
Abstract. Although the expression of Smac/DIABLO has
been reported in various cancers, little is known about its
clinical significance in bladder cancer. The present study was
designed to evaluate the relationship between progression of
disease and Smac/DIABLO expression by clinical pathological
analysis of patients with bladder cancer. The level of Smac/
DIABLO expression was quantified by Western blot analysis
using non-fixed fresh frozen tissues derived from patients
with bladder cancer. All normal bladders expressed Smac/
DIABLO. However, 64/84 (76%) of bladder cancers expressed
Smac/DIABLO and 24% were negative. In Ta and T1
superficial bladder cancers, 98% expressed Smac/DIABLO,
whereas only 41% expressed Smac/DIABLO in muscle-
invasive bladder cancers. Smac/DIABLO expression inversely
correlated with the grade of bladder cancer. Patients with Ta
and T1 superficial bladder cancer with higher Smac/DIABLO
expression had a longer postoperative recurrence-free
period than those with lower Smac/DIABLO expression after
transurethral resection in the 5-year follow-up. Patients with
invasive bladder cancer expressing Smac/DIABLO had a
longer postoperative disease-specific survival than those
without Smac/DIABLO expression after radical cystectomy
in the 5-year follow-up. The cisplatin-resistant T24 bladder
cancer line (T24/CDDP) and the adriamycin-resistant T24

line (T24/ADR) showed lower level of Smac/DIABLO expres-
sion, compared with the T24 parental line. In conclusion, the
present study demonstrates for the first time that Smac/
DIABLO expression was downregulated in bladder cancer,
especially in high grade muscle-invasive bladder cancer, and
that lower Smac/DIABLO expression in bladder cancer
predicted a worse prognosis. In addition, the cisplatin-resistant
T24/CDDP line and the adriamycin-resistant T24/ADR line
expressed lower level of Smac/DIABLO expression. These
results suggest that Smac/DIABLO expression in bladder
cancer may be used as a prognostic parameter, and that low
Smac/DIABLO expression in bladder cancer may be associated
with resistance to chemotherapy.

Introduction

Bladder cancer accounts for approximately 4% of all cancer
cases worldwide. Anticancer chemotherapy has demonstrated
potential antitumor activity against bladder cancer (1,2).
However, the rate of complete response is low, and metastasis
and recurrence still remain major problems in bladder cancer
treatment.

Clinical factors have been used historically and clinically
as prognostic markers such as stage and grade for patients
with bladder cancer. Recent advances have been achieved in
an attempt to understand the pathogenesis, behavior and
molecular biology of bladder cancer with the objective of
developing methods for early diagnosis, better prognosis and
improved survival for patients with bladder cancer (3).
Although numerous factors have been reported, few main-
tained independent significance in terms of overall survival
(4). Moreover, several reported results have been controversial
by studying the same biomarker. There are no identified
molecular or cytogenetic tumor markers in bladder cancer that
can help diagnosis, manage or confirm the remission, the
progression or the relapse. Thus, there is an urgent need for
the identification of new reliable diagnostic/prognostic markers
and therapeutic targets in bladder cancer.

Tumor cells respond to cytotoxic therapies by activation
of the type II mitochondrial apoptotic pathway. The activa-
tion of this pathway results in the depolarization of the
mitochondrial membrane potential and the release of
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cytochrome c and second mitochondria-derived activator of
caspase/direct inhibitor of apoptosis protein (IAP)-binding
protein with low p (Smac/DIABLO) into the cytosol. These
disrupt the apoptosome and lead to the activation of caspases
9, 8 and 3 (5). Smac was identified as a protein that can
stimulate caspase 3 activation in cell extract (6). DIABLO
was described independently by Verhagen et al (7). Smac/
DIABLO is expressed in most adult human tissues including
heart, liver, pancreas, kidney, prostate and testis, at different
levels. It is synthesized in the nucleus as a precursor protein
of 239 amino acid residues and amino terminal mitochondrial
leader sequence (MLS). Upon mitochondrial import, the MLS
is removed by proteolysis, exposing the IAP-binding motif
(IBM) at the N-terminus of mature Smac/DIABLO which is
present as dimers. Through this IBM (Ala-Val-Pro-Ile),
Smac/DIABLO is able to bind X-linked IAP (XIAP), cIAP-1
and cIAP-2 and survivin. One way by which Smac/DIABLO
promotes caspase activation is by displacing caspase 9 coupled
with XIAP (5). This inhibitory function of Smac/DIABLO
relies on IBM. Thus, Smac/DIABLO's function is the inhibi-
tion of IAPs, and, therefore, Smac/DIABLO is considered as
an apoptogenic factor.

