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Abstract
Recent studies strongly suggest an increasing role for immune responses against self-antigens
(Ags) which are not encoded by the major histocompatibility complex in the immunopathogenesis
of allograft rejection. Although, improved surgical techniques coupled with improved methods to
detect and avoid sensitization against donor human leukocyte antigen (HLA) have improved the
immediate and short term function of transplanted organs. However, acute and chronic rejection
still remains a vexing problem for the long term function of the transplanted organ. Immediately
following organ transplantation, several factors both immune and non immune mechanisms lead to
the development of local inflammatory milieu which sets the stage for allograft rejection.
Traditionally, development of antibodies (Abs) against mismatched donor HLA have been
implicated in the development of Ab mediated rejection. However, recent studies from our
laboratory and others have demonstrated that development of humoral and cellular immune
responses against non-HLA self-Ags may contribute in the pathogenesis of allograft rejection.
There are reports demonstrating that immune responses to self-Ags especially Abs to the self-Ags
as well as cellular immune responses especially through IL17 has significant pro-fibrotic
properties leading to chronic allograft failure. This review summarizes recent studies
demonstrating the role for immune responses to self-Ags in allograft immunity leading to rejection
as well as present recent evidence suggesting there is interplay between allo- and autoimmunity
leading to allograft dysfunction.
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1. Introduction
Vascularized solid organ transplantation (Tx) following end-stage organ failure is a viable
treatment option providing significant improvement in the quality of life. The ever
increasing numbers of solid organ Tx (kidney, lung, heart, liver, pancreas etc.) demonstrates
the success of this strategy. The research leading to progress in donor organ preservation,
improvements in surgical techniques and management of recipients with
immunosuppression following Tx have contributed to the success. However, despite
advances in these key areas, acute and chronic rejection (CR) following Tx remains the most
important problem for sustaining continued long-term function of the transplanted organs.
Recent statistics from the Registry of Transplant Recipients 2013 shows an active waiting
list of more than 75,000 patients, while there were only 30,000 transplantable organs [1].
The incidence of CR is a major hazard especially given the limitations with donor
availability and re-transplantation (Table 1). This is compounded by the fact that once set-in,
there are no viable treatment options to reverse CR.

Regardless of transplanted organ, CR is characterized by enhanced inflammatory cellular
infiltration around vessels and tubular structures, fibrosis of the graft parenchyma that
develops anywhere from days to years after Tx. The primary targets of the recipient immune
response against the allograft are the donor major histocompatibility complex (MHC)
antigens (Ags). Immune recognition of mismatched donor HLA (human leukocyte antigens)
results in both cellular and humoral immune activation which leads to allograft rejection. In
this review we will present evidence that self-Ags play an important role in allograft
rejection and often there is interplay between allo- and autoimmunity which culminates in
organ failure due to rejection.

1.1. Immune responses following solid organ transplantation
The primary targets of the recipient immune response against the allograft are the donor
MHC Ags present on the allogeneic tissue. Immune recognition of mismatched donor
histocompatibility Ags results in both cellular and humoral immune mechanisms which
leads to allograft rejection [2, 3]. Allorecognition has been proposed to occur through two
unique but not mutually exclusive pathways: the direct and indirect pathways of Ag
presentation. The direct pathway involves recognition of intact donor MHC molecules on
the cell surface, usually by antigen presenting cells (APC). Both CD8+ and CD4+ T cells
can directly recognize donor MHC molecules, MHC class I and II respectively. In contrast,
the indirect pathway involves presentation of processed donor Ags by recipient APC to
recipient T cells. A ‘semi-direct’ pathway has also been recently described which involves
recipient APCs that acquire donor MHC through cell-to-cell contact and activate host T cell
responses which may contributes to CR [4–7].

