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Introduction

Cisplatin based chemotherapy is considered the gold standard 
for advanced bladder cancer. Methotrexate, vinblastine, doxoru-
bicin, and cisplatin (MVAC) has demonstrated efficacy in the 
metastatic setting where response rates have been reported to be 
as high as 38–72%.1-3 Because of a decreased side effect profile 
and similar efficacy, the combination of gemcitabine and cispla-
tin has also become a commonly used bladder cancer regimen.4,5 
While initial response to chemotherapy is high, long-term pro-
gression free and overall survival are limited. Reports have consis-
tently demonstrated a median overall survival of approximately 
one year.1-3 Therefore, effective salvage regimens are desperately 
needed.

Inhibitors of apoptosis (IAPs) are proteins that are capable of 
interacting with and inactivating caspases. There are eight total 
IAPs related by their functional protein domain, the baculovi-
rus repeat domain (BIR). However, XIAP, cIAP-1, cIAP-2 and 
ML-IAP are considered the “classical” members.6 Interestingly, 
XIAP is thought to be the only one that directly binds and inac-
tivates caspases-3, -7, and -9.7 Smac/DIABLO is a mitochon-
drial protein released into the cytosol upon apoptotic stimuli. 
Smac works by competitively binding to XIAP resulting in the 
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release of caspases and allows the execution phase of apoptosis.8 
Dysregulation of IAPs and SMAC have been implicated in uro-
logic malignancies.9-11

Recently, a class of drugs called Smac mimetics have become 
more extensively studied in several cancer models such as 
lung,12 pancreas,13-15 and head and neck tumors.16 Further, in 
each report, it has been demonstrated that a Smac mimetic 
enhances the efficacy of chemotherapy. We hypothesized that a 
Smac mimetic would be effective in overcoming a potential IAP 
mediated chemotherapy resistance in bladder cancer. Further, 
we investigated the feasibility of using constitutively expressed 
markers, as well as changes in their expression before and after 
therapy, to predict response. In our report, we demonstrate that 
a Smac mimetic, AZ58, is capable of overcoming resistance to 
standard bladder cancer chemotherapy in selected cell lines 
in vitro and produces increased apoptosis in vivo, in a blad-
der xenograft model both as a single agent and when added to 
chemotherapy.

Results

A Smac mimetic (AZ58) is capable of overcoming urothe-
lial cancer cell line resistance to gemcitabine and cisplatin. 
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of drug sensitivity. Gene expression profiling was performed on 
all ten urothelial cancer cell lines at baseline and a microarray 
was generated using probes for select members of the IAP family 
(XIAP, cIAP-1, cIAP-2, Survivin), BCL family (BCL-2, BCL

XL
, 

BAX), and SMAC (Fig. S2). RNA expression of XIAP, cIAP-1, 
Bcl-2, Bax, and Smac remained relatively constant between the 
cell lines. cIAP-2, Survivin and BCL

XL
 varied between the cell 

lines but did not correlate to drug sensitivity (gemcitabine and 
cisplatin or AZ58) or the ability of the Smac mimetic to over-
come resistance to the chemotherapy. Western blotting analysis 
was performed on the same panel of urothelial cancer cell lines. 
(Fig. 2) Protein expression of XIAP, cIAP-1, cIAP-2, Bcl-2, 
BCL

XL
, and Bax were variable between the 10 urothelial cancer 

cell lines. Survivin and total cellular Smac were relatively consis-
tent between each cell line. Similar to the microarray data, lev-
els of constitutive protein expression were not predictive of drug 
sensitivity.

AZ58 overcomes chemotherapy resistance through increased 
apoptosis. UMUC-12, UMUC-6, and UMUC-9 were identified 
as urothelial cancer cell lines, resistant to gemcitabine and cis-
platin but with differential responses to the addition of the Smac 
mimetic (Fig. 3). UMUC-12 was considered sensitive to the 
Smac mimetic alone (based on microscopy and cell proliferation 
assay—data not shown) and in combination with chemotherapy. 
UMUC-6 was considered to be resistant to chemotherapy and to 

