
CYTOPROTECTIVE EFFECTS OF IAPS REVEALED BY A SMALL
MOLECULE ANTAGONIST

Stefanie Galbán*, Clara Hwang†, Julie M. Rumble*, Karolyn A. Oetjen*, Casey W. Wright*,
Alain Boudreault‡, Jon Durkin‡, John W. Gillard‡, James B. Jaquith‡, Stephen J. Morris‡,
and Colin S. Duckett*,†,§

*Department of Pathology, University of Michigan, Ann Arbor, MI, 48109

†Department of Internal Medicine, University of Michigan, Ann Arbor, MI, 48109

‡Aegera Therapeutics Inc., Montreal, Canada.

SYNOPSIS
Deregulated expression of members of the Inhibitor of Apoptosis (IAP) family has been found in a
wide variety of neoplastic cells, and synthetic IAP antagonists represent a promising novel class of
chemotherapeutic agents. Early work focused on the ability of these compounds to block the caspase
inhibitory function of XIAP. However, recent studies have shown that IAP antagonists, although
primarily designed to target XIAP, trigger a ubiquitin-mediated degradation of two related proteins,
c-IAP1 and c-IAP2, and through this process potentiate the death of tumor cells via autocrine cellular
signaling pathways. In this context, the relative contribution of XIAP as a target of this class of
compounds is unclear. Here we examine the involvement of XIAP using a recently described
synthetic IAP antagonist, AEG40730, and through the comparison of a human tumor cell line targeted
for XIAP with its isogenic, wild type control line. Treatment with nanomolar concentrations of
AEG40730 resulted in the loss of both XIAP and c-IAP1 proteins, albeit with different kinetics.
While XIAP-deficient HCT116 cells retained some sensitivity to AEG40730 to external apoptotic
stimuli, the data suggest that IAP antagonists such as AEG40730 exert their apoptotic enhancing
effects through XIAP in addition to the c-IAPs. These data indicate that IAP antagonists can target
multiple IAPs to augment distinct pro-apoptotic signaling pathways, thereby revealing the potential
for these compounds in cancer therapy and underscoring the promise of IAP-targeted therapies.
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INTRODUCTION
Homeostatic regulation of metazoan cell number is dependent on a tightly regulated balance
between the proliferation and death of cells [1,2]. Deregulation of this balance is a hallmark
of many disease states, and the activities of key components of both the proliferative and
apoptotic (programmed cell death) machinery are altered in a wide variety of disorders
including neurodegenerative, autoimmune and neoplastic diseases [3–5], and factors that
influence this balance are of great significance in treating a host of diseases.
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One important group of factors that regulate apoptosis is the TNF receptor superfamily which,
following engagement with its cognate ligands, can elicit pro-survival and/or pro-apoptotic
responses [6]. Several TNF receptor family members have attracted much attention as
therapeutic targets for the treatment of cancers and immunological disorders. For example,
cells from a range of malignancies, including cancers of prostate, colon and hepatic origin,
appear highly sensitive to the pro-apoptotic ligand, TRAIL [7–9], and this has led to the
development of TRAIL ligands and agonists as potential therapeutic tools for cancer treatment.

The central effectors of apoptosis are caspases, a family of intracellular cysteine proteases with
specificity for aspartate-containing residues [10,11]. Caspases function in a hierarchical
manner; they are initially synthesized as inactive zymogens and, following activation, upstream
or initiator caspases such as Caspases-8 and -9 can become activated by oligomerization,
through a process referred to as the induced proximity model [12], which subsequently leads
to the cleavage and activation of effector caspases, such as Caspases-3 and -7.

IAP (inhibitor of apoptosis) proteins are a group of intracellular proteins, several of which have
been shown to directly inhibit caspases [13]. IAPs are characterized by the presence of one or
more Baculoviral IAP repeat (BIR) domains, which bind directly to caspases [14]. The most
intensively studied IAP protein is X-linked IAP (XIAP), which contains three BIRs. The most
carboxy terminal BIR (BIR3) is necessary and sufficient for binding and inhibition of
Caspase-9 by XIAP, while BIR2, together with a short proximal amino terminal domain, is
involved in binding and inhibition of Caspases-3 and -7 [15,16]. Interestingly, XIAP has been
shown to be elevated in several malignancies [17–19], and so has become a promising target
in anti-cancer therapies.