Previous studies have reported that overexpression of
Smac/DIABLO can induce apoptosis and/or sensitize the
resistant cancer cells to death receptor- or cytotoxic agent-
induced apoptosis (8,9). These findings suggest that the level
of Smac/DIABLO expression plays an important role in the
regulation of apoptotic responses in cancer cells to both
immune- and drug-mediated therapies. Therefore, we hypo-
thesize that the levels of expression of Smac/DIALBO in
bladder cancer may correlate with the progression of disease
and may be of prognostic significance. There have been no
reports on the expression of Smac/DIABLO in bladder cancers
and its potential clinical significance. Thus, investigation of
the level of Smac/DIABLO expression in bladder cancer was
the focus of the present study. This study was designed to test
our hypothesis and investigate the level of Smac/DIABLO
expression in bladder cancer and determine its prognostic
significance.

Materials and methods

Patients. Surgical specimens were obtained from 84 patients
with bladder cancer. They included 75 male and 9 female
patients, ranging in age from 31 to 87 years. Histological
diagnosis revealed that all patients had urothelial carcinoma
and none of the patient had metastasis. According to the
TNM classification (UICC, 6th edition, 2002) the bladder
cancers were: Ta (n=26), T1 (n=26), T2 (n=15), T3 (n=13),
T4 (n=4), and G1 (n=9), G2 (n=53), and G3 (n=22). The
specimens of bladder cancers and normal bladders were
obtained at operation. Normal bladders (n=25) were derived
from the invasive bladder cancer patients undergoing radical
cystectomy. The specimens were stored frozen at -80˚C until
use for the assay of Smac/ DIABLO expression. The patients
had no treatments for bladder cancer before surgery. This
study was performed after approval by a local Human
Investigations Committee. Informed consent was obtained
from each patient.

Patients with Ta and T1 superficial bladder cancer were
not treated after transurethral resection of bladder tumor

(TUR-Bt) until recurrence. When patients with invasive
bladder cancer had recurrence or metastasis after radical
cystectomy, they were treated with cisplatin (CDDP)-based
chemotherapy.

Reagents. CDDP and adriamycin (ADR) were kindly supplied
by Nippon Kayaku Co. Ltd., Tokyo, Japan, and Kyowa
Hakkou Kirin Co. Ltd, Tokyo, Japan, respectively.

Bladder cancer cell lines. T24, J82 and HT1197 human bladder
cancer cell lines (10,11) were maintained in monolayers on
plastic dishes in RPMI-1640 medium (Gibco, Bio-cult,
Glasgow, Scotland, UK) supplemented with 25 mM HEPES
(Gibco), 2 mM L-glutamine (Gibco), 1% non-essential amino
acid (Gibco), 100 U/ml penicillin (Gibco), 100 μg/ml strepto-
mycin (Gibco) and 10% heat-inactivated fetal bovine serum
(Gibco), hereafter referred to as complete medium. T24/CDDP
and T24/ADR bladder cancer cell lines were CDDP-resistant
and ADR-resistant T24 cell lines, respectively (12,13).

Measurement of Smac/DIABLO expression in bladder cancer
and normal bladder by Western blot analysis and definition
of Smac/DIABLO expression. The expression of Smac/
DIABLO was determined by Western blot analysis as
previously described (14,15). Tumor and normal tissues were
prepared to generate lysates and the protein concentration
was determined. Twenty micrograms of the sample proteins
were electrophoresed on 7.5% polyacrylamide gels in Tris-
glycin buffer and transferred to nitrocellulose membranes.
The membrane was blocked for 30 min in blocking buffer
(5% skim milk in 1% Tween-PBS ) and probed first with the
rabbit anti-Smac/DIABLO antibody (Imgenex, San Diego,
CA) for 1 h. The membrane was washed and then incubated
with peroxidase-conjugated goat anti-rabbit IgG and developed
with the use of an enhanced chemiluminescence detection kit
(Amersham Pharmacia Biotech, Piscataway, NJ). The relative
expression of Smac/DIABLO protein was determined with a
chemiluminescence imaging system and quantified by image
analysis (Gel Doc 2000: Bio-Rad, Osaka, Japan).

The T24 bladder cancer cell line constitutively expressed
Smac/DIABLO and was used as the internal standard to
compare assays. All samples were analyzed at the same time.
Repeated measurements yielded the same results. When
Smac/DIABLO expression was not visually observed by the
Western blot analysis, it was regarded as negative expression.
In contrast, Smac/DIABLO expression was regarded as
positive expression if a visual band was detected by Western
blot analysis regardless of the variation of the levels of
expression. Positive expression meant unambiguous visual

MIZUTANI et al:  Smac/DIABLO EXPRESSION IN BLADDER CANCER504

Figure 1. Expression of Smac/DIABLO in T24, J82, HT1197 bladder cancer
cell lines. Smac/DIABLO expression in T24, J82, HT1197 bladder cancer cell
lines was examined by Western blot analysis as described in Materials and
methods.
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detection of Smac/DIABLO protein band by chemilumi-
nescence and did not refer to the level of Smac/DIABLO
expression. Based on the analysis of postoperative recurrence-
free rate after TUR-Bt in patients with Ta and T1 superficial
bladder cancer, the level of Smac/DIABLO expression greater
than the median value was regarded as higher expression and
the level of Smac/DIABLO expression less than the median
value was regarded as lower expression.