While the direct pathway is more important for acute allograft rejection, the indirect
pathway plays a dominant role in CR [8, 9]. Experiments have demonstrated that inhibition
of acute rejection by depleting passenger APC significantly delays but does not prevent
development of CR [10]. It has been observed that the frequency of direct alloreactive T
cells exceeds indirect alloreactive T cells in the early post-Tx period [11]. The frequency of
direct alloreactive T cells declines with time following Tx while the continuous influx of the
processed donor Ags by the recipient APC through the indirect pathways increases the
number of indirect alloreactive T cells that are themselves more resistant to currently used
immunosuppression [12, 13]. In addition to the above two pathways, transfer of intact MHC
molecules between cells has been observed [14]. Dendritic cells (DC) have been shown to
acquire intact MHC class I and II molecules from exosomes secreted by other DC and prime
both naïve CD8+ and CD4+ T cells [15]. Reports from Lechler’s group proposed that this
represents a third mode of allorecognition, which has been termed “semi-direct” pathway
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[16]. Through this pathway, DC present intact MHC molecules to directly alloreactive CD8+

T cells as well as internalized and processed donor MHC peptides to indirect alloreactive
CD4+ T cells [17].

CR, the immunopathogenesis of which is not fully characterized, still remains the leading
cause of long-term allograft failure in Tx recipients with no viable treatment options (Figure
1). Several risk factors have been proposed to play a role in CR, including recurrent/
refractory acute rejections, cytomegalovirus (CMV) and other viral infections, HLA
mismatches, organ ischemia etc. [18, 19]. Several non-specific risk factors such as donor
and recipient age, graft ischemic time, and bacterial/fungal/non-CMV viral infection have
also been associated with decreased long term survival of the graft [19–21]. We propose a
possible unifying hypothesis that all the above mentioned inflammatory risk factors
potentially lead to tissue remodeling which facilitates the induction of immune responses
against self-Ags, and development of autoimmunity in CR. Further, recent evidence has
demonstrated an important role of T-helper immune responses specifically Th17 responses
against self-Ags along with augmentation of humoral immune responses to the self-Ags as a
mechanism leading to CR. Initial studies have demonstrated prolongation of murine cardiac
allograft survival following blockade of IL-17 suggesting a primary role for IL-17 in the
rejection of allografts [22]. Since then, studies in the Th17 subset has been expanded
considerably and current evidence demonstrate that Th17 cells are key players in developing
and sustaining immune responses to self-Ags (autoimmunity) [23]. In this review, we will
present evidences for cross-talk between alloimmune and autoimmune responses to self-Ags
and their role as well as proposed mechanisms leading to allograft rejection..

1.2. Lung transplantation
CR after lung Tx is clinically diagnosed as bronchiolitis obliterans syndrome (BOS) and is
characterized by obliteration of terminal airways within the lungs. The development of BOS
following lung Tx is multifactorial and several risk factors including viral infection, primary
graft dysfunction (PGD), alloimmunity and recently autoimmunity have been implicated.
The development of immune responses against mismatched HLA involving both cell-
mediated and humoral immunity against the mismatched donor HLA have been identified in
patients diagnosed with BOS [24]. An important risk factor of interest is the transfusion of
blood products. It has been well documented that transfusion-related lung injury (TRALI)
can result in an acute respiratory disease syndrome (ARDS-like) picture similar to that seen
with PGD following human LTx [25]. Recent multicenter studies have shown an
independent association between blood product administration and increased risk for PGD,
but the relationship between the two needs to be studied further [26]. The ischemia/
reperfusion injury (IRI) can be an initiating event that activates inflammatory cascade
leading to injury seen with TRALI [27]. Conversely, the lung injury induced by TRALI
could accentuate any underlying IRI, resulting in PGD. Further, increased frequency of
alloreactive CD4+ T cells against mismatched donor MHC class I and II molecules (indirect
antigen presentation) has been detected in a human lung allograft recipient years after Tx
and are associated with BOS [28]. Intrapulmonary lymphoid tissue has also been implicated
in the pathogenesis of CR as it serves as a reservoir for effector memory T cells in high
endothelial venules which can contribute to a local immune response in small airways
leading to BOS [29].

