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Introduction

Apoptosis (programmed cell death) is necessary for physiologic 
homeostasis.1-3 In mammalian cells, apoptosis can occur via 
either of two distinct pathways: the extrinsic pathway, mediated 
by death receptors on the surface of cells and the intrinsic path-
way, mediated by mitochondria.4 The extrinsic pathway is acti-
vated by binding of death receptors, which leads to cleavage of 
procaspase-8, whereas the mitochondrial pathway is activated by 
internal signals, which results in release of cytochrome-c and cas-
pase-9.4 Both pathways converge into a common cascade with the 
activation of caspase-3, which commits the cell to apoptosis.5,6

Disorders of apoptosis have been linked to carcinogenesis as 
well as resistance to anticancer therapy.7,8 Re-establishing the 
integrity of apoptotic pathways in apoptosis-resistant cancer cells 

Purpose: Inhibitors of apoptosis proteins (IAPs) have been shown to contribute to resistance of neoplastic cells to 
chemotherapy and to biologic antineoplastic agents. Consequently, new agents are being developed targeting this 
family of proteins. In a panel of bladder cancer cell lines, we evaluated a Smac mimetic that antagonizes several IAPs for 
its suitability for bladder cancer therapy.

Results: Single-agent compound-A had little effect, but compound-A augmented TRAIL- and chemotherapy-induced 
apoptosis. Immunoblotting showed that combination treatment with compound-A and TRAIL resulted in cleavage of 
procaspase-3 and procaspase-7, activation of which irreversibly commits cells to apoptosis. Immunoprecipitation of XIAP 
showed displacement of active caspase-3 fragments from XIAP, supporting the proposed mechanism of action. Further-
more, siRNA-mediated silencing of XIAP similarly sensitized these cells to apoptosis.

Experimental design: A panel of seven bladder cancer cell lines were evaluated for sensitivity to the Smac mimetic 
compound-A alone, TRAIL alone, chemotherapy alone, compound-A plus TRAIL and compound-A plus chemotherapy by 
DNA fragmentation analysis. IAP levels and caspase activation were examined by western blotting. Release of caspase-3 
from X-linked inhibitor of apoptosis protein (XIAP), the most effective IAP, was assessed by immunoprecipitation and 
western blotting. Finally, siRNA knockdown of XIAP was correlated with the sensitivity of cells to apoptosis induced by 
compound-A plus TRAIL by DNA fragmentation and western blotting.

Conclusion: Our results suggest that targeting of XIAP with the Smac mimetic compound-A has the potential to aug-
ment the effects of a variety of chemotherapeutic and biologic therapies in bladder cancer.

Smac mimetic reverses resistance to TRAIL and 
chemotherapy in human urothelial cancer cells

Adam R. Metwalli,1 Sanaz Khanbolooki,2 Goodwin Jinesh,1 Debasish Sundi,1 Jay B. Shah,1 Marissa Shrader,2 Woonyoung Choi,2 
Laura M. Lashinger,2 Srinivas Chunduru,3 David J. McConkey,2 Mark McKinlay3 and Ashish M. Kamat1,2,*

1Department of Urology and 2Department of Cancer Biology; The University of Texas M.D. Anderson Cancer Center; Houston, TX USA; 3TetraLogic Pharmaceuticals; 
Malvern, PA USA

Key words: bladder cancer, smac mimetic, IAP antagonist, chemotherapy, TRAIL

Abbreviations: BCG, bacille calmette-guérin; IAPs, inhibitors of apoptosis proteins; XIAP, X-linked inhibitor of apoptosis protein; 
Smac, second mitochondrial activator of caspases; SDS-PAGE, sodium dodecyl sulfate-polyacrylamide gel electrophoresis; siRNA, 

small interfering RNA

may increase the effectiveness of conventional chemotherapies as 
well as open a myriad of alternative therapeutic options.9,10