The caspase-inhibitory property of XIAP can be neutralized by Smac/DIABLO, a nuclear-
encoded, mitochondrial protein that is released into the cytosol following mitochondrial
permeabilization [20,21]. Binding of Smac to XIAP can displace the XIAP:caspase interaction,
releasing the caspase and lowering the cellular apoptotic threshold. Many seminal studies have
revealed the nature of the Smac:XIAP interaction [20–23], and a number of synthetic
compounds have been developed that resemble the XIAP-interacting interface in Smac.
Interestingly, several of these compounds have also been found to interact with at least two
other IAPs, c-IAP1 and c-IAP2, even though the experimental strategies leading to their
discovery were based on the XIAP-Smac/DIABLO interaction paradigm. The data suggest that
targeting c-IAP1 and c-IAP2 with Smac mimetics results in a lowering of the apoptotic
threshold indirectly, by affecting the activation of the NF-κB transcriptional network, rather
than directly relieving the constraints on caspases [24–26]. Much less clear, however, is the
relative contribution of XIAP to the pro-apoptotic effects of these compounds, and how suitable
XIAP may be as a future molecular target for drug design.

In this study we examine the role of XIAP in TRAIL-induced apoptosis, by comparing
apoptotic signaling in an XIAP-expressing cell line with a derivative line in which XIAP was
ablated by homologous recombination. Using this approach, we compared the effects of
combined treatment of TRAIL or TNF with a recently identified IAP inhibitor, AEG40730.
We find that AEG40730 can induce the degradation of the c-IAPs, and this is likely to be of
central importance when compounds such as AEG40730 are used to sensitize cells to the
cytotoxic effects of TNF. Interestingly, in addition to targeting c-IAPs, AEG40730 also
triggered the degradation of XIAP, and this combined effect was found to significantly augment
cell killing when utilized in combination with TRAIL or TNF. These findings reveal that Smac
antagonists such as AEG40730 target multiple cellular IAPs, including XIAP, to potentiate
apoptosis, and underscore the therapeutic potential of these compounds in combination with
different primary apoptotic inducers.
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EXPERIMENTAL
Cell culture, infections, plasmids

Wild type, XIAP-deficient and BAX-deficient HCT116 cells [27], kindly provided by Dr. Bert
Vogelstein, Johns Hopkins University, were cultured in McCoy’s 5A media containing 10%
FBS supplemented with 2 mM glutamax at 37 °C, 5% CO2.

The lentiviral expression vector FG9 was constructed by the modification of the shRNA vector
FG12 [28] to include the EF-1a promoter and a multiple cloning site from the expression
plasmid pEBB [29]. FG9/GFP-hygro was constructed by replacing the GFP cassette in FG9
with a GFP:hygromycin resistance fusion. Further details of the construction of these plasmids
are available upon request.

The coding sequence of native XIAP, XIAPD148A, XIAPE219RH223V, XIAPW310A,
XIAPD148AW310A, XIAPH467A, and Bcl-xL were subcloned from pEBB into the BamHI
and NotI sites of FG9EF-1a. For stable cell line preparation, the FG9EF-1a empty vector
(control) or XIAP and XIAP mutants in the FG9EF-1a vector were co-transfected with
pHCMV-G, pRRE, and pRSVrev [28], which direct expression of lentiviral structural proteins,
into HEK293 cells using a standard calcium phosphate transfection and incubated at 37 °C,
7% CO2. Forty hours post-transfection the virus-containing media on the HEK293 cells was
collected, polybrene (Sigma) was added to a final concentration of 25 mM and the media was
filtered through a 0.45 mm Millex HV PVDF filter unit (Millipore) onto HCT116 cells. The
virus was incubated with the HCT116 cells for four hours followed by addition of fresh
McCoy’s and incubated for an additional forty-eight hours at 37 °C, 7% CO2. Stable cells were
selected by the addition of hygromycin B (Invitrogen; 200 mg/mL).

