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IFN-y, interferon-gamma; IL, interleukin; NF-kB, nuclear factor kappa B; SN38, 7-ethyl-10-hydroxycamptothecin; TNF,
tumour necrosis factor; UGT-1A1, uridine diphosphate glucuronosyltransferase-1A1

This is a Commentary on an article in BJP by Lima-Janior RC
etal., 2014; 171: 2335-2350. Lima-Janior et al. evaluate the
effects of the interleukin 18 (IL-18) inhibition in the patho-
genesis of irinotecan-induced intestinal mucositis. The results
demonstrated that genetic deletion or neutralization of IL-18
and, to a lesser extent, caspase-1 genetic deletion could
down-regulate the inflammatory responses and their conse-
quences. These observations offer a clear impetus for further
investigation into the role of IL-18 in mucositis arising on the
ground of cytotoxic chemotherapy.

The elimination of systemic toxicity while attempting to
maximize tumour response has been the Holy Grail of onco-
logical research for as long as cytoablative chemotherapy has

been employed. Although the advent of colony-stimulating
factors has substantially improved the management of
haematopoietic dysfunction and enabled dose-escalation,
much less progress has been made on the prevention and the
treatment of gastrointestinal toxicities. In this context, intes-
tinal mucositis and diarrhoea are among the most common
and potentially severe non-haematological complications
encountered in cancer patients undergoing chemotherapy
(Naidu et al., 2004; Stein et al., 2010). While these toxicities
are closely related, and to some extent inseparable, they arise
from different events having synergistic and interdependent
effects on each other, and also rely on the concurrent immu-
nological state, as well as the gut’s indigenous flora.
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Chemotherapy affects the integrity of the intestinal
mucosa through depletion of the rapidly proliferating crypt
stem cells, which impairs epithelial replacement and compro-
mises mucosal barrier function. Once the mucosal barrier is
disrupted, various luminal antigens penetrate the lamina
propria and stimulate resident macrophages and other
antigen-presenting cells to secrete several cytokines, thereaf-
ter determining the differentiation of CD4" T lymphocytes
(ThO) into either Th1/Th17 or Th2 effector cells and the
production of pro-inflammatory or anti-inflammatory
cytokines. Pro-inflammatory cytokines mediate the transmu-
ral infiltration of phagocytic leukocytes and the release of an
array of biologically active compounds, which coordinate the
inflammatory response. Taken together, the reduced absor-
bent surface area, and the accompanying mucosal inflamma-
tion and intestinal motility alterations, have all been
implicated as the mechanisms responsible for the manifesta-
tion of diarrhoea.

The chemotherapeutic agent irinotecan is notorious for
its propensity to induce unpredictable, and often very severe,
diarrhoea, having a clinical impact greater than its other
major toxic effect, myelosuppression. While immediate diar-
rhoea is of little clinical significance as it can be readily
controlled by atropine, delayed diarrhoea does not respond
well to conventional management and demonstrates consid-
erable interpatient pharmacokinetic variability. In brief, iri-
notecan is a prodrug that undergoes de-esterification by
carboxylesterases to yield its active metabolite (SN-38), which
is a potent topoisomerase-I inhibitor. Subsequently, SN-38 is
detoxified in the liver by the polymorphic enzyme UGT-1A1
to SN-38-glucuronide and both metabolites are eliminated
by biliary excretion. However, the reverse reaction can also
take place in the intestinal lumen by bacterial-derived
B-glucuronidase activity, which also represents the current
focus of research efforts (Mathijssen et al., 2001). The devel-
opment of delayed diarrhoea is generally ascribed to the
direct cytotoxic effects of the intraluminal SN-38 on the
mucosa resulting in villous atrophy, crypt hypoplasia, goblet-
cell hyperplasia and increased apoptosis (Stein et al., 2010).
Several lines of evidence have demonstrated that irinotecan
activates NF-xB, and up-regulates the production of pro-
inflammatory cytokines, TNF, IL-6 and IL-1B, which are
responsible for the initiation and amplification of mucositis
(Logan et al., 2008). Receptor nomenclature follows Alexan-
der et al. (2013).

Among the cytokines, IL-18 has been identified by its
ability to induce IFN-y production, thus driving predomi-
nantly the Thl-polarization pattern. Caspase-1 converts the
precursor of IL-18 to its mature protein, whereas IL-18
binding protein (IL-18bp) blocks its bioavailability and func-
tion (Dinarello et al., 2013). Until now, the most relevant data
regarding the pro-inflammatory effects of IL-18 in mucosal
inflammation have been obtained from studies of inflamma-
tory bowel diseases (Reuter and Pizarro, 2004); however, they
may also hold true in the case of chemotherapy-induced
mucositis.

