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The replacement of diseased organs by transplantation is now an important medical therapy.
However, transplantation is limited by organ shortage. One solution to this problem is
xenotransplantation, in other words, the use of organs from animal donors. Although the problem
of hyperacute rejection is now largely solved, there is evidence that xenografts suffer other forms
of rejection, one of them being T cell response. Moreover, evidence suggests that the degree of
immunosuppression required to prevent T cell mediated xenograft rejection will be higher than
that needed to prevent T cell mediated allograft rejection. Thus, strategies for graft-specific
immunosuppression and improved tolerance are needed, and are discussed in this review.

BACKGROUND

The CD28 molecule is a cell surface glycoprotein
expressed predominantly on peripheral T cells and
thymocytes.>? Fifty percent of human CD8"* and
virtually all human CD4™ T cell, as well as all
murine T cells express CD28 constitutively.
Following T cell activation, CD28 expression
increases transiently and then decreases after its
engagement with its natural ligands, the B7
molecules. This reduction in CD28 expression leads
to a decreased the ability of the T cell to mobolise
intracellular stores of calcium, a critical component
of effective T cell signaling.?

Cytotoxic T-lymphocyte antigen-4 (CTLA-
4) is a structural homologue of CD28 (30%
homologous). It was discovered amongst a set of T
cell-specific, activation-induced genes.* CTLA-4 and
CD28 are structurally related glycoproteins of the
Immunoglobulin (lg) super family. Both structures
contain the conversed amino acid sequences
MYPPPY, which represents a necessary sequence for
binding to the B7 molecules.® However, there are a
number of differences between CD28 and CTLA-4.°
CD28 is expressed constitutively on resting T cells,
whilst CTLA-4 is up regulated only after T cell
activation. Although CTLA-4 glycoprotein is
expressed on the surface of both activated CD4™* and
CD8™ T cells, the majority of the protein remains
intracellular.” The ligation of CD28 is essential for
maximum CTLA-4 expression, since CD28-deficient
T cells are not efficiently upregulated via CTLA-4

mRNA after activation unless exogenous IL-2 is
added.® CD28 and CTLA-4 have different on/off
rates for the B7 molecules, with CD28 displaying a
fourfold faster dissociation rate from both B7
molecules than CTLA-4. Furthermore, CTLA-4 binds
B7-2 with a lower affinity and a faster off rate than
B7-1. Finally CTLA-4 has a dramatically higher
affinity for the B7 molecules than CD28.

FUNCTION OF CTLA-4 AND CD28

Early studies demonstrated that ligation of CD28 by
its natural ligands in the presence of TCR-
engagement leads to cytokine production (such as IL-
2, IL-9, IL-5, IL-13, IFN-y and GM-CSF)” and T cell
proliferation. CD28 engagement induced up to a 100-
fold increase in IL-2 production, whereas T cell from
CD28 knockout (KO) mice produced less than one-
tenth the amount of IL-2 after activation.'® The
CD28-mediated increased in cytokine production
reflects both an increased level of gene transcription
and mRNA stability."* More importantly, stimulation
of murine CD™ Th1 T cell clones in the absence of
CD28 ligation induces T cell clonal anergy, which
can be prevented by CD28 ligation.*

Other studies using CD28-deficient T cells
or CTLA-4 Ig in primary T cell cultures
demonstrated that CD28 engagement may regulate
multiple T cell functions other than anergy-induction.
First, in the presence of an effective CD28 signal, the
degree of TCR engagement required for T cell
activation is reduced significantly.*® Second, CD28
co-stimulation induces bcl-xI, an intracellular factor
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essential for long-term survival of activated T cells.
Third, CD28 co-stimulation plays a role in the
differentiation of Th1/Th2 subset.* Finally, CD28
appears to be essential for the development of CD8"*
T cells into cytolytic effectors.