Several studies have demonstrated that development of Abs to mismatched donor - HLA
class I is associated with the development of CR [30–32]. Based on the reports by us [33]
and others [34, 35] the presence of ‘shed’ donor HLA Ags in the bronchoalveolar lavage
fluids following lung Tx, provide the substrate for Ag presentation to T helper cells and
induction of alloimmunity. These T helper cells, which are engaged in indirect recognition
pathways, can produce lymphokines required for the growth and maturation of alloantibody
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producing B cells. In addition, recent reports also demonstrated that there is strong
correlation between de novo development of Abs to self-Ags in the absence of demonstrable
Abs to HLA to development of BOS following human lung Tx [36–38]. Strong correlation
between the development of Abs and Th17 responses to a self-protein, K-α1 tubulin
(Kα1T), as well as Collagen V (ColV) with BOS have been identified in lung Tx patient
diagnosed with BOS [36, 39] suggesting a pathogenic role for these Abs.

The IRI is a well known risk factor for the development of CR which is thought to be a
consequence of oxidative stress injury, inflammation, and innate immune responses [40].
Studies have suggested an important role for T lymphocytes in animal models of lung IRI
[41, 42] which is mediated in part by IL-17 production by the infiltrating CD4+ T cells in
the lung [41, 43]. Type I invariant natural killer T (iNKT) cells have been implicated in the
early innate immune response after IRI [44, 45]. Using murine models of lung IRI, studies
by Sharma et al [46] have demonstrated that neutrophil infiltration following lung IRI is
primarily initiated by CD41+ iNKT cells via an IL-17 dependent mechanism. However, role
of IL17 and cells involved in the secretion of IL17 following lung IRI in humans are
unknown at the present time.

Previous report from our laboratory have demonstrated that development of Abs to donor
mismatched MHC class I precedes the development of BOS by 20 months [31]. Following
development of Abs to donor HLA, these patients also developed Abs to self-Ags prior to
clinical onset of BOS [47]. To determine the mechanism by which Abs to donor MHC may
induce an immune response to self-Ags which lead to CR we developed a murine model of
obliterative airway disease (OAD) of native lungs [39]. In this model, administration of Abs
to MHC class I molecules to the native lungs resulted in cellular infiltration, epithelial
hyperplasia, endothelitis, fibroproliferation, collagen deposition and luminal occlusion of the
small airways- the central events seen during chronic lung allograft rejection. These animals
also developed immune responses to lung associated self-Ags (Kα1T and ColV) prior to
development of OAD and further more blocking of IL17 completely abrogated the immune
response to self-Ags and OAD lesions supporting that immune responses to self-Ags is
pathogenic for development of CR [39]. Based upon these results we instituted a preliminary
observational study in which lung Tx patients who developed donor specific antibodies
(DSA) but with normal lung functions were pre-emptively treated with Ab directed therapy
to deplete DSA. This study demonstrated that removal of DSA following IVIG and
rituximab therapy resulted in significantly better freedom from BOS in comparison to
patients with persistent DSA [48]. We have reported that patients who cleared DSA as well
as Abs to self-Ags following Ab directed treatment with rituximab and IVIG have greater
freedom from development of BOS as compared to those that did not clear Abs to self-Ags
[49]. These results demonstrated that Abs to self-Ags are induced by immune responses to
donor HLA and removal of this sensitizing event results in better long term graft function
indicating a role for immune responses to self-Ags in the pathogenesis of CR following
human lung Tx.

Since many of the candidates for potential lung Tx are diagnosed with chronic lung diseases
we determined whether they have developed immune responses to lung associated self-Ags
and the presence of such an immune response affects the course following lung Tx. Towards
this, we analyzed for the presence of Abs to Kα1T and Col V in the sera prior to lung Tx
and its correlation to the development of PGD as well as CR following lung Tx. As shown
in Table 2, these results suggest significant correlation between the presence of pre-Tx Abs
to self-Ags, ColV and (Kα1T) and risk of PGD development of DSA following lung Tx and
development of BOS [50]. These results strongly suggest a potential role of autoimmune
responses against self-Ags prior to lung Tx in playing a critical role inducing an
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inflammatory cascade following Tx resulting in development of immune responses to donor
mismatched MHC as well as development of CR following lung Tx.

