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A
ctivated T cells playa central role in the rejection of histo incompatible organ allografts. Studies of trans-

membrane signaling requirements ofT cells, by identifying molecular and cellular mechanisms ofT-cell

activation, can lead to rational therapeutic strategies for the regulation of the anti-allograft response.

A clear consensus exists that the primary signal for T-cell activation is generated as a consequence of the in-

teractions among the T-cell receptor for antigen (TCR)I cluster designation 3 (CD3) complex and the antigenic

peptide presented in the context of major histocompatibility complex (MHC) proteins expressed on the sur-

face of the antigen-presenting cells (APCs). '-7 The TCR/CD3-dependent signaling is necessary but insufficient

in itself to fully activate normal human primary (quiescent) T cells, and additional costimulatory signals are

required for full activatiori."!'

A number of proteins expressed on the
T-cell surface and upon the surface of
APCs are candidate molecules for the gen-
eration of the costimulatory signal obliga-
tory forT-cell activation." 17 The costimula-
tory signal is considered to be generated

by specific physical contacts between T-cell
surface receptors and their counter recep-
tors displayed on APCs (Fig, I), The cur-
rent list of participants in humans include
the following: CD2 antigen on the T-cell
surface (by interacting with the CD58

[LFA-3] antigen on the APCs); CD4 or
CD8 antigen (generates the costimulatory
signal by interacting with the monomor-
phic component of class II or I antigens,
respectively, of the MH C); CD 11al CD 18
(LFA-1) antigen (by interacting with the
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Proteins Involved in Generation of
the Second Signal

CD4/CD8 -~-------,

MHC + PEPTIDEBiochemical
Messengers

+Gene
Expression

+Teell
Functions

CD2 LFA·3 (CD58, CD48)

ICAM·1 (CD54)

CD28
CTLA4 8·7

TCELL APC
Figure 1. T-celVantigen presenting cell contact sites. In this schema of T·cell activation, the antigenic
signal is initiated by the physical interaction between the clonally variant TCRaiR chains and the anti-
genic peptide presented in the context of MHC molecules; the antigenic signal is generated by the
TCRlCD3complex. Additional proteins expressed on the T·cell surface molecules generate the obligatory
costimulatory signals by interacting with their counter receptors expressed on the surface of APCs. The
simultaneous delivery of the antigenic signal and the costimulatory signal results in the optimum gener-
ation of second messengers (e.g., calcium), expression of nuclear transcription factors (e.g., nuclear
factor of activated T cells) and T·cell growth- promoting genes (e.g., IL·2). (CD:cluster designation; MHC:
major histocompatibility complex; LFA·l: leukocyte function associated antigen- 1; ICAM-l: intercellular
adhesion molecule-H. (Kidney Inti 1993;53·511, with permission.)
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Figure 2. Inhibition of T·cell proliferation by anti-CD2 mAbs is dependent on the nature of the costimu·
latory signal provided. T-cell proliferation was induced by providing the antigenic signals and the coso
timulatory signals to highly purified T cells (1 x 10· cellslmL). The antigenic signal was provided with
anti·Leu·4 (anti·CD3, 0.1 lIg/mL) and the costimulatory signal was provided with either paraformalde·
hyde·fixed B·LCL·8392 (2 x 10' cellslmL [All or with TPA (0.5 ng/mL [BlI. Anti·Leu·5b (anti·CD2, 0.05
lIg/mL) was added at the time of initiation of cultures and 3H·thymidine incorporation into DNA during
48·64 hr of culture was determined. Anti·CD2 mAbs mediated significant inhibition of proliferation only
when the APCs provided the obligatory costimulatory signal and not when a APC substitute, TPA, pro-
vided the needed costimulatory signal. (CelilmmunoI1988;112:112·22, with permission.)
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CD54 (ICAM-I) antigen; CD28/CTLA 4
antigen (by interacting with the B7/BBI
antigen); CD5 antigen (by interacting with
the CD72 antigen).

Reviewed in this chapter are our pri-
mary and previously published data that
engendered the hypothesis that the CD2
antigen expressed upon the T-cell sur-
face functions as a receptor for APCs
and generates the costimulatory signal
obligatory for antigen-dependent T-cell
activation, and our preclinical studies
demonstrating the ability of an anti-CD2
monoclonal antibody to prolong the
survival of murine islet allografts and
engender antigen-specific tolerance.
The clinical implications of a novel T-cell
activation model in which the CD2
antigen-derived signals complement
TCR/CD3 complex-derived signals in
promoting T-cell activation are also
described in this synopsis.

