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1. ABSTRACT

Achieving a tolerant state specific to the
transplanted graft without subjecting patients to the risks
of non-specific immunosuppression is the goal of
transplant immunologists. In spite of the success achieved
with currently available immunosuppresive therapies over
acute rejection, an ongoing T cell mediated alloimmune
response still poses a major challenge to the health of an
allograft through chronic rejection. Modulating these
destructive alloresponses through T cell costimulation
blockade is a promising area of interest. In this article, we
review our current knowledge about the role of various
positive and negative costimulatory pathways during an
alloimmune response. The ultimate nature of that response
depends on the complex interaction between these positive
and negative costimulatory pathways. We discuss the
progress that has been achieved so far, through targeting
these individual pathways, their interaction with other
costimulatory pathways and the currently available
immunosuppressive agents in various organ transplant
models.
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2. INTRODUCTION

“Induction and paralysis of an immune response
involve the recognition of one and two determinants on an
antigen respectively.” — Science (1970).

With these words, Bretscher and Cohn introduced
the concept of co-stimulation in lymphocyte activation, in
their landmark paper “A theory of self-nonself
discrimination” (1). Lafferty and Cunningham (2) who
expanded this work, proposed a model that “T cell receptor
(TCR) recognition of an appropriately presented antigen
will deliver signal 1 to the T cell and that a simultaneously
delivered signal 2 (the co-stimulatory signal) is required to
activate the cell. So if a T cell encounters its cognate MHC
antigen but does not receive the costimulatory signal 2,
then the T cell will either die or rendered resistant to
activation in its future encounters with that antigen.
Similarly a Signal 2 delivered in the absence of antigen
recognition results in a neutral event for the T cell”. The
above principle suggested a novel way to prevent
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Figure 1. Interaction of the above-mentioned costimulatory molecules in concert with alloantigen-specific TCR engagement
results in positive costimulation. Subsequent cascade of cellular signaling events leads to T cell proliferation, differentiation,

activation and cytokine production.

alloimmune responses against the graft, without
nonspecific  immunosuppression,  after  therapeutic
transplantation.

Transplant tolerance is defined as a selective lack
of a destructive immune response to foreign antigens
expressed by an allograft, leading to indefinite survival and
acceptance of the graft, without the need for continuous
non-specific immunosuppression. Why is this important?
Organ transplantation is now firmly established as the
therapy of choice for many forms of end-stage organ failure
(3). Global demand for transplantable organs continues to
exceed the available supply. Even after transplantation,
despite the significant improvement in 1-year allograft
survival rates, the incidence of graft loss due to chronic
allograft dysfunction has remained stubbornly high (3, 4).
A key factor driving the underlying pathophysiology of
“Chronic rejection” in organ transplants is a persistent T
cell mediated alloimmune response (5).

Moreover, currently available anti-rejection drugs
cause overall immunosuppression by non-specifically
blunting T-cell responses. For instance, glucocorticoids and
calcineurin inhibitors impair TCR-mediated signaling (i.e.
signal 1), whereas azathioprine and mycophenolate mofetil
interfere with purine synthesis and agents such as
antithymocyte globulin act by indiscriminate depletion of T
cells. Thus current immunosuppressant therapy subjects the
patients to non-specific immunosuppression thereby
leading to substantial risk of opportunistic infections and
cancer. Other non-immunosuppressive side effects include
nephrotoxicity, diabetes, hyperlipidemia, and hypertension
amongst others. So achieving a tolerant state would help
not only to avoid the above side effects but also reduces the
number of retransplants needed, thereby maximizing the
use of the limited supply of donor organs.
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3. COSTIMULATORY
ACTIVATION

SIGNALS AND T-CELL

Costimulation plays a critical role in deciding the
fate of T-cell antigen interaction. Signal 1, delivered
through the T-cell antigen receptor, is provided by the
antigen itself and is responsible for the specificity of the
immune response. The costimulatory signal 2, is not
antigen specific and is dependent on the interaction of cell
surface receptors with their ligands, typically on antigen
presenting cells (APCs i.e. dentritic cells, B cells,
monocytes and macrophages). Stimulation of the TCR
without the second signal leads to T cell anergy for up to
several weeks (6) or undergoes programmed cell death
(apoptosis) (7). In contrast, delivery of “positive”
costimulatory stimulus to the T cell triggers cytokine
production, alloantigen-specific clonal expansion, and
acquisition of a memory/effector phenotype capable of
mediating a sustained immune response (See Figure 1).

