
EDITORIALS

A Need for Targeted Immunosuppression after Lung Transplantation

Since the first reported success of lung transplantation over three
decades ago, chronic allograft rejection has carried the highest
burden of long-term mortality. Chronic rejection affects z10% of
patients each year, with the highest prevalence by the fifth year (1).
Unfortunately, although the current immunosuppressive regimens
have been effective in reducing acute rejection episodes, the
incidence of chronic rejection has remained relatively unaltered. In
this issue of the Journal, Takahagi and colleagues (pp. 355–366)
report a novel use of the drug trametinib in delaying chronic lung
allograft rejection after rodent major histocompatibility complex
(MHC)-mismatched allotransplantation (2). Trametinib is an
inhibitor of the mitogen-activated extracellular signal-regulated
kinase (MEK) pathway and is already approved for clinical use in
patients with melanoma. The authors suggest that the beneficial
effects of trametinib are mediated through suppression of the
indirect pathway of allorecognition when administered after initial
conditioning with a calcineurin inhibitor such as cyclosporine.
Preconditioning with cyclosporine served to suppress direct
allorecognition, which allegedly is not affected by trametinib. The
authors also show that trametinib by itself could delay chronic
rejection in the minor MHC-mismatched model, which is
predominantly mediated by indirect allorecognition. Furthermore,
differentiation of CD41 and CD81 T cells in the thymus, as well
as thymus function, was preserved in recipients treated with
trametinib in lieu of cyclosporine. The authors reference seminal
papers that demonstrated that thymus atrophy induced by
calcineurin inhibition can increase infectious complications after
transplantation. Nevertheless, the role of a functioning thymus in
solid organ transplantation remains unclear, with preclinical
studies suggesting that the thymus might be dispensable for long-
term acceptance of MHC-disparate lung allografts (3).

The immunosuppressive regimens used for lung
transplantation are mostly extrapolated from studies in renal, liver,
and heart transplantation, and typically consist of a three-drug
combination including a calcineurin inhibitor (such as tacrolimus or
cyclosporine), an antimetabolite (such as mycophenolate mofetil or
azathioprine), and a glucocorticoid (prednisone). However, solid
organ transplantation has lagged in the introduction of novel
immunosuppressive agents. In particular, targeted therapies to
inhibit immune pathways relevant to allograft rejection need to be
evaluated. Hence, this studymay have a great clinical impact because
it introduces the possibility of inhibiting the RAS/MEK/ERK
pathway, using agents such as trametinib, after lung transplantation
to suppress indirect allorecognition and reduce the incidence of
chronic rejection. However, why MEK inhibition would
preferentially suppress indirect rather than direct allorecognition
remains unclear given that the proposed T-cell receptor activation
plays a role in both (4). As such, the precise mechanism through
which trametinib leads to the observed delay in chronic rejection in

this study remains unknown. Further preclinical and clinical
studies are required to validate these findings and determine the
safety of this drug class in transplant recipients. It is also
noteworthy that, in contrast to rodent models, the transition of
direct to indirect allorecognition after human lung transplantation
is neither linear nor predictable. Professional antigen-presenting
cells of donor origin (such as alveolar macrophages) that are
capable of direct allopresentation can persist in the allograft for
prolonged periods of time in human recipients (5). Hence,
replacement of calcineurin inhibitors with a drug such as
trametinib in human lung transplant recipients may lead to acute
allograft rejection even at late time points after transplantation,
assuming that its mechanism of action is suppression of indirect
allorecognition. Nevertheless, if replacement of calcineurin
inhibitor with trametinib is found to be clinically effective, it would
be impactful given the other major adverse effects associated with
calcineurin inhibitors, such as renal failure. Alternatively, the
possibility of using calcineurin inhibition with trametinib is also
intriguing. Recent data show that the MEK pathway might play a
role in the development of ischemia-reperfusion injury after solid
organ transplantation (6), which has emerged as the predominant
risk factor for short-term mortality as well as the development of
chronic lung allograft rejection (7). Accordingly, early introduction
of MEK inhibitors may ameliorate both ischemia-reperfusion
injury and chronic rejection.

The immunopathogenesis of chronic human allograft rejection
is multifactorial, and tissue-restricted autoimmunity in particular is
increasingly recognized as the final terminal pathway leading to
chronic lung allograft rejection (8). We previously found that
regulatory T cells (Tregs) are reduced over time in lung transplant
recipients (9), and their dysfunction leads to the development of de
novo lung-restricted autoimmunity after transplantation and
chronic rejection (10). It is known that the survival of Tregs is
dependent on IL-2, which is suppressed by calcineurin inhibition,
the same mechanism that suppresses effector T cells (11). Hence,
long-term use of calcineurin inhibitors can lead to the loss of Tregs,
a mechanism that has been proposed to prevent the development
of allotolerance. The preservation of Tregs in the trametinib-treated
recipients observed in this study is highly significant and could
be of great clinical benefit. Using cell-surface markers, the authors
also showed suppression of B cells in the graft, peripheral blood,
and spleen. This may have clinical benefits, as this strategy
could potentially suppress the development of lung-restricted
autoantibodies, which are causally linked to chronic allograft
rejection in both human and rodent models [12, 13], after
transplantation.

The role of the RAS/MEK/ERK pathway in mediating human
disease is being recognized beyond the context of cancer biology.
Although it was not the focus of the present paper, a potential benefit
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of drugs such as trametinib is the inhibition of the pathogenic effects
of both donor-specific MHC and lung-restricted antibodies. The
conventional treatment for allograft rejection mediated by these
antibodies includes antibody-directed therapies such as intravenous
immunoglobulins and plasmapheresis; however, they remain
ineffective due to the lack of agents to target the downstream
signaling pathways triggered by the ligation of these antibodies with
the Fc receptors on the immune cells. Cross-linking of Fc receptors
on immune cells can trigger the production of inflammatory
mediators by signaling pathways via activation of MEK/ERK or the
PI3K pathway (14, 15). Unpublished data from our lab show that
stimulation of the recently identified pulmonary intravascular
nonclassical monocytes with lung-restricted autoantibodies can
produce neutrophil chemoattractants through the MEK/ERK
pathway, which is detrimental to the function of the allograft.

In summary, the work by Takahagi and colleagues highlights
several potential mechanisms by which the benefits observed with
MEK inhibition can be translated to human subjects, and strongly
argues for future studies to explore the role of this strategy in
improving outcomes after human lung transplantation. n
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