The concept that CD28 functions as a co-
stimulatory molecule has been widely accepted. In
contrast, the function of CTLA-4 remains
controversial. Some studies suggest that CTLA-4,
like CD28, functions as an additional co-stimulatory
molecule on activated T cells.*>*® However, other in
vitro and vivo studies using anti-CTLA-4
Monoclonal antibodies (mAbs) clearly demonstrate
that CTLA-4 acts as a negative regulator for T cell
activation, For example, in vivo blockade of CTLA-4
leads to the exacerbation of experimental
autoimmune encephalomyelitis,"’ the enhancement of
an antitumour response, and the augmentation of a T
cell response in an adoptive transfer model. Data
from CTLA-4 knockout mice provides further
evidence that CTLA-4 has an inhibitory function.™®
Several groups have reported that in vivo blockade of
CTLA-4 results in the breakdown of T cell anergy-
induced by a soluble peptide or superantigen,
suggesting that CTLA-4 ligation is required for the
induction of peripheral T cell tolerance.®® Turka
and colleagues observed that anti-CTLA-4 treatment
could prevent CTLA-4 Ig-induced tolerance to
alloantigen in a murine heart transplantation model.?*
Recent studies have begun to explain the mechanisms
by which CTLA-4 could downregulate T cell
activation: CTLA-4 could inhibit T cell responses, by
out-competing CD28 for binding to B7 ligands, by
antagonizing CD28-mediated signaling and/or, by
antagonizing TCR-mediated signalling. These three
proposed mechanisms are not thought to be mutually
exclusive. Taken together, the studies mentioned
among others provide strong evidence that CD28 and
CTLA-4 have opposing effects on T cell activation. It
is generally accepted that CTLA-4 is a negative
regulator and may actively be involved in the
induction of peripheral T tolerance.

T CELL ACTIVATION, CD28 AND
CTLA4

Xenograft rejection depends on T cell activation.” T
cell activation results from specific interactions with
the TCR/CD3 complex and co stimulation via other T
cell surface receptors. Prevention of co-stimulation
can result in clonal anergy.?* The best characterized
co-stimulatory pathway is transduced through the
CD28 surface molecule. CD28 is a receptor for B7.
CTLA-4 is a gene closely related to CD28 which also
serves as a B7-ligand."*® CTLA-4 shares many
features with CD28 including a common counter-
receptor B7 that is present on Antigen presenting

cells (APCs).®® Also, the amino acid sequences of
CTLA-4 and CD28 are very similar.”’ Both CD28
and CTLA-4 exist as disulfide-linked homodimeric
glycoprotein®®# and both are members of the
immunoglobulin super family that contains single V-
like domains.! Furthermore, an unpaired cysteine
residue at a position just proximal to the
transmembrane domain is present in both.?” CTLA-4
and CD28 both possess a distinctive hexapeptide
motif, MYPPPY, conserved across virtually all
species, which is essential for binding to B7, as
determined by mutagenesis.>*°

Although CTLA-4 and CD28 share many
structural similarities, they differ in many aspects
also. The outcome of the CD28 ligation in the
presence of TCR occupancy is T cell proliferation,
enhanced survival and cytokine production, all of
which are essential for normal T cell function.**%
Based on early studies, CTLA-4 was believed to play
a similar role to CD28 in the regulation of T cell
responses, due to the amino acid sequence homology
and ligand binding specificity. However, recent
functional studies in mice and humans, suggest a
different role for CTLA-4. These studies support a
role for CTLA-4 as a downregulatory molecule in T
cell activation.?® Consistent with this view, are
experiments where Fab’ fragments of anti-CTLA-4
Abs have been observed to augment T cell
proliferation.® This is in turn consistent with the
blocking of a negative regulatory function, whereas
agonistic cross-linking of intact Abs has revealed
potent inhibition of T cell proliferation.® Direct
evidence for a physiologic role for CTLA-4 in the
downregulation of activated T cells comes from
studies with CTLA-4 deficient mice.’®* Data from
these studies are consistent with a role for CTLA-4
signalling in the negative regulation of activated T
cells.?® Reports have shown that CTLA-4 deficient
mice rapidly develop lymphoproliferative disease and
suffer from fatal multiorgan tissue destruction.®

