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The critical function of cellular inhibitor of apoptosis proteins (cIAPs) in the protection of cancer cells from numerous
apoptotic stimuli prompted the development of second mitochondria-derived activator of caspases (SMAC) mimetics.
We recently addressed a novel survival pathway in which cIAP2 is induced by tumor necrosis factor-a and is stabilized
by its specific deubiquitylase, USP11, rendering cells resistant to SMAC mimetics.

Inhibitor of apoptosis proteins (IAPs)
constitute a family of proteins that
strongly suppress various types of cell
death, such as apoptosis and necropto-
sis.1,2 Although the direct inhibition of
caspases is a well-characterized function of
IAPs, ubiquitylation of other target pro-
teins is an emerging mediator of IAP-
induced suppression of cell death. For
example, cIAPs mediate the ubiquitylation
of receptor-interacting protein kinase
(RIPK1), thereby inducing nuclear factor
kappa-B (NF-kB) activation and prevent-
ing cell death following tumor necrosis
factor-a (TNFa) stimulation.3 The cen-
tral roles of IAPs in RIPK1 regulation are
crucial not only for TNFa signaling but
also for ripoptosome signaling upon acti-
vation by various stimuli such as genotoxic
stress and Toll-like receptor (TLR) activa-
tion.4 The crucial role of IAPs in the inhi-
bition of cancer cell death prompted the
development of second mitochondria-
derived activator of caspases (SMAC)
mimetics, which are being clinically tested
in cancer patients worldwide.5 However,
the efficacy of SMAC mimetics is occa-
sionally hampered by the resistance of
some cancer cell types to these agents. The
lack of a mechanistic understanding of
this resistance is a major obstacle to the
effective application of these drugs.

One of the missing links in under-
standing cIAPs is the functional or regula-
tory distinction between baculoviral IAP
repeat containing 2 (BIRC2, best known
as cIAP1) and BIRC3 (best known as
cIAP2), which are known to display high
homology and functional redundancy.2

Because cIAP1 is easily detectable and
constitutively expressed in cells, most
studies on cIAPs have focused on cIAP1.
Here, we provide new insight into the spe-
cific regulation of cIAP2. The cIAP2 pro-
tein is barely detectable in most cancer
cells but strongly accumulates in response
to various stimuli, including TNFa and
lipopolysaccharide (LPS).6-8 The detec-
tion of cIAP2 in tumor xenografts suggests
that cIAP2 may be susceptible to activa-
tion by cytokines in the tumor microenvi-
ronment (data not shown). Previous
studies proposed that transcriptional acti-
vation of cIAP2 via the non-canonical
NF-kB and PI3K pathways leads to resis-
tance to SMAC mimetics.6,9 In addition,
we recently suggested that the post-
translational stabilization of cIAP2 by
ubiquitin-specific protease 11 (USP11)
contributes to SMAC mimetic resis-
tance.10 Therefore, understanding the
mechanism by which cIAP2 is regulated
appears to be important for cancer
treatment.

In our recent study, we first observed
that cIAP1 expression levels are relatively
high but are rapidly decreased by SMAC
mimetics in most cancer cell types. How-
ever, cIAP2, which is expressed at low lev-
els, is enhanced by TNFa stimulation and
remains stably expressed despite SMAC
mimetic treatment.10 Accordingly, cIAP2
knockdown, but not cIAP1 knockdown,
sensitized these cells to apoptotic cell
death induced by TNFa and SMAC
mimetics. These findings of a differential
degradation rate between cIAP1 and
cIAP2 led us to screen for related deubi-
quitylases and the identification of USP11
as a key regulator of cIAP2. Several in
vitro experiments confirmed that USP11
acts as a bona fide deubiquitylase of
cIAP2. Interestingly, USP11 depletion led
to the downregulation of cIAP2 without
affecting the expression of other IAPs,
such as cIAP1, BIRC4 (best known as
XIAP), BIRC5 (best known as ML-IAP),
and BIRC7 (also known as Survivin), sug-
gesting the specificity of USP11 for
cIAP2. Ectopic expression of USP11 ame-
liorated SMAC mimetic-induced cIAP2
degradation, which may explain why
some cell lines display resistance to SMAC
mimetics. Supporting this hypothesis, we
observed an inverse correlation between
USP11 expression and SMAC mimetic
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sensitivity in some panels of colon cancer
cells or melanoma cells. For example, cell
lines expressing high levels of USP11
showed slow degradation of cIAP2 upon
treatment with SMAC mimetics, whereas
cell lines expressing low levels of USP11
exhibited rapid degradation of cIAP2
(Fig. 1B). In addition, USP11-depleted
cells showed rapid degradation of cIAP2
following treatment with SMAC mim-
etics; these cells ultimately underwent
rapid apoptosis compared to control cells.
Our results suggest that the stabilization
of cIAP2 by USP11 might be responsible
for the viability of certain cancer cell types
in the presence of SMAC mimetics.

