb for suppression of allograft rejection (29, 30). 

Idarubicin
This agent belongs to the anthracycline class of

drugs, with a broad spectrum of antitumor activity against
a large number of cancers (31). Their mechanisms of
action are numerous, including DNA intercalation, topoi-
somerase inhibition and cell surface activity (32, 33).
Structure-activity studies have shown that the primary
amino group of the sugar moiety is essential for DNA
intercalation (34). Nevertheless, a number of active com-
pounds exist with modifications at this site (35). Several
strategies have been used for the conjugation of anthra-
cycline anticancer drugs to monoclonal antibodies, with
most studies using daunorubicin or doxorubicin (Fig. 1).
The various approaches to conjugate linkage are briefly
reviewed below.

Linkage via the sugar moiety

The early studies of Hurwitz et al. (36) used periodate
oxidation of the amino sugar for linkage to antibodies.
The bond between the C-3 and C-4 of the amino sugar
was cleaved with sodium periodate to result in a dialde-

Fig. 1. Structure of idarubicin and related compounds and link-
age to monoclonal antibody.
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Use of immunoconjugates directed against
CD4 and CD8 for drug delivery

We have used nondepleting doses of mAb or mAb,
which have little effect on T-cell function, as drug delivery
systems for deletion of activated T cells in specific sub-
sets. Effectiveness against target T cells then relies on
the deletion of cells during division following activation by
alloantigens expressed on organ grafts. In our initial
experiments with idarubicin conjugates using low doses
of immunosuppressive mAbs, 53.6.7 (anti-CD8) and
H129.19 (anti-CD4), we found IDA conjugated to these
mAbs did not increase their effectiveness in prolonging
MHC mismatched skin graft survival, although grafts mis-
matched for point mutations within the MHC could be pro-
longed with IDA conjugated mAb but not with mAb alone
(47). In contrast, the survival of vascularized hearts trans-
planted across MHC plus background differences could
be prolonged, often indefinitely, by immunosuppressive
doses of anti-CD4 or anti-CD8 mAbs (48). Coupling IDA
or AMN to these mAbs did not improve graft survival or
reduce the doses of mAb required (Mottram et al., unpub-
lished data). We found that both of these drugs could,
however, be used to increase the effectiveness of a non-
immunosuppressive mAb directed against CD8, with IDA
more effective than AMN in this context.

We used a haplotype specific anti-CD8, Ly2.1 (1.11)
(45), which bound to CBA but not BALB/c or C57BL/6 T
cells (Table I). The AMN- or IDA-mAb conjugates were
immunosuppressive and prolonged BALB/c to CBA, but
not CBA to BALB/c heart survival. This showed clearly
that IDA or AMN alone did not prolong graft survival, but
had to be attached to the appropriate T cells by mAb bind-
ing. IDA-mAb was effective for 10-15 days after treat-
ment. Recovery of T-cell function at this time was proba-
bly due to repair of IDA-induced DNA cross-linking, since
thymectomized animals also recovered function, indicat-
ing that replacement of IDA affected cells was not
required (49-51). Dose-response studies showed that
low, nontoxic doses of IDA-mAb were effective as
immunosuppressive agents, while FACScan studies
showed that total CD8 cells were not depleted to any
great extent, indicating that only alloreactive cells were
deleted (50, 51).

Use of immunoconjugates directed against
CD3 for drug delivery

Having shown that IDA and AMN conjugates could in
principle be used as immunosuppressive agents, with
IDA conjugates more effective than AMN, we switched
from the haplotype specific anti-CD8 mAb and tested an
anti-CD3 (KT3), which had been reported to be less T-cell
depleting and thus less toxic than other anti-CD3 agents
(14). KT3 was significantly less toxic in vivo, as measured
by TNF-α release and blood glucose changes, than 145-
2C11, a mAb known to induce first dose syndrome (52).
Although both doses of KT3 tested caused significant

Aminopterin

Aminopterin (Fig. 2) is a more toxic analog of the
antifolate methotrexate (MTX). These drugs block cell
growth by inhibiting the enzyme dihydrofolate reductase.
The γ-carboxyl group of AMN can be readily modified
without loss of drug activity. AMN and MTX were conju-
gated to monoclonal antibodies using an active ester
derivative. Four to eight drug residues can be linked to
antibody without loss of drug or antibody activity. We have
previously shown that AMN conjugates are more potent
than MTX conjugates, in vitro as well as in vivo (44).