Viability experiments
HCT116 were seeded in 6 well dishes (5–6 × 105 cells/well), and stimulated with the indicated
doses of recombinant TRAIL (Alexis Biochemicals) for 2 h unless stated otherwise. For
experiments with TNF (Roche Diagnostics) a dose of 200 U/mL was used for 5 or 18 h. After
treatment with TRAIL or TNF cells were washed with PBS and recovered in fresh media as
indicated in figure legends (24 h, 48 h). For experiments with the IAP antagonist AEG40730,
cells were pretreated for 24 h with a final concentration of 10 or 100 nM AEG40730 or DMSO
as vehicle control. At indicated time points cells were collected by trypsinization, subsequent
centrifugation and resuspension in PBS plus 1% bovine serum albumin and 2 µg/mL of
propidium iodide (PI). Cell viability of PI-stained cells was analyzed by flow cytometry using
a Coulter EPICS model XL-MCL flow cytometer.

Protein extraction and immunoblotting
Whole cell lysates were prepared using RIPA buffer (1% NP-40, 0.5 % sodium deoxycholate,
0.1% SDS, 1 mM DTT, 1 mM PMSF) supplemented with protease inhibitors. Samples were
resolved on 4–12% gradient SDS-PAGE gels (Invitrogen), transferred onto nitrocellulose
(Invitrogen) and blocked in 5% milk Tris-buffered saline containing 0.1 % Tween. Membranes
were incubated at room temperature for 1 h with the following antibodies: XIAP (BD
Pharmingen), β-actin (Sigma), Bcl-xL (BD Pharmingen), BAX (Santa Cruz) or c-IAP1 [24].
Secondary horseradish peroxidase-conjugated anti -mouse, anti-rabbit or anti-rat (GE
Healthcare) were used for 1 h at RT. Enhanced chemiluminescence (GE Healthcare) and Kodak
XAR film was used for visualization purposes.
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RESULTS
XIAP modulates the sensitivity to TRAIL-mediated apoptosis

Multiple IAP targeting properties of Smac-like IAP antagonists have been recently described
[24–26]. Less clear, however, are the relative contributions of specific IAPs to the apoptosis-
promoting effects of these compounds, and whether these contributions differ depending on
the type of apoptotic stimulus. To explore this question, we utilized the HCT116 human colon
carcinoma cell line and a derivative line in which the XIAP gene had been disrupted by
homologous recombination [27]. These cell lines were first examined for their responsiveness
to two different apoptotic stimuli, TRAIL (TNF-related apoptosis inducing ligand) and TNF
(tumor necrosis factor). XIAP-null cells were found to be highly susceptible to TRAIL-induced
apoptosis after prolonged stimulation (Figure 1A; compare WT and KO at 48 h), consistent
with a previous report [27]. Neither cell line appeared susceptible to treatment with TNF alone,
but the XIAP-deficient cell line was found to be highly sensitive to TNF when co-incubated
with the protein synthesis inhibitor, cycloheximide, compared to the parental cell line (Figure
1B). These observations defined a set of experimental conditions under which XIAP plays a
clear anti-apoptotic role, and provided a framework in which the effects of IAP antagonists
could be examined.

Potentiation of TRAIL-induced apoptosis by a synthetic IAP antagonist
The IAP antagonist AEG40730 is a cell-permeable, synthetic molecule with nanomolar
affinities not only for XIAP, but for c-IAP1 and c-IAP2 [30]. To examine its effects on IAP
levels in the parental and XIAP-deficient HCT116 lines, cells were treated with AEG40730,
and lysates prepared from these cells were examined by immunoblotting with antibodies to
both XIAP and c-IAP1. In the parental line, XIAP protein levels were drastically diminished
even at low concentrations of the drug (10 nM) after a 24 hour incubation (Figure 2A),
suggesting an induced degradation of XIAP protein by the drug. Importantly, c-IAP1 protein
levels were also reduced under the same conditions (Figure 2A), and since this reduction
occurred in both the parental and XIAP-deficient HCT116 cells, the targeting of c-IAP1 by
AEG40730 appears to occur independently of XIAP.