The initial notion that costimulatory molecules
play only a stimulatory role has had to undergo revision
with the advent of negative costimulatory pathways.

These negative costimulatory signals can lead to
inhibition of T cell proliferation and cytokine
production thereby causing anergy, apoptosis or

induction of regulatory cells(8) (See Figure 2).
Therefore, the ultimate fate of T cells and in turn
immune responses appears to be mediated, at least in
part, by the interplay between positive and negative T
cell costimulatory pathways (9). It is increasingly
recognized that these signaling events are not restricted
to T cell-professional APC interactions, but also include
T cell-to-T cell, T cell to B cell interactions and also T
cell signaling from nonlymphoid cells in the periphery
including endothelial cells and other parenchymal cells

(10).



Transplant tolerance through costimulation blockade

NEGATIVE CO-STIMULATORY PATHWAYS

CTLA4 -B7
PD1 -PDL1/PDL2
BTLA - HVEM Interaction
B7H3 - unknown
ligand
Signal 2
Anergy;
E Inhibition of
’ T cell proliferation and
TCR
APC ] — cytokine
production
Co-stimulation
i Apoptosis
Signal 1 popt

Figure 2. A negative costimulatory signal during TCR engagement with alloantigen specific T cell leads to T cell

anergy/apoptosis, thereby limiting alloimmune response.

Costimulatory molecules are grouped broadly
into CD28:B7 and the tumor necrosis factor: tumor necrosis
factor receptor (TNF: TNFR) families based on their
structural characteristics. All of the CD28 family members
are type | transmembrane glycoproteins and are part of the
immunoglobulin (Ig) superfamily (11). TNF family
receptors contain one or more TIM (TRAF Interacting
Motifs) in their cytoplasmic tails. Activation of TIM
containing TNF receptors lead to recruitment of TRAF
family members, and activation of multiple signal
transduction pathways such as NF-KappaB (Nuclear
Factor-KappaB), JNK (Jun N-terminal Kinase), p38, ERK
(Extracellular Signal Regulated Kinase) and PI3K
(Phosphoinisitide-3 Kinase). Among these molecules
CD28/CTLA4-B7 and CD40-CD40L pathways have
emerged as key players with higher functional significance.

Co-stimulatory blockade can prevent acute
allograft rejection and can induce donor-specific tolerance
in several rodent transplant models after various short-term
treatments, although achieving tolerance is not possible in
all models or strain combinations. This is due to the
differences in the readiness to accept the graft by various
strains of mouse. And also translating this success into
higher mammals, non-human primates and particularly in
humans has proven more difficult. There is also a hierarchy
in the immunogenicity of the transplanted organs. Liver,
kidney and heart are often readily accepted in some rodent
strain combinations (12, 13) unlike primates, but skin grafts
are more vigorously rejected by all species (14).

Hence the potency of the different types of
costimulation blockade in various organ/tissue transplants
and animal strain combinations needs to be interpreted in
this context.

4. POSITIVE COSTIMULATORY PATHWAYS

Known positive costimulatory pathways include
CD28:B7, ICOS-ICOSL in the CD28 family and CD40-
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CD154, CD134-CD134L, 4-1BB - 4-1BBL, CD27-CD70
in the TNF family.

