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OBJECTIVES: To review the roles of allorecognition. transplant rejection. and immunosuppressive therapy 
in predisposing patients to viral infections. DATA SoURcES: Computer and bibliography searches were used 
to idenwy relevant articles. STUDY SELECTION AND DATA EXTRACTION: Both review and single articles were 
critically assessed with respect to data analysis and clinical relevance. CoNCLUSIONS: Advances in our 
knowledge about the nature and regulation of the immune response has enhanced our understanding of 
the etiology of transplant rejection. !-lost factors and immunosuppressive therapy may both be important 
in modulating the immune response after transplantation. Viral infections in the post-transplant period 
occur not only as a consequence of the immunocompromised state. but viruses themselves may either 
augment immunosuppression or initiate rejection. 
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Immunosuppression et reponse immunitaire dans les cas de transplantation 
OBJECTIFs: Passer en revue le role de l'alloreconnaissance. du rejet d'organes et du traitement immunosup
presseur dans Ia predisposition des patients aux infections virales. SoURCE DES DONNEES: Interrogation de 
banques informatisees et consultations bibHographiques afin d'identifier les articles perUnents. SELECTION 
DES ETUDES ET EXTRACTION DES DONNEES: Des articles de synthese et des articles de fond ont ete evalues pour 
ce qui est de I' analyse des donnees et de Ia pertinence clinique. CoNCLUSIONs: Les progres de Ia connaissance 
au sujet de Ia nature et de Ia regulation de Ia reponse immunitaire a ameliore notre comprehension de 
l'eliologie du rejet d 'organe. Les facteurs lies a !'hole et le trailement immunosuppresseur peuvent etre 
importants clans Ia modulation de Ia reponse immunitaire apres Ia transplantation. Les infections virales 
cluranlla periocle post-transplantation surviennenl non seulemenl a cause d'un elat immunocompromis, 
mais les virus eux-memes peuvent. soil aggraver !'immunosuppression ou amorcer le rejel. 
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USE 

OVER TilE PAST DECADE. NEW IMMUNOSUPRESSIVE REGI 

mens and improved patient care have had a bene
ficial impact on clinical outcome after transplantation, 
yet patient morbidity and mortality are still adversely 
influenced by infective complications. The immuno
compromised state is charactetized by infection with 
unusual organisms. especially viruses, and affected 
patients can develop a variety of life threatening ill 
nesses. Further success in preventing and treating 
such infections will likely depend on the development of 
more specific forms of immunosuppression, as well as 
on an understanding of the altered immune response in 
transplant recipients, and will have a profound impact 
on the managementofmanynontransplantdiseases. In 
this review, several newer concepts of rejection and 
immunosuppressive therapy are discussed. 

ALLOANTIGEN RECOGNITION 
Rejection occurs as a result of the host's response to 

alloantigen. Both antigen recognition and Lransplant 
rejection are the subject of intensive investigation, and 
excellent reviews have recenlly been published (1 -7). It 
has long been recognized that survival of allografts is 
significanlly inOuenced by the genes of the major histo
compatibility complex (MHC), which in humans is lo
calized to the short arm of L11e sixth chromosome. Two 
classes of molecules encoded by these genes are largely 
responsible for the recognilion of, and response to, 
antigen by T lymphocytes. Although these two classes 
of molecules differ in structure, they share many simi
larities in the way they function (2). Class I human 
leukocyte antigen (HLA) molecules have a chain derived 
from polymorphic heavy-chain glycoproteins. encoded 
by genes in the MHC, which bind noncovalently to 
betaz-microglobulin, whereas two glycoprotein chains 
form the class II MHC molecules, both of which are 
encoded in L11e MHC region. Class I molecules are 
constitutively expressed on nucleated cells. In contrast, 
class II molecules are only expressed on B lymphocytes 
and other antigen presenting cells (APC) such as 
macrophages, monocytes and dendritic cells. although 
their expression in many other tissues can be induced 
by various stimuli (eg, interferon-gamma). 