There are a number of mechanisms that can inhibit apoptotic 
cascades prior to the irreversible commitment step of caspase-3 
activation. One family of apoptosis-inhibitory proteins is the 
inhibitors of apoptosis proteins (IAPs), characterized by bacu-
loviral IAP repeat domains that are required for inhibition of 
apoptosis.11,12 IAPs bind to active caspase-3 and caspase-9 and 
prevent these proteins from cleaving intracellular proteins and 
initiating the committed apoptosis cascade. The most effective 
IAP is X-linked IAP (XIAP), first discovered by Liston and col-
leagues in 1996.11,13,14 XIAP has three baculoviral IAP repeat 
domains. Second mitochondrial activator of caspases (Smac) 
binds to these three domains and prevents XIAP from binding to 
active caspase-3, caspase-7 and caspase-9.
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Previous reports have demonstrated that 
synthetic Smac peptides can activate cas-
pases in cancer cells and potentiate both 
TNF-related apoptosis-inducing ligand 
(TRAIL)-mediated apoptosis and chemo-
therapy-mediated apoptosis.13,15-19 Bacillus 
Calmette-Guérin (BCG) is the current 
gold standard therapy for the majority of 
patients with bladder cancer and is thought 
to work at least in part via induction of 
TRAIL-mediated apoptosis. For systemic 
disease, cisplatinum based chemotherapy 
has been used successfully in the treatment 
of bladder cancer. However, with both of 
these approaches, resistance to initial ther-
apy is a common problem. We show here 
that a Smac mimetic compound sensitized 
a panel of bladder cancer cell lines to apop-
tosis mediated by TRAIL and a variety of 
chemical and biological cytotoxic agents.

Results

Sensitivity of cells to single-agent com-
pound-A. In the panel of seven different 
bladder cancer cell lines, the Smac mimetic 
compound-A induced significant apoptosis 
only in UM-UC-10 cells at concentrations 
less than 1 μM (Fig. 1A). UM-UC-10 
cells appeared to have baseline sensitivity 
to compound-A without an appreciable 
increase in apoptosis with increasing con-
centration through 1 μM. To confirm 
specific activity, all cells were treated with 
the inactive enantiomer of compound-A, 
compound-B and there was no appreciable 
induction of apoptosis in any cell line at 
any dose up to 10 μM (data not shown). 
There was no cell cycle arrest seen in any 
phase other than G

0
/G

1
 after exposure to 

Compound A; and the percentage of cells 
that became subG

0
/G

1
 corresponded with 

an equal decrease in percentage of the cells 
in G

0
/G

1
.

The high degree of apoptosis seen in all 
the cell lines at the 10-μM concentration 
of compound-A was due to nonspecific 
effects rather than IAP inhibition (unpub-
lished observations, McKinlay M, data not 
shown).

Sensitivity of cells to single-agent 
TRAIL. Sensitivity to single-agent TRAIL 
varied among the cell lines. KU7, UM-UC-
10 and T24 cells demonstrated less than 
10% apoptosis at a TRAIL dose of 1 ng/
ml and less than 25% apoptosis at a TRAIL 

Figure 1. Flow cytometric analysis of DNA fragmentation by PI staining 24 hours after treat-
ment with compound-A and TRAIL as single agents. (A) Compound-A. No statistically significant 
difference in apoptosis was seen between control and Compound A at concentrations of 1 nM, 
10 nM and 100 nM in all cell lines. At concentrations 1 uM and 10 uM a significant increase in the 
percentage of apoptotic cells was seen in all cell lines. (*indicates p < 0.05). (B) TRAIL, minimally 
sensitive cell lines. No statistically significant difference in apoptosis was seen between control 
and either concentration of TRAIL. (C) TRAIL, highly sensitive cell lines. None of the sensitive cell 
lines demonstrated a significant increase in apoptosis when exposed to the lowest concen-
tration of TRAIL 0.1 ng/mL (p > 0.05) but statistical significance was achieved for the higher 
concentrations of TRAIL in every cell line. (p < 0.05) All graphs indicate the Mean ± SEM, three 
independent experiments.
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The TRAIL-resistant cell line KU7 demonstrated similar levels 
of apoptosis at 1-hour washout and after continuous incubation 
for 24 hours (p = 0.003) (Fig. 2D).

Baseline IAP expression does not predict sensitivity to com-
pound-A or TRAIL. After noting the wide disparity in sensitiv-
ity of cell lines to compound-A as a single agent and TRAIL as a 
single agent, we hypothesized that baseline IAP expression might 
predict sensitivity to compound-A and/or TRAIL, with high 
baseline IAP levels conferring relative sensitivity to compound-
A and relative resistance to TRAIL. [Compound-A binds to 
XIAP, cIAP1, cIAP2 and MLIAP with high affinity]. Therefore, 
baseline expression levels of the IAPs were evaluated by western 
blotting. However, no discernible correlation between baseline 
IAP expression and sensitivity of cell lines to compound-A or 
TRAIL was identified (Fig. 3A). In addition, IAP expression did 
not change with increasing duration of exposure to compound-
A up to 9 hours in representative cell lines from the less TRAIL 
sensitive and highly TRAIL sensitive groups (Fig. 3B).