In pilot studies, we found that HCT116 cells could tolerate a wide range of AEG40730
concentrations when delivered as a single agent, without considerable loss of viability (data
not shown). To determine whether AEG40730 could potentiate apoptosis to a second signal
in our defined system, HCT116 parental cells were pre-incubated with the drug, pulsed with
TRAIL and subsequently examined for viability. The combination of TRAIL and AEG40730
induced a significant level of death, even at the lowest concentrations of TRAIL (Figure 2B),
presumably as a consequence of the drug targeting one or more IAPs for degradation. The
involvement of XIAP was therefore examined using identical experimental conditions, but
titrating TRAIL into the XIAP-deficient HCT116 line. Interestingly, XIAP-null cells, while
being more sensitive to TRAIL alone, were also further sensitized by the drug AEG40730 at
low concentrations of TRAIL (Figure 2C). However, this significant sensitization to TRAIL
by AEG40730 in XIAP-deficient cells was no longer apparent when TRAIL concentrations
were increased. Taken together, these data suggest that AEG40730 potentiates cell death,
especially at lower concentrations of TRAIL, by degrading several IAPs.

XIAP reconstitution restores TRAIL resistance in XIAP-deficient cells
To establish definitively whether XIAP is required for resistance to TRAIL-induced apoptosis,
we reconstituted XIAP-null HCT116 cells with wild type XIAP. Cells with reconstituted XIAP
were found to be protected against TRAIL-induced cell death, when compared to XIAP-
deficient cells (Figure 3A), and cell death was potentiated when such cells were co-treated with
AEG40730, to a similar degree to that observed in AEG40730-treated parental cells. These
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findings are strongly indicative of a role for XIAP in resistance to TRAIL-induced death, which
can be neutralized by exposure to this IAP antagonist.

Recent reports have demonstrated an important role of c-IAP1 and c-IAP2 in inhibiting TNF-
mediated cell death [24–26]. We utilized the parental and XIAP-null HCT116 cells to evaluate
the death response to TNF in the presence of AEG40730. Cells were pretreated with AEG40730
and subsequently pulsed with TNF, without cycloheximide. Parental HCT116 cells were not
responsive to TNF (Figure 1B), however when treated with AEG40730, the parental line
became sensitized to TNF-induced apoptosis (Figure 3B). Interestingly, XIAP-deficient
HCT116 cells did not die following incubation with TNF alone (Figure 1B), but were also
further sensitized to TNF-induced killing by pre-treatment with AEG40730 (Figure 3B),
similar to the effects observed with combined treatment of AEG40730 and TRAIL. In both
cases overexpression of XIAP appeared to confer a significant degree of protection against cell
death by these ligands. Taken together, our data suggest that under these conditions, TNF-
induced death is potentiated by degradation of c-IAPs and XIAP following treatment with
AEG40730. While XIAP was found to contribute to this potentiation, XIAP deficiency alone
was not sufficient to result in cell death by TNF (Figure 3B and Figure 1B).

Domains within XIAP required for downregulation by AEG40730
Most synthetic IAP antagonists are modeled after the N-terminal tetrapeptide of the IAP
binding motif in Smac/DIABLO, which binds to the BIR3 domains of all the IAPs and several
of these have recently been shown to trigger the degradation of c-IAP1 and c-IAP2 [24–26].
To further explore the mechanism of XIAP inhibition by AEG40730, we reconstituted XIAP-
deficient cells with wild type XIAP or with XIAP derivatives bearing point mutations in the
domains previously shown to be necessary for caspase inhibition and Smac binding. Cells were
pre-incubated with AEG40730 at a range of concentrations and evaluated for changes in XIAP
protein levels by immunoblotting. XIAP was degraded as a consequence of AEG40730
treatment in both the parental cells and the XIAP-deficient line in which XIAP had been
reconstituted (Figure 4), although the reduction appeared less pronounced in the latter, likely
due to the relative high expression of the XIAP protein in these cells. As shown in Figure 4,
AEG40730 treatment exerted a similar effect in cells reconstituted with an XIAP mutant
encoding a protein incapable of inhibiting caspases-3 and -7 (D148A) or (E219RH223V), but
interestingly, were unable to induce the degradation of a version of XIAP (W310A) that is
incapable of binding Caspase-9, which presumably interferes with the binding site in BIR3 to
which AEG40730 also binds. Under the same conditions (Figure 4), drug treatment of cells
reconstituted with a doubly deficient XIAP derivative (D148AW310A) also did not trigger
degradation. Interestingly, AEG40730 was unable to induce degradation of XIAP in cells
reconstituted with a mutant version of XIAP lacking its E3 ubiquitin ligase activity (H467A).
Taken together, these data suggest that XIAP is degraded by AEG40730 upon binding to BIR3
and that this degradation is likely mediated by a process involving autoubiquitination.