An experimental study by Lima-Janior et al. (2014) pub-
lished in the British Journal of Pharmacology provides interest-
ing insights into the role of IL-18 in the pathogenesis of
irinotecan-induced enteropathy. The investigators initially
studied the effects of irinotecan in caspase-1 and IL-18 knock-
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out mice comparing them with their wild-type controls, and
demonstrated that both caspace-1 and IL-18 genetic deletion
exerted a preventive effect on mucosal morphometry, reduced
neutrophil accumulation and NO synthesis, and diminished
duodenal hypercontractility. Along with these structural and
functional modifications, a significantly improved survival of
IL-18 gene-deleted mice was also observed, further confirming
the significance of IL-18 in the inflammatory response.
However, genetic deletion of caspace-1 did not prevent the
occurrence of diarrhoea, and was also associated with marked
epithelial vacuolation. This phenomenon was attributed to
the fact that caspace-1 only partially cleaves the IL-18 precur-
sor into its active molecule. When this is taken into account,
along with the observed apoptotic cells in the mucosa,
another possible explanation could be that IL-18 is released
independently by stimulation mediated by an activated Fas
ligand (Dinarello et al., 2013).

In the second part of the study, the authors evaluated
whether inhibiting the activity of IL-18 by exogenous sup-
plementation of IL-18 binding protein ameliorates the sever-
ity of irinotecan-induced mucositis. The results demonstrated
that IL-18 inhibition rendered the intestinal mucosa signifi-
cantly chemoresistant to irinotecan injury in almost all of the
parameters examined, apart from survival. One of most
intriguing findings of this study was the absence of nitroty-
rosine immunoexpression despite the increased neutrophil
accumulation and up-regulation of iNOS. Activated neutro-
phils generate and release large amounts of superoxide anion
(O77), which in turn react with NO to form the highly reactive
peroxynitrite (ONOO"), a powerful oxidative agent. Although
the authors proposed that this injury mechanism cannot be
excluded, as peroxynitrite also degrades proteins in other
ways, it is more likely that oxidative/nitrosative stress is not a
critical mediator of irinotecan-induced mucositis, at least at
this stage. Although there is still no direct evidence for the
mechanism of irinotecan, it is well established that most
chemotherapeutics functionally impair neutrophils, as
further indicated by suppressed O, production (Hara et al.,
1990). Furthermore, there is evidence that NO is involved in
other aspects of irinotecan-induced enteropathy besides
being a mediator of tissue damage. Indeed, it has been dem-
onstrated that irinotecan-induced diarrhoea is also accompa-
nied by NO-induced chloride secretion, which is mediated by
thromboxane A2 (Sakai et al., 2002). It is also noteworthy
that, despite the conspicuously improved histological,
inflammatory and functional indices in irinotecan-injected
IL-18 knockout mice in comparison with their respective
disease control, the difference in IFN-y expression was negli-
gible. This finding may also imply a shift to a Th2 cytokine
profile and deserves further investigation, although it should
be noted that the IFN-ylevels in irinotecan-injected wild-type
mice were extremely varied (Dinarello et al., 2013).

The paper by Lima-Janior et al. (2014) raises an important
as well as difficult clinical problem; the narrow therapeutic
index of irinotecan, coupled with the paucity of adequate
surrogate markers of toxicity, limits the therapeutic effective-
ness of this important agent. Even though the originality of
the study is undeniable, both from a context and methodo-
logical point of view, the ambiguity regarding the functions
of IL-18 is expected to spark debate about the possible
extrapolation of these findings to the cancer situation. In



particular, the decreased or abolished synthesis of IL-18 in
human colon adenocarcinomas (ironically the most common
application of irinotecan) has been linked with distant metas-
tases and an unfavourable outcome (Pages et al., 1999). These
antitumour effects are believed to be mediated through IFN-y,
and Fas ligand-dependent cytotoxicity Moreover, IL-18 may
trigger the secretion of granulocyte-macrophage colony-
stimulating factor, and contribute to the proliferation of
haematopoietic cells (Nakanishi et al., 2001).

From another point of view, the amelioration of the
absorption and the elimination of the increased capillary
permeability induced by targeting IL-18 pro-inflammatory
responses would prevent irinotecan’s diffusion across the
mucosal layer, thereby reducing its detrimental effects at this
location. Theoretically, this approach may constitute an
interesting alternative strategy for preventing the intestinal
toxicity induced by irinotecan, as it does not interfere with
irinotecan’s complex pharmacokinetics. Of course, further
and more targeted research into the pleiotropic role of IL-18
in cancer and inflammation is required, and the study by
Lima-Junior et al. will be a valuable contribution to this topic,
which is of paramount interest.
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