Statistical analysis. For statistical analysis, Student's t-test and
¯2 test were used. Postoperative recurrence-free rate and disease-
specific survival were determined by the Kaplan-Meier method.
The Cox-Mantel test was used to establish the statistical
difference in recurrence and survival. A p≤0.05 was considered
significant.

Results

Expression of Smac/DIABLO in bladder cancer cell lines,
bladder cancers and normal bladders. The levels of Smac/
DIABLO in cell lysates of bladder cancer cell lines, bladder
cancers and normal bladders were determined by Western
blot analysis as described in Materials and methods. The T24,
J82 and HT1197 bladder cancer cell lines expressed similar
levels of Smac/DIABLO (Fig. 1).

Smac/DIABLO expression was determined in 25 normal
bladders and 84 bladder cancers. Representative data of
Smac/DIABLO expression of bladder cancer and normal
bladders from the same patients are shown in Fig. 2A and B.
The levels of Smac/DIABLO in normal bladders were very
low when compared to the levels in bladder cancers. The
expression levels of Smac/DIABLO in bladder cancers
varied as a function of the stage of disease. In some patients
(cases no. 1-4: Case 1: T1, G3, Case 2: T3, G2, Case 3: T2, G3,
Case 4: T2, G3), the level of Smac/DIABLO expression in
bladder cancers was higher than that in normal bladders
(Fig. 2A). However, Smac/DIABLO expression was not
detected in bladder cancers of cases 5 and 6 (Case 5: T4, G2,
Case 6: T3, G3) (Fig. 2B).

The percentages of cases expressing Smac/DIABLO and
those not expressing Smac/DIABLO were determined and
summarized in Table I. Smac/DIABLO expression was
detected in all normal bladder specimens. Overall, 64 (76%)
bladder cancers were positive for Smac/DIABLO and 20
(24%) were negative. In Ta and T1 superficial bladder cancer
(n=52), 51 (98%) were positive and only one (2%) was
negative. In contrast, 13 (41%) were positive and 19 (59%)
were negative in T2-T4 muscle-invasive bladder cancer
(n=32). The ratio of Smac/DIABLO expression in superficial
bladder cancer compared to mean level of normal bladder
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Figure 2. Expression of Smac/DIABLO in bladder cancer and normal bladder. (A) Smac/DIABLO expression in 4 cases of bladder cancer and corresponding
normal bladder was examined by Western blot analysis as described in Materials and methods. The bladder cancers showed positive Smac/DIABLO expression.
(B) Smac/DIABLO expression in 2 cases of bladder cancer and corresponding normal bladder was examined by Western blot analysis as described in Materials
and methods. The bladder cancers showed negative Smac/DIABLO expression. N, normal bladder; T, bladder cancer.

Table I. Frequency of Smac/DIABLO expression in bladder cancer and normal bladder.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Bladder cancer and Smac/DIABLO expression (%)a Ratio of Smac/DIABLO expression level to 
normal bladder Positive Negative mean level of normal bladder (mean ± SE)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Normal bladder (n=25)b 25 (100) 0 (0)

Bladder cancer (n=84) 64 (76) 20 (24) 5.06±0.44e

T-stage
Ta (n=26) 26 (100) 0 (0) 8.34±0.61
T1 (n=26) 25 (96) 1 (4) 6.12±0.67f

Ta + T1 (n=52)c 51 (98) 1 (2) 7.23±0.44
T2 - T4 (n=32) 13 (41) 19 (59) 1.56±0.44g