AEG40730 overcomes TRAIL resistance in cells overexpressing Bcl-xL or lacking BAX
The pathological elevation of the BCL2 gene family in many cancers has been shown to cause
a loss in chemosensitivity [31], predominantly through interference with BH3-mediated
activation of mitochondrial death pathways, involving Caspase-9. To examine whether
AEG40730 can restore sensitivity to TRAIL under conditions of elevated Bcl-xL, we
introduced Bcl-xL by lentiviral infection into parental and XIAP-deficient cells, and examined
sensitivity to TRAIL. Consistent with previous reports, parental cells overexpressing Bcl-xL
were greatly protected against TRAIL-induced death. However, when Bcl-xL was stably
expressed in XIAP-deficient cells, TRAIL was fully active in inducing cell death, and the
resultant cell death was similar to that observed in XIAP-deficient cells without Bcl-xL
overexpression (Figure 5A). To examine whether AEG40730 could also reverse the observed
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TRAIL resistance of Bcl-xL overexpressing cells, we co-treated such cells with AEG40730
and TRAIL. Combined treatment of AEG40730 and TRAIL fully restored sensitivity to TRAIL
in Bcl-xL-overexpressing cells, as depicted in Figure 5B. Notably, pretreatment with
AEG40730 did not further sensitize XIAP-deficient cells overexpressing Bcl-xL to TRAIL. As
shown in Figure 5C, western blotting of XIAP confirmed that AEG40730 also reduced XIAP
protein levels in cells with heightened Bcl-xL expression. These data point to roles not only
for the c-IAPs, but also for XIAP, in blocking TRAIL-induced apoptosis, in wild type and in
Bcl-xL overexpressing cells.

Ectopic expression of mature Smac/DIABLO and treatment with Smac antagonists have been
shown to restore TRAIL sensitivity in cells that are deficient in the BAX gene [32]. To explore
whether AEG40730 might be a useful means of restoring TRAIL responsiveness, in this
common resistance phenotype, HCT116 cells deficient for BAX were tested for sensitivity to
AEG40730, either alone or in combination with TRAIL. AEG40730 alone, did not induce cell
death in BAX-deficient cells (Figure 6B) and BAX-deficient cells were fully resistant to
TRAIL-induced death (Figure 6A). However, treatment of BAX-deficient cells with
AEG40730 resulted in the reversal of resistance to TRAIL (Figure 6B), likely by attenuating
IAP protein levels in these cells (Figure 6C). AEG40730 alone, although causing XIAP protein
reduction, did not induce cell death in BAX-deficient cells (Figure 6B). Taken together, these
data suggest that AEG40730 can override the cytoprotective effects of elevated expression
levels of Bcl-xL, or conversely reduced levels of BAX.

DISCUSSION
Acquired resistance to apoptotic stimuli is a hallmark of many neoplastic cells [33], and a major
goal of chemotherapeutic strategies is to target and reactivate this pathway. Gaining a better
understanding of how cancer cells evade apoptosis and become resistant to chemotherapy is
essential for drug design and the development of novel treatment approaches. XIAP has been
found to be overexpressed in many cancers, including colon cancer [17–19]. Antagonists or
inhibitors of the IAP related proteins may serve as new tools, or indeed exploratory therapeutics
[34], and several XIAP antagonists and SMAC mimetics [34,35] have been described and are
advancing into clinical development. One remarkable effect of this class of molecules is their
dramatic sensitization of cancer cells to death receptor ligands, such as TNF. The IAP
antagonist AEG40730 differs in several structural aspects from the published cases, it binds
with low nanomolar affinity to the BIR3 domains of c-IAP1 and 2, as well as XIAP. Treatment
of cells with AEG40730 also triggers the profound degradation of c-IAP proteins (Figure 2
and data not shown), as well as XIAP.