4.1. CD28-B7 Pathway

CD28 is a key T cell surface costimulatory
receptor and is the best characterized of all these molecules
(15, 16). CD28 has two known ligands, B7-1 (CD80) and
B7-2 (CD86). CD28 is constitutively expressed on naive T
cells. B7-1 is generally absent on naive cells and undergoes
slower upregulation. In contrast though B7-2 is expressed
at low levels on resting APCs, it undergoes rapid
upregulation (17, 18). Thus B7-2 - CD28 interaction plays
an important role in the induction of the immune response.

Upon activation T cells express B7-1 and
CTLAA4. CTLA4 is structurally similar to CD28 but more
avidly (10-20 fold higher) binds to B7-1 and B7-2. This
interaction results in a potent inhibitory signal that
terminates the immune response. B7-1 seems to play a
more important role in negative signaling than B7-2
through its interaction with CTLA4 for the following
reasons. B7-1 favors binding to CTLA over CD28 by 20 -
fold whereas B7-2 favors CTLA4 by only 8 fold. B7-1 is
expressed on the cell surface as a dimer unlike B7-2, which
is expressed as a monomer (19). CTLA4, also a dimer, can
readily bind to two different B7 homodimers at a time to
form a stable zipper like complex whereas CD28 can only
bind one B7 homodimer (20).

Much has been learnt about the role of CD28:B7
pathway in transplantation through knockout models and
by monoclonal blocking or signaling antibodies. In murine
models, B7-1/B7-2 double knockout recipients are unable
to reject cardiac allografts but could still acutely reject skin
and islet allografts (21, 22). CD28 deficient recipients on
the other hand do acutely reject cardiac allografts with CDS8
T cells and NK cells playing a role in mediating this event
(23, 24).

In CD28 intact wild type mice, administration of
anti B7-1 monoclonal antibody has little effect whereas anti
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B7-2 mAb prolong allograft survival. However in CD28
deficient mice, anti B7-1 actually shortens engraftment
presumably by blocking an interaction with CTLA4 and
surprisingly anti B7-2 prolonged engraftment (23). These
findings strongly suggest that B7-2 interaction with CTLA4
is not as prominent as with B7-1. We have shown that anti
CD28 mAb (25) and similarly combined anti B7-1/B7-2
mAb treatment prevented rejection and allowed long-term
engraftment in rodent models. However in non-human
primate vascularized transplant model, anti B7-1 & B7-2
either in combination with anti CD40L or with sirolimus
has been shown to abrogate T-cell proliferation in vitro,
thus preventing graft rejection and development of graft
vascular disease (26).

However blocking this CD28:B7 pathway using
the recombinant fusion protein CTLA4Ig has shown potent
pro-tolerogenic effects and will be discussed further below.

4.2. CD40-CD154 (CD40L) Pathway

CDA40 and its ligand CD154 (CD40L) were the
first described and the most potent among the costimulatory
molecules that belong to the TNFR-TNF superfamily.
CDA40 is constitutively expressed on APCs and also induced
on endothelial cells and fibroblasts (27). CD154 is most
abundant on activated CD4 T cells but has also been
identified on CD8 cells, B cells, dendritic cells and most
recently on activated platelets in the process of thrombus
formation (28). Of note CD40: CD40L interaction initially
provides costimulatory signal to the APC rather than T cell
(reverse costimulation), thus leading to significantly
augmented ability of the APC’s antigen presenting ability.
Thus indirectly it leads to strong T cell activation. In B
cells, CD40 induced signal is essential for cellular
proliferation, antibody production, isotype class switching
and for the development of memory B cells.

Short courses of antibodies directed against
CD154 have been shown to prevent acute allograft
rejection in many rodent skin, cardiac, islet, marrow
allografts and in non-human primate kidney transplant
models (29-33). However, on its own it does not result in
durable tolerance or successful prevention of chronic
allograft rejection. This has been confirmed by the fact that
CD154 deficient mice do not reject cardiac allografts but
develop chronic allograft vasculopathy suggestive of other
CD154 independent mechanisms of immune mediated
allograft injury (34). However co-administration of bone
marrow or donor specific transfusion with anti CD154
resulted in indefinite (usually defined as more than 100
days) or prolonged acceptance of the graft with donor-
specific tolerance and prevention of chronic arteriopathy
respectively (35-37). In non-human primates this strategy
has not yet been tried in solid organ transplant models.