ADVANCES IN ORGAN
TRANSPLANTATION

Over the last 40 years, remarkable results have been
achieved in the field of organ transplantation. Some of
the major factors that have contributed to these results
are better immunosuppression, matching for HLA,
better preservation, and resolution of most of the
earlier technical problems associated with organ
transplantation. One of the biggest problems is chronic
rejection and the achievement of tolerance to an organ
graft represents the best solution to this problem.**
Moreover, a solution to the problem of
allograft shortage is xenotransplantation, i.e. the use of
organs from animal donors.® However, in order for
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xenotransplantation to be an effective therapy, the host
immune response (leading to xenograft rejection) must
be solved. Partially inbred miniature swine are
attractive as donors for clinical xenotransplantation
due to their size, breeding characteristics, physiology,
and availability of major histocompatability complex
(termed SLA in swine) homozygous lines.*® Until now,
phenomenon of hyperacute rejection was a barrier in
xenotransplantation and resulted in rapid destruction of
the xenograft® However, human complement
transgenic pigs (DAF) have been generated and organs
from such animals are resistant to rejection.®® These
organs do however suffer other types of rejection,
including T cell responses.®**

T-CELL MEDIATED REJECTION

Cellular responses to xenoantigens in grafted organs
are mediated by two mechanisms. One is the ‘direct’
xenotransplantation mechanism that is mediated by T
lymphocytes whose receptors have specificity for the
xenogeneric  Major Histocompatibility =~ Complex
(MHC) class I or class 1l molecule in combination with
the peptide. Such responses are characterized by a high
precursor frequency of responding T cells. Their
receptors are specific for xenogeneric peptides that are
derived from the grafted organ and mediate indirect
recognition of the graft. Proteins from the graft are
processed by self antigen presenting cells and therefore
Elresented by self MHC class | or class Il molecules.®*

IMMUNO-SUPPRESSSIVE
TREATMENTS

At present, major therapies to prevent the rejection of
xenogenic organ transplants rely on immunosuppressive
drugs, such as cyclosporine A and FK 506, or
monoclonal antibodies (mAbs) to CD3.
Immunosuppressive drugs (also called anti-rejection
drugs) are important because they prevent the body
rejecting the transplanted organ. If this damage occurs
within days it is known as acute rejection. If the time
course is longer than this it is defined as chronic
rejection. The risk of rejection is greatly reduced by
immunosuppressive drugs that protect the transplanted
organ and preserve its functionality. These drugs aim to
suppress unwanted immuno-responses and thus make
reactions against the transplanted organ less likely. A
variety of drugs achieves this same basic aim but work
in different ways to reduce the immune response.
However, immunosuppressive drugs may also exhibit
side effects. First, their use increases the risk of
infections. The body's immune system protects against
bacterial and viral infections and, when the immune
system is compromised, the chance of infection
increases accordingly. Furthermore, in this context,
pharmaceutical use increases the risk of cancer as the

immune system also plays a role in protecting the body
against some  forms  of  cancer.  When
immunosuppressive drugs are used for a long period of
time there is, by comparison with the general
population, an increased risk of developing skin cancer
caused by a combination of the drugs and exposure to
sunlight. However, in xenotransplantation, relying on
drugs alone to prevent rejection may not be effective.
Thomas et al* showed that cyclosporine was only
effective in xenograft models when it was used in very
high, toxic doses. They also found that FK 506 was
toxic at doses above 1.5-2 mg/Kg with a significant
high rate of animal death. Surprisingly, Todo's work® in
higher primates suggested very little toxicity with FK
506, even when it was used with cyclosporine-A.
Thomas’s group also observed that the combination of
these two drugs was particularly toxic and suggested
that this combination was unlikely to produce good
results, whether in allografting or xenografting, because
of its inherent toxicity.** Thus, an alternative approach
to using immunosuppressive drugs needs to be
developed in order to prolong xenograft survival. Many
novel treatments are in development, particularly
antibodies blocking surface molecules critical in T cell
activation as B7.1 (CTLA4-Ig) and anti-CD40L.