COSTIMULATORY SIGNALING FEATURES
OF C02 ANTIGEN

C02 Antigen Functions as a
Receptor for APCs

Cell-to-cell contact between T cells
and APCs are a demonstrated require-
ment for the effective delivery of the
APC-derived costimulatory signals to
antigen-specific T cells. We investigated
the contribution of the CD2 antigen to
the physical clustering among the T cells
and the APCs with mAbs directed at the
CD2 antigen. In accordance with the hy-
pothesis that the CD2 antigen participates
in the physical association between T cells
and APCs, anti-CD2 (OKTII, 1.0
mg/mL) mAbs significantly inhibited the
physical contact between T cells and the
APCs.' The inhibitory effect was CD2
antigen-specific since even a 10-fold
higher concentration of anti-CD4 mAb
(OKT4), anti-CD8 mAb (OKT8), or anti-
CD3 mAb (OKT3) mediated only mini-
mal inhibition of the physical contact be-
tween T cells and APCs. 8

C02 Antigen Generates and/ or
Transduces APC-derived Signals

The participation of the CD2 antigen
in the generation and/or transduction of
APC-derived costimulatory signals was
examined in our studies by determining
the effects of anti-CD2 mAbs on two
models of T-cell proliferation distin-
guished by the nature of the costimulatory
Signals. In one model, T-cell proliferation
was dependent upon the costimulatory
signals provided with APCsY In the other



T-cell activation model, T-cell prolifera-
tion was independent of APCs but depen-
dent upon the costimulatory signal pro-
vided with phorbol esters or cytokines.
The antigenic signal, in both models ofT-
cell activation, was identical and was pro-
vided with either anti-C03 mAb 8 or ox-
idizing mitogens (e.g., sodium periodate,
galactose oxidase)"

The effect of anti-C02 mAbs on 'Tcell
proliferation was clearly dependent upon
the nature of costimulatory signal pro-
vided to the T cells. In accordance with the
postulate that the C02 antigen partici-
pates in the transduction and Ior genera-
tion of APC-derived costimulatory Signals,
anti-CD2 mAbs (anti-Leu-5b) inhibited T-
cell proliferation only when the costimula-
tory signal was provided with the APCs
but not when the costimulatory signal was
provided with the mitogen, TPA, a potent
APC substitute (Fig. 2).

The effect of natural ligands (MHC
antigens) for the Ticell antigen receptor
complex (TCR/C03) can be mimicked
with crosslinked monoclonal antibodies
directed at the TCRI C03 complex. If our
hypothesis that the C02 antigen is a re-
ceptor for APCs is correct, then we should
be able to substitute APCs-derived signals
with crosslinked mAbs directed at the
C02 antigen.

Signals initiated with crosslinked anti-
C02 were indeed effective substitutes for
the APC-derived co stimulatory signals
(Table 1).'·,0 Furthermore, whereas C02
antigen-derived signals substituted for the
APC-derived Signals, they did not replace
the antigenic signal initiated via the
TCR/CD3 complex (Table I).

Signal Transduction
Ca" and PKC activation participate in

signal transduction in a variety of eukary-
otic cells. 18.19 We investigated the role of
Ca"' mobilization and PKC activation in
the transduction of signals initiated via the
TCR/C03 complex and the CD2 antigen.
The contribution of Ca'" to T-cell prolifer-
ation was examined with EGTA, a calcium
chelator, and that of PKC activation with
direct or competitive inhibitors of PKC. 10

T-cell proliferation induced by signal-
ing via the TCR/C03 complex and the
CD2 antigen was inhibited by EGTA;
dose-response experiments revealed that
the half-maximal inhibitory concentration
(ICso) was 0.28 mM. The compound H-7,
a derivative of isoquinolinesulfonamide
and a competitive inhibitor of PKC, also
inhibited T-cell proliferation, with an ICso
of 0.003 mM. Staurosporine, a microbial
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T-Cell Proliferation*
(mean cpm/culture)

Table 1. Generation of costimulatory and not the primary
antigenic signals with crosslinked anti-C02 antibodies

Test Condition

Monoclonal antibodies

Protocol Anti-CO2 Anti-C03

OKT11
OKT3

OKT11 OKT3
anti -Leu-4

OKT11 anti-Leu-4

Anti-CO2 B-LCL

Goat anti-mouse
'Y heavy chain

IgG +

159 1253
371 810

2292 837
1432 52,616
315 344
673 39,702

2

+

OKT11

OKT11
8-LCL-8392
8-LCL-8392

183
1,376
2,955
1,540

472
1,540
1,198
1,548

T cells were incubated with agents shown and ['H] thymidine incorporation (mean CPM/culture)

found during 48-64 hours of culture is shown. Results are from one of four similar experiments.