Preparation of conjugates

The immunoconjugates used in our studies were pre-
pared by mixing mAb (2-3 mg/ml) with an excess of
aminopterin active ester or 14-bromo-4-demethoxydu-
anorubicin dissolved in (N,N)-dimethyl formamide
(10 mg/ml) to covalently couple 2-6 AMI or IDA molecules
per mAb molecule (43, 44). Nonconjugated material was
removed by gel filtration chromatography and the conju-
gate quantified by absorbance spectrophotometry and
protein determination. The conjugates were used within
48 h, with batches tested for drug and protein concentra-
tion and binding efficiency. The antibodies used included
mouse anti-mouse CD8 (IgG2a, 1.11) (45), rat anti-
mouse CD3 (IgG2a, KT3) (14) and hamster anti-mouse
CD3 (IgG2b, 145-2C11) (9). These were isolated from
ascites fluid collected from pristane-treated nude rats or
mice (46) and purified on a protein-G sepharose column.
The IgG concentration was measured by spectropho-
tometer and the antibody was tested for specificity and
reactivity by measuring binding to mouse spleen cells and
comparing this with commercial anti-CD3, CD4 and CD8
reagents by flow cytometry. FITC-conjugated antibodies
used were 53.6.7 (CD8), H129.19 (CD4) and 145-2C11
(CD3). 
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are recovering well by 20 h, compared with mice treated
with 145-2C11 (53).

The primary heart allograft survival data (Table III)
showed, however, that KT3 was an excellent immuno-
suppressive agent in CBA mice. Unlike T-cell activating
mAbs (54), KT3 could induce alloantigen-specific toler-
ance in CBA mice when used for T-cell depletion at the
time of transplantation. In mice treated with a total dose
of 0.25 or 0.5 mg KT3, BALB/c hearts survived indefinite-
ly in completely MHC mismatched CBA recipients. The
0.5 mg total dose of IDA-KT3 (6.9 µg of IDA) also

increases in TNF-α levels compared with phosphate
buffered saline-treated mice, these had returned to nor-
mal by 20 h (Table II). TNF-α levels induced by 145-2C11
were significantly (up to 4 times) higher than those
induced by KT3 and remained above normal levels at
20 h. Significant decreases in blood glucose were seen in
all anti-CD3-treated mice at 3 and 20 h, but 145-2C11-
treated mice had significantly lower blood glucose than
KT3-treated mice at 20 h. Thus, KT3-treated mice, even
when receiving 10 times the dose of 145-2C11, show sig-
nificantly less symptoms of first dose syndrome at 3 h and

Drugs Fut 1998, 23(10) 1095

Table I: Aminopterin and idarubicin anti-CD8 immunoconjugates prolong mouse heart allograft survival.

Treatmenta Donor Recipient Graft survival (days) Median P valueb

None BALB/c CBA 12, 12, 14, 14, 17, 17 14
None CBA BALB/c 9, 14, 15, 16 14.5

1.11 (anti-CD8) 1 mg BALB/c CBA 11, 11, 16, 17, 18 16
AMI-1.11 20 µg/1 mg BALB/c CBA 17, 20, 23, 37, 40, 51, 54, 86 38.5 < 0.05
AMI-1.11 20 µg/1 mg CBA BALB/c 11, 11, 13, 13, 15, 18, 20 13
IDA-1.11 10 µg/1 mg BALB/c CBA >100, >100, >100, >100, >100, >100 >100c < 0.05
IDA-1.11 10 µg/1 mg CBA BALB/c 9, 9, 10, 11, 12, 12 10.5

aThis is the total dose given. Dose distributed i.p. on days -1, 0, 1, 2 (1.11) with transplantation on day 0. bCompared with untreated con-
trols (Mann-Whitney U test). cSkin graft challenged. Donor skin survived >50 days, third party skin rejected in < 13 days. (Some of this
data was previously published and is reproduced with permission from Transplantation 1993, 55(3): 484-90.)

Table III: Idarubicin anti-CD3 immunoconjugates prolong mouse heart allograft survival.

Treatmenta Donor Recipient Graft survival (days) Median P valueb

None BALB/c CBA 12, 12, 14, 14, 17, 17 14
None CBA BALB/c 9, 14, 15, 16 13.5

KT3 (anti-CD3), 0.5 mg BALB/c CBA >100 x 4 >100c <0.05
KT3, 0.25 mg BALB/c CBA 15, >100 x 3 >100c < 0.05
KT3, 0.1 mg BALB/c CBA 15, 17, 17, 18 17 >0.05

IDA-KT3, 0.5 mg BALB/c CBA >100 x 5 >100c < 0.05
IDA-KT3, 0.1 mg BALB/c CBA 16, >100 x 6 >100c < 0.05

IDA-KT3, 0.05 mg BALB/c CBA 20, 23, 28, 28, 34 28 < 0.05

aThis is the total dose given. Dose distributed i.p. on days -1, 0 with transplantation on day 0. bCompared with untreated controls (Mann-
Whitney U test). cSkin graft challenged. Donor skin survived >50 days, third party skin rejected in < 13 days. (This data was previously
published and is reproduced with permission from Transplantation 1997, 64(5): 684-90.)

Table II: Toxic effects of anti-CD3 mAb on CBA recipients.