Our understanding of the immune response has 
been significantly enhanced by the observation that the 
presentation of a processed foreign peptide fragment by 
an APC to the antigen receptor of Lhe T cell is mediated 
by host MHC molecules. The peptide fragment is 'held' 
for presentation in the peptide binding groove of the 
MHC molecule , as elegantly demonstrated for class I 
molecules (8). Class II molecules are thought to func
tion in a similar way. Successful recognition of antigen 
only occurs (ie , is 'reslricted') when the antigen is 
presented by self-MHC molecules. This was initially 
demonstrated using virus-infected cells which are de
slroyed when the MHC molecule on both cytotoxic and 
infected cells are identical (9). Immune recognition is 
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also restricted in that class I MHC molecules 'recognize' 
CDS+ T lymphocytes, whereas class II molecules asso
ciate with CD4 receptors (1 0, 11). Allorecognition prob
ably occurs in a similar way, albeit with the foreign 
MHC molecules fulfilling the functions of both antigen 
and presenting MHC. It is not yet known whether there 
is an additional role during this process for Lhus far 
unidentified peptides, which could be processed MHC 
fragments , bound in Lhe MHC peptide groove (7 , 12, 13). 
Although the mechanisms whereby T lymphocytes 
recognize alloantigen and peptide fragments are essen
tially Lhe same, only a limited number ofT lymphocytes 
respond to Lhe presentation of a peptide fragment; in 
contrast, large numbers ofT cells will respond to allo
antigen, resulting in a much stronger response. ll is 
likely Lhat Lhe marmer in which alloantigen is pre
sented, ie, as foreign MHC wilh or williout bound 
peptide. may account for tl1is difference. The T cell 
antigen receptor (TCR) plays a critical role in the re
sponse to antigen, and its ability to recognize diverse 
antigens occurs as a result of genetic rearrangements 
of Lhe gennline sequences of its alpha and beta chains. 
which are strikingly similar to immunoglobulin chains. 

The interaction between antigen a nd TCR initiates a 
series of intracellular events (2, 14) . Dynamic trans recog
nition and cis aggregation of several surface molecule 
pairs occur during contact between the APC (or allo
geneic cell) and the T lymphocyte. The contact is in
itially weak, but U1e recruitment of several accessory 
molecules stabilizes Lhe interaction , allowing further 
recognition of the MHC-anligen complex by the T lym
phocyte. This results in the nonantigen-specific binding 
of either CD8-CD3 (cytotoxic/suppressor) or CD4-CD3 
(helper /inducer) molecules to the TCR complex. En
gagement of the TCR results in Lhe activation or inhibi
tion of several genes. and culminates in Lhe effector 
function of the T lymphocyte. Many olher cell sudace 
molecules participate in this process, and may influ 
ence cell homing and adhesion, as well as integrin 
function. Several receptors, whose functions are not yet 
completely understood, have also been identified. The 
signals relayed by these receptors are integrated within 
the cell, and signal transduction and cell activation 
appropriately modified. 

TCR engagement activates two signal transduction 
pathways: the phosphatidylinositol pathway and a tyro
sine kinase pathway. There is also evidence that a 
calcium charmel may participate in this process (2,15). 
In the first pathway. TCR stimulation results in phos
pholipase C mediated production of inositol 1,4,5-tri 
phosphate and diacylglycerol , which are the second 
messengers responsible for mobilization of cytoplasmic 
free calcium and activation of protein kinase C. The 
protein tyrosine kinase is responsible for the phospho
rylation of several substrates. Cytoplasmic free calcium 
and protein kinase Care ultimately respon sible for gene 
activation. 
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Once cell activation has been set in motion, the 
process proceeds relatively autonomously, with cyto
kine genes and their products among the first to be 
activated. Interleukin-2 and its receptor are early prod
ucts ofTCR activation, and play a critical role in further 
T cell proliferation and effector function. Other cyto
kines, such as interferon-gamma and interleukins-3 
to -6 also participate in this process. These cytokines 
influence macrophage, B cell, granulocyte and stem cell 
proliferation and function, and induce further expres
sion of MHC molecules on inducible cells. 