(T cells, 1 X 10' cellslmL; anti-C02 [OKT11] or C03 [OKT3] antibodies; 0.5 ~g/mL; affinity purified

goat antibodies specific for mouse 'Y heavy chain; 10.0 ~g/mL; B-LCL-8392; 2 x 104celis/mL.)

From: Suthanthiran M. T cell differentiation antigen cluster 2 (C02) is a receptor for accessory

cells and can generate and/or transduce accessory signals. Cell Immunol 1988;112-122. With

permission.

alkaloid and a direct inhibitor of PKC also
mediated marked inhibition with an ICsoof
0.003 mM. An additional compound, K-
252a, a competitive inhibitor of PKC
whose mechanism of action is similar to
that of compound H-7 but with greater
potency, inhibited T-cell proliferation in-
duced by crosslinkage of anti- TCR-I with
OKTll and the ICsofor K-252a was 0.05 mM.

Our studies on the mechanisms for
signal transduction following compli-
mentary Signaling via the TCRI CD3
complex and the C02 antigen indicate
that a sustained Ca" mobilization pattern
is a prerequisite for full T-cell activation
and that transmembrane Signaling T cells
via the TCR/C03 complex and the C02
antigen is homologous to physiological
antigenic signaling with respect to utiliza-
tion of Ca2+mobilization and PKC activa-
tion for signal transduction.

Molecular Mechanisms
We have determined the basis for the

complementary nature of signals initiated
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via the TCR/C03 complex and the C02
antigen with the aid of two molecular
techniques: electrophoretic mobility shift
assay" and reverse transcription-assisted
polymerase chain reaction."

The emergence of transcription factors
nuclear factor kappa B (NF-kB), activator
protein-I (AP-I), and nuclear factor of ac-
tivated T cells (NF-AT), following signal-
ing T cells via the TCR/C03 complex
and I or the C02 antigen, is shown in Table
2. It is evident that these D A-regulatory
proteins are expressed best in T cells
signaled simultaneously via the TCR/C03
complex and the C02 antigen as com-
pared with T cells stimulated either via the
TCR/CD3 complex alone or the C02
antigen alone.

The inducibility ofmRNA encoding in-
terleukin-2 (IL-2) and IL-2 receptors ex
and P following stimulation ofT cells via
the TCRI CD3 complex and/or the CD2
antigen are also shown in Table 2. It is clear
that the best expression of IL- 2, IL- 2
receptor ex and IL-2 receptor P mRNA is
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Table 2. Signaling efficacy of C03 and/or C02 antigens

Experimental condition NF-kBC AP-1C NF-AT1C IL-2C IL-2Rac IL-2Rbc

T cells + none 0.14 0.50 0.05 UD UD 0.02

T cells + anti-C02 mAb 0.31 0.59 0.06 UD 0.02 0.03

T cells + anti-CD3 mAb 0.82 0.59 0.06 UD 0.04 0.03

T cells + anti-C02 mAb
+ anti-CD3 mAb 4.42 2.02 0.21 0.03 0.14 0.05

T cells + anti-C02 mAb
+ anti-CD3 mAb + CsA 0.32 0.62 0.05 UD 0.06 0.03

"f-cells (1 x 106 cells/mL) were incubated alone or with anti-C02 mAb (0.5 mg/mL), anti-CD3
mAb (0.5 mg/mL), or anti-C02 mAb + anti-CD3 mAb prior to the isolation of total cellular RNA
or the nuclear extracts. (The mAbs were crosslinked using 5.0 mg/mL of goat anti-mouse IgG
antibodies). (Transplantation Proceedings 1993;25:104-105. With permission.)

c: The absolute absorbance values were determined by laser densitometric scanning of
negatives of photographs of the gels.

UO: undetected.

Table 3. Induction of antigen-specific tolerance with
RM2-2 anti-C02 mAb.