We exposed a panel of 10 distinct urothelial cancer cell lines 
(Fig. 1) to established, standard bladder cancer chemotherapy.4,5 
Gemcitabine and cisplatin dosages were fixed at 1 μM based on 
independent dose finding experiments (data not shown). A cut 
point of 30% DNA fragmentation on PI-FACS was used as an 
arbitrary cut point for sensitivity. Three cell lines, UMUC-3, 
UMUC-13, and RT4v6 (as indicated by single asterisk), were 
determined to be sensitive to chemotherapy alone (Fig. 1). All 
ten urothelial cancer cell lines were further exposed to AZ58, a 
Smac mimetic, in addition to gemcitabine and cisplatin. A dose 
of 30 nM was used for all combination studies based on sep-
arate dose response studies (data not shown). The addition of 
the Smac mimetic enhanced DNA fragmentation and overcame 
chemotherapy resistance in three additional urothelial cancer 
cell lines: UMUC-6, UMUC-12, and UMUC-18 (as indicated 
by double asterisk). AZ58 demonstrated minimal single agent 
activity upon flow cytometry (DNA fragmentation 1–18%) 
(Fig. S1A). However, UMUC-12 was extremely sensitive (13.1% 
of control) and UMUC-3 was moderately sensitive (56.7% of 
control) to single agent Smac mimetic in a cell proliferation assay 
(Fig.  S1B) consistent with microscopic visualization (data not 
shown). Therefore, we considered UMUC-12 to be sensitive to 
single agent AZ58 for further experiments.

Constitutive RNA and protein expression of IAP family 
members, BCL family members, and Smac is not predictive 

Figure 1. AZ58 overcomes resistance to gemcitabine and cisplatin in select urothelial cancer cell lines. Ten urothelial cancer cell lines were exposed to 
1 μM each of gemcitabine and cisplatin for 48 h. Cells were harvested for PI-FACS analysis. Asterisks indicate cell lines sensitive to the drug combina-
tion (30% DNA fragmentation). Error bars = standard error. The same 10 urothelial cancer cell lines were exposed to AZ58 at 30 nM in addition to 
gemcitabine and cisplatin. Double asterisks indicate cell lines sensitive to the drug combination (30% DNA fragmentation).
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same conditions as above (control, gemcitabine and cisplatin, 
Smac mimetic alone, and the combination) and lysed for west-
ern blotting. Blotting was performed for select members of the 
IAP family, BCL family, and SMAC (Fig. 4). XIAP was variably 
expressed in the treated conditions of UMUC-12 and UMUC-6 
but relatively consistent in the UMUC-9 treated conditions. 
We demonstrate that XIAP expression was reduced in the cell 
death condition of UMUC-6 and to a lesser extent in UMUC-12 
cells, but relatively unaffected in the UMUC-9 cells treated with 
gemcitabine, cisplatin, and AZ58. In UMUC-12 and UMUC-
6, the downregulation of cIAP-1 correlated with the cell death 
conditions. This has been demonstrated to be one of the initial 
steps of Smac mimetic mediated cell death through the NFκB 
and TNF-α autocrine loop pathway.17 While protein expression 
of cIAP-1 was low in UMUC-9, there were no obvious changes 
in any treatment conditions. Similar to cIAP-1, cIAP-2 was also 
degraded in the cell death conditions of UMUC-12. However, 
cIAP-2 was upregulated in the gemcitabine and cisplatin treated 
conditions of UMUC-9, irrespective of the presence or absence 
of AZ58. The relevance of these findings needs further explo-
ration. Survivin degradation was evident in the cell death con-
ditions of UMUC-12 but similar degradation was not seen in 
the other two cell lines. Bcl-2 and BCL

XL
 expression remained 

consistent within each cell line; however, BAX demonstrated 
reduced expression in the combination treatment of UMUC-
12. As expected, total cellular Smac expression was similar in all 
treated conditions.

AZ58 demonstrates a non-significant decrease in tumor 
volume. The UMUC-6 bladder cancer cell line was extremely 
sensitive to the combination of gemcitabine, cisplatin, and 
AZ58 despite demonstrating limited activity to the agents alone 
(Fig. 5A). Therefore, a flank model of UMUC-6 was estab-
lished in nude mice as described in the methods. Dosages for 
gemcitabine, cisplatin, and AZ58 were determined by 3 indepen-
dent dose-determining studies (data not shown). While the aver-
age tumor sizes for the Smac mimetic alone (269.7 mm3) and 
the gemcitabine/cisplatin + Smac mimetic (294.7 mm3) were 
decreased compared with the control (625.5 mm3), the results 
were not statistically significant due to the significant variability 
of tumor growth within all of the groups (Fig. 5B).

