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Abstract
As T cells alone are both necessary and sufficient for the rejection of virtually all allogeneic tissues,
much of transplantation immunology has focused on cells of the adaptive immune system. During
the past decade, advances in our understanding of innate responses to pathogen-associated molecules
have spurred a “rediscovery” of innate immunity. Fueled by this, an increasing body of literature has
emerged in which the role of the innate immune system in allograft rejection and tolerance has been
examined more closely. This review will give an overview of recent studies and emerging concepts
of how the cellular components of the innate immune system participate in the immune response to
solid organ transplantation. These important studies highlight the complex interplay between diverse
cells of the immune response and provide the basis for optimal strategies of tolerance induction.

For many years, the field of transplantation immunology has focused on cells of the adaptive
immune system. Fostered by work showing that T cells are both necessary and sufficient for
rejection of virtually all allogeneic tissues, most investigators have emphasized T cell-mediated
mechanisms of allograft rejection and tolerance induction. However, advances in our
understanding of innate responses to molecules derived from microorganisms has spurred the
“rediscovery” of innate immunity and highlighted its critical role in shaping the adaptive
response (1). Consistent with these observations, an increasing body of literature has emerged
examining the role of the innate immune system in allograft rejection and tolerance. This review
will discuss recent studies and emerging concepts of how the cellular components of the innate
immune system participate in the immune response to solid organ transplantation.

Pathways of allorecognition and the essentials of acute allograft rejection
Allorecognition refers to the ability of T cells to recognize genetically different MHC
molecules and occurs by two distinct but nonmutually exclusive pathways. In the direct
pathway, alloreactive T cells recognize intact donor MHC molecules on APCs that are
“passengers” in the transplanted tissue (2). In the indirect pathway, host APCs process Ag
derived from donor MHC molecules and present them to alloreactive T cells in a self-restricted
manner (3). After naive T cells receive activating signals in lymphoid tissue, they transition to
effector cells and engage the graft directly (Fig. 1). Acute graft rejection is considered a T cell-
mediated process based on several studies showing mice lacking T cells accept fully
mismatched allografts, with rejection occurring only upon T cell reconstitution. Graft damage
is caused by mechanisms that include direct T cell cytotoxicity and classic delayed-type
hypersensitivity (4).
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However, it is clear from recent data that the paradigm described above is incomplete and does
not fully represent the interplay of events associated with allotransplantation. Although T cells
have a critical role in acute rejection, it is now recognized that up-regulation of
proinflammatory mediators in the allograft occurs before the T cell response; this early
inflammation is due to the innate response to tissue injury independent of the adaptive immune
system (5–7). For example, using RNase protection assay of cardiac allografts 1 day after
transplantation, He et al. (6) found the patterns of cellular infiltration, chemokine receptor, and
proinflammatory cytokine expression were similar in RAG-deficient transplant recipients
compared with recipients with intact adaptive immunity. Thus, innate, Ag-independent
proinflammatory events occur soon after transplantation and may be further shaped and
amplified by the graft-specific adaptive response (7).

PRRs as sensors of invading microorganisms and tissue injury
All multicellular organisms have evolved molecular mechanisms to sense danger and rapidly
mount protective responses. Such first-line immune mechanisms are collectively referred to
as innate immunity. In contrast to cells of the adaptive immune system, innate immune cells
perform their sentinel function by using nonrearranged receptors that are referred to as pattern
recognition receptors (PRRs)3 (8). PRRs sense conserved pathogen-derived molecules that
identify infectious nonself from self, although recent data suggest these receptors may also
sense host-derived molecules released from damaged or stressed tissue (9). Because
transplantation of some tissues (e.g., skin) is inherently nonsterile, and ischemic and surgical
trauma releases endogenous molecules capable of activating PRRs (see below), these systems
are relevant to transplantation biology.

TLRs are a well-studied family of PRRs, which play a major role in activating innate responses
and directing adaptive immunity (10). These receptors are expressed in a diverse cast of
hemopoietic cells, including DCs, B cells, mast cells, and T cells, but are also found in
endothelial cells and organ parenchyma cells (11,12). Furthermore, the expression of TLRs is
modulated dynamically by inflammatory mediators and other local or systemic danger signals.
As transmembrane proteins, the ligand-binding regions of TLRs survey the extracellular
environment or the contents of membrane-enclosed intracellular vesicles. Once stimulated, a
cascade of signaling events occur, which in most cases results in the downstream activation of
the transcription factors NF-κB and AP-1 (13). Thus, TLR signals lead to the rapid transcription
of genes associated with inflammation, resulting in the production of proinflammatory
cytokines and chemokines, antimicrobial peptides, adhesion molecules, and, in the case of
APCs, enhanced Ag presentation and up-regulation of costimulatory molecules (1,13).