In both mice and non-human primates, rapamycin
augments the ability of anti CD154 with or without
CTLAA4Ig, to promote allograft survival (38), whereas
cyclosporine antagonizes this effect in some models (38,
39). Possible explanation of this could be that rapamycin
augments whereas calcineurin  inhibitors  decrease
activation induced cell death (AICD) by costimulation
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blockade. These impressive results in mice and primate
transplant models led to the heightened expectation of its
application in a clinical setting. However this enthusiasm
was curbed by a high incidence of thromboembolic events
complicating both nonhuman primate studies and phase 1
clinical human trials (40). Constitutive expression of CD40
and up regulation of adhesion molecules in vascular
endothelium of various organs along with enhanced surface
expression of the CD154 on activated platelets have been
proposed as possible mechanisms for this (40). However
the recent development of a chimeric anti CD40 mAb that
synergizes with B7 blockade to prolong islet cell allograft
survival in primates may help to circumvent this clinical
problem(41).

4.3. ICOS-B7h (ICOSL) Pathway

Inducible costimulatory molecule (ICOS) is a
CD28 homolog, not constitutively expressed but as the
name implies is induced on activated T cells and also
expressed on resting memory T cells (42). Its ligand, B7h is
expressed at low levels on resting APCs, B cells and
nonlymphoid tissues like endothelial cells, lung etc., but its
expression is rapidly upregulated on cytokine triggered
cellular activation (43). ICOS expression is stimulated on T
cells by both TCR and CD28 signals but not solely
dependent on CD28 signals, because blockade of ICOS in
CD28™" mice further inhibited Th1/Th2 differentiation
(44). ICOS-ICOSL signaling has been shown to upregulate
expression of CD40L which in turn triggers the CD28
signaling by enhanced surface expression of B7 on APCs,
revealing the mutually beneficial interaction of these
pathways.

Studies using I[COS-deficient mice have indicated
ICOS as an essential regulator of helper T cell activation,
differentiation and effector function (45, 46). It plays a
more important role in providing positive costimulatory
boost to the activated or resting memory T cells than
activating naive T cells (47, 48). Studies using pathway
antagonists, transgenic mice, and knockout mice have
revealed the important role of ICOS in B cell
differentiation, immunoglobulin class switching, germinal
center formation, and memory B cell development(45).

ICOS blockade or ICOS deficiency in
mismatched murine cardiac transplants, prolonged graft
survival, although to a lesser degree than CTLAA4Ig or anti-
CDA40L mAb therapy (49). But they did not prevent chronic
rejection. We have shown that the timing of ICOS blockade
is critical, since delayed ICOS blockade prolonged allograft
survival into mismatched recipients compared with early
ICOS blockade in which rejection was accelerated (50).
Blocking ICOS: ICOSL pathway along with CD40: CD40L
or CD28: B7 pathways (using anti CD154 or CTLA4Ig)
showed synergistic effects in preventing acute rejection and
also in inhibiting the development of chronic rejection (51).
Similarly anti ICOS mAb synergized with cyclosporine in
prolonging cardiac graft (49), tacrolimus in liver transplant
(52) and rapamycin in prolonging islet allograft survival in
rodent models (53). So ICOS pathway may be a new
potential therapeutic target, with careful timing for
manipulation along with combination co-stimulation
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blockade. But further studies in higher mammals are
warranted.