Compound-A enhances cytotoxicity of chemotherapeutic 
agents. To evaluate the effect of compound-A with cytotoxic 
agents commonly used for bladder cancer therapy, we chose 
to use KU7 cells, which are relatively resistant to most sin-
gle-agent cytotoxic agents in vitro. Since IAPs are relevant at 
the caspase-3, caspase-7 and caspase-9 levels, we combined 
compound-A with other cytotoxic agents in order to identify 
whether the augmentation of apoptosis seen with TRAIL via 
the extrinsic pathway also occurred with agents that work via 
the intrinsic (mitochondrial) pathway.

Staurosporine is known to induce apoptosis through the 
mitochondrial apoptosis pathway and was markedly cytotoxic 

dose of 10 ng/ml at 24 hours (p > 0.05) (Fig. 1B). We arbitrarily 
established 25% as the cut point to differentiate between cells 
less sensitive and more sensitive to TRAIL-induced apoptosis. 
Conversely, UM-UC-9, UM-UC-14, RT4 v1 and RT4 v6 cells 
had significant (>50%) apoptosis induced at the 10-ng/ml dose of 
TRAIL (p < 0.05) (Fig. 1C). Furthermore, these “highly sensitive” 
cell lines also demonstrated marked apoptosis at the lower 1 ng/
ml dose of TRAIL that was statistically significant (p < 0.05). As a 
result, we also evaluated the degree of apoptosis in these cell lines 
at a 0.1-ng/ml dose of TRAIL in order to establish a level of apop-
tosis in highly sensitive cells that is not significantly higher than 
the baseline level of apoptosis seen in controls (p > 0.05) (Fig. 1C).

Sensitivity of cells to combination of compound-A and 
TRAIL. The combination of 100 nM compound-A and 1 ng/
ml TRAIL induced significant apoptosis in all cell lines com-
pared to each compound alone and to control (p < 0.05) (Fig. 
2A). The combination of 100 nM compound-A and 10 ng/ml 
TRAIL induced significant apoptosis in all cell lines and the effect 
of TRAIL alone at a concentration of 10 ng/ml was marked in the 
four “highly sensitive” cell lines (p < 0.05) (Fig. 2B). In these same 
four “highly sensitive” cell lines, the combination of compound-A 
and 0.1 ng/ml TRAIL resulted in significant apoptosis (p < 0.05), 
but with TRAIL alone at a concentration of 0.1 ng/ml, there was 
no significant apoptosis (p > 0.05) (Fig. 2C). The inactive enan-
tiomer compound-B did not demonstrate any induction of apop-
tosis when combined with TRAIL (data not shown).

In order to mimic intravesical therapy for bladder cancer, 
washout studies were performed at increasing hourly intervals up 
to 6 hours. Induction of apoptosis was seen in all cell lines tested 
at all time intervals from 1 hour to 6 hours (data not shown). 

Figure 2. Flow cytometric analysis of DNA fragmentation by PI staining 24 hours after treatment with compound-A in combination with TRAIL. (A) 
Compound-A 100 nM and TRAIL 1 ng/ml. (*indicates p < 0.05). (B) Compound-A 100 nM and TRAIL 10 ng/ml. (*indicates p < 0.05). (C) Compound-A 
100 nM and TRAIL 0.1 ng/ml. (*indicates p < 0.05). (D) One-hour washout experiment showed marked induction of apoptosis after exposure to the 
combination of compound-A 100 nM and TRAIL 10 ng/ml but little apoptosis for either single agent in KU7 cells. Mean ± SEM, three independent 
experiments.
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cisplatin at 1 μg/ml (p = 0.00003) (Suppl. Fig. 2). Gemcitabine 
did not demonstrate any cytotoxicity in KU7 cells at any concen-
tration up to 100 μM, although marked cytostatic effects were 
noted at higher concentrations with accumulation of cells in the 
G

2
 stage of the cell cycle (data not shown). However, despite the 

near total lack of cytotoxic effect of gemcitabine, the combination 
of 1 μM gemcitabine and 100 nM compound-A resulted in high 
levels of apoptosis in KU7 cells (p = 0.00001) (Suppl. Fig. 3).