In addition to TLRs, two other families of PRRs that recognize microbial products have
received increasing attention: the NOD-like receptors (NLRs) and the RIG-like helicases
(RLHs). In contrast to TLRs, NLRs and RLHs are soluble proteins that survey the intracellular
compartment. RLHs are defined as cytoplasmic sensors of viral double-stranded RNA, which
upon activation trigger NF-κB and IFN regulatory factor-3/7 transcription factors, resulting in
type I IFN responses (14). NLRs represent two large subclasses that consist of the NODs and
members of the NALP family (15). NOD1 and NOD2 detect components of bacterial
peptidoglycan, which analogous to TLRs, leads to the downstream activation of MAPKs and
NF-κB. Regarding NALP proteins, recent data suggest a direct role as intracellular sensors of
cellular stress. Of particular interest is NALP3, which in association with two adaptor proteins,
ASC and CARDINAL, complexes with caspase-1 to form a structure referred to as the NALP3-

3Abbreviations used in this paper: PRR, pattern recognition receptor; DC, dendritic cell; HMGB1, high-mobility group box 1; NLR,
NOD-like receptor; PMN, polymorphonuclear neutrophil; RAGE, receptor of advanced glycation end product; RLH, RIG-like helicase;
Treg, regulatory T cell; TRIF, Toll/IL-1R domain-containing adaptor-inducing IFN-β.
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inflammasome (16). In-flammasomes are molecular platforms that control the activation of the
proinflammatory cytokines IL-1β and IL-18. Endogenous danger signals, such as rapid
potassium efflux from the cytosol induced by high ATP concentrations or the presence of
monosodium urate crystals, induce caspase-1 activity by a mechanism dependent on the
NALP3-inflammasome (17,18).

Another PRR known as receptor of advanced glycation end products (RAGE) has been recently
in the spotlight. RAGE is a cell surface transmembrane receptor expressed on a variety of
hemopoietic and parenchymal cells. It was first described as a receptor for the products of
nonenzymatic glycation and protein oxidation, which are associated with certain inflammatory
disease states such as diabetes and chronic renal failure (19). Further study found RAGE to
bind to several other protein molecules with similar tertiary structures, including amyloid fibril
components, proinflammatory mediators of the S100/calgranulin family, and high-mobility
group box 1 (HMGB1) protein (20,21). Upon stimulation with its ligands, RAGE signals via
a largely unknown pathway, ultimately leading to NF-κB activation (20). In addition to its role
in inflammation, recent studies (22,23) suggest RAGE also serves as a receptor for β2 integrins
and directly participates in leukocyte recruitment.

Beyond those listed above, other PRRs have been characterized, some of which include
scavenger receptors, mannose binding lectin, complement receptors, dectin-1, and DC-specific
ICAM-grabbing nonintegrin, all with as yet unknown roles in allotransplantation.

Injury and endogenous danger in transplantation
The “self-nonself discrimination model” was advanced by Jane-way (24) and others with the
discovery that pathogen-associated molecules activate innate immunity through PRRs and
direct the adaptive response to infection. In a broader sense, the “danger model” as proposed
by Matzinger (25) describes immune surveillance that detects and responds to cellular damage
caused by microbial infection or other endogenous alarm signals. In the setting of
allotransplantation, Land et al. (26) proposed a similar “injury hypothesis” to describe the
clinical finding that intraoperative treatment of cadaver-derived renal allografts with a free-
radical scavenger reduced the incidence of acute rejection and improved long-term outcome.
In these damage or injury models, Ag-independent insults to the allograft caused by
procurement and ischemia/reperfusion injury enhance immunogenicity through the activation
of passenger APCs. Thus, allorecognition and rejection are inherently promoted by the
unavoidable injurious consequences of organ transplantation (Fig. 1).