AZ58 in addition to chemotherapy increases apoptosis in 
tumor tissue. We performed Fluorescent terminal deoxynucleo-
tidyl transferase-mediated dUTP nick end labeling (TUNEL) 
staining to determine the effects of apoptosis in tumor tissue. 
We found that both the chemotherapy alone and the AZ58 
conditions each increased the number of apoptotic nuclei com-
pared with the control (P < 0.0001 for both). Furthermore, the 
combination of chemotherapy and AZ58 increased apoptotic 
nuclei compared with the chemotherapy and AZ58 alone groups  
(P = 0.0002 and P = 0.0007, respectively). Representative images 
are demonstrated in Figure 5C with graphical representation of 
enumerated apoptotic cells displayed in Figure 5D. While the 
number of apoptotic cells reached statistical significance, this 
did not translate into a statistical difference in tumor volume. 
One potential explanation is the variable nature of the treat-
ment effect and the fact that IHC was performed at only one 

AZ58, separately. However, significant cell death occurred with 
the combination of chemotherapy and the Smac mimetic (57.8% 
DNA Fragmentation). UMUC-9 was considered relatively resis-
tant to all conditions (although DNA fragmentation and caspase 
activation is demonstrated in AZ58 treated conditions). Cell lines 
were exposed to the conditions as indicated and proteins were 
harvested for western blotting. Corresponding Image J quantita-
tion and PI-FACS data are demonstrated in Figure 3B and C.

Cleaved caspase-3 is efficiently generated in the cell death 
conditions of UMUC-12 (Smac mimetic alone and combination) 
and UMUC-6 (combination), as expected. Caspase-3 activation 
is also evident in the combination condition in UMUC-9 con-
sistent with the minimal DNA fragmentation seen on PI-FACS. 
Activation of caspase-9 is also observed in the cell death con-
ditions of UMUC-12 and UMUC-6, while minimal genera-
tion of the p35 cleavage product is evident in the Smac mimetic 
treated conditions in UMUC-9 (Fig. 3A). Cleavage products of 
caspase-8 are demonstrated in UMUC-9 (Smac mimetic and 
combination) along with the cell death conditions of UMUC-
12 and UMUC-6. Taken together, these results show that AZ58 
overcomes chemotherapy resistance through increased apoptosis. 
Further, even in a cell line considered to be “relatively resistant” to 
a combination of chemotherapy and the Smac mimetic (UMUC-
9), cleavage products of caspases are present in the combination 
condition.

Downregulation of cIAP-1 is associated with cell death. 
UMUC-12, UMUC-6, and UMUC-9 were subjected to the 

Figure 2. Constitutive protein expression is not predictive of drug 
(chemotherapy and/or Smac mimetic) sensitivity. Western blotting 
analysis of the ten urothelial cancer cell lines for baseline expression of 
IAP family, BCL family and Smac protein.
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counted in five random fields and averaged. The combination of 
gemcitabine, cisplatin and AZ58 reduced the amount of CD-31 
positivity compared with all other conditions. The difference was 
statistically significant in comparison to the control condition and 
the AZ58 alone condition (P = 0.014 and P = 0.035, respectively). 
The decrease in foci compared with the chemotherapy alone group 
did not reach significance. Representative images are displayed in 
Figure 6C and averages of CD-31 positive foci are demonstrated in 
Figure 6D. The decrease in microvessel density has not been previ-
ously demonstrated by AZ58 and its mechanisms will have to be 
further investigated. Furthermore, it is worth mentioning that the 
IHC work was performed at a single time point (study endpoint) 
and the morphological changes are more likely on a continuum. 
Tumors likely adapt and change with the treatment of chemo-
therapy with and without AZ58. Future studies evaluating tissue 
protein expression at several time points will be very interesting.