CTLA-4 AND CANCER THERAPY

Very recently, there have been studies shown
encouraging results and may appear to be a promising
strategy for cancer immunotherapy. Numerous clinical
trials testing the blockade of CTLA-4 prompted efforts
to target the signalling molecule for a variety of cancers
including: malignant glioma, colorectal carcinoma and
melanoma. ™" Recent  developments in the
understanding of CTLA-4 signalling pathways are
expected to provide new opportunities for safer
chemotherapy. We expect many of these new
developments will now be rapidly implemented and will
soon play an important role within chemoprevention
strategies in the treatment of cancer patients. It was also
made clear that several important new pharmacological
strategies and innovative approaches in this area are
under active current development, and that these are
soon likely radically to change our management of
cancer patients.

CHARACTERISTICS OF CTLA4-LG

CTLA-4lg is a soluble recombinant protein, which
contains the extracellular domain of human CTLA4-Ig
fused to a human Ig C y-chain. CTLA4-lg binds
efficiently to murine and rat B7.%* CTLA4-Ig inhibits B7
— dependent immune responses in vitro, while in vivo
CTLA4-Ig blocks T cell —dependent B cell antibody
production and prevents the rejection of xenogeneic islet
and allogeneic islet and allogeneic cardiac allografts.”**®
It has been observed in studies of cardiac allograft
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rejection that animal treated with daily injections of
CTLA4-Ig for seven days, initiated at the time of
transplantation, had greatly prolonged graft survival,
although most animals eventually rejected the graft.”* A
key characteristic, which distinguishes CTLA4-1g from
other approaches to immune suppression, is its ability to
induce tolerance to specific immune responses.
Induction of tolerance may allow for the treatment of
immune disorders without globally compromising the
ability of the immune system to mount a response to an
infection.??

Lanschow was the first investigator to
demonstrate that CTLA4-Ig was effective in an animal
model of disease. Lenschow™ transplanted insulin-
producing cells from humans into diabetic mice and
monitored their ability to control blood sugar. Untreated
mice rejected the transplant within one week, however,
mice treated with CTLA4-Ig for two weeks showed no
sign of rejection even after the CTLA4-Ig treatment was
discontinued. These data demonstrated for the first time
that CTLA4-Ig has the potential to be used as an
immunosuppressive drug and that it may thus induce
tolerance. Lin et al found that donor — specific cell
transfusion at the time of transplantation, followed by a
single dose of CTLA4-1g two days later, is enough to
lead to prolonged, often indefinite, cardiac allograft
survival. Since no treatment is required before
transplantation, these results may be clinically
applicable for cadaveric organ and tissue transplantation
in humans.>

Furthermore, Tang et al® in his study, using a
strategy that induces transplantation tolerance,
demonstrated that the effect of CTLA4-Ig
administration in vivo leads to two alterations in normal
T cell priming. Following immunization, pigeon
chromosome ¢ (PCC) reactive T cells from animal
treated with a single dose of CTLA4-Ig expanded to
50% of the level achieved in control animals. These
results are consistent with those of previous studies. The
second effect observed was the induction of anergy in
the residual population.?*

Moreover, based on Perico et al, CTLA4-Ig
given for seven days at the dose of 0.2 mg/day as the
sole  immunosuppressive  therapy,  considerably
prolonged rat renal allograft survival.>® Also, humoral
responses and allograft and xenograft rejection have
been suppressed in rodents treated with CTLA4-Ig.
These findings have supported the potential for human
CTLA4-Ig (hCTLAA4-Ig) therapy in humans. Levisetti et
al”” investigated how hCLTA4-Ig affected a non-human
primate  model of allogeneic pancreatic islet
transplantation. Their results demonstrated that a short
course of hCTLA4-Ig therapy is safe and suppresses
transplant-specific humoral responses in the absence of
any other immunosuppressive drug. Moreover, two of
five treated monkeys showed prolonged graft survival

and evidence of donor-specific cellular
hyporesponsiveness in vitro.”’