Central to the danger model is the ability of tissue to communicate to the immune system the
occurrence of cellular stress or injury. Work from the Kupiec-Weglinski group (27,28)
examining a model of ischemia/reperfusion liver injury demonstrated that TLR4 signaling, but
not TLR2 signaling, was required for optimal inflammatory responses to this insult. Using a
similar model, Tsung et al. (29) show that functional TLR4 on hemopoietic-derived
phagocytes, but not organ parenchymal cells, was required for inflammation associated with
liver ischemia/reperfusion. Several studies have focused on the specific products of necrotic
cells or extracellular matrix disruption as a source of danger signals, particularly through TLR2-
and TLR4-dependent responses (9,30). Such putative endogenous danger-associated
molecules include hyaluronan (31,32), heparan sulfate (33), fibronectin extra domain A (34),
and biglycan (35). Additionally, heat-shock proteins 60, 70, and gp96, as well as HMGB1,
have been implicated in signaling danger through TLRs (36–39). As discussed by Tsan and
Gao (40), these data need to be considered in light of the fact that APCs are extremely sensitive
to pathogen-derived agonists of TLR2 and 4, which may contaminate reagents obtained by
recombinant DNA technology. For example, a recombinant preparation of heat-shock protein
70 with as little as 0.2 ng/ml LPS contamination was found to induce proinflammatory cytokine
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release from mouse macrophages while a rigorously purified preparation did not (41).
Nevertheless, more recent studies (31,32,35) have been designed to specifically address
contamination as confounder, substantially strengthening these observations. Furthermore,
Tsung et al. (42) demonstrate that HMGB1 levels are increased in liver ischemia/reperfusion
as early as 1 h after reperfusion, and neutralization of HMGB1 with Ab decreases markers of
liver inflammation.

A corollary of these models is that, in the absence of danger signals, Ag presentation occurs
without costimulation favoring peripheral tolerance—a hypothesis that remains difficult to
prove in vivo. Testing this model, in studies by the Larsen group (43), T cell-deficient mice
received major or multiple minor mismatched skin or cardiac allografts, which were allowed
to heal for a period of 50 days. After this period, adoptive transfer of T cells or T cell
reconstitution from transplanted bone marrow grafts resulted in acute rejection. The Matzinger
group (44) extended these findings performing similar experiments with sex-disparate, H–Y
mismatched skin allografts, confirming rejection upon T cell reconstitution. Their experiments
revealed that, although the long-standing healed grafts appeared normal histologically, by
quantitative PCR subtle differences in multiple transcripts were found, mostly attributable to
alterations in GAPDH expression. These data show that well-healed mismatched allografts are
rejected by adoptive transfer of T cells and suggest persistence of relevant danger signals in
the allografts, although the signals themselves were difficult to specifically identify using the
techniques employed in these studies.

More recently, Chalasani et al. (45) used a “healed-in” model in which allograft recipients had
an endogenous T cell compartment, eliminating the effect homeostatic proliferation has on
tolerance induction (46). Cardiac allografts were allowed to heal for 70 days in splenectomized,
alymphoplastic hosts, which have T cells but are devoid of secondary lymphoid organs, thus
preventing naive T cell priming. In this model, allografts were not acutely rejected upon
adoptive transfer of activated alloreactive T cells, but after 100 days, instead displayed
histological evidence of chronic rejection. In further support that injury to the graft plays a
major role in shaping the outcome of rejection, cardiac allografts that had been parked for 50
days in splenectomized, alymphoplastic hosts were retransplanted into a second set of identical
recipients. Transfer of activated alloreactive T cells 2 days after retransplantation resulted in
acute rejection, albeit with more delayed kinetics compared with newly transplanted hearts
(45).

Examining PRR signaling in allotransplantation
Several recent studies have examined the role of TLR agonists and TLR signals in
allorecognition and rejection. In the first of these reports, Goldstein et al. (47) performed single
minor Ag (H–Y Ag) disparate skin transplants using mice with targeted mutations in Tlr2,
Tlr4, or Myd88. MyD88 is an adaptor molecule essential for signals via IL-1/IL-18Rs and
TLRs, except TLR3, which uses instead the adaptor molecule Toll/IL-1R domain-containing
adaptor-inducing IFN-β (TRIF). Goldstein et al. (47) found that allografts from Myd88−/− male
mice were not rejected by Myd88−/− female recipients. In contrast, allografts from Tlr2−/−,
Tlr4−/−, and caspase-1-deficient male mice were rejected by corresponding gene-knockout
female recipients. Because caspase-1 is necessary to convert the precursors of IL-1 and IL-18
into active form, these data indicate that rejection of HY-incompatible skin grafts is MyD88
dependent but not mediated by TLR2, TLR4, or IL-1/18 signals. MyD88 deficiency was
associated with impaired accumulation of DCs in draining lymph nodes and a reduced
proportion of graft-reactive CD8+ T cells in the spleen. Nonetheless, the presence of MyD88
restricted to either donor tissue or the recipient was sufficient to restore rejection (47).
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However, in follow-up studies, the Goldstein group (48) found that rejection of fully
mismatched skin and heart allografts occurs independent of MyD88 signaling, implicating
other pathways for acute rejection across MHC barriers. To extend these studies, McKay et al.
(49) transplanted skin from mice deficient in both Myd88 and Trif to wild-type recipients, either
across full MHC disparity or across multiple minor Ag differences. They found grafts from
the transgenic mice survived on average 5 days longer than wild-type controls across a full
mismatch, with survival slightly extended across a multiple minor Ag difference. Despite this
modest effect on graft survival, as pointed out by Goldstein (50), the full impact of dual deletion
of Myd88 and Trif is difficult to extrapolate from these studies because TLR signaling was
intact in the recipients and indirect allorecognition is sufficient for graft rejection.