Here we investigated the pro-apoptotic effects of the IAP antagonist AEG40730 in HCT116
cells when co-treated with TRAIL. The data presented here indicate that AEG40730 greatly
potentiates TRAIL-mediated apoptosis in this system (Figure 2B and 3A). Incubation with
AEG40730 result in a marked reduction in c-IAP1 protein levels (Figure 2A), but since c-IAP1
levels were equally decreased in XIAP knockout cells, we interpret these data to indicate that
potentiation of TRAIL-mediated cell death by AEG40730 is also dependent on its ability to
neutralize XIAP. Recent reports have demonstrated the ability of IAP antagonists to induce
apoptosis in a subset of sensitive cancer cells, without the need of costimulators such as TRAIL,
TNF or other chemotherapeutic agents [24–26]. It was shown that this occurs through a TNF-
mediated autocrine secretion mechanism, acting upon TNF receptors, which required the initial
degradation of c-IAP1 and c-IAP2 by IAP-inhibiting molecules to induce apoptotic cell death
mediated by Caspase-8. Here we compared the contribution of this process between TNF- and
TRAIL-mediated killing, with a particular focus on the role played by XIAP. Our data suggest
that the pro-apoptotic effect of AEG40730 in TRAIL-mediated death was dependent on the
targeting not only of the c-IAPs, but also of XIAP. HCT116 cells were not responsive to TNF
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alone, but pretreatment with AEG40730 resulted in dramatic sensitization to TNF-mediated
death (Figure 3B). XIAP-deficient cells were also further sensitized to TNF by AEG40730,
indicating that the sensitization by the drug to this stimulus is likely to be more dependent on
the elimination of other IAPs, such as the c-IAPs. The overexpression of XIAP in XIAP-null
cells treated with AEG40730 partially rescued cells from TNF-mediated death (Figure 3B),
consistent with its role as a potent inhibitor of Caspase-3.

The observed involvement of XIAP in the pro-apoptotic function of AEG40730 in TRAIL-
mediated death was further underscored by our finding that HCT116 wt cells with defects in
the mitochondrial apoptotic pathway (BAX-null or Bcl-xL overexpression) were sensitized to
TRAIL when co-treated with AEG40730 (Figure 5B and 6B). Cell death in these cells was
comparable to that observed in XIAP-deficient HCT116 cells or the same cells in which Bcl-
xL was ectopically expressed, treated with TRAIL alone or in combination with AEG40730
(Figure 5A and 5B). This confirms that XIAP contributed to TRAIL resistance in cells with
impairment in activation of the intrinsic, mitochondrial apoptotic pathway. Taken together,
these data suggest that AEG40730 can override the cytoprotective effects of heightened levels
of Bcl-2 and Bcl-xL, or conversely, reduced levels of pro-apoptotic members of the Bcl-2
family, such as BAX, that are found in many neoplastic diseases. Since the neutralization of
XIAP to circumvent intrinsic mitochondrial death signaling defects has been shown to restore
TRAIL sensitivity and to bypass the ability of the tumor cell to evade immunotherapy and
immune surveillance [31], the combination of cancer-selective drugs, such as TRAIL and IAP
antagonists, represents a promising approach for cancer therapy.