Cell death in UMUC-6 from AZ58 is mediated through a 
TNF-α-independent mechanism. Smac mimetic treatment has 
been demonstrated to induce degradation of cIAP-1 and activation 

time point. With further treatment and tumor sampling at mul-
tiple time points, a more definitive view of the apoptotic process 
over time could be investigated to explain the efficacy results. 
These experiments will need to be performed to confirm our 
hypotheses.

AZ58 in combination with chemotherapy produces 
decreased cellular proliferation and decreased microvessel 
density in xenograft tumors. We examined tumor sections 
for Ki-67 positivity using immunohistochemistry. Total Ki-67 
positive cells were counted per ten random fields and averaged. 
Compared with the control condition, both the gemcitabine 
and cisplatin treated group and the combination treatment 
group inhibited Ki-67 to a significant level (P = 0.031 and  
P = 0.043, respectively). AZ58 alone treated tumors did not 
demonstrate a statistically significant reduction in Ki-67 positive 
cells. Representative images are displayed in Figure 6A with the 
associated graph in Figure 6B.

We next examined tumor tissue for microvessel density 
by CD-31 immunohistochemistry. CD-31 positive foci were 

Figure 3. AZ58 potentiates cell death through apoptosis. (A) Western blotting of the urothelial cancer cell lines considered resistant to gemcitabine 
and cisplatin (UMUC-12, UMUC-6, and UMUC-9). Treatment conditions are as labeled. (B) Image J quantitation of caspase cleavage products. Bar graphs 
demonstrate relative densities compared with the control. (C) Corresponding graphs of DNA fragmentation from PI-FACS are demonstrated.
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We demonstrate that there is no significant difference in expres-
sion between treatment conditions (Fig. 7B and C) concluding 
that the cell death demonstrated in the UMUC-6 animal model 
is independent of a TNF-α mechanism.

Discussion

In our report, we have demonstrated the effectiveness of a Smac 
mimetic in conjunction with what is considered to be a standard 

of the canonical and non-canonical NFκB pathway; activation of 
this pathway results in cell death through a TNF-α-dependent 
autocrine loop.17-19 We demonstrated a downregulation of cIAP-1 
in cell death conditions; therefore, we investigated whether TNF-α 
played an essential role in the cell death of UMUC-6 with the 
Smac mimetic. We found that DNA fragmentation in UMUC-6 
exposed to gemcitabine, cisplatin, and the Smac mimetic did not 
rely on TNF-α using a blocking antibody (Fig.  7A). We then 
investigated the expression of TNF-α in tumor tissue using IHC. 

Figure 4. Degradation of cIAP-1 corresponds to cell death conditions in urothelial cancer cell lines identified as resistant to gemcitabine and cisplatin. 
Western blotting of urothelial cancer cell lines resistant to gemcitabine and cisplatin were subjected to various conditions as indicated. Antibodies for 
selected members of the IAP family, BCL family, and Smac were immunoblotted.
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Figure 5. AZ58 treatment results in reduced tumor burden; however, in a non-statistically significant fashion. (A) Microscopy of UMUC-6 cells demon-
strating differential cell death in the various treatment conditions as labeled. Corresponding images show resultant graphs of PI-FACS demonstrat-
ing DNA fragmentation. (B) Female athymic nude mice were injected with UMUC-6 cells and treated as described in Materials and Methods. Tumor 
volumes were calculated and plotted. n = 6 mice for each condition. Error bars = standard error. (C) TUNEL staining of fragmented apoptotic DNA/
nuclei to detect the efficacy of AZ58 and chemotherapy in vivo (green) and the total nuclei stained using propidium iodide (red). Magnification 10×. 
(D) Mean number of TUNEL positive nuclei from 10 representative images.
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UMUC-6. Additionally, in an in vivo mouse model of bladder 
cancer, treatment with a Smac mimetic alone and in combination 
with chemotherapy resulted in smaller average tumor volumes 
than the control or chemotherapy alone groups. The increased 
apoptosis in the tumor sections of combination treated condi-
tions reached significance compared with all other conditions. 
Furthermore, we demonstrate that the combination treated 
conditions had decreased tumor Ki-67 positivity and decreased 

regimen in bladder cancer chemotherapy. In vitro, we show that  
3 of 10 urothelial cancer cell lines are sensitive to gemcitabine 
and cisplatin at baseline. However, the Smac mimetic is able to 
overcome resistance in 3 additional cell lines. Microarray data 
and constitutive protein expression of IAP family, BCL2 family, 
and Smac were not able to predict for sensitivity to the chemo-
therapy or the Smac mimetic. However, degradation of cIAP-1 
correlated with cell death induction by AZ58 in UMUC-12 and 