One of the other target non-HLA Ags that have received considerable attention recently
following solid organ Tx is the MHC class I related chain A (MICA). We recently analyzed
the development of Abs to MICA and HLA using sera from 80 lung Tx recipients and their
role in BOS after lung Tx [51]. Development of Abs either to MICA alone or MICA and
HLA together significantly correlated (p< 0.01) with development of BOS. Kinetic analysis
in the post-lung Tx period revealed that development of anti-HLA (7.6 ± 4.7 months) often
preceded the development of anti-MICA (10.0 ± 3.5 months) and clinical diagnosis of BOS
(16.3 ± 2.7 months). The development of Abs to HLA and MICA was strongly associated
with the development of BOS thereby suggesting a role for MICA as an independent risk
factor for development of BOS having synergistic effect with HLA Abs [51].

1.3. Kidney transplantation
Development of immune responses to lung associated self-Ags have given rise to the
possibility that it is unique for the lungs at least in part, due to direct exposure of the Tx
lungs to the external environment and thus prone for higher infectious and inflammatory
damage leading to immune responses to self-Ags culminating in CR. However, immune
responses to self-Ags have been demonstrated following other solid organ allografts
succumbing to CR. Chronic allograft nephropathy (CAN) results in late graft loss following
human renal Tx. The histopathologic signs of CAN include interstitial fibrosis, tubular
atrophy, glomerulopathy and vasculopathy. It is thought to account for approximately 40%
of graft loss at 10 years [52]. Animal models of chronic renal allograft rejection and clinical
studies have implicated both cell-mediated and humoral arms of alloimmunity may
contribute to its development [53]. CD4+ alloreactive T cells responding to donor derived
peptides bound to recipient MHC class II have been correlated with CAN [54].

Increased levels of pre-Tx anti-HLA Abs and de novo post-Tx donor specific Abs have also
been associated with development of CAN following Tx. Abs against MHC class I MICA
has also been correlated with CAN following renal allografts. However, Abs developed de
novo and directed at the donor HLA are not always detectable in the circulation of patients
undergoing CAN, questioning the significance of Abs to HLA in the pathogenesis of CAN.
Recently, refractory vascular allograft rejection in the absence of detectable anti-HLA has
been associated with the presence of Abs directed at two epitopes of the second extracellular
loop of a self-Ag, the angiotensin II type 1 receptor (AGTR1) [55]. It has been suggested
that identification of AGTR1 receptor Abs might serve as a useful tool to identify those
patients at risk for refractory allograft rejection. Other Ab targets include perlecan and
Collagen types IV and VI as well as glomerular basement membrane protein, agrin [56, 57].
Reports have also suggested a role for vimentin Abs in the development of CAN [55].

Transplant glomerulopathy (TG) develops in approximately 20% patients by 5 years
following renal Tx [56]. Reports suggest that TG arises as a consequence of persistent
endothelial cell injury by the humoral arm of the immune system [56]. Studied by Joosten et
al., using biopsy proven TG patients (n=19) has shown that anti-glomerular basement
membrane Abs developed have the specificity to heparan sulphate proteoglycan agrin [58].
These results strongly suggest that immune responses to kidney associated self-Ags
following renal Tx may be involved in inducing autoimmunity leading to CR following
kidney Tx.
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1.4. Cardiac transplantation
Ab mediated rejection (AMR) and CR in the form cardiac allograft vasculopathy (CAV) are
being recognized as an important problem following cardiac Tx. Accelerated form of
occlusive coronary disease, akin to CR, affecting both intramural and epicardial coronary
arteries and veins occurs quite frequently and 5-year incidence of CAV has been reported to
be as high as 30–40% [59]. Clinical experience has identified several risk factors including
the number of acute rejection episodes, viral infections and donor HLA mismatching as
independent risk factors for CAV after heart Tx [60].

Cell mediated immunity has been implicated in the pathogenesis of CAV as histologic
examination of perivascular infiltrates often reveals a predominance of immune cells
including T cells (CD4+, CD8+), natural killer cells, macrophages and DC. In an
experimental model of CAV, depletion of recipient CD4+ but not CD8+ T cells prevented
the formation of arterial lesions [61]. Alloreactive CD4+ Th1 and Th2 cells activated via the
indirect pathway have been implicated in the development of CAV as well. Using a T bet−/−
murine model of CAV, Th17 cells has been shown to be involved in the development of
CAV in the absence of Th1 responses [62]. T cells specific to cardiac myosin has been
shown to develop and persist in the absence of any alloimmune responses, indicating that
response to myosin, a self-Ag, is associated with the pathogenesis of CAV [63].