4.4. CD134: CD134L Pathway

CD134 (0X40), a TNFR superfamily member, is
induced primarily during T cell activation and is expressed
on activated CD4" T cells and on some CD8" T cells (54,
55). CD 134L (OX40L) is mainly expressed by antigen-
presenting cells (APCs), such as activated B cells (55),
dendritic cells(56), macrophages, as well as T cells (57)
and endothelial cells CD134 engagement with its ligand
generates a positive costimulatory signal as potent as CD28
and is instrumental in promoting the effector and memory
T cell responses. In addition it plays a key role in Treg cell
development, homeostasis, and suppressive activity (58).

We have shown that blockade of CD134L alone
does not prolong allograft survival, however in combination
with CTLA4Ig it synergistically achieved long-term survival
of rodent cardiac (59) and skin allografts. Most importantly,
this combination has been shown to prevent rejection in
presensitized rodent heart transplant model through its effect
on primed/effector T cells. Similarly Vu et al have shown that
memory T cell-mediated rejection resistant to CD28/CD154
blockade is sensitive to CD134 blockade in a stringent mice
skin transplant model (60). Thus targeting this pathway in
combination with other costimulatory blockade strategies in
preventing memory T cell-mediated rejection may prove to be
important in achieving transplantation tolerance.

4.5. 4-1BB: 4-1BBL Pathway

4-1BB (CD137), a TNFR family member, is
expressed on activated CD4+ and CD8+ T cells, NK cells, and
dendritic cells (61, 62). Its ligand, 4-1BBL, is expressed on
antigen presenting cells (APCs) including dendritic cells,
macrophages, and B cells (63). Though engagement of 4-1BB
by its ligand provides both CD28-dependent and CD28-
independent positive costimulatory signals to CD4 and CD8 T-
cells, it is critical for CD8 T-cell survival (64). Major effect of
4-1BB appears to be sustaining activated T cell survival by
enhancing cell division and preventing activation-induced cell
death, particularly in the absence of CD28.

CD28 or 4-1BB deficient mice reject both minor
histocompatibility and MHC discordant skin allografts,
whereas CD28/4-1BB double knock out mice showed some
prolongation in both minor and major histocompatibility
mismatched models (65, 66). A signaling 4-1BB mAb
accelerated CD8 mediated allograft rejection in murine
cardiac, skin and small-bowel transplantation models (67, 68).
However in graft versus host disease this pathway regulates
both CD4 and CD8 mediated allorepsonses (69). Evidence of
the crucial role of CD8 T-cells and NK cells in allograft
rejection may explain CD28/CD154 co-stimulation blockade
resistant rejection models (23, 70). So targeting this pathway
may have a beneficial role in modulating the CD8 T cell
mediated alloimmune responses in more stringent transplant
models.

4.6. CD27:CD70 Pathway
CD27, a member of the TNFR superfamily, is
constitutively expressed on naive T cells and is
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upregulated after antigenic triggering but lost in the effector
stage (71-73). On B cells, CD27 is expressed only after
antigen-induced activation (74) and is considered a marker
for memory B cells in humans (75). It is implicated in T
cell activation, development and T-cell dependent antibody
production by B cells (76). CD70 is rapidly induced on T
and B cells on activation and also found in thymic
epithelium.CD70 blockade prolonged mouse vascularized
cardiac allograft survival in WT recipients and in CD28
deficient mice resulted in long-term graft survival without
chronic rejection. CD70 blockade inhibits the proliferation
and activation of CD8 T cells, hence prevents CDS8
mediated rejection. Thus similar to 4-1BB pathway, CD27-
70 may be an attractive target to improve strategies in
inducing tolerance in models resistant to conventional T
cell costimulatory blockade.

5. NEGATIVE CO-STIMULATORY PATHWAYS

5.1. CTLA4: B7 Pathway

CTLA4 is expressed after T cell activation and
has a much higher affinity (10 to 20 fold) for B7-1/B7-2.
CTLA4-B7 interaction delivers negative co-stimulatory
stimulus to T cell thereby leading to either anergic state or
apoptosis. CTLA4Ilg, a recombinant fusion protein
containing the extracellular domain of CTLA4 fused to an
IgG heavy chain tail was developed to competitively
antagonize CD28-B7 interaction. Taking advantage of its
higher binding ability it out-competes CD28 for binding to
B7-1 and B7-2 (77), and use of an IgG tail increases the
half-life of the molecule.