Figure 6. AZ58, in combination with chemotherapy, functions through decreased cellular proliferation and decreased microvessel density. (A) Im-
munohistochemistry with Ki-67 is displayed. Imaging was performed at 20× magnification. Representative images are shown. (B) Positive Ki-67 
nuclei were counted, averaged, and plotted on a bar graph. Error bars represent standard error. P values were calculated compared with the control 
condition. n = 10 images per treatment condition. (C) Immunohistochemistry using an antibody for CD-31 is displayed. Imaging was performed at 20× 
magnification. Representative images are shown. (D) Positive foci of CD-31 were counted, averaged, and plotted on a bar graph. Error bars represent 
standard error. P values were calculated compared with the combination condition. n = 5 per treatment condition.
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apoptosis in vitro while decreasing tumor size and prolonged 
survival in mouse models in vivo.13,15 Likewise in lung cancer, 
a Smac mimetic was also able to sensitize cells to chemotherapy 
in a synergistic fashion. Further, in combination with chemo-
therapy, the Smac mimetic was able to increase tumor inhibition 
and increase survival in a xenograft model of lung cancer.12

Recent evidence has demonstrated the importance of IAPs in 
bladder cancer. Li et al. examined tumor tissue from 176 patients 

CD-31 compared with the control untreated group. We also 
determined that the cell death in the UMUC-6 cell line both 
in vitro and in vivo were independent of a TNF-α mechanism.

Smac mimetics have been shown to have activity in other 
tumors. For instance, in pancreatic cancer, a Smac mimetic 
was effective in enhancing the tumoricidal capacity of multiple 
chemotherapeutics.13 Drug combinations including the Smac 
mimetic were able to decrease cellular proliferation and increase 

Figure 7. Cell death in UMUC-6 from AZ58 is mediated through a TNF-α-independent mechanism. (A) The effects on UMUC-6 of chemotherapy and 
AZ58 were not mitigated by the TNF-α blocking antibody. (B) Representative images of IHC for TNF-α demonstrate no difference in expression be-
tween treatment conditions. (C) Ennumeration with cell counting confirms the lack of a statistical difference in TNF-α expression.
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cell line. After 24 h of incubation, cell lines were treated with 
varying drug dosages as indicated in the figures. After 48 h of 
treatment (unless indicated otherwise), both attached and float-
ing cells were harvested by trypsinization and pelleted using 
centrifugation. Cells were resuspended in PBS containing prop-
idium iodide (50 mg/mL), 0.1% Triton X-100, and 0.1% sodium 
citrate. PI fluorescence was analyzed by fluorescence activated 
cell sorting (Becton Dickinson). The sub-G

0
 phase cells, indicat-

ing DNA fragmentation, were considered apoptotic. All PI-FACS 
analysis was performed in triplicate.

Western blotting. After plating cells and treating as indicated 
in the figures, cells were scraped in media at 24 h, pelleted at 
3500 rpm (five minutes), washed once with ice cold PBS and 
re-pelleted at 3500 rpm (5 min). The pellets were lysed (lysis buf-
fer: 50 mM TRIS-HCl, pH 7.4; 150 mM NaCl; 5 mM EDTA; 
25 mM NaF; 1% Triton-X 100; 1% NP-40; 0.1 mM Na

3
VO

4
; 

12.5 mM β-glycerophosphate; 1 mM PMSF and complete prote-
ase inhibitors (Roche) and clarified at 13 000 rpm for 10 min at 
4 °C. The lysates were separated on 15% SDS-PAGE and western 
blotted using nitrocellulose membranes. The blots were devel-
oped using ECL reagent (GE Healthcare). Equal protein load-
ing was confirmed using Panceau-S staining and a representative 
image is provided in each panel of western blots. Panceau-S for 
each individual immunoblot is available. Select western blots 
were quantified using Image J software (NIH).