Analysis of cardiac Tx recipients with AMR and CAV from our center have demonstrated
significant correlation for de novo development of humoral immune responses to
mismatched donor HLA and MICA to development of AMR in the early period and CAV in
the late part after cardiac Tx [64]. Serial analysis also revealed that DSA (2.7 ± 1.4 months)
preceded development of anti-MICA (6.5 ± 2.1 months) in recipients diagnosed with AMR
at 8.3 ± 2.5 months post cardiac Tx. Similarly, development of DSA and anti-MICA (CAV
+, 67–75 %, CAV−, 13%, p=0.004) was significantly associated with CAV. AMR+DSA+,
and CAV+DSA+ patients demonstrated increased anti-MICA levels compared with
respective DSA− patients (p=0.01). Further this study supported the induction of Ab-
mediated immune responses to MICA in patients with AMR and CAV. However, molecular
mechanisms by which immune responses to MICA may contribute in the pathogenesis of
AMR and CAV are yet to be defined.

CR pathology have been reported following syngeneic cardiac Tx in murine models
supporting that CR can be induced even in the absence of alloimmune responses [65, 66].
Following human cardiac Tx, it has been shown that Abs against vimentin, a cytoskeleton
self-protein, is an independent predictor of atherosclerosis following cardiac Tx and can
accelerate the course of CAV [67, 68]. Reports from our laboratory have demonstrated the
presence of DSA in AMR and CAV is significantly associated with development of Abs to
cardiac self-Ags, myosin and vimentin (Table 3) [69]. Furthermore, in these patients there is
high frequency of CD4+ Th specific to cardiac self-Ags that predominantly secrete IL-5 and
IL-17 suggesting that alloimmune responses to donor HLA may play a significant role in the
induction of autoimmunity as evidenced by the development of Abs to cardiac self-Ags
leading to AMR and CAV.

1.5. Liver transplantation
CR after liver Tx though rare can occur and is manifested as fibrous tissue replacement in
the allograft, clinically mimicking cirrhosis. Fibrogenesis is a complex, dynamic process
mediated by necro-inflammation and activation of hepatic stellate cells under the influence
of virally induced immunomodulation. Cell-mediated and humoral immunity are both
implicated in the progression of fibrosis after liver Tx [70, 71].
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Studies investigating mechanisms of fibrosis following orthotopic liver Tx (OLT) with
hepatitis C virus (HCV) have correlated progression of fibrosis (Table 5) with specific CD 4
T cell behavior [71]. Specifically, a lack of HCV specific Th1 type T cell immunity has been
associated with the development of fibrosis and cirrhosis following recurrent HCV infection
in the post-Tx period. Patients with higher degrees of fibrosis and cirrhosis have also been
shown to have significantly higher levels of IL-17 production upon stimulation with HCV
Ags (48). It has also been demonstrated that IL17 can lead to Induction of CXCL12 and
activation of B cells [72]. CXCL12 in combination with IL-17 can induce germinal center
formation and auto-Ab production to self-Ags including extracellular matrix Col I, II, and V
in the liver. Our studies have demonstrated increased serum levels of IL-17, IL-6, IL-1β,
IL-8 and MCP-1 following OLT who develop high grade allograft inflammation and fibrosis
secondary to HCV recurrence. This was also associated with increased frequency of CD4+ T
cells specific to HCV that secrete IL-17, significant decline in the frequency of HCV
specific CD4+ T cells that secrete IFN-γ and increased frequencies of IL-10 secreting cells.
These patients also developed Abs against Col I, II, and V [73]. All these results strongly
suggest that Th17 mediated autoimmune responses and Abs to self-Ags may play a part in
the development of fibrosis following re-infection of the Tx liver with HCV and the
autoimmune responses may contribute to the pathogenesis of CR following OLT.