Despite the importance of the MHC in the immune 
response, the clinical relevance of HLA matching in 
renal transplantation remains controversial (16). 

REJECTION 
Modern concepts regarding rejection have developed 

from the original observation of Medawar and col
leagues (17). The complex events that underlie clinical 
rejection are initiated even before alloantigen recogni
tion has occurred. as nonspecific inflammation may 
result from the donor procurement and surgical proce
dures. These events include surgical trauma, ischemia 
and drug toxicity (IS, 19). The resulting inflammation, 
mediated in part by granulocytes and cytokines. endan
ger the allograft not only by causing cellular damage, 
but also by enhancing the risk of rejection through 
cytokine-mediated up-regulation of cell receptor ex
pression and potentiation of the stimulatory potency of 
donor dendritic cells. After surgical implantation, sev
eral events occur sequentially or simultaneously (3). 
These events can be conceived of as occurring either 
within the allograft itself (the ·peripheral' compartment) 
or external to the allograft, primarily within the lymph 
nodes. spleen and blood (the 'central' compartment). It 
has been demonstrated that allostimulation also oc
curs within the graft (20). although circulating donor 
dendritic cells, functioning as 'passenger leukocytes', 
may play a qualitatively more significant role in aBo
recognition and sensitization. 

These dendritic cells, which constitutively express 
class I and II MHC molecules, are potent immuno
stimulatory APCs and relocate outside of the graft, 
initiating the alloantigen recognition process in local 
lymph nodes, spleen and blood. As a result, resting T 
lymphocytes are transformed in host lymphoid tissue 
and then circulate widely: when they encounter donor 
alloantigen APC. endothelial or tubular cells (in the 
case of the kidney) within the graft, they are restimu
lated. These events lead to further local cytokine (in 
particular interferon-gamma, as well as interleukins-1 
through -6 and tumour necrosis factor), eicosanoid and 
adhesion molecule production. 

Mediators released locally following antigen recogni
tion by sensitized T cells play a crucial role in perpetu
ating and amplifYing the inflammatory response within 
the allograft, thus permitting the remaining phases of 
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rejection to occur (3). Lymphocyte proliferation. migra
tion, recruitment and attachment to allograft endo
thelium and other sites, as well as alloanUbody 
production, occur as a consequence of this effector 
phase. The net result of this process is tissue damage. 
due to both specific and nonspecific immune-mediated 
and inflammatory reactions. The allograft undergoing 
rejection is invaded by macrophages, T lymphocytes (of 
both CD4+ and CDS+ phenotypes), natural killer cells. 
and B lymphocytes. and the local production of cyto
toxic cytokines can also be demonstrated. 

Allografts vary in their immunostimulatory potency, 
and this is influenced by such factors as constitutive 
expression of MHC on tissues (especially vascular en
dothelium). vascularity, MHC and other histocompati
bility genes. as well as intrinsic allograft lymphocyte 
populations. 

