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Chemical mimetics of the pro-apop-
totic protein, DIABLO, better known as 
second mitochondria-derived activator 
of caspases (Smac), are small molecule 
antagonists that repress key inhibitors of 
apoptosis (IAPs) proteins – cellular IAP1 
(cIAP1) and cellular IAP2 (cIAP2) – by 
binding and targeting them for degrada-
tion. Depending on the compound affin-
ity, specificity, and dosage, Smac mimetics 
also antagonize or lead to the degradation 
of X-linked IAP (XIAP), another apop-
totic suppressor protein. Several of these 
Smac mimetics are currently in early 
phase clinical trials as anticancer agents. 
The Smac mimetic-induced loss of cIAP1/
cIAP2, two critical regulators of tumor 
necrosis factor (TNF) receptor superfam-
ily and nuclear factor-κB (NF-κB) signal-
ing, sensitizes cancer cells to TNFα- or 
TNF-related apoptosis-inducing TNF 
ligand (i.e., TRAIL)-mediated death.1 
Importantly, Smac mimetics require the 

presence of these pro-death cytokine 
ligands for maximal efficacy. However, 
to date, methods to safely and effectively 
provide an exogenous source of these cyto-
kines to cancer patients undergoing treat-
ment with Smac mimetics, an action that, 
conceptually, could boost antitumor effi-
cacy, have yet to be developed.

We recently discovered that infection 
of tumor-bearing mice with an oncolytic 
virus, or alternatively, treatment with a 
synthetic immune mimetic, can give rise 
to a cytokine storm (including TNFα 
and TRAIL) of sufficient intensity to 
kill tumor cells co-treated with various 
monovalent or bivalent Smac mimet-
ics (containing one or two IAP binding 
motifs, respectively).2 We demonstrated 
synergistic killing of tumor cells in mul-
tiple treatment-refractory cancer models 
in vivo, such as breast and colorectal can-
cer, leading to increased survival and, in 
some cases, in durable cures. In addition, 

treatment of many other types of malig-
nancy (e.g., renal, glioblastoma, and mul-
tiple myeloma) demonstrated synergistic 
combinatorial activities in vitro. This pub-
lished study also demonstrated the follow-
ing key points:

1. The Smac mimetic synergy with an 
oncolytic virus was highly potentiated 
specifically within the class of vesiculovi-
ruses, typified in our study by two exam-
ples of oncolytic rhabdoviruses, Vesicular 
stomatitis virus (VSV) and Maraba in 
studies in vitro. The attenuated oncolytic 
rhabdoviruses are negative sense RNA 
viruses that replicate quickly and pro-
duce a strong interferon (IFN) response. 
This immune response limits viral spread, 
thereby suppressing the cancer-killing 
efficacy of the oncolytic virus but protects 
the host from viremia.3 However, viral 
infection, lysis, and the release of tumor 
antigens and damage-associated molecu-
lar patterns (DAMPs) ultimately triggers 
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A dual immunotherapy approach employing small-molecule inhibitors of apoptosis (IAP) protein antagonists in com-
bination with innate immune stimuli has proven to be highly synergistic and effective in animal tumor models. This 
strategy overcomes many of the limitations of either single agent therapy and our results suggest that the combination 
could be easily and effectively translated to the clinic.
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the immune response to aid in the eradica-
tion of tumors.4

2. The combination effect did not 
exclusively require the local production 
of cytokines at the site of the tumor, such 
that we observed systemic production of 
cytokines to be highly efficacious. In addi-
tion, the combination was well tolerated 

by the animals with acceptable and tran-
sient losses in body weight.

3. The cancer cytotoxic effects were 
mediated by various cytokines, notably 
Type I or Type II IFNs, as well as TNFα 
or TRAIL. This was the first demon-
stration of Smac mimetic synergy with 
IFNs. Our findings raise the possibility 
of combining existing immunotherapies 
comprising recombinant IFN with Smac 
mimetics in the treatment of cancer.