1.6. Interplay between allo- and autoimmunity leading to CR
The phenomenon of CR after solid organ Tx is likely the result of a multifactorial interplay
of various effector arms of alloimmunity. Studies following heart, lung, liver, and kidney Tx
have identified immune mechanisms against specific self-Ags (Table 5) which can result in
the development of CR. An emerging and unifying theme in all of these cases is
inflammation and subsequent tissue remodeling following Tx which can expose cryptic self-
Ags or their determinants (Figure 2). This process along with a favorable cytokine milieu,
may allow for loss of peripheral tolerance and the activation of cell-mediated immunity
towards development of de novo immune responses to self-Ags. Regulatory T cells (Tregs)
are known to inhibit both auto- and allo-reactive effector T cells; however, in the context of
potent immunosuppression following Tx especially using calcineurin inhibitors can lead to
loss of regulatory T cell proliferation leading to loss of peripheral tolerance to self-Ags [74]
resulting in immune responses to self-Ags. At present, IL-17 appears to be a strong
candidate for promoting such a response including the generation of auto-Abs. Further
studies are needed to use this as a biomarker for risk of developing CR following solid organ
Tx.

Specific binding of Abs to HLA molecules have been shown to activate endothelial and
smooth muscle cells [57]. Recent studies demonstrated that surface ligation of HLA class I
by specific Abs induce a intracellular signal through mammalian target of rapamycin
(mTOR) promoting endothelial cell proliferation [75]. Furthermore, RNAi based
knockdown of mTOR inhibited class I-mediated phosphorylation of proteins downstream of
mTOR complex 1 and mTOR complex 2. These results support the role of anti-HLA in the
process of Tx vasculopathy and suggest that exposure of the graft endothelium to anti-HLA
may promote proliferation through the mTOR pathway [75]. We demonstrated that when
airway epithelial cells (AEC) were incubated with anti-MHC class I, they underwent
proliferation with the secretion of pro-fibrogenic growth factors [76]. In addition, we also
demonstrated that administration of anti-MHC class I resulted in increases in growth factors
and pro-apoptotic genes as well as pro-inflammatory cytokines resulting in OAD in a murine
model of heterotopic tracheal Tx.[77].

In addition to HLA, at least some of the Abs to self-Ags can also induce cellular signals
following ligation of their specific Ags. For example, we demonstrated that Abs to Kα1T, an
epithelial cell surface gap junction protein often seen in lung Tx with BOS can upregulate
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pro-fibrotic growth factors [36] and lipid rafts play a critical role in the surface ligation of
Abs to Kα1T to its specific receptor (Kα1T) of the AEC surface [78]. Recently we
demonstrated that ligation of Kα1T on human bronchial epithelial (NHBE) cells with
specific Abs caused upregulation of pro-fibrotic growth factors VEGF, HGF and TGF-β.
Furthermore, incubation of NHBE with Kα1T Abs increased expression of hypoxia
inducible factor (HIF-1α). The Kα1T Ab-mediated growth factor expression is dependent on
HIF-1α as inhibition of HIF-1α returned fibrotic growth factor expression to basal levels.
These results strongly suggest that HIF-1α-mediated upregulation of fibrogenic growth
factors induced by ligation of Kα1T Abs may be involved in the development of fibrosis
leading to CR following lung Tx [79].

In conclusion, alloimmune responses leading to the development of de novo autoimmunity
to self-Ags appear to be an important event leading to the development of CR after solid
organ Tx. Tissue inflammation and remodeling following an alloimmune response can
expose self-Ags or their antigenic determinants leading to activation of both cell-mediated
and humoral effector arms. This autoimmune response in part mediated by IL-17 can also
facilitate the activation of fibrinogenic pathways seen in CR. Future work is warranted to
identify the mechanistic role for auto-Abs in the development of rejection and their clinical
utility as a biomarker for CR. Intervention of the IL-17 pathway may also represent a new
strategy to expand the immunosuppressive armamentarium. Since current results strongly
suggest that alloimmune responses to mismatched HLA as evidenced by circulating Abs to
donor HLA precedes the development of Abs to self-Ags, it is logical to intervene as early
after detection of Abs to HLA to prevent the development of Abs to self-Ags. We propose
that this may prevent or delay the onset of CR. Studies in lung Tx recipients are currently
underway to test this hypothesis by administering IVIG and Rituxan as early as circulating
Abs to donor specific HLA were identified following lung Tx. Further, identification of de
novo development of Abs to self-Ags may be valuable as a serum biomarker for
identification of Tx recipients who are at risk for developing CR.
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Abbreviations