Bone marrow recipients are threatened by a bidirec
tional process involving both allograft rejection (ie, 
host-versus-graft disease) as well as graft-versus-host 
disease (GVHD) (21). The former response usually re
sults in graft failure, which carries a very poor progno
sis. GVHD occurs when the graft containing immuno
logically competent cells is transplanted into an 
immunoincompetent host incapable of rejecting the 
graft, and where donor-recipient alloantigen mismatch 
results in allorecognition. Both host-versus-graft as 
well as GVHD may occur in U1e same patient, and the 
predominance of either response will depend mainly on 
the nature of the allograft. In addition to marrow trans
plantation, GVHD has been observed after fetal liver. 
small bowel or pancreas-spleen transplantation, trans
fusion of blood or vruious blood products to immuno
compromised hosts, and materno-fetal engraftment 
(22). The afferent and effector pathways of allorecogni
tion and allogeneic GVHD responses are similar to 
those of classical rejection (host-versus-graft disease). 
although the clinical syndromes are different. GVHD is 
mediated primarily by CDS+ and CD4 + T lymphocytes. 
as well as by natural killer cells. Acute GVHD occurs in 
20 to 50% of bone marrow transplants involving l-ILA
identical sibling donor-recipient pairs , and up to SO% 
of l-ILA-mismatched donor-recipient pairs, and is more 
likely to occur when there is an HLA donor-recipient 
mismatch, an older recipient or when the donor has 
previously been pregnant. Skin, liver and gut are the 
primruy targets of acute GVHD . Chronic GVHD is diag
nosed in 25 to 50% of patients up to 15 months after 
grafting, and the symptoms may range from mild to life 
threatening. Many of the symptoms of chronic GVHD 
resemble those of collagen vascular diseases, and the 
clinical syndromes may include localized or generalized 
scleroderma-like skin damage, autoimmune-like he
patic dysfunction, Sji:igren·s-type eye, salivary gland. 
and oral mucosal involvement, as well as muscle, lung 
and joint disease. 

In summary, post-transplant injury occurs as a result 
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of immune activation, which can manifest as two major 
processes: host-versus-graft disease and GVHD. While 
each process can predominate in a given patient and 
allograft, the two processes can also coexist, influencing 
the ultimate clinical manifestations of immune injury . 

IMMUNOSUPPRESSION AND INFECTION 
Infections occur in the immunocompromised host as 

a result of partial or complete abrogation of the immune 
response. The vulnerability to infection is not always 
related to the intensity of the immunosuppressive regi
men, and the term 'net immunosuppression' has been 
coined to describe a given patient's propensity for infec
tive complications (23). Determinants of net immuno
suppression include: the nature of the underlying host 
disease, such as uremia, diabetes mellitus, liver failure 
and malnutrition: abrogation of local skin and mucosal 
defence mechanisms; and immunosuppressive agents 
(23-25). This section focuses on the roles of immuno
suppressive agents as well as viruses, which are capa
ble of modifYing the immune response. 
Immunosuppressive agents : The successes of modern 
transplantation have resulted from advances in the use 
of immunosuppressive agents. Several new agents are 
currently being introduced into clinical trials (26-28). In 
general, the immunosuppressive agents can be classi
fied depending upon where they affect the cell cycle, 
although each agent may have multiple effects on the 
immune response. 

Rapamycin blocks the transduction of the inter
leukin-2/interleukin-2 receptor signal and has a pro
found effect on the immune response. Although it is a 
macrolide antibiotic, and thus similar to FK 506, its 
mechanism of action differs from the latter drug, and 
indeed, the two drugs are antagonistic in vivo. 

Steroids and 15-deoxyspergualin block interleukin-
1 production , inhibit macrophage function, and have 
additional effects on cytotoxic T cells and B cells. Gluco
corticoids inhibit early gene transcription through 
binding of glucocorticoid-induced receptors or proteins 
to DNA response elements (2.26,29). 

Cyclosporine is the mainstay of modem transplant 
therapy. and is similar to FK 506, which is being used 
increasingly for liver and even heart transplantation. 
Both drugs bind to cytoplasmic proteins (cyclophilin 
and FK-binding protein. respectively) which are cis

trans prolyl isomerase enzymes. These drug-binding 
protein complexes then inhibit calcineurins, which are 
a series of calcium-dependent phosphatases that cleave 
phosphate from cytoplasmic nuclear factor of activated 
lymphocytes (30). This reaction would normally allow 
the cleaved nuclear factor to permeate the nucleus and 
enhance mRNA transcription of interleukin-2. The ef
fect of cyclosporine and FK 506 is thus to inhibit 
cytokine production, especially interleukin-2, despite 
prior allorecognition. The recent observation that cyclo
sporine toxicity is HLA-DR related may also prove to be 
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important in understanding the mechanism of action of 
this agent (31). Newer analogues of cyclosporine (eg, 
IMM- 125) are being tested clinically because nephro
toxicity remains an important impediment to ils opti
mal use. 