The studies above suggest that, except for very weakly immunogenic situations (i.e., isolated
H–Y incompatibility), TLR signaling is not required for graft rejection. Additional studies have
focused on the role of TLRs and inflammation in tolerance induction. Two groups have reported
that long-term graft survival in a highly immunogenic, fully allogeneic skin transplant model
can be achieve with costimulatory blockade if both host and recipient are MyD88 deficient
(51,52). In one of these reports, Walker et al. (51) provide evidence to support a model in which
absence of MyD88 impairs DC production of IL-6, in turn rendering alloreactive T cells more
susceptible to suppression by CD4+CD25+ regulatory T cells (Tregs). These results are
interesting given that TLR stimulation of DCs induces IL-6 production, which has been shown
to block the suppressive effects of Tregs (53).

Conversely, other studies show that despite costimulatory receptor blockade, challenge with
TLR agonists such as LPS and CpG DNA at the time of allotransplantation prevents tolerance
induction (52,54). Using donor-specific transfusion and CD154 Ab with a one-time TLR
agonist challenge, Thornley et al. (54) found that blockade of skin graft tolerance induction by
TLR stimulation was associated with prevention of alloreactive CD8+ T cell apoptosis.
Moreover, Chen et al. (52) found that blockade of heart graft tolerance induction by
administering CpG DNA along with CD154 Ab occurred in conjunction with a reduced ratio
of Tregs to effector T cells at the graft site.

Turning to another mechanism of innate recognition, Moser et al. (55) report that blockade of
RAGE signals delays rejection of fully allogeneic cardiac allografts. Recipient mice treated
with the highest dose of soluble RAGE 1 day before transplantation and then daily had a 19.5-
day increase in graft survival time (p < 0.001). Interestingly, soluble RAGE suppressed T cell-
priming responses in a dose-dependent manner during a one-way in vitro MLR. These results
suggest that RAGE signals directly modulate the alloimmune response and provide more data
in support of the danger model with regard to allotransplantation.

Lastly, findings based on murine models are complemented by emerging clinical data on the
role of PRRs in human solid organ transplantation. Palmer et al. (56,57) found that lung
transplant recipients heterozygous for either of two TLR4 functional polymorphisms
(Asp299Gly or Thr399Ile) associated with LPS hyporesponsiveness had a reduced incidence of
acute allograft rejection, which was significant and sustained. These effects were limited to
the recipient TLR genotype, independent of TLR4 polymorphisms in the donor allograft.
Similarly, kidney transplant recipients with either of these TLR4 polymorphisms were found
to have a reduced rate of acute allograft rejection but presented more often with bacterial and
opportunistic infections during a mean follow-up period of 95 ± 29 mo (58). However, another
study found these TLR4 polymorphisms in donor kidney associated with a reduced incidence
of acute rejection, but the incidence of rejection analyzed by recipient genotype was not
significantly different (59). Furthermore, recent data indicate lung transplant recipients with a
polymorphism in the promoter of the LPS receptor CD14 associated with increased
transcriptional activity and elevated solubleCD14in blood have an increased incidence of acute
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allograft rejection and bronchiolitis obliterans syndrome (60). In conjunction with animal
models, these clinical studies support a major role for the innate immunity in acute allograft
rejection and suggest potential therapeutic targets to improve outcome.