Ab antibody

AEC airway epithelial cells

Ag antigen

AGTR1 angiotensin II type 1 receptor

AMR antibody mediated rejection

APC antigen presenting cell

BOS bronchiolitis obliterans syndrome

CAN chronic allograft nephropathy

CAV cardiac allograft vasculopathy

CR chronic rejection

ColV Collagen V

CMV cytomegalovirus
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DC dendritic cells

DSA donor specific antibodies

HCV hepatitis C virus

HIF-1α hypoxia inducible factor

HLA human leukocyte antigen

iNKT invariant natural killer T cells

IRI schemia/reperfusion injury

Kα1T Kα1 Tubulin

MHC major histocompatibility complex

MICA MHC class I related chain A

mTOR mammalian target of rapamycin

NHBE human bronchial epithelial

OAD obliterative airway disease

OLT orthotopic liver transplantation

PGD primary graft dysfunction

TG transplant glomerulopathy

TRALI transfusion-related lung injury

Tx transplantation
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Figure 1.
Temporal depiction of the sequence of events leading to allograft failure. The temporal
sequence of initial inflammatory events following solid organ transplantation such as
surgical stress, viral infections, GERD, mismatched HLA, etc leads to inflammatory injury
to the allograft. These risk factors potentially play an important role in the acute rejection
episode. Further, presence of pre-transplant Abs to self-antigens could also lead to higher
incidence of alloimmunity and allograft rejection. This initial inflammatory injury could
potentiate tissue remodeling and exposure of cryptic self-antigens and leading to
autoimmunity and potential development of CR. Potential therapeutic options have been
listed in the last panel. Green, indicates functioning allograft; and red, indicates non-
functional allograft (color code given only for representation and not intended to indicate
exact allograft survival temporal percentage).
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Figure 2.
An overview of the potential mechanism for the exposure of cryptic antigenic determinants
leading to development of Abs to self-Ags in CR following solid organ Tx. Various risk
factors such as surgical stress, viral and bacterial infections, mismatched HLA following
solid organ transplantation induces tissue remodeling and exposure of cryptic self-antigenic
determinants. This leads to cellular and humoral responses and upregulated expression of
fibrotic signaling molecules and growth factors such as HIF1α, VEGF, FGF, etc. All these
culminate to fibrosis and loss of function manifesting as CR of the allograft.
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Table 1

Incidence of acute and chronic rejection in various solid organ transplants;

Organ Acute Rejection# References Chronic Rejection* References

Lung 30–60% [80], [81] 40–70% [82], [83]

Heart 10–25% [84], [85] 25–60% [86], [87]

Kidney 10–20% [88], [89], [90] 40–50% [91]

Liver 7–22% [92] 4–12% [93]

#
one year incidence,

*
five year incidence.
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Table 2

Incidence of primary graft dysfunction, de novo antibodies to donor specific HLA and bronchiolitis obliterans
syndrome in lung Transplantation recipients with pre-Transplant antibodies to self-antigens [50]

Lung Tx PGD(+) PGD(−) p-value

Pre-Tx Auto-Abs (+) 35/101 (34.7%) 6/41 (14.6%) 0.01

DSA(+) DSA(−)

Pre-Tx Auto-Abs (+) 26/60 (43.3%) 15/82 (18.3%) 0.01

BOS(+) BOS(−)

Pre-Tx Auto-Abs (+) 23/59 (40%) 15/71 (21.1%) 0.01
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Table 5

Evidence of Abs to specific self-antigens following solid organ Transplantation.

Organ Antibodies Reference

Lung ColV [37], [94], [50]

K-α1T [36], [50]

Heart Myosin [69], [95]

Vimentin [69], [96]

ColV [97]

K-α1T [97]

Kidney Fibronectin [98]

Col IV [99]

Vimentin [100]

AGTR1 [55, 56]

Liver Col III [73]

Pancreas ICA [101], [102]

Insulin Auto-Ab [103], [104]

GAD [105]
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