One interesting observation of our
studies was that USP11 was transcription-
ally induced by TNFa, indicating that
USP11 is an innate component of the
TNFa signaling pathway. Using several

inhibitors, we found that c-Jun N-termi-
nal kinase (JNK) is responsible for USP11
induction. We hypothesized that TNFa
activates the survival pathway via not only
the activation of cIAP2 transcription but
also through USP11-dependent cIAP2
stabilization (Fig. 1A). In the absence of
USP11 expression, TNFa-induced cIAP2
accumulation was suppressed despite its
normal mRNA induction, resulting in the
sensitization of cancer cells to SMAC
mimetics. Why cIAP2, but not cIAP1, is
specifically regulated at both the tran-
scriptional and post-translational levels
remains unclear. Mice specifically defi-
cient in either cIAP1 or cIAP2 may
reflect the physiological differences
between these 2 homologous proteins.
Because previous studies using cIap1 or
cIap2 knockout mice have primarily
focused on the phenotypes related to

inflammation and immunity,9 the roles
of cIAP1 and cIAP2 in tumorigenesis
and cancer treatment should be investi-
gated by crossing each cIap knockout
mouse with various murine tumor
models.

Finally, we showed that USP11 down-
regulation promotes tumor suppression
following combination treatment with
TNFa-related apoptosis-inducing ligand
(TRAIL) and SMAC mimetics in mouse
xenograft models. Usp11 knockout mouse
experiments would provide more elabo-
rate and defined physiological roles of
USP11, as well as cIAP2, in tumorigene-
sis. Because SMAC mimetics synergisti-
cally induce cell death with various types
of anticancer drug, it would be interesting
to develop an USP11 inhibitor for the
treatment of cancer using SMAC mim-
etics. In conclusion, our findings demon-
strate that a novel TNFa/USP11/cIAP2
axis constitutes a crucial and previously
unrecognized cell survival pathway that
mediates the cellular resistance to antican-
cer drugs, including SMAC mimetics.
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Figure 1. Effects of the TNFa/USP11/cIAP2 signaling axis on cellular sensitivity to SMAC mimetics.
(A) TNFa activates the transcription of both cIAP2 and USP11 via the NF-kB and/or JNK pathways.
USP11 induction by TNFa prevents cIAP2 degradation via direct deubiquitylation. High expression
of USP11 and cIAP2 contributes to cell survival in the presence of various apoptotic stimuli. (B)
SMAC mimetics rapidly induce cIAP2 autoubiquitylation and subsequent degradation, leading to
the death of cells displaying low USP11 expression. In cells with high USP11 expression, USP11
abrogates the SMAC mimetic-induced ubiquitylation of cIAP2, resulting in cIAP2 stabilization.
Therefore, USP11 prevents cell death induced by SMAC mimetics and other stimuli, such as TRAIL.
cIAP2, cellular inhibitor of apoptosis protein-2; JNK, c-Jun N-terminal kinase; NF-kB, nuclear factor
kappa-B; TNFa, tumor necrosis factor-a; USP11, ubiquitin-specific protease 11.
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