Group Islet Cell Graft Survival MST ± SO

Third party donor (SJL) 12,12,18 14 ± 2

Same party donor (DBA/2) 24, >35, >35, >35, >35 52 ± 12*
>100, >100

B6AF, recipient mice with OBA/2 islet allografts functioning greater than 120 days following initial
treatment with RM2-2 anti-C02 mAb had their islet allograft bearing kidney removed.The removal of
functioning islet allografts resulted in the return of hyperglycemia.The mice then underwent retrans-
plantation with islets either from OBA/2 mice (original donor strain) or from SJL mice (third party
donor). Graft survival was determined by monitoring of blood glucose.

MST, mean survival time.
* p<O.0167when compared to third party donor islet allograft (Wilcoxon)

found inT cells signaled simultaneously via
the TCR/C03 complex and the C02
antigen.

Summary of In vitro Studies
Our in vitro studies demonstrated the

following: (1) the C02 antigen partici-
pates in the physical contact between T
cells and APCs; (2) C02 antigen generates
and Ior transduces costimulatory signals
obligatory for full T-cell activation; (3) the
synergism between TCR/C03 complex-
derived signals and the C02 antigen-de-
rived signals is demonstrable at the level of
emergence of transcription factors and in-

duced expression of genes important forT-
cell proliferation; and (4) transmembrane
signals ofT cells via the TCR/C03 com-
plex and the C02 antigen is homologous
to physiologic Signaling with respect to
calcium dependency and PKC activation.

REGULATION OF THE ANTI-ALLOGRAFT
RESPONSE BY TARGETING THE C02 ANTIGEN

We have tested the hypothesis that (1)
C02 antigen participates in the anti-allo-
graft rejection response, and (2) blockade
of C02 antigen-derived signals will result
in engraftment. These hypotheses were
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tested in a murine pancreatic islet cell al-
lograft model using RM2-2 anti-C02
mAbs to block C02 antigen-dependent
anti-allograft responses. Herein, we sum-
marize our preclinical data demonstrating
the ability of mAbs directed at the C02
antigen to (a) facilitate murine islet cell
engraftment and (b) engender antigen-
specific transplantation tolerance.
Moreover, our data regarding the molecu-
lar mechanisms for the efficacy of anti-
C02 mAb therapy are provided. 12

Prolongation of Murine
Pancreatic Islet Cell Allograft
Survival with RM2-2 Anti-CD2 mAb

Allogenic pancreatic islet cell graft
transplantation was performed using
OBA/2 mice and B6AF, mice as islet cell
donors and recipients, respectively. RM2-
2 anti-C02 mAb was administered, 100
flgl day, on day -1,0, and + 1 with respect
to transplantation. Islet graft recipients
treated with RM2-2 anti-C02 mAb dis-
played significantly longer allograft sur-
vival times compared to the untreated
group; the mean ± SE survival time for
the RM2-2 anti-C02 mAb treated group
was 97 ± 16 days (n=21 recipients) and
the mean ± SE survival time of the un-
treated group was 27 ± 9 days (n= 19 re-
cipients). The cumulative survival rates
(CSR) of anti-C02 mAb treated group
and the control group were calculated by
the product limit (Kaplan-Meier) method,
and are illustrated in Figure 3. The differ-
ence in the CSR between the two groups
was highly significant (p=O.OOOO)by gen-
eralized Wilcoxon (Breslow) statistics.

The superior survival time for islet cell
allografts in recipients treated with the
RM2-2 anti-C02 mAb was due to target-
ing of the C02 antigen rather than due to
some nonspecific effects of mAb, since an
isotype-matched rat IgG2a mAb did not
prolong the survival of OBA/2 islet grafts
in B6AFi recipients. Peritransplant admin-
istration of a rat IgG2a mAb (100 flgl day)
on day -1, 0 and +1 with respect to trans-
plantation, was associated with a survival
time of only 14 ± 2 days (mean ± SEM,
n=5 recipients).

Emergence of
Antigen-Specific Tolerance

To determine if antigen-specific toler-
ance had been achieved by the peritrans-
plant administration of RM2-2 anti-C02
mAb, we removed the islet allograft-bear-
ing kidney and retransplanted the mice
with islets from either the original donor
strain (OBA/2) or with islets from a third



party donor strain (SJL). None of the re-
transplanted animals received any addi-
tional RM2-2 anti-C02 mAb treatments.
Table 3 shows that six out of seven mice
retransplanted with OBA/2 islets did not
reject their allografts and remained nor-
moglycemic. In contrast, mice retrans-
planted with third party donor islets re-
jected their allografts and became
hyperglycemic by 18 days post-transplan-
tation.