Compound-A potentiates effect of interferon-α. Since IFNα 
has been shown to induce TRAIL production in cancer cells and 
is used in bladder cancer therapy, we assessed IFNα for activ-
ity in the panel of bladder cancer cells (25–27). When 100 nM 
compound-A was combined simultaneously with 10,000 IU of 
interferonα, no induction of apoptosis was noted after 24 or 
48 hours of incubation (data not shown). However, when the 
cells were exposed to interferonα 24 hours before the addition of 
compound-A, significant induction of apoptosis was noted (p < 
0.005) (Suppl. Fig. 4).

Caspase activation occurs with combination therapy with 
compound-A and TRAIL. Activation of effector caspases cas-
pase-3 and caspase-7 irreversibly commits cells to apoptosis. The 
IAPs block apoptosis via binding to activated caspase-3 and cas-
pase-7.11 Immunoblotting for caspase-3 and caspase-7 in KU7 
cells, which are minimally sensitive to TRAIL, demonstrated 
full cleavage of caspase-3 and caspase-7 only when cells were 
exposed to both TRAIL and compound-A (Fig. 4). Furthermore, 
low levels of caspase-7 activation were seen with compound-A 
as a single agent (Fig. 4), a finding that is consistent with the 
flow cytometry findings showing modest single-agent activity for 
compound-A in the cells.

Cleaved caspase-3 is released from XIAP in the presence 
of compound-A. Smac and dimeric Smac mimetic compounds 
such as compound-A bind to XIAP and release cleaved fragments 
of caspases-3 and caspase-7 to induce apoptosis.11 In order to 

at relevant doses in all cell lines evaluated (data not shown). 
Notably, compound-A combined with the lowest concentration 
of staurosporine significantly enhanced induction of apoptosis (p 
= 0.04) (Suppl. Fig. 1).

Cisplatin and gemcitabine are used clinically in the treatment 
of bladder cancer.24 Therefore, we evaluated the combination of 
compound-A with each of these agents in vitro. Marked induc-
tion of apoptosis was noted with compound-A at 100 nM and 

Figure 3. Western blotting of baseline levels of IAP expression. (A) Variable expression of CIAP2 and CIAP1 but no apparent correlation between base-
line IAP expression and sensitivity to TRAIL or compound-A as single agents. (B) Expression of cIAP1 and cIAP2 did not change with increasing duration 
of exposure to 100 nM compound-A up to 9 hours in representative cell lines from the less TRAIL sensitive and highly TRAIL sensitive groups. Results 
shown are representative of those obtained in three independent experiments.

Figure 4. Immunoblot detection of active caspase fragments as an 
indicator of caspase-mediated apoptosis. KU7 cells were incubated for 4 
hours with 100 nM compound-A, 10 ng/ml TRAIL orboth. Results shown 
are representative of those obtained in 3 replicates.



www.landesbioscience.com	 Cancer Biology & Therapy	 889

chemotherapeutic agents and biologic agents, including TRAIL 
and interferon. Antagonism of the IAPs using the Smac mimetic 
compound-A potentiated the cytotoxicity of gemcitabine and 
cisplatin. Notably, combination treatment with compound-A 
and any of the cytotoxic agents tested resulted in an irreversible 
commitment of these cells to apoptosis in a very short period of 
time. Interestingly, previous studies have suggested that cisplatin 
can induce the production of Fas and its ligand, Fas-L, thereby 
activating the death receptor pathway. Of the combination treat-
ments evaluated, compound-A with TRAIL had the most potent 
effect in the shortest time period and among the chemothera-
peutics tested, low-dose cisplatin showed comparable potency of 
induction of apoptosis, which might be explained by cisplatin-
induced Fas-L.

Our findings are particularly relevant in therapy for blad-
der cancer (estimated 70,000 new cases per year diagnosed each 
year in the United States) because the standard treatment for the 
majority of patients with bladder cancer is intravesical therapy 
with bacille Calmette Guerin (BCG). The mechanism of action 
for BCG in prolonging the recurrence-free and progression-free 
intervals is still being elucidated, but recent studies suggest that 
BCG induces TRAIL production from both T-cells and the tumor 
itself and that this may be one of the mechanisms by which BCG 
leads to tumor cell death.32-35 In addition, the combination of 
interferon-α with standard BCG therapy is sometimes employed 
for recurrent or refractory cases of superficial bladder cancer. 
Interferon-α has also been shown to induce TRAIL production 
that is detectable in the urine after therapy.36 Therefore, an agent 
such as compound-A that potentiates the effects of TRAIL may 
be useful in combination with intravesical BCG therapy for blad-
der cancer patients.