Animals. Female Nude Mice (athymic NCr-nu/nu; age 3–5 
weeks) were purchased from the National Cancer Institute 
(Bethesda, Maryland). All animal experiments were performed 
in accordance with the MD Anderson Institutional Animal Care 
and Use Committee (IACUC) approved protocol (11-10-10131).

In vivo evaluation of cisplatin, gemcitabine, and AZ58 
against urothelial cancer cells. UMUC-6 cells were trypsinized 
at 70–80% confluence and washed (1100 rpm for 5 min) once 
with 10% FBS containing MEM and once with PBS. The cells 
were resuspended in PBS and counted. 5 × 105 cells in 100 μL 
PBS were injected subcutaneously in the flank region. Mice were 
grouped into the following treatment conditions (n = 6): control, 
gemcitabine, and cisplatin (25 mg/kg and 2.5 mg/kg, respec-
tively) dosed by intraperitoneal injection once weekly, Smac 
mimetic (2 mg/kg) dosed by tail vein injection once weekly and 
the combination of gemcitabine, cisplatin, and Smac mimetic. 
All treatments were performed on the same day and initiated on 
post-tumor injection day 10 when tumors were visible. AZ58 was 
diluted in Captisol (Ligand Pharmaceuticals) for animal experi-
ments. The primary endpoint of the experiment was when any of 
the mice reached the IACUC guideline limit on tumor burden of 
1.5 cm in diameter. Mice and tumors were inspected every 3–4 d 
and measurements were taken using Vernier calipers. Tumor vol-
umes were calculated as described previously with 0.5 × α × β2 
where α represents the longest dimension and β is perpendicular 
to α.22 Error bars represent standard error.

TUNEL staining of tumor sections. Formalin-fixed, par-
affin-embedded tumor sections were deparaffinized, fixed in 
paraformaldehyde and apoptotic cells were stained using a dead 
end fluorescent terminal deoxynucleotidyl transferase-medi-
ated dUTP nick end labeling (TUNEL) kit (G3250) as per 

with NMIBC for expression of XIAP. Using immunohistochem-
istry, they divided the group into positive (108 patients) and neg-
ative (68) for XIAP. They determined that patients negative for 
XIAP had a statistically significant improvement in recurrence 
free survival compared with the cohort who had positive staining 
of XIAP. Furthermore, of the patients who recurred, 12 patients 
progressed to a more advanced stage and all came from the XIAP 
positive group. XIAP status was significant on multivariate anal-
ysis even after controlling for stage, grade, size of tumor and mul-
tiplicity.20 It has also been demonstrated that both cIAP-1 and 
cIAP-2 expression are higher in bladder cancer tissue compared 
with normal bladder controls, and nuclear cIAP-1 expression has 
been shown to be predictive of overall survival even after control-
ling for stage and grade in a multivariable model.21

Smac expression has also demonstrated significance in bladder 
cancer. Mizutani et al. reported Smac expression in tumors of 
84 patients with bladder cancer by western blotting. They found 
that Smac expression was almost universal in Ta and T1 tumors 
but expressed in less than half of muscle invasive tumor samples. 
Further, more vs. less expression of Smac in the NMIBC cohort 
predicted for recurrence free survival. In the muscle-invasive 
cohort, Smac expression predicted for disease specific survival.11 
These data demonstrate the significance of IAPs and Smac in the 
pathogenesis of bladder cancer. Therefore, Smac mimetics may 
be significant in the treatment of urothelial carcinoma.

Newer drug classes such as Smac mimetics are attractive, 
especially compared with non-specific cytotoxic chemotherapy 
agents. However, with all treatments, identifying patients most 
apt to respond is of the utmost importance for clinicians and sci-
entists alike. Herein, we identify a novel drug combination that 
may produce a benefit in patients with advanced bladder cancer. 
Further work is necessary to elucidate an exact mechanism of 
action and to identify predictive markers to treat patients most 
likely to respond to therapy.

Materials and Methods

Cell lines and reagents. All urothelial carcinoma cell lines 
were obtained and fingerprinted by the specimen core of the 
MD Anderson GU SPORE. The RT4v6 cell line was devel-
oped from the RT4 bladder cancer cell line through six serial 
passages through nude mice to isolate a more rapidly growing 
subset. The urothelial cell line 253J BV was generated by five 
passages of the 253J parental cell line. All cells were cultured in 
MEM supplemented with 10% FBS, penicillin, streptomycin, 
vitamins, L-glutamine, nonessential amino acids and pyruvate 
supplements.