4. The anticancer effect from the com-
binatorial treatment was primarily medi-
ated by the innate immune response. 
However, we could not completely exclude 
the involvement of the adaptive response, 
as this arm of the immune system is broadly 
known to contribute to long-term remis-
sion or cure. In a separate report, Dougan 
and colleagues show that Smac mimetics 
enhance T-cell antitumor immunity in a 
cancer vaccine mouse model,5 suggesting 
that Smac mimetics can exert a multitude 
of beneficial antitumor immune effects 
via distinct mechanisms. In fact, the IAPs 
regulate many aspects of immunity (For 
a review see ref. 6), and IAP antagonism 
with Smac mimetics in cancer patients 
is expected to have numerous immune-
mediated anticancer effects.

5. Oncolytic virus triggering of the 
innate immune response could be replaced 
with non-infectious immunostimulatory 
molecules, such as the adjuvants poly(I:C) 
or CpG oligonucleotides. These synthetic 
pathogen mimetics effectively synergizes 
with Smac mimetics to significantly 
induce tumor regression, resulting in 
durable cures.

6. The direct infection of all the can-
cer cells with an oncolytic virus was not 
required, as non-infected tumor cells could 
be killed by a bystander mechanism, at 
least partially due to the induction of dif-
fusible and circulating cytokines (Fig. 1). 
This cytokine storm produces a cloud 
of tumor cell death that could be clearly 
visualized in a virus-spreading assay using 
an agarose overlay (refer to supplemental 
data in ref. 2).

7. Smac mimetic treatment did not 
alter or compromise the host antiviral 
response to oncolytic VSV infection, 
contrary to a previous report wherein the 
loss of cIAP1/2 was shown to lead to an 
increase in the titer of VSV.7 In fact, two 

additional studies have also demonstrated 
that Smac mimetic treatments do not hin-
der antiviral responses in mice.8,9

A number of the above mentioned 
immunotherapy agents and derivatives are 
currently in cancer clinical trials as mono-
therapies. Our pre-clinical studies indicate 
that specific combinatorial immunothera-
pies involving Smac mimetics may be 
more efficacious than the single-agent 
approaches, and that these combinatorial 
approaches are amenable to translation 
to the clinical setting. Our combination 
approach provides the essential death 
triggers (TNFα, TRAIL, and/or IFN) 
needed for maximal Smac mimetic effi-
cacy in vivo. Even in scenarios where viral 
spread and oncolysis is limited, widespread 
bystander killing of uninfected tumor cells 
could occur as a result of the induction of 
cytokines through the systemic stimula-
tion of the innate immune response. The 
idea of combining multiple immunothera-
pies is one that is likely to flourish with 
the advent of effective anticancer treat-
ments that are being approved for clinical 
use, such as blocking antibodies targeting 
cytotoxic T lymphocyte associated anti-
gen 4 (CTLA-4,) programmed cell death 
1 (PDCD1, better known as PD-1) or 
PD1 ligand (PD-L1).10 Analogous to the 
use of chemotherapy cocktail approaches 
to circumvent tumor resistance or to pro-
vide drug synergy, the combination of var-
ious cancer immunotherapies with Smac 
mimetics can also be viewed as an effec-
tive multipronged approach that could 
potentially avoid neoplastic or malignant 
cell resistance to immune attack or apop-
totic induction, and would thus be likely 
to synergistically ablate cancer cells.
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Figure 1. Cytokine-mediated synergy of Smac 
mimetics and an oncolytic virus or synthetic 
Toll-like receptor (TLR) agonist. Infection with 
oncolytic viruses or treatment with immuno-
stimulatory TLR agonists in various cell types 
(tumor, macrophages or other cells from 
the host) leads to the production of inter-
ferons, such as IFNβ, which in turn, leads to 
the production of cytokines such as tumor 
necrosis factor (TNFα) and TNF-related apop-
tosis-inducing ligand (TRAIL). Notably, the 
production of these cytokines is enhanced in 
the presence of Smac mimetics. Treatment of 
tumor cells with Smac mimetics leads to the 
degradation and/or inhibition of the cellular 
inhibitors of apoptosis (cIAP1/2) and X-linked 
IAP (XIAP) proteins. Subsequently, the cyto-
kines induce caspase-8- and RIP1-dependent 
bystander death of Smac mimetic treated 
tumor cells. RIP1, receptor interacting protein 
kinase 1; Smac, second mitochondria-derived 
activator of caspases; SMC, Smac mimetic 
compound.
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