Cells of the innate immune system as participants in allograft rejection and
tolerance

The activation of APCs by danger signals is central to priming of alloreactive T cell responses.
Seminal experiments depleting and restoring graft “passenger leukocytes” implicated DCs as
a key player in alloantigen presentation (61). Upon functional maturation, activated DCs
secrete proinflammatory cytokines, up-regulate surface MHC class II, increase expression of
T cell costimulatory molecules, and use specific chemokine receptors that facilitate their
trafficking to secondary lymphoid organs. Thus, “mature” DCs convey Ag from peripheral
tissues and become potent stimulators of T cells. However, it is now recognized that, in the
absence of danger signals, DCs exist in an “immature” state expressing little or no
costimulatory molecules, and cognate engagement of Ag-specific T cells results in anergy or
apoptosis (62,63). Given this, the potential use of immature or “tolerogenic” DCs as therapy
to promote peripheral tolerance upon organ transplantation has been an area of active research
(64). In one of the earliest studies, using a mouse model of cardiac transplantation, Fu et al.
(62) demonstrated that injection of donor-derived immature DCs 7 days before transplant of a
fully mismatched allograft prolonged its median survival by 12.5 days. Recent studies have
used immature donor DCs with the addition of costimulation blockade, revealing a synergistic
effect in promoting long-term allograft survival (65). Interestingly, recipient-derived immature
DCs also prolong allograft survival by a mechanism that is not donor specific and depends in
part on the production of NO (66).

Unlike DCs, macrophages probably do not play a direct role in the induction of allorecognition
because they inefficiently prime naive T cells. Nonetheless, within 24 h following
transplantation, macrophages of both donor and recipient origin infiltrate the allograft and
proliferate in situ (67). In the absence of rejection, such as in isografts, the macrophage infiltrate
gradually decreases, but in acute rejection, substantial accumulation occurs comprising 40–
60% of the cellular infiltrate (68). Activated by danger signals, these cells mount defensive
responses, which include phagocytosis of necrotic debris, proinflammatory cytokine secretion,
production of reactive nitrogen and oxygen species, and Ag presentation to effector T cells
(69). These responses can mediate graft damage as liposomal clodronate administered 1 day
after renal transplantation specifically depletes or disables the majority of allograft
macrophages and reduces allograft tissue damage (70).

Although acute rejection is associated generally with TH1 responses, TH2-biased inflammation
is also capable of mediating acute allograft rejection (71). In the absence of CD8+ T cell
alloreactivity, such as in the response of B6 mice to MHC class II-disparate Bm12 skin grafts,
numerous eosinophils are found in the inflammatory infiltrate. Other studies similarly indicate
that, in the absence of CD8+ T cell activation or IFN-γR expression, the response of alloreactive
CD4+ T cells is TH2 biased and promotes eosinophilic inflammation (72,73). As in allergic-
type inflammatory diseases, eosinophils can cause tissue damage through the release of highly
cationic granule proteins and the production of several cytokines that further promote
inflammation and TH2 polarization (such as IL-1, IL-3, IL-4, IL-5, IL-8, and TNF-α).

Similar to eosinophils, polymorphonuclear neutrophils (PMNs) can mediate tissue damage by
an array of cytotoxic and proinflammatory mechanisms. After Ag-independent injury, such as
by surgical trauma or ischemia/reperfusion, it has long been known that PMNs infiltrate the
organ within hours, and their depletion abrogates tissue damage (74). Despite recent advances
in our understanding of the role of innate immunity in transplantation, the influence of PMNs
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in these processes has received limited attention. Using a mouse model of fully mismatched
heart transplantation, the Fairchild group (75) showed that treatment with Abs to the murine
chemokine KC/CXCL1, a known chemoattractant for PMNs, attenuated neutrophil infiltration
of the allograft and prolonged its survival. More recently, these investigators showed that short-
term costimulatory blockade combined with either peritransplant depletion of PMNs or
treatment with Abs for KC/CXCL1 plus MIP-2/CXCL2 prolongs survival of fully mismatched
cardiac allografts for > 100 days (76). Although induced neutropenia is not clinically practical
for organ transplantation, these studies suggest short-term, targeted interruption of neutrophil
trafficking combined with other immune modulating agents may provide a more feasible
approach.