Histological Confirmation of
Anti-CD2 Targeted Therapy

Tissue samples, from islet allograft re-
cipients treated with a peri-transplant
course of anti-C02 mAb and samples
from untreated recipient mice, were ana-
lyzed histologically for the viability of
transplanted islet cell allografts and for the
intensity of mononuclear cell infiltration.
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Recipients in both the control and treated
groups were normoglycemic at the time of
graft harvest. As illustrated in Figure 4,
panels A vs. B, a clear histological differ-
ence was observed between the untreated
control group and the anti-C02
mAb-treated group. Whereas viable islet
cells arranged in organized patterns with
good vascularization and without much
mononuclear cell infiltrates were ob-
served in the anti-C02-treated recipients,
the islet allografts from the untreated re-
cipients had marked pleomorphic
mononuclear cell infiltrates and islet graft
degeneration, and necrosis.

Reduction of Intragraft
Expression of mRNA-Encoding
Granzyme B or IL-IOFollowing
RM2-2 Anti-CD2 mAb Therapy

Cytotoxic Tcell-specific serine pro-

-- RM 2.2 anti-C02 mAb (N=21)

-- Controls (N=19)

20 40 60 80 100 120 140 160 180

Cumulative Survival (%)

Figure 3. RM2-2 anti·CD2 mAb facilitates islet cell engraftment. Pancreatic islet allograft survival dis-
tributions were estimated by the product-limit (Kaplan-Meier) method and the equality of the survival
curves tested by the generalized Wilcoxon statistic. The difference in the survival times between the
RM2-2 anti·CD2 mAb group (N=21 recipients) and the control group (N=19 recipients) was significant
at p=O.OOOO. (Kapur S, et al. Transplantation. Manuscript in press.)
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tease, granzyme B, is a molecular correlate
of allograft rejection.":" Data also exist
that intragraft expression of IL-10 mRN A
is a significant correlate of allograft rejec-
tion" and that IL-l O-producing T cells are
abundant in irreversibly rejected allo-
grafts. 24 To investigate potential molecular
mechanisms for the efficacy of RM2-2
anti-C02 mAb treatment, we determined
whether intragraft expression of mRNA-
encoding granzyme Band IL-l 0 mRN A is
reduced by C02 antigen-targeted therapy.
On day 8 post-transplantation, tissue sam-
ples were obtained from RM2-2 anti-C02
mAb-treated mice and from untreated
mice. Day 8 was selected in view of an ear-
lier demonstration that intragraft mRNA
expression peaks at day 8 post-transplanta-
tion in the unmodified islet allograft recip-
ient."

Reverse transcriptase-polymerase
chain reaction revealed significant differ-
ences between the RM2-2 anti-C02
mAbs-treated recipients and the control
recipients. Agarose gel electrophoretic
resolution of the granzyme B PCR prod-
ucts and the IL-I0 PCR products, gener-
ated with the cD A from the RM2-2 anti-
C02 mAbs-treated mice and with cONA
from untreated mice, are shown in Figure
5, panel A, and the absolute (mean ± SO)
absorbance values, determined by laser
densitometry, are shown in Figure 5, panel
B. It is evident that granzyme B mRNA
and IL-10 mR A are expressed at a higher
level in the untreated recipients as com-
pared to recipients treated with the RM2-
2 anti-C02 mAbs. The mean ± SO ab-
solute absorbance value for granzyme B
mRNA was 0.009 ± 0.004 (n=4 mice) in
the RM2-2 anti-C02 mAbs-treated group
and 0.025 ± 0.001 (n=4) in the untreated
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Figure 4. Histological evaluation of anti-CD2 mAb therapy. Islet allografts were removed from normoglycemic recipients and analyzed for morphological fea-
tures. Panel A on left is a representative allograft sample taken from an untreated islet allograft recipient and exhibits a dense mononuclear cell infiHrate and
islet allograft degeneration and necrosis. Panel B on right is a representative allograft sample from an anti-CD2 mAb-treated recipient and exhibits viable islet
cells without cellular infiltration.
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Figure 5. Reduction in intragraft expression of granzyme B mRNAand IL-lO mRNAfollowing RM2-2 anti-
C02 mAb treatment. Islet cell allografts were retrieved 8 days post-transplant from untreated or RM2-2
anti-C02 mAb-treated mice and analyzed by RT-PCRfor mRNA encoding granzyme B, IL-lO or b-actin
(n=4 mice from each group). Agarose gel electrophoretic resolution of granzyme B, IL-10, and b-actin
PCR products are shown in Figure Sa. Note the reduced expression of granzyme B mRNA in all 4 anti-
C02 mAb treated mice, and the reduced expression of IL-lO mRNA in 3 of 4 treated mice. In Figure 5b,
absorbance values, determined by laser densitometric scanning of the negatives of the photographs of
the gels, are shown. ResuHsare expressed as a mean :!:SO(n=4) of the untreated or RM2-2 anti-C02
mAb-treated mice. Statistical significance was determined by unpaired t-test. (Kapur S, et al.
Transplantation. Manuscript in press.)
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0.03