confirm that compound-A releases active caspase fragments from 
IAPs, we immunoprecipitated XIAP and then immunoblotted 
with anti-active caspase-3 antibody. Active caspase-3 was present 
in the XIAP immunoprecipitate in control cells and cells treated 
with TRAIL only but not in cells treated with compound-A 
alone or compound-A plus TRAIL (Fig. 5). These findings indi-
cate that the active caspase fragments that are bound to XIAP in 
the control and TRAIL-only lanes are released in the presence of 
compound-A.

Silencing of XIAP with siRNA sensitizes cells to TRAIL-
mediated apoptosis. To confirm the role of XIAP in TRAIL-
induced apoptosis, we silenced XIAP using the transfection 
agent oligofectamine. After successful silencing, marked induc-
tion of apoptosis was seen with TRAIL alone and even higher 
levels of apoptosis were seen with TRAIL in combination with 
Compound-A (p = 0.009) (Fig. 6). The additional apoptosis 
seen with the combination of TRAIL and Compound A suggests 
that IAPs other than XIAP are bound by Compound A releasing 
additional activated caspases accounting for the increased apop-
tosis. Alternatively if silencing of XIAP by oligofectamine was 
not complete then the additional increased apoptosis may be due 
to binding of Compound A to the unsilenced XIAP. The immu-
noblotting for XIAP suggests near complete silencing which 
suggests a small but notable contribution to caspase-mediated 
apoptosis by IAPs other than XIAP. Compound A is known to 
bind to other members of the IAP superfamily (unpublished 
observations, McKinlay M, data not shown). The effect of 
silencing on the activation of caspases is as yet unknown.

Discussion

Our findings indicate that the Smac mimetic compound-A 
potentiates the cytotoxicity of a number of cytostatic and cyto-
toxic agents in a panel of bladder cancer cells.

The role of the IAP family of proteins, which are antagonized 
by Smac, in inhibition of apoptosis has made them a focus of 
research in anticancer therapies; numerous preclinical evalua-
tions have confirmed the IAPs as viable targets.16-18,28-31 Previously 
published reports utilized either IAP-directed antisense RNA 
constructs or synthetic small molecules that mimic the struc-
ture and function of Smac (Smac mimetics). Compound-A has a 
molecular weight of 1,154 and appears to have excellent cellular 
uptake, as demonstrated by the induction of irreversible apoptosis 
after only 1 hour of exposure. Bockbrader et al. concluded that 
sensitivity to single-agent Smac mimetic therapy was related to 
baseline IAP expression levels, with cells expressing high levels of 
IAP being exquisitely sensitive.18 In our panel, however, only the 
UM-UC-10 (and to lesser extent KU7) cell lines demonstrated 
any sensitivity to compound-A as a single agent at relevant con-
centrations; all the other cell lines appeared to have no sensitivity 
at the maximum concentration tested. Given the varying levels 
of IAP expression across the panel of cell lines, it appears that in 
bladder cancer cells the baseline IAP expression does not predict 
sensitivity to Smac mimetics.

In bladder cancer cell lines, similar to the case in cell lines 
derived from other tumor types, the IAPs regulate sensitivity to 

Figure 5. Compound-A alone and in combination with TRAIL disrupts 
the XIAP inhibition of active caspase-3. KU7 cells were incubated for 4 
hours with 100 nM compound-A, 10 ng/ml TRAIL orboth. Immunoblots 
corresponding to cleaved fragments of Caspase 3 (p15/p17) are clearly 
seen in the control and TRAIL 10 ng/mL lanes as expected because XIAP 
binds to active Caspase 3. These bands are not seen in the Compound A 
and combination lanes because SMAC and SMAC mimetic compounds 
like Compound A cause release of the bound Caspase 3 proteins. 
Results shown are representative of those obtained in two independent 
experiments.
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sodium pyruvate and 0.5 M HEPES. T24 cells were maintained 
in McCoy’s medium supplemented in an identical fashion. All 
cell lines were routinely authenticated by DNA fingerprinting.