Data from several groups has reshaped the role of NK cells in both allograft rejection and
tolerance (77). NK cells are innate immune lymphocytes that contribute to surveillance against
transformed cells, certain viruses, and other intracellular pathogens. Without prior Ag priming,
NK cells perform rapid effector functions that include cytokine release (such as IFN-γ and
TNF) and contact mediated cytotoxicity through perforin, granzymes, and Fas ligand. Their
activation is regulated by a balance of positive and negative signals transmitted via stimulatory
and inhibitory surface receptors, which engage the target cell directly. Relevant to
transplantation biology, as posed by the “missing self” response, NK cells are cytotoxic to
target cells mismatched for MHC class I molecules. Despite this, prior studies show that NK
cells are not sufficient to reject solid organs directly because cardiac and skin allografts
transplanted into mice that have intact NK cell function but absent adaptive immunity survive
indefinitely (such as in Rag1−/− or Scid mice) (43,77). However, recent studies show NK cells
to act as facilitators of solid organ rejection by amplifying early graft inflammation and
supporting the activity of alloreactive T cells (78–80). Maier et al. (79) demonstrated that in
Cd28−/− recipients, which have impaired ability to receive T cell costimulatory signals, specific
depletion of NK cells prolongs survival of fully mismatched cardiac allografts. Using the same
model, McNerney et al. (80) show that NK cells promote the expansion and effector function
of CD28-deficient alloreactive T cells by a mechanism independent of the NK cell-activating
receptors Ly49D and NKG2D.

In addition to their role promoting solid organ rejection, NK cells also facilitate tolerance
induction (81–83). In a series of well-controlled experiments, Beilke et al. (81) show that
tolerance induction to fully mismatched islet allografts by either costimulatory blockade with
CD154 Ab or Ab blockade of CD11a required the presence of both MHC class I expression
and NK cells. Furthermore, using a model of fully mismatched skin transplantation, Yu et al.
(83) demonstrate a novel role for NK cells in regulating T cell alloreactivity. In these elegant
studies, recipient NK cells were critical for tolerance induction strategies by reducing the
survival and dissemination of graft-derived donor APCs in transplant recipients. These studies
suggest that NK cells, like DCs, may have dual roles in solid organ transplantation and that
therapies that interfere with NK cell function may actually hinder the induction of tolerance.

Last but not least, mast cells are functionally diverse innate immune cells and possess
immunoregulatory potential that influences both innate and adaptive immunity (84).
Interestingly, analysis of gene expression in tolerant allografts revealed an increase in
transcripts that could be associated with mast cells (85). Recognizing this, the Noelle group
(86) found that the presence of mast cells was essential for Treg-dependent allograft tolerance.
The induction of tolerance with CD154 Ab and donor-specific transfusion was not possible
when allogeneic skin was transplanted onto mast-cell deficient mice. Moreover, the
investigators provided evidence linking the production of IL-9 by Tregs to mast cell
accumulation and allograft tolerance (86). These studies are testaments to the exciting body of
recent work that has expanded our knowledge of the complex interplay between diverse cells
of the immune response.
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It should also be noted that soluble components of the innate immune system, such as
complement, also participate in allograft responses. A comprehensive review of the role of
complement in allograft rejection has been provided recently (87).

Implications for the development of tolerance strategies
While in evolutionary terms, the innate immune system is far older than the adaptive immune
system, it is far newer in its recognition as an important factor in transplantation
immunobiology. It is clear that innate immune mechanisms are responsible for the initial
inflammatory events following engraftment. While these alone are not sufficient to lead to graft
rejection itself, they are important for optimal adaptive immune responses to the graft and may
play a major role in resistance to tolerance induction. The well-known association of infection
with graft rejection may also be, at least in part, mediated by reactivation of innate immunity
and “re-creation” of inflammation. The development of methods to blunt innate immune
responses, which has potential implications for a wide variety of diseases, is likely to have a
significant impact on transplantation as well.
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FIGURE 1.
Innate immune responses in allotransplantation. Soon after solid organ transplantation, Ag-
independent insults to the allograft caused by organ procurement and ischemia/reperfusion
injury promote immunogenicity via danger signals that lead to the activation of donor-derived
APCs. The direct pathway of allorecognition is depicted in which “passenger” DCs undergo
functional maturation in response to danger-associated molecules and then traffic to the T cell
areas in recipient lymphoid tissue. Thus, naive alloreactive T cells become stimulated,
transition to effectors, and engage the graft directly. Other cells of the innate immune system,
such as neutrophils, macrophages, and NK cells, rapidly infiltrate the allograft in response to
inflammatory signals and promote further injury either by their own proinflammatory
mechanisms or by supporting the activity of alloreactive T cells.
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