Treatmenta Hours after treatment TNF-α, pg/ml (n) BG, mmol/l (n)

None or PBS, 0.5 ml i.p. 3 90 ± 5 (2) 11 ± 1 (4)
20 11 ± 0.5 (3)

KT3, 0.5 mg 3 772 ± 75b (3) 7.6 ± 2 (4)
20 119 ± 36 (3) 8 ± 0.2b (3)

KT3, 0.05 mg 3 593 ± 46b (3) 6.9 ± 1.5b (7)
20 95 ± 10 (3) 6.1 ± 1b (7)

145-2C11, 0.05 mg 3 2360 ± 11c (2) 8.1 ± 1b (13)
20 190 ± 21b (3) 4.3 ± 0.6c (10)

aMice were given a single dose of mAb in 0.5 ml PBS, i.p. bSignificantly different to controls, p < 0.05. cSignificantly different to controls,
and to the equivalent dose of KT3 at this time point, p < 0.05. (This data was previously published and is reproduced with permission
from Transplantation 1997, 64(5): 684-90.)



rejected. Since rechallenge with donor tissue is not pos-
sible in human transplantation, animal models with
demonstrable tolerance must be used to try to identify
new agents which will induce a tolerant state. Tolerance
in animal models can be induced by short-term inactiva-
tion of T cells by monoclonal antibody treatment, either
alone or combined with drugs and/or donor tissue, with
tolerance developing as T cells recover from treatment
(55, 57, 58) or are replaced by allogeneic bone marrow
transplantation (4). Current immunosuppression for clini-
cal transplantation causes long-term nonspecific immune
dysfunction, increasing the risk of infection and malignan-
cy (59). Tolerance may have been achieved in some
human allografts in the rare individuals who have ceased
immunosuppressive therapy and not rejected their grafts
(60). Agents such as IDA-KT3, by causing transient, very
specific target cell depletion while leaving the rest of the
immune system intact, demonstrate that allografts can
survive in recipients without sustained destruction of the
immune system, and that tolerance can be achieved in
these recipients. They may offer an alternative treatment
when donor bone marrow is not available.

There have been considerable advances recently in
the use of anti-CD3 agents for immunosuppression, with
the development of less immunogenic and T-activating
bispecific, humanized and chimeric antibodies. The new
diphtheria toxin conjugates will no doubt prove useful for
the induction of deletional tolerance where allogeneic
bone marrow transplantation is used. The anthracycline
conjugates will be useful where specific target cell dele-
tion is required. The simple coupling process described
here could also be used to attach IDA, or similar anthra-
cyclines, to suitable nonactivating or nondepleting anti-
human monoclonal CD3, or to a combination of anti-CD4
and anti-CD8 mAbs. The great advantages of using con-
jugates such as IDA-KT3, where the mAb acts as a carri-
er for the cytotoxic drug, will be in the reduced doses of
mAb required and decreased toxicity of the drug in cou-
pled form.
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Animals with heart allografts surviving >100 days
were tested for specific tolerance by challenge with skin
grafts from donor (BALB/c) and third party (C57BL/6)
strains (Table III). In all groups of long survivors, donor
strain skin was intact at >50 days, while third party skin
was rejected by 16-21 days (p <0.05 for donor vs. third
party skin in each group). Thus, animals treated with
these doses of KT3 or IDA-KT3 showed alloantigen-spe-
cific tolerance. In the IDA-KT3 0.1 mg group the low dose
of mAb, carrying a few molecules of the cytotoxic drug
IDA to each T cell, must have been sufficient to delete
CD3+ cells undergoing division after the IDA-KT3 treat-
ment, including those mounting the allogeneic response.
The addition of IDA to KT3, therefore, improved both the
specificity and the immunosuppressive activity of the anti-
body.

Conclusions

Thus, the pan-T-cell agent KT3 can be used as a car-
rier for the cytotoxic drug IDA to induce alloantigen-spe-
cific tolerance. Nonimmunosuppressive doses of KT3
were used to carry a few molecules of the cytotoxic drug
to each CD3+ cell, cross-linking the DNA (30) and caus-
ing destruction of T cells undergoing cell division, which
in the presence of the allograft will remove alloreactive
cells.

The IDA-KT3 conjugate extends our previous work
with anti-CD4 and anti-CD8 by creating a broad spectrum
reagent which is useful in an MHC mismatched
donor/recipient strain combination in the mouse. This
treatment allows the use of lower doses of antibody and
drug, with rapid removal of the conjugate from the host.
The simple process of coupling drugs such as IDA to mAb
can improve their performance in other treatments where
target cell depletion of dividing cells is required (30).

Both KT3 and IDA-KT3 treatments used here induce
long-term alloantigen-specific tolerance, characterized by
the continued survival of grafts after ceasing immunosup-
pression and primary graft survival after challenge with a
second graft of donor tissue (55, 56). This second graft
also survived indefinitely, while third party grafts were
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