Antibodies and chemicals. Anti-XIAP for immunoprecipita-
tion and anti-active caspase-3, anti-survivin and anti-caspase-7 for 
western blotting were obtained from Cell Signaling Technology 
(Beverly, MA). Anti-MLIAP, anti-cIAP1 and anti-cIAP2 for 
western blotting were obtained from BD Biosciences Pharmingen 
(San Diego, CA). Anti-XIAP for western blotting was obtained 
from R&D Systems (Minneapolis, MN). Horseradish perox-
idase-conjugated secondary antibodies for immunoblotting 
were obtained from Amersham Pharmacia Biotech (Piscataway, 
NJ). Smac mimetic compound-A and its inactive enantiomer 
compound-B, described previously, were provided by Tetralogic 
Pharmaceuticals Corporation (Malvern, PA) Recombinant 
human TRAIL was purchased from R&D systems.21 Propidium 
iodide (PI) was obtained from Sigma Chemical Co., (St. Louis, 
MO). Silencing oligonucleotide for XIAP was obtained from 
Dharmacon (Chicago, IL). Oligofectamine was purchased from 
Invitrogen (Carlsbad, CA).

We have shown that antagonism of IAPs with the Smac 
mimetic compound-A potentiates the cytotoxicity of a number 
of cytostatic and cytotoxic agents. Compound-A binds with high 
affinity to XIAP, cIAP1, cIAP2 and MLIAP and has shown 
marked activity as part of combination treatment in vitro. Thus, 
this strategy appears to have the potential to broaden the efficacy 
of already established therapies in bladder cancer and potentially 
produce responses in previously resistant tumors.

Materials and Methods

Cell lines and culture conditions. UM-UC-9, UM-UC-10, 
UM-UC-14 and KU7 cells were obtained from Dr. H. Barton 
Grossman. (The University of Texas M.D. Anderson Cancer 
Center; Houston, TX); RT4 v1 and RT4 v6 cells were established 
in our laboratory; and T24 cells were obtained from the American 
Type Culture Collection (Rockville, MD).20 All cells except T24 
were maintained in minimal essential medium supplemented 
with heat-inactivated 10% fetal bovine serum, 2% vitamins, 
1% penicillin and streptomycin, 1% nonessential amino acids, 

Figure 6. Silencing of XIAP with siRNA induces TRAIL sensitivity in KU7 cells. siRNA induced TRAIL sensitivity to a much greater degree than nonspecif-
ic siRNA. (*indicates p = 0.009). Low levels of apoptosis are noted in the nonspecific group, suggesting that the act of transient transfection modestly 
sensitizes cells to TRAIL-induced apoptosis. Top part: Mean ± SEM, three independent experiments. Middle part: Immunoblot bands demonstrating 
successful silencing of XIAP with oligofectamine. Results shown are representative of those obtained in three independent replicates. Bottom part: 
Representative fluorescence-activated cell sorting (FACS) histograms displaying percentages of apoptotic cells. Increasing percentages of cells in the 
subG0/G1 phase are seen in the siXIAP groups. TRAIL, 10 ng/ml; compound-A, 100 nM.
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PI-fluorescence-activated cell sorting analysis as described above. 
All RNA silencing experiments were performed in triplicate.

Immunoprecipitation. Cells were treated with 100 nM com-
pound-A alone or in combination with 10 ng/ml TRAIL for 4–6 
hours. Cells were pelleted as described above and resuspended 
in total lysis buffer (1 complete mini-tab, 25 mM TRIS, 1% 
Triton X-100, 0.1% sodium orthovanadate, 0.1% sodium fluo-
ride and 0.1% glycerol phosphate). Cell lysates were mixed with 
equal volumes of 2x SDS-PAGE sample buffer (50 mmol/L Tris-
HCl, 2% SDS, 0.1% bromophenol blue, 10% glycerol and 5% 
β-mercaptoethanol). Samples were boiled at 100oC for 5 minutes 
to denature proteins. SDS-PAGE was performed on total cellu-
lar proteins transferred to nitrocellulose membrane in standard 
fashion. The membranes were blocked with 5% nonfat milk dis-
solved in TBS and probed following standard immunoblotting 
protocol as described above. Immunoprecipitation experiments 
were performed in duplicate.

Figure preparation. All images were composited in Adobe 
Photoshop software.

