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Recipient proinflammatory T cells recognizing donor major histocompatibility complex
(MHC) molecules in a direct fashion trigger early acute rejection of cardiac allografts. In
clinical settings, prevention of acute rejection is regularly achieved via continuous
suppression of these T cells using immunosuppressive drugs, including calcineurin
inhibitors. Nevertheless, within five years posttransplantation, up to 50% of patients suffer
late cardiac allograft failure, the major pathological manifestation of which is chronic
allograft vasculopathy (CAV). CAV is characterized by intimal thickening, smooth muscle
cell proliferation, and accumulation of extracellular matrix, which result in arterial
narrowing and eventually graft ischemia and fibrosis. There is a body of evidence showing
that CAV is initiated via a process involving cells of both innate and adaptive systems.
However, the immunological mechanisms underlying CAV are still largely unknown.
Gaining insights into this question is critical to the design of strategies for the prevention
and/or treatment of late cardiac allograft failure and CAV.

There is a clear association between indirect alloreactivity by CD4* T cells, the presence of
donor-specific antibodies, and chronic allograft rejection. In addition, several studies have
documented the presence of T cell autoimmunity and autoantibodies during chronic
rejection. Original studies in our laboratory described de novo T and B cell responses to
cardiac myosin (CM) in chronic rejection of cardiac allografts in mice and swine.!
Subsequently, Kalache et al documented the relevance of anti-CM autoimmunity in patients
with CAV.2 Given that immunity to CM is known to cause autoimmune myocarditis, we
hypothesized that CAV could be mediated through a process similar to that observed in
chronic inflammatory autoimmune diseases. Subsequent reports from M. Rose and
Mohanakumar’s groups showed the presence of vimentin-specific autoimmunity in graft
vasculopathy observed after heart transplantation in mice and patients.34 Autoimmunity
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against various self-antigens has now been documented during rejection of lung, kidney, and
other organ transplants and therefore represents a general phenomenon in transplantation.!
However, whether and how autoimmunity truly contributes to allograft rejection are still
unclear.

In this issue of the American Journal of Transplantation, M. Sharma and colleagues revisited
this issue using a model in which mice transplanted with a syngeneic heart were injected
with rabbit anti-CM antibodies." First, they observed that administration of anti-CM Abs at
the time of transplantation (d0) was sufficient to induce graft rejection. This was associated
with increased leukocyte infiltration of cardiac grafts, de novo production of mouse Abs
against CM and vimentin (VIM) and expansion/activation of CM/VIM specific autoreactive
CD4* T cells producing inflammatory cytokines (yIFN, TNFa and IL-17). Second, the
serum of rejecting mice was shown to contain exosomes carrying CM, VIM and miRNAs
involved in inflammation. Finally, administration of these exosomes to a mouse caused
rejection of a syngeneic heart transplant. It is noteworthy that autoantibodies and
rejectogenic exosomes were not detected in mice with stable graft functions. Another
important observation was that administration of mice with anti-CM antibodies performed
seven days posttransplantation (instead of d0) failed to induce autoimmunity and graft
rejection. This suggests that anti-CM- mediated rejection occurs only in an inflammatory
environment caused presumably by ischemia reperfusion injury associated with the surgical
procedure.

Exosomes are microvesicles (50-100 nm) produced in the endosomes and secreted by a
variety of cells during activation. Recent studies showed that exosomes released by
allografts contribute to the host’s immune response leading to their rejection. Apparently,
recipient APCs displaying allogeneic MHC molecules acquired from donor exosomes
(MHC cross-dressing) play a key role in the initiation of inflammatory direct alloresponses
by T cells leading to acute allograft rejection.6.” In addition to direct alloreactivity, it is
plausible that MHC and other proteins transported by graft-derived exosomes are regularly
processed and presented as peptides by self-MHC molecules on recipient APCs thus
eliciting indirect T cell alloresponses. Indirect T cell immunity drives alloantibody
production and it is believed to be the driving force behind chronic allograft rejection. At the
same time, there is accumulating evidence supporting the contribution of autoimmunity to
selected graft tissue specific autoantigens in chronic rejection. Finally, recent studies have
documented the contribution of exosomes carrying autoantigens in autoimmune diseases.
Altogether, this raises the possibility that secondary indirect alloimmunity and autoimmune
inflammatory responses may be elicited and perpetuated by graft-derived exosomes
continuously released by the allograft. However, it is likely that such a cascade of events
may only happen in an inflammatory environment caused by tissue injury or an infection.
The results presented in the article by M. Sharma et al support this view. Indeed, in this
study, mouse administration of anti-CM antibodies triggered an anti-CM inflammatory T
cell response, which spread to VIM and caused the release of exosomes carrying both
autoantigens outside the graft; a series of events presumably responsible for rejection of
syngeneic heart transplants. Likewise, Dieudé et al described the ability of exosome-like
vesicles from endothelial cells to induce anti-perlecan autoantibody production and
accelerated rejection of aortic grafts in mice.® Further evaluation of the actual role of
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exosomes carrying self-antigens in allograft rejection will require inhibition of graft
exosome secretion in transplanted animals.

Autoantibodies are regularly found pretransplantation in patients and could contribute to
rejection of allografts in a fashion similar to that described in this article.? In addition, graft
injury caused by T and B cell inflammatory alloimmunity, including alloreactive antibodies,
could promote the release of exosomes carrying pathogenic autoantigens by the allograft
thus causing late acute or chronic rejection. These hypotheses must be investigated.

In conclusion, it is clear that presentation of graft tissue—specific antigens by recipient APCs
in an inflammatory environment can trigger T and B cell autoimmune responses leading to
chronic rejection. In clinical settings, auto-antibodies may be present in patients
pretransplantation or produced as the result of B cell dysregulation due to T cell continuous
suppression. At the same time, recent reports from A. Naji, T. Mohanakumar and other
laboratories show the relevance of exosomes as biomarkers in chronic allograft rejection.
10.11 Together with Sharma’s current study, this suggests that autoantibodies could initiate a
local immune process, which spreads outside the graft via exosome release thus causing
graft rejection.
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