CTLAA4Ig prevents acute rejection and results in
durable tolerance in some but not all mouse models of
transplantation (78, 79). Though the exact mechanism of
action is unknown, donor specific transfusion (DST)
augments tolerance, but this effect particularly depends on
the stringency of the model, degree of the immunological
mismatch, and duration and the timing of CTLA-4
administration (80). Potency of CTLA4Ilg could be
augmented by administering this on day 2 of
transplantation, perhaps by allowing time for the up
regulation of B7-1 or T cell expressed CTLA4 to occur (78,
80). In both MHC class II and I mismatched mouse heart
allograft models, long-term administration of CTLA4Ig on
its own has been shown to overcome chronic rejection (81).

In nonhuman primate studies, targeting B7-1 and
-2 either with blocking mAbs or with CTLA4Ig prolongs
both renal and islet cell allograft survival (82-85). Notably,
the effect requires the simultaneous blockade of CD40-
CD154 signaling or the concomitant administration of
rapamycin (82-86). Above combinations and anti-CD45
RB therapy have been shown to up regulate CTLA4
expression, thereby promoting tolerance (87, 88). LEA29Y
(Belatacept), a high affinity variant of CTLA4lg, has
shown great promise as a combination agent in nonhuman
primate studies (41, 86). It has synergistic effects when
combined with anti-CD40 in both renal and islet cell
transplantation(86, 89). Importantly, this agent has now
entered stage II human clinical trials as a calcineurin-
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sparing agent in human renal transplantation (90). At one-
year post transplantation results show that Belatacept did
not appear to be inferior to cyclosporine in preventing acute
rejection but may preserve the glomerular filtration rate and
reduce the rate of chronic allograft nephropathy through the
elimination of the nephrotoxic effects of cyclosporine (91).

5.2. PD1-PDL1/PDL2 Pathway

PD1 is a CD28 homologue and this pathway, like
CTLA4-B7, has been shown to play a critical and
differential role in regulating CD4" and CD8" T cell
mediated alloimmune responses within the graft. PD-1 is
expressed by activated T cells, B cells, NK cells and
macrophages (92, 93). PD1 interacts with PDL1 and PDL2.
PDL1 (B7-H1) is expressed on all hemopoietic cells and
many nonhemopoietic tissues like endothelia, heart etc.,
whereas PD-L2 (B7-DC) expression is restricted primarily
to dendritic cells and macrophages (94-96). CTLA-4:B7
pathway provides a critical negative signal to alloreactive
CDS" T cells, particularly in the presence of CD28
costimulation. In contrast, PD-1 receptor seems to down-
regulate alloreactive CD4" T cells in the absence of CD28
costimulation (97).

Blockade of PD1 and its ligands are shown to
play a differential role in alloresponses. Our group showed
that in a murine cardiac allograft model, treatment with
anti-PD-L1 mAb, but not anti-PD1 mAb, accelerates the
time to rejection of fully allogenic cardiac allografts in
wild-type recipients, whereas both antibodies accelerate
rejection in the absence of CD28 costimulation (98). In a
novel transgenic model of CD4-mediated skin allograft
rejection, we also showed that blockade of PD1-PDLI1
interaction but not PDL2 resulted in enhanced alloantigen-
specific T cell expansion and activation. It coincided with
reduced apoptosis of alloantigen specific T cells.