Following these initial observations, CTLA4-
Ig has been shown by numerous research groups to
exhibit activity in animal models of solid organ
transplantation (heart and kidney), bone marrow
transplantation and autoimmune diseases such as lupus
and multiple sclerosis.

USE OF CTLA4-1G IN CLINICAL
XENOTRANSPLANTATION

In order to prolong the survival of xenografts in
humans, the T cell anti-graft response must be
successfully suppressed. Two doses of CTLA4-1g peri-
transplantation are enough to lead to inhibition of
mouse responses against the graft, since direct
immunogenicity is lost. However, unlike allografts, pig
organs appear to be especially immunogenic in man
because they provoke particularly vigorous ‘direct’
and ‘indirect” xenoresponses. Furthermore, pig
endothelial cells (EC) that express porcine B7
molecules (CD80 and CD86) stimulate strong “direct’
human T cell response. The implication of this is that
the “direct” immunogenicity of the graft will persist
long after transplantation implying that any
immunosuppressive treatment, including CTLA4-Ig,
may have to be administered for prolonged periods of
time. In order to avoid generalized systemic
immunosuppression it is therefore desirable to develop
reagents with graft- specificity.*®

Vaughan et al described the cloning and
sequencing of the pig homologue of CTLA-4
(pCTLA-4) and the characterization of a derived
soluble fusion protein, pPCTLA-4 Ig. When pCTLA-4
was compared to human, a high degree of conservation
was found in the predicted protein sequence, although
a leucine residue replaced the methionine at position
97. A fusion protein was constructed from the
extracellular regions of pCTLA-4 and the constant
regions of human IgG1 and it was observed that it
could bind pCD86 with the same affinity to that of
human CTLAA4-1g. Nonetheless, pCTLA4-lg bound
inadequately to human B7 molecules expressed on
fibroblast transfectants and EBV- transformed human
B cell lines. In functional assays, with MHC class 11
expressing porcine EC and human B cells, pCTLA4-Ig
blocked human CD4™* cell responses to pig but not
human cells whereas control human CTLA4-Ig
inhibited both. Based on these outcomes pCTLA-Ig,
by being unable to inhibit the delivery of co-
stimulatory signals provided by human B7, may prove
to be a relatively specific reagent for inhibiting the
direct human T cell responses to immunogenic pig
tissue. Based on the finding of this difference between
the donor and host species, Vaughan et al suggested
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that pCTLA4-Ig may be a reagent that should have
graft-specific immunosuppressive properties.*®

CONCLUSION

There have been huge advances in research into
CTLA-4. New approaches, based on cell death

techniques,

in treating several malignancies and

transplantation are highly promising. We are currently
in a phase where these techniques are now being
refined ever more precisely towards the successful
attainment of effective therapies to increase the cure
rate of cancer and successful transplantation.

REFERENCES

1.

10.

11.

12.

13.

14.

15.

Freeman J, Borriello F, Hodes R, Reiser H , Gribben G, Judy
W, et al. Murine B7-2 is an alternative CTLA4 counter-
receptor that costimulates T cell proliferation and IL-2
production. J Exp Med 1993;178:2185.

Linsley PS, Clark EA, Ledbetter JA. T-cell antigen CD28
mediates adhesion with B cells by interacting with activation
antigen B7/BB-1. Proc Natl Acad Sci USA 1990;87:5031-5.
Linsley PS, Bradshaw J, Urnes M, Grosmaire L, Ledbetter JA.
CD28 engagement by B7/BB-1 induces transient down-
regulation of CD28 synthesis and prolonged unresponsiveness
to CD28 signaling. J Immunol 1993;150:3161-9.

Brunet JF, Denizot M, Luciani DM, Roux M, Suzan P,
Golstein P. A new member of the immunoglobulin
superfamily—CTLA-4. Nature 1987;328:267-70.

Peach RJ, Bajorath J, Bradshaw J, Leytzer G, Green J,
Naemura J, et al. Complementarily determining region 1
CdR1-and CDR3-analogous region in CTLA4 and CD28
determining the binding to B7-1. J Experimental Medicine
1994;180:2049.