Two classes of agents inhibit DNA synthesis and cell 
proliferation , thereby suppressing humoral and cell
mediated immune responses. This is achieved by inhib
iting the enzymes of either the purine pathway (mizor
bine and RS-61443 as well as the older drug 
6-mercaptopurine and its oral analogue azathioprine) 
or the de novo pyrimidine biosynthelic pathway (bre
quinar) . Mizorbine, an imidazole nucleoside antibiotic , 
has been extensively studied in Japan and may eventu
ally replace azathioprine, which is associated with 
hepatotoxicity and marrow suppression. RS-61443, de
rived from mycophenolic acid, acts synergistically with 
cyclospm-ine and is undergoing clinical trials. Both 
mizorbine and RS-61443 are more selective inhibitors 
of DNA synthesis than azathioprine, and block only the 
de novo and not the salvage pathways of purine synthe
sis. Brequinar (quinoline caboxylic acid) is an anti 
cancer agent which inhibits the enzyme dihydro-oro
tate dehydrogenase, and may have an important 
therapeutic role because of significant synergism with 
cyclosporine (32). 

Biological preparations, which include OKT3 (di
rected against the T lymphocyte CD3 receptor) and 
polyclonal antilymphoblast preparations, will likely be 
supplanted by less toxic and more effective 'humanized' 
monoclonal antibodies which target other T lymphocyte 
receptors (28). 

Finally, notwithstanding the plethora of new agents 
being introduced , it is likely that optimal clinical prac
tice will continue to depend on the judicious use of 
several agents simultaneously (32). 
Tolerance: Tolerance induction has been the subject of 
intensive study, as it is hoped that success in this area 
will diminish many of the problems associated with long 
term immunosuppressive therapy. The goal of achieving 
true tolerance for transplant allografts, defined as a 
stale of specific unresponsiveness to either a nominal 
antigen or an alloantigen, has remained an elusive one 
(33,34). Tolerance has been achieved in experimental 
animals (35), but only demonstrated in a limited num
ber of clinical situations (eg, using protocols which 
employ blood or bone marrow transfusions. or fo llowing 
total lymphoid irradiation). The mechanisms thought to 
be responsible forT cell tolerance (clonal deletion. clonal 
anergy, and active suppression of the immune re
sponse) (35.36) may also provide insight into our un
derstanding of autoimmune disorders . 

IMMUNOMODULATION BY INFECTIVE AGENTS 
Infections in the immunocompromised host may 

occur not only as a result of the state of 'net immuno
suppression', but may also enhance it (23). Human irn-
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munodeficiency virus-associated immunosuppression 
has provided abundant information regarding the 
mechanisms of virus-induced immunosuppression 
(37). and the role of viruses in transplant patients has 
also been eJ-.1:ensively studied. Recent findings regard
ing the role of superantigens (so named because they 
stimulate a large fraction of T lymphocytes) derived 
from bacteria and viruses, may prove to be important 
in understanding some of the problems of U1e immune
compromised host (38). Many infective agents, how
ever. potentiate rather than suppress the immune 
response and inflammation. and it has been postulated 
that virus-specific MHC-restrict.ed T lymphocytes may 
also initiate allograft rejection (39). 

Several observations regarding llie mechanisms of 
viral-induced immunomodulation have been made, and 
further studies will be required to determine the signifi
cance of these findings . T lymphocyte receptors may 
function as virus receptors (MHC for Semliki Forest 
virus and possibly adenovirus, and CD4 for human 
immunodeficiency virus) (37.40-42). and the mecha
nisms whereby herpesviruses modify transplantation 
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