The abbreviations used are
IAP, Inhibitor of Apoptosis; BIR, baculoviral IAP repeat; XIAP, X-linked IAP; c-IAP, cellular
IAP; TNF, tumor necrosis factor; TRAIL, TNF-related apoptosis inducing ligand; HCT116,
colorectal carcinoma cell line.
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Figure 1.
XIAP-dependent differences in sensitivity to TRAIL and TNF. (A) Parental and XIAP-
deficient HCT116 cells were pulsed as indicated with TRAIL (75 ng/mL) for 2 h, and
subsequently maintained in fresh media for 24 or 48 h. Cell death was assessed by PI staining
and subsequent flow cytometry. Data are representative of at least three independent
experiments. (B) Parental and XIAP-deficient HCT116 cells were treated with TNF (200 U/
mL) for 18 h, cycloheximide (5 ug/mL), or TNF plus cycloheximide, as indicated. Cells were
then washed with PBS and maintained in fresh media for 48 h, before staining with PI and
analysis by flow cytometry. The data depicted are representative of three independent
experiments performed in triplicate.
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Figure 2.
AEG40730 triggers the degradation of IAPs. (A) Parental and XIAP-deficient HCT116 cells
were treated with AEG40730 (10 nM) for 24 h. Whole cell lysates (15 µg) were resolved by
SDS-PAGE, and immunoblotted with XIAP, c-IAP1 or β-actin antibodies as indicated. A
representative immunoblot is shown. (B) Parental HCT116 cells were treated with vehicle
control (DMSO) or AEG40730 (10 nM) for 24 h, whereupon they were either left untreated
or treated with a range of concentrations of TRAIL (2.5, 5, 10, 25 ng/mL, 2 h). Following 48
h recovery in fresh media, PI-stained cells were analyzed by flow cytometry. The data shown
are representative of three independent experiments, each performed in triplicate. (C) XIAP-
deficient HCT116 cells were incubated with a vehicle control (DMSO) or 10 nM AEG40730.
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After 24 h, recombinant TRAIL (2.5, 5, 10, 25 ng/mL) was added to the treatment group for
2 h. Cells were then washed with PBS and media was replaced. Cell death was analyzed by PI
exclusion and flow cytometry 48 h later. Each experiment was performed in triplicate, and data
are representative of at least three independent experiments.
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Figure 3.
Reconstituted XIAP null cells protect from TRAIL mediated death. (A) Parental, XIAP-
deficient and XIAP-deficient cells reconstituted with XIAP were pre-treated with DMSO or
10 nM AEG40730 for 24 h. Subsequently, cells were either left untreated or treated for 2 h
with 75 ng/mL TRAIL. Thereafter cells were washed with PBS and placed in fresh media for
48 h. Cell death was measured by PI staining and flow cytometry. Each experiment was
performed in triplicate, and data are representative of at least three independent experiments.
(B) The indicated cells were pre-treated with vehicle control (DMSO) or AEG40730 (10 nM)
for 24 h. Cells were then left untreated or treated with TNF (200 U/mL) for 5 h, washed in PBS
and recovered in fresh media for 48 h. Apoptosis was measured by staining cells with PI and
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flow cytometry. Each experiment was performed in triplicate, and data are representative of at
least three independent experiments.
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Figure 4.
AEG40730 induces RING-dependent degradation upon BIR3 binding. HCT116 wt and XIAP-
null cells reconstituted with wild type XIAP or the indicated XIAP derivatives were treated
with vehicle control (DMSO), 10 or 100 nM AEG40730 for 24 h. Lysates of all cell lines were
resolved by SDS-PAGE and immunoblotted with an antibody against XIAP or β-actin, as
indicated. A representative western blot of at least three independent experiments is shown.
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Figure 5.
AEG40730 sensitizes Bcl-xL overexpressing parental cells to TRAIL. (A) Effects of TRAIL
stimulation on cells stably overexpressing Bcl-xL. The indicated cell lines were stimulated with
TRAIL as described in the legend to Figure 3, and viability was evaluated by propidium iodide
exclusion. Right panel: Cell lysates were evaluated by immunoblotting with XIAP, Bcl-xL and
β-actin antibodies, as indicated. (B) A combined treatment of AEG40730 and TRAIL on stably
overexpressing Bcl-xL wt HCT116 and XIAP null HCT116 cells was performed by pre-
incubating the cells for 24 h with AEG40730 (10 nM) followed by a 2 h stimulation of TRAIL
(75 ng/mL). After a 24 h recovery period, cell death was assessed as described above. (C) The
indicated cell lines were either left untreated or incubated with 10 nM AEG40730. Whole cell
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lysates (50 µg) were resolved by SDS-PAGE and immunoblotted using antibodies to XIAP,
Bcl-xL and β-actin, as indicated.
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Figure 6.
AEG40730 sensitizes BAX-deficient HCT116 cells to TRAIL. (A) Parental, BAX-deficient
and XIAP-null cells were stimulated for 2 h with TRAIL (75 ng/mL). Cells were maintained
in fresh media for a further 48 h, and viability examined as described above. Each experiment
was performed in triplicate, and data are representative of at least three independent
experiments. (B) Parental and BAX-deficient HCT116 cells were pre-incubated for 24 h with
AEG40730 (10 nM) and subsequently stimulated with TRAIL (75 ng/mL, 2 h). (C) Parental
and BAX-deficient HCT116 cells were left untreated or treated with 10 nM AEG40730 (10
nM) for 24 h. Whole cell lysates (15 µg) were resolved by SDS-PAGE and immunoblotted
with XIAP, BAX and β-actin antibodies, as indicated.
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