Lenschow DJ, Walunas TL, Bluestone JA. CD28/B7 system of
cell costimulation. Annual Review of Immunology
1996;14:233.

Damle NK, Klussman K, Leytze G, Myrdal S, Aruffo A,
Ledbetter JA, et al. Costimulation of T lymphocytes with
integrin ligands intercellular adhesion molecule-1 or vascular
cell adhesion molecule-1 induces functional expression of
CTLA-4, a second receptor for B7. J Immunol 1994;152:2686.
Alegre ML, Noel PJ, Eisfelder BJ, Chuang E, Clark MR,
Reiner SL, et al. Regulation of surface and intracellular
expression of CTLA4 on mouse T cells. J Immunol
1996;157:4762-70.

June CH, Bluestone JA, Nadler LM, Thompson CB. The B7
and CD28 receptor families. J Immunol 1994;15:321.
Shahinian A, Pfeffer K, Lee KP, Kiindig TM, Kishihara K,
Wakeham A, et al. Differential T cell costimulatory
requirements in CD28-deficient mice. Science 1994;261:609.
Fraser JD, Irving BA, Crabtree GR, Weiss A. Regulation of
interleukin-2 gene enhancer activity by the T cell accessory
molecule CD28. Science 1992;251:313.

Harding FA, McArthur JG, Gross JA, Raulet DH, Allison JP.
CD28-mediated signalling co-stimulates murine T cells and
prevents induction of anergy in T-cell clones. Nature
1999;356:607.

Muraille EM, De Becker G, Bakkus M, Thielemans K, Urbain
J, Moser M, et al. Co-stimulation lowers the threshold for
activation of naive T cells by bacterial superantigens. Int
Immunol 1995;7:295.

IC Rulifson, Al Sperling, PE Fields, FW Fitch, Bluestone JA.
CD28 costimulation promotes the production of Th2 cytokines.
J Immunol 1998;158:658.

Linsley PS, Greene JL, Tan P, Bradshaw J, Ledbetter JA,
Claudio Anasetti, et al. Co expression and functional

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

cooperation of CTLA-4 and CD28 on activated T
Lymphocytes. J Exp Med 1994;176:1595.

Wu Y, Guo Y, Huang A, Zheng P, Liu Y. CTLA-4-B7
interaction is sufficient to costimulate T cell clonal expansion. J
Exp Med 1999;85:1327.

Karandikar NJ, Vanderlugt CL, Walunas TL, Miller SD,
Bluestone JA. CTLA-4: a negative regulator of autoimmune
disease. J Exp Med 1996;184:783.

Waterhouse P, Penninger JM. Timms E, Wakeham A,
Shahinian A, Lee KP, et al. Lymphoproliferative disorders with
early lethality in mice deficient in CTLA-4 Science
1995;270:985.

Perez VL, Van Parijs L, Biuckians A, Zheng XX, Strom TB,
Abbas AK. Induction of peripheral T cell tolerance in vivo
requires CTLA-4 engagement. Immunity 1998;6:411.
Wallunas TL, Lenschow DJ, Bakker CY, Linsley PS, Freeman
GJ, Green JM, et al. CTLA-4 can function as negative
regulator of T cell activation. Immunity 1995;1:405.

Judge T, Tang A, Spain L, Geans J, Sayegh M, Turka L. The
in vivo mechanism of action of CTLA4-lg. J Immunol
1997;156:2294.

Mason D, Morris P. Effectors mechanisms in allograft
rejection. Ann Rev Immunol 1988;4:119-46.

Baliga P, Chavin K, Qin L, Woodward J, Lin J, Linskey P, et
al. CTLA4-Ig Prolongs allograft survival while suppressing
cell-mediated immunity. Transplantation 1995;58:1082.

Gimmi C, Freeman G, Gribben J, Grav G, Nadler L. Human T-
cell clonal anergy is induced by Ag presentation in the absence
of B7 costimulation. Proc Nat Acad Sci USA 1993;90:6586.
Wallunas TL, Bakker CY, Bluestone JA. CTLA-4 ligation
blocks CD28- dependent T cell activation. Journal of Exp Med
1996;183:2541.