Statistics. Statistical analysis was performed using GraphPad 
Prism Software (GraphPad, San. Diego, CA USA). As appro-
priate, raw data or percentages were compared by unpaired 
Student’s t-test. Statistical significance for this study was set at 
p < 0.05.
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Statement of Translational Relevance

Bladder cancer therapy has suffered from lack of significant prog-
ress over the past three decades, since the advent of intravesical 
bacille Calmette-Guérin (BCG) therapy and development of sys-
temic cisplatin-based chemotherapy. Resistance to initial therapy 
is a common problem, which highlights the need for combina-
tion therapy with novel agents that are compatible with exist-
ing therapeutic agents. TNF-related apoptosis inducing ligand 
(TRAIL)-mediated death of bladder cancer cells (via BCG) is 
one of the major mechanisms known to date by which bladder 
cancer cells are killed. Our present study suggests the suitability 
of Smac mimetics in combination with TRAIL or cisplatin to 
sensitize bladder cancer cells to therapy. We shed light on the 
mechanisms whereby the combination of Smac mimetic with 
TRAIL augments the cleavage of caspase-3 and caspase-7 and 
releases caspase-3 from X-linked inhibitor of apoptosis protein. 
These data support development of therapeutic strategies using 
Smac mimetic in combination with existing therapeutic regi-
mens for bladder cancer treatment.

Note

Supplementary materials can be found at:
www.landesbioscience.com/supplement/MetwalliCBT-sup.pdf

Measurement of DNA fragmentation. DNA fragmentation 
was quantified by PI staining and fluorescence-activated cell sort-
ing analysis as previously described.22 Cells were plated in six-well 
plates and grown to 70% confluence. After incubation with com-
pound-A alone, TRAIL alone, cytotoxic agents alone, compound-
A plus TRAIL orcompound-A plus cytotoxic agents at various 
concentrations for specified time periods, cells were harvested as 
previously described,18,23 and the cell pellet was resuspended in 
500 μl of PI solution (25 μg/ml PI, 1% Triton X-100 and 0.1% 
sodium citrate in phosphate-buffered NaCl solution). After incu-
bation in PI solution overnight at 4oC, the percentage of cells with 
subdiploid DNA fragmentation was measured by flow cytometry.

DNA fragmentation with the combination of compound-A 
and interferonα (IFNα) was also studied. In order to exploit 
previously reported data showing that IFNα induces TRAIL 
production in some bladder cancer cell lines, IFNα (Schering, 
Kenilworth, NJ) was administered 24 hours prior to the addi-
tion of compound-A. For these experiments, cells were grown to 
60–70% confluence in six-well plates and then incubated with 
IFNα overnight. Medium was aspirated and fresh medium with 
IFNα and compound-A was added to the cells, which were then 
incubated overnight before being harvested as described above.

In washout studies, cells were grown to 70% confluence in 
six-well plates, incubated with compound-A and TRAIL for 
specified intervals, washed with untreated medium and then 
incubated for 24 hours in untreated medium before being har-
vested as described.

All flow cytometry experiments were performed in triplicate.
Immunoblotting. Cells were treated with various concentra-

tions of compound-A or compound-B alone or in combination 
with 1 or 10 ng/ml TRAIL for 4 hours. Cells were collected after 
brief trypsinization and lysed as described previously.23 Sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) 
was performed using an equal amount of protein lysate from each 
sample. The proteins were transferred to nitrocellulose mem-
branes, which were then blocked with 5% nonfat milk in a TBS 
solution containing 0.1% Tween 20 for 1 hour. The blots were 
probed overnight with primary antibodies, washed and probed 
with species-specific secondary antibodies coupled to horserad-
ish peroxidase. Enhanced chemiluminescence reagent (West Pico 
Pierce, Inc., Rockville, IL) was used to detect immunoreactive 
material. While immunoblotting for caspase activation was per-
formed in several different cell lines, we have shown only the 
immunoblots from KU7 cells since they did not exhibit TRAIL-
mediated apoptosis at baseline. Caspase activation with TRAIL 
alone was noted in TRAIL-sensitive cells. All immunoblotting 
experiments were performed in triplicate.

XIAP silencing. KU7 cells were plated in six-well plates 
and grown to 40–50% confluence; washed with serum-free, 
antibiotic-free medium; and incubated with oligofectamine 
(Invitrogen) combined with anti-XIAP small interfering RNA 
(siRNA) (Dharmacon) for 6 hours. Thirty percent minimal 
essential medium was added to each treatment group after 
incubation with the siRNA and cells were allowed to grow for 
24 hours. Cells were then incubated with 10 ng/ml TRAIL 
for 4–6 hours before being harvested for immunoblotting and 
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