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Tumor Necrosis Factor a Blockade to Ameliorate
Renal ischemia Reperfusion Injury: Potential
Implications for Kidney Transplantation
Cyril Moers, MD, PhD,1 Robert A. Pol, MD, PhD,1 and Martin H. de Borst, MD, PhD2

The study published by Nagata and colleagues in this is-
sue of Transplantation1 is a good example of a compre-

hensive and methodologically sound animal experiment,
which uses a step-by-step approach to answer a clinically rel-
evant question. In previous studies, the same group had
shown that splenectomy has a protective effect against renal
ischemia-reperfusion (IR) injury in rats.2 The mechanism of
this effect seemed to be based on a reduction in TNF-α,
resulting from a general decrease in the number of cytokine-
excreting lymphocytes following splenectomy. In the present
article, they have quite elegantly tested the hypothesis that se-
lective TNF-α blockade bymeans of infliximab administration
could convey a similar effect.

Infliximab treatment has beenwell established as a therapy
for patients with various types of autoimmune diseases, such
as inflammatory bowel disease, rheumatoid arthritis, and
psoriasis. A handful of earlier animal studies have focused
on this monoclonal antibody and its presumed protective ef-
fect against renal IR injury,3,4 extending earlier studies that
had shown renoprotective effects of a TNF-α binding protein
in the IR model.5 However, apart from these articles, the sci-
entific evidence has been scarce. In their discussion, Nagata
and colleagues carefully hint at the option of infliximab as an
(early) immunosuppressive agent in kidney transplant recipi-
ents. Although subsequent animal experiments using a renal
transplantation model should be performed first, application
in human kidney transplantation could be interesting given
the relatively extensive experience with this biological in clinical
practice. Apparently, human studies with infliximab treatment
in renal transplant recipients have been planned and perhaps
also performed, but to our best knowledge, results have not
been published so far. Application of infliximab for induction
therapy or rejection treatment has been reported in human

intestinal transplantation. The scarce available evidence
seems to suggest favorable results.6 Because the small intes-
tine is both very susceptible to IR injury and highly immuno-
genic, that particular transplant setting could serve as an
extreme proof of principle. However, data generated in hu-
man kidney transplantation studies are needed to appreciate
the true effect of TNF-α blockade.

One interesting aspect of TNF-α blockade, as compared
with most currently applied immunosuppressive therapies
in kidney transplantation, is that it targets a specific cytokine,
rather than a class of immune cells. Although the article by
Nagata et al does not reveal which are the main cellular sources
of TNF-α in the IR model, previous studies suggest these to be
tubular epithelial cells and monocytes/macrophages.7 As such,
infliximab seems to reduce a nonspecific inflammatory re-
sponse to IR injury. In the context of kidney transplantation,
the most plausible timing of anti–TNF-α therapy would
therefore be shortly before (and possibly early after) trans-
plantation. It is less likely that TNF-α blockade would com-
pete with currently available powerful anti-T cell induction
therapies including basiliximab, anti-CD52 and antithymocyte
globulin. Rather, dampening the IR-induced inflammatory
response might provide long-term benefit to the allograft.
Of note, a National Institutes of Health-sponsored double-
blind randomized controlled trial of 300 renal transplant
recipients is currently ongoing (clinical trials gov identifier
NCT02495077). In this trial, the study drug (infliximab or
placebo) is administered just before surgery, in addition to a
full immunosuppressive regimen according to current prac-
tice, and estimated glomerular filtration rate at 24 months
after transplantation is the primary outcome.

Will infliximab treatment of human renal transplant recip-
ients be safe? There are various encouraging reports of anti–
TNF-α treatment after kidney transplantation, which was
instituted for other reasons than reduction of IR damage in
the renal graft.8 In contrast, other studies have reported rele-
vant nephrotoxic side effects of infliximab, possibly related to
an interaction of anti–TNF-α antibodies with TNF-α present
on glomerular visceral epithelial cells, thus causing glomeru-
lonephritis.9 Nevertheless, most reports to date suggest that
renal adverse effects, in nontransplanted patients, are mini-
mal. The spectrumof extrarenal adverse effects does not seem
to differ much from that of other biologicals.10 Yet, blocking
one of the main proinflammatory cytokines in addition to
the standard immunosuppressive regimen, mainly directed
against T cell function, may inflict a higher rate of infectious
complications particularly in the early posttransplant stage.

The present study does have a few relevant limitations,
which will interfere with translation of its findings to the
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human (transplantation) setting. As the authors have already
pointed out in their discussion, a transplant model was not
used. As a result, their data will only elucidate the effect of
infliximab on the acute, nonspecific immune response to a
standardized amount of warm ischemic tissue injury. These
kidneys did not suffer from any cold ischemic injury and
the associated additional detrimental effect of rapid organ
rewarming at reperfusion. Moreover, the model did not in-
corporate an alloresponse.We do not know the additional ef-
fect of TNF-α blockade in the context of standard clinical
immunosuppressive agents, such as calcineurin inhibitors,
mycophenolate mofetil, and prednisolone. Also, we cannot
make a comparison between infliximab treatment and, for
example, induction therapy with an anti-CD25 or anti-
CD52 biological agent among the aforementioned common
immunosuppressants. Finally, the study makes a comparison
between the effect of splenectomy and anti–TNF-α treatment
on IR injury. The authors assume that this effect is similar,
but they have not made direct comparisons. Although the
end result of both interventions in terms of reduced proin-
flammatory cytokine release and improved renal function
may be comparable, the underlying molecular mechanisms
could still be very different. However, Nagata and colleagues
have taken an important first step towards unraveling the
mechanism of action of TNF-α inhibition in renal IR injury.
It should be applauded that they have not restricted their re-
sults to measurement of injury markers. One of the merits of
this article is that it also demonstrated markedly reduced
postischemic serum creatinine and urea levels in infliximab-
treated animals, which is the best indication so far that TNF-α
blockade might have the potential to improve clinically

relevant end points after IR injury. Forging ahead to the hu-
man renal transplant setting will be the next step to assess
the potential value of infliximab as immunosuppressive ther-
apy in this area.
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