Vandenborre K, Gool S, Kasran A, Ceuppens L, Boogaerts M,
Vandenberghe P. Interaction of CTLA-4 with CD80 and CD86
inhibits human T-cell activation. Immunology 1999;98:413.
Lindsten T, Lee KP, Harris ES, Craighead N, Petrynaik B,
Reynolds PJ, et al. Characterization of CTLA-4 structure and
expression on human T cells. J Immunol 1993;151:3489.
Balazano C, Buonayista N, Rouvier E, Golstien P. CTLA-4
and CD28:similar proteins, neighboring genes. Int J Cancer
1992;7:28.

Ellis JH, Burden MN, Vinogradov DV, Linge C, Crowe JS.
Interactions of CD80 and CD86 with CD28 and CTLA4. J
Immunol 1999;156:2700.

Boulougouris G, Mcleod J, Patel YI, Ellwood N, Wallker L,
Sansom DM. Positive and negative regulation of human T cell
activation mediated by the CTLA4/CD28 ligand CD80. J
Immunol 1999;161:3919.

Sperling Al, Auger JA, Ehst BD, Rulifson I, Thompson CB,
Bluestone JA. CD28/B7 interactions deliver a unige signal to
naive T cells that regulates cell survival but not early
proliferation. J.Immunol 1996;157:3909.

Krummel MF, Allison JP. CD28 and CTLA-4 have opposing
effects on the response of T cells to stimulation. J Exp Med
1995;182:459.

Tivol EA, Borriello F, Schweitzer AN, Lynch W, Bluestone
JA, Sharpe AH. Loss of CTLA-4 leads to massive
lymphoproliferation and fatal multiorgan tissue destruction,
revealing a critical negative regulatory role of CTLA-4
Immunity 1995;3:541.

Janeway CA Jr., Travers P, Walport M, Shlomchik
MJ. Immunobiology. 5" ed. Garland Publishing. 2001.
Dorling A, Riesbeck K, Warrens A, Lechler RI. Clinical
Xenotransplantation of solid organs. Lancet 1997;349:867.
Bach FH. Some problem related to discordant xenografting.
Transplantation Proceedings 1997;29:3009.

Rollins S, Kennedy S, Choden A, Elliott E, Zavoico G, Matis
L. Evidence that activation of human T cells by porcine
endothelium involves Direct recognition of SLA and co

44

http://www.pps.org.pk/PJP/5-2/Faris.pdf



Pak J Physiol 2009;5(2)

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

stimulation by porcine ligands for LFA-1 and CD2.
Transplantation 1997;57:1709.

Cozzi E, White D. The generation of transgenic pigs as
potential organ donors of humans. Nat Med 1993;9:964.
Pearson EC, Alexander DZ, Hendrix R, Elwood E, Linsley PS,
Winn KJ, et al. CTLA4-Ig+bone marrow induces long term
allograft survival and donor specific unresponsiveness in the
murine model. Transportation 1996;61:997.

Van der Merwe, Bodian DL, Daenke S, Linsley P, Davis SJ.
CD80 binds both CD28 and CTLA-4 with a low affinity and
very fast kineties. J Exp Med 1997;185:393.

Dorling A, Lombardi G, Bins R, Lecher RI. Deduction of
primary direct and indirect human anti-porcine T cell responses
using a porcine dendritic cell population. Euro J Immunol
1996;26:1378.

Thomas F, DeMasi R, Araneda D, Marrchman W, Alqgaisi M,
Larkin E, et al. Comparative. Efficiency of immunosuppressive
drugs in xenogrfting. Transpl Proceed 1990;22:1083.

Todo S, Demetris A, Ueda Y. Effectors mechanisms in
allograft rejection. Transpl Proceed 1988;19:57.