0.03

0.14

group (p<O.OOl, unpaired t-test). The
mean ± SD absolute absorbance value for
IL-lO mRNA was 0.005 ± 0.005 in the
RM2-2 anti-CD2 mAb---treated group and
0.020 ± 0.009 in the untreated group
(p=0.035).

The significant reduction in the inten-
sity of induced expression of granzyme B
mRNA and IL-l 0 mRNA following RM2-
2 anti-CD2 mAb therapy was gene-spe-
cific, since the level of expression of a con-
stitutionally expressed gene, b-actin
mRNA, was quite similar in the RM2-2
anti-CD2 mAb-treated group and the un-
treated groups (Fig. 5).

A NEW T-CELL ACTIVATION MODEL

A unifying theme has emerged in which
T cells view antigens in the context of
MHC gene products expressed on anti-
gen-presenting cells. T-cell surface pro-
teins, in addition to the TCR, that con-
tribute to the informative T-cell-APC
interactions, however, have remained an
enigma despite the paradigm that the CD4
and CDS molecules function as associative
recognition/restriction elements for the
MHC gene products expressed on the sur-
face of APCs.

On the basis of our studies, we have ad-
vanced the thesis that instructive T-
cell-APC interaction proceeds not only
via molecular contacts between the TCR
and the MHC-peptide but also via the
CD2 antigen and the LFA-3 and/or other
sites on the APCs (step 1). These cell-sur-
face molecular interactions, then, lead to
the coclustering of the TCR with the CD2
antigen (step 2).The antigen- and APC-in-
duced association between the TCR and
the CD2 antigen is necessary for the opti-
mum generation of second messenger
molecules (Ca'", DAG, etc.) and transcrip-
tional activation and translation of genes
(IL-2, IL-2 receptor, etc.) responsible for
the antigen-dependent clonal expansion of
normal human T cells (step 3).

CLINICAL IMPLICATIONS

The formulation that T-cell surface
molecules in addition to the TCR/CD3
complex need to be engaged for full T-cell
activation offers new opportunities for the
regulation of the anti-allograft response
and for the induction of T-cell clonal an-
ergy. Our studies, by identifying a critical
role for the CD2 antigen in antigen-de-
pendent T-cell activation, suggest the hy-
pothesis that the CD2 antigen might be
targeted for the regulation of the anti-allo-
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Figure 6. T-cell activation/anergy pathways. In this schema of T-cell signaling, the simultaneous delivery
of the antigenic signal and the costimulatory signals results in T-cell activation; the delivery of the anti-
genic signal in the absence of costimulatory signals to the T cells results in T-cell paralysis/clonal an-
ergy.25.2<(Kidney Inti 1993;44:S3-S11, with permission.)

graft response. Furthermore, transplanta-
tion tolerance might also be accomplished
by CD2 antigen-targeted therapy since the
delivery of the antigenic signal to the T
cells in the absence of the APC-derived
costimulatory signals has been demon-
strated to result in T-cell clonal anergylS.'.
(Fig. 6). Additional molecules expressed
on the T cells and/ or the APCs (Fig. 1)
might also be suitable targets for the cre-
ation of donor-specific non-responsiveness
in the clinical setting. Indeed, tolerance to
organ allografts has been induced by ther-
apy directed at the cell-surface molecules,
LFA-l and ICAM-I'7 or B7/BBl28 in ex-
perimental models of transplantation. Our
preclinical data demonstrating the efficacy
of mAbs directed at the CD2 antigen, as
well as elegant studies of others,":" pro-
vide the experimental underpinnings for

the consideration of CD2 antigen-targeted
therapy in the clinic.
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