AZ58 is a Smac mimetic developed by AstraZeneca. Antibodies 
used for western blot analysis were purchased from the following 
manufacturers: XIAP, cIAP-1, cIAP-2, caspase-9, caspase-8 (Cell 
Signaling Technology); caspase-3, BCL

XL
, BCL-2, survivin, 

Bax (Santa Cruz Biotechnology); and Smac (R&D Systems). 
The anticancer drugs used in the study were cisplatin (PCH 
Pharmachemie) and gemcitabine (SAGENT Pharmaceuticals).

Analysis of apoptosis. 3–5 × 104 cells were plated on 6-well 
plates depending on proliferation rates of the urothelial cancer 
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media and cells were treated with TNF-α blocking antibody 
(1 μg/mL). After one hour, the TNF-α blocking antibody media 
was replaced with the treatment media (treatment condition + 
TNF-α blocking antibody). After 24 h of treatment, cells were 
trypsinized and stained for PI-FACS analysis.

Cell proliferation assay. 3–5 × 104 cells were plated on 96-well 
plates according to the differing proliferation rates to obtain a 
50–70% confluence at 24 h. Treatment commenced with vary-
ing drug dosages as indicated in figures. After 48 h of incubation, 
MTT solution (methyl-thiazolyldiphenyl-tetrazolium bromide) 
was added to the cells for 2 h and the crystals were dissolved 
using DMSO (100 μL). Quantitation of formazan crystals was 
performed by spectrophotometric measurements by the differ-
ence in optical density at 570 nm between the sample and the 
blank.

Statistical analyses. All statistical analyses for relevance were 
performed using the Student t test (two-tailed distribution, two-
sample unequal variance) in Microsoft Excel 2010. The P value 
less than 0.05 were considered significant.

Conclusion

A Smac mimetic, AZ58, is able to overcome resistance to che-
motherapy in selected bladder cancer cells through induction 
of apoptosis. This treatment strategy merits clinical evaluation, 
especially in patients with urothelial cancer who are resistant to 
chemotherapy.
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manufacturer’s instructions (Promega). Total nuclei were stained 
using propidium iodide. Sections were imaged using a Zeiss 
Plan-Neofluar lens on an epifluorescence microscope (Olympus). 
Representative images were taken using a 10× objective lens. The 
total number of TUNEL positive nuclei was enumerated from 
ten random fields per treatment condition and counted. Mean 
and standard errors were calculated.

Proliferating cells (Ki-67), microvessel density (CD-31) 
and TNFα expression in vivo. Formalin-fixed, paraffin-embed-
ded sections were deparaffinized, fixed in paraformaldehyde 
and stained with anti-Ki-67 antibody (DAKO) as previously 
reported.23 Ten random images were taken using a 20× objective 
lens. Ki-67 positive nuclei were counted, averaged and plotted. 
The same protocol was replicated for TNFα expression using 
anti-TNFα antibody (Genzyme). For CD-31 (BD Biosciences), 
cryosections of OCT preserved tumor samples were sectioned 
and stained with diaminobenzidine (DAB). Five random images 
were obtained using a 20× objective lens. Foci of CD-31 positive 
areas were enumerated, averaged and plotted.

Microarray analysis. Total RNA was isolated from each 
of the ten cell lines using the MirVana RNA Isolation kit 
(Ambion). Quality control for the RNA was determined with 
the Experion Bioanalyzer (Bio-Rad). Total RNA was labeled, 
subjected to biotinylated cRNA synthesis using the Illumina 
RNA amplification kit, and hybridized to the Illumina Human 
HT12 v3 chips (Illumina). Bead Chips were scanned with 
Genome Studio (Illumina) and data were normalized using the 
quantile normalization method in the LIMMA (Linear Models 
for Microarray Data) package in the R language environment.24 
The heat map was generated after adjusting each gene value to 
a mean of zero.

Evaluation of the TNF-α contribution to cell death. TNFα 
Blocking antibody was purchased from R&D Systems. After 
cells were plated for 24–36 h (50–70% confluence), treatment 
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