Administration of PD-L1Ig in CD28"" recipients,
or in conjunction with immunosuppression in fully MHC-
disparate combinations, has been shown to markedly
prolonged murine cardiac (99) and islet allograft survival,
in some cases causing permanent engraftment Recent
unpublished work from our group (100) shows that donor
cardiac allografts deficient in PDL1 were rejected in an
accelerated fashion in a partially mismatched mice model
where wild type grafts survive indefinitely without any
intervention. This novel finding demonstrates that PD-L1
expression, on the donor cardiac allograft tissue serves as
an important negative regulatory mechanism for limiting
alloimmune responses in vivo. Thus this pathway plays a
significant role in regulating alloimmune responses but
further studies are needed to exploit this further towards
our goal of achieving transplant tolerance.

5.3. BTLA/LIGHT-HVEM Pathway

B and T lymphocyte attenuator (BTLA), a CD28
family member, is a novel costimulatory receptor that is
induced by activated CD4" and CD8" T cells and also
expressed by B cells, macrophages, and bone marrow-
derived myeloid dendritic cells (13, 101, 102). The ligand
for BTLA is herpes virus entry mediator (HVEM), which is
expressed on naive T and B cells. This is an unusual
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example of cross-talk between the CD28 family and the
TNFR family and this interaction leads to negative
costimulation. HVEM also has another binding partner
LIGHT, a membrane-expressed TNF family member and
this interaction culminates in positive costimulation (103).

Tao et al (104) showed that BTLA and HVEM
are the major regulators of in-host allogeneic responses to
class I- or class II-mismatched mouse cardiac allografts.
However this effect is not seen in a fully MHC mismatched
setting. Kosuge et al showed that blockade of the LIGHT-
HVEM pathway using HVEMIg attenuated the
development of graft arterial disease through suppression of
cytokine expression and SMC proliferation (105). LIGHT
deficient recipients show modest prolongation of cardiac
allograft survival however this effect is significantly
enhanced by cyclosporine (106). Thus, BTLA seems to
exert its main effect when the strength of the immune
response is weak. Hence targeting of this pathway in
combination with other therapeutic approaches may be
useful in preventing chronic rejection.

5.4. B7-H3 Pathway

B7 homolog 3 (B7-H3) is a new member of the
B7 family of costimulatory molecules. It is broadly
expressed in nonlymphoid tissues and is upregulated by
inflammatory mediators (107-109). Although its receptor
remains unknown, it is believed to be induced on activated
T cells. In mice model, B7-H3 knock out recipients showed
no survival advantage of their cardiac and islet allografts
without any intervention. However administration of
cyclosporin or rapamycin significantly improved the
survival of the grafts in this group compared to WT
recipients (110). Hence it was concluded that it is a positive
costimulatory molecule whose expression contributed to
the development of experimental acute and chronic
allograft rejection. However there is data (107, 108) ) to
support both costimulatory & coinhibitory roles of B7-H3.
So further studies are required to determine the role of B7-
H3 pathway within the hierarchy of costimulatory
molecules and to elucidate its interactions with the major
costimulatory pathways such as the CD28-B7 and CD40-
CD154 pathways.
6. CONCLUSION

Over the past 35 years, since the recognition of
the indispensable role of co-stimulation in T cell
activation, a number of costimulatory pathways have been
identified. Though every member has been shown to play
an important and unique function during the course of the
immune response, several questions are unanswered. One
has to wonder: is there a hierarchy with a unique and
mutually beneficial role for all these pathways or is it a
matter of redundancy? If one pathway is blocked or
absent whether the others could take over the role of
mounting immune responses against foreign antigens?

However, the ultimate nature of that response,
at least partly, depends on the complex interaction
between the various positive and negative costimulatory
pathways. Targeting these pathways through timely
intervention needs better understanding of their spatial
and temporal expression. To achieve transplant tolerance,



Transplant tolerance through costimulation blockade

future strategies will need to harness the regulation of
alloimmune responses by negative costimulatory
pathways in addition to blockade of positive
costimulatory signals. Above all, a critical insight into the
interactions between different costimulatory molecules
and immunosuppressive agents is vital, along with
carefully designed mechanistic studies, to translate what
we learnt from rodents to humans.
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