Lens M, Ferrucci PF, Testori A. Anti-CTLA4 monoclonal
antibody Ipilimumab in the treatment of metastatic melanoma:
recent findings. Recent Patents Anticancer Drug Discov
2008;3:105-13.

Chin LT, Chu C, Chen HM, Wang DW, Liao SK. Immune
intervention with monoclonal antibodies targeting CD152
(CTLA-4) for autoimmune and malignant diseases. Chang
Gung Med J 2008;31:1-15.

O'Day SJ, Hamid O, Urba WJ. Targeting cytotoxic T-
lymphocyte antigen-4 (CTLA-4): a novel strategy for the
treatment of melanoma and other malignancies. Cancer
2007;110:2614-27.

Mazzolini G, Murillo O, Atorrasagasti C, Dubrot J, Tirapu I,
Rizzo M, et al. Immunotherapy and immunoescape in
colorectal cancer. World J Gastroenterol 2007;13:5822-31.
Hodi FS. Cytotoxic T-lymphocyte-associated antigen-4. Clin
Cancer Res 2007;13:5238-42.

Langer LF, Clay TM, Morse MA. Update on anti-CTLA-4
antibodies in clinical trials. Expert Opin Biol Ther
2007;7:1245-56.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Ribas A, Hanson DC, Noe DA, Millham R, Guyot DJ,
Bernstein SH, et al. Tremelimumab (CP-675,206), a cytotoxic
T lymphocyte associated antigen 4 blocking monoclonal
antibody in clinical development for patients with cancer.
Oncologist 2007;12:873-83.

Weber J. Review: anti-CTLA-4 antibody ipilimumab: case
studies of clinical response and immune-related adverse events.
Oncologist 2007;12:864-72.

Linsely PS, Bredy W, Urnes M, Grossmaire L, Damel N,
Ledbetter J. CTLA-4 is a second receptor for the B cell
activation antigen B7. J Exp Med 1991;174:561.

Lenschow DJ, Zeng Y, Thistlewaite J, Montag A, Brady W,
Gibson M, et al. Long-term survival of xenogeneic pancreatic
islet grafts induced by CTLA4 —Ig. Science 1992;57:789.

Lin H, Bolling S, Linsley P, Wei R, Gordon D, Thompson C, et
al. Long-term acceptance of Major Histocompatibility
Complex mismatched cardiac allografts induced by CTLA4-1g
plus donor—specific transfusion. J Exp Med 1993;178:1801.
Tang A, Judge TA, Nickoloff BJ, Turka LA. Suppression of
murine allergic contact dermatitis by CTLA4lg. Tolerance
induction of Th2 responses requires additional blockade of
CD40-ligand. J Immunol 1996;157:117.

Perico N, Imberti O, Bontempalli M, Remuzzi J. Towards
novel anti rejection strategies: in vivo immunosuppressive
properties of CTLA4-1g. Kidney International 1995;47:241.
Levisetti M, Padrid P, Szot G, Mittal N, Meehan S, Wardrip C,
et al. Immunosuppressive effects of human CTLA4-Ig in a non
human primate model of allogeneic pancreatic islet
transplantation. J Immunol 1997;159:5187.

Dorling A, Lechler RI. T cell-mediated xenograft rejection:
specific tolerance is probably required for long term xenograft
survival. Xenenotransplantation 1999;5:234.

Vaughan AN, Mald P, Rogers N, Jackson NI, Lechler R,
Dorling A. Porcine CTLA-4lg lacksa MYPPPY motif, binds
inefficiently to human B7 and specifically suppresses human
CD+T cell responses co-stimulated by pig but not human B7. J
Immunol 2000;165:3185.

Address of correspondence:

Faris Q. Alenzi,

Associate Professor of Immunology and Consultant Immunologist, Department of Clinical

Laboratory Sciences, College of Applied Medical Sciences, King Saud University, PO Box 422 AlKharj 11942,
Saudi Arabia. Fax: +966-1-5454586.

Email: faris_alenzi@hotmail.com, fgalenzi@ksu.edu.sa

http://www.pps.org.pk/PJP/5-2/Faris.pdf 45