Tumor graded

Grade 1 (n=9) 9 (100) 0 (0) 8.51±0.83
Grade 2 (n=53) 47 (89) 6 (11) 6.06±0.56h

Grade 3 (n=22) 8 (36) 14 (64) 1.33±0.44h,i

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
aSmac/DIABLO expression was examined by Western blot analysis as described in Materials and methods. b-dp<0.05 by ¯2 test, ep<0.05 vs.
normal bladder, fp<0.05 vs. Ta, gp<0.05 vs. Ta + T1, hp<0.05 vs. Grade 1, ip<0.05 vs. Grade 2.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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was 7.23, and that in muscle-invasive bladder cancer was
1.56. In addition, the ratio of Smac/DIABLO expression in
Ta bladder cancer compared to normal bladder was 8.34, and
that in T1 bladder cancer was 6.12. These findings were
corroborated with analysis of the grade of bladder cancer. In
Grade 1/2 bladder cancer (n=62), 56 (90%) were positive and
6 (10%) were negative. In contrast, in Grade 3 bladder cancer
(n=22), 8 (36%) were positive and 14 (64%) were negative.
The ratio of Smac/DIABLO expression in Grade 1, Grade 2
and Grade 3 bladder cancers compared to normal baldder
was 8.51, 6.06 and 1.33, respectively. These data show that
the level of Smac/DIABLO expression inversely correlated
with both the stage of disease progression and the increase of
the histological grade of bladder cancer.

Correlation between Smac/DIABLO expression and post-
operative specific survival in patients with bladder cancer.
Patients with bladder cancer were evaluated for the post-
operative clinical course. Postoperative recurrence-free rate
and disease-specific survival were estimated by Kaplan-Meier
analysis.

Based on the analysis of postoperative recurrence-free rate
after TUR-Bt, patients with Ta and T1 superficial bladder
cancer were divided into two groups, namely, those with higher
Smac/DIABLO expression and those with lower expression
as described in the Materials and methods section. Patients

with superficial bladder cancer with higher Smac/DIABLO
expression had a longer postoperative recurrence-free period,
when compared to patients with lower expression of Smac/
DIABLO in the 5-year follow-up (Fig. 3).

Based on the analysis of postoperative disease-specific
survival after radical cystectomy, patients with invasive bladder
cancer were divided into two groups, namely, those with
positive Smac/DIABLO expression and those with negative
expression as described in Materials and methods section.
Patients with invasive bladder cancer with positive Smac/
DIABLO expression had a longer disease-specific survival,
when compared to patients with negative expression of
Smac/DIABLO in the 5-year follow-up (Fig. 4).

These findings suggest that the level of Smac/DIABLO
expression in bladder cancer may be a prognostic indicator,
and that higher Smac/DIABLO expression in bladder cancer
may be a good prognostic sign.

Drug-resistant bladder cancer cell lines express low levels of
Smac/DIABLO compared to levels in parental cell lines. It has
been reported that Smac/DIABLO is associated with drug-
sensitivity in cancer cells (8,14,16). We, thus, examined the
effect of CDDP and ADR, which are used for bladder cancer
clinically, on the expression of Smac/DIABLO in bladder
cancer. When the T24 bladder cancer cell line was treated with
CDDP at concentrations of 0.1-10 μg/ml for different time
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Figure 3. Relationship between Smac/DIABLO expression and post-
operative recurrence-free rate after TUR-Bt in patients with Ta and T1
superficial bladder cancer. Postoperative tumor-free period of Ta and T1
superficial bladder cancer patients undergoing transurethral resection was
determined by the Kaplan-Meier method. The level of Smac/DIABLO
expression greater than the median value was regarded as higher expression
and the level of Smac/DIABLO expression less than the median value was
regarded as lower level. There was a significant difference in tumor-free
interval between the following two groups in the 5-year follow-up (P<0.01
by Cox-Mantel test). ––, 25 patients with higher Smac/DIABLO expression;

----, 25 patients with lower Smac/DIABLO expression.

Figure 4. Relationship between Smac/DIABLO expression and
postoperative disease-specific survival after radical cystectomy in patients
with invasive bladder cancer. Postoperative clinical course of invasive
bladder cancer patients undergoing radical cystectomy was determined by
the Kaplan-Meier method. When Smac/DIABLO expression was not
visually observed by the Western blot analysis, it was regarded as negative
expression. In contrast, expression of Smac/DIABLO was regarded as
positive expres-sion, if a visual band was detected by Western blot analysis.
There was a significant difference in disease-specific survival rate between
the following two groups in the 5-year follow-up (P<0.05 by Cox-Mantel
test). ––, 15 patients with positive Smac/DIABLO expression; ----, 19
patients with negative Smac/DIABLO expression.

Figure 5. (A) Smac/DIABLO expression in T24 cells treated with ADR or CDDP Smac/DIABLO expression in T24 cells treated with ADR (0.1 μg/ml, 3 h)
or CDDP (0.1 μg/ml, 3 h) was examined by Western blot analysis as described in Materials and methods. (B) Smac/DIABLO expression in T24, T24/ADR,
T24/CDDP bladder cancer cell lines Smac/DIABLO expression in T24, T24/ADR, T24/CDDP bladder cancer cell lines was examined by Western blot analysis
as described in Materials and methods.

A B
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periods of 3 or 12 h, Smac/DIABLO expression did not change
(Fig. 5A). Furthermore, when J82 and HT1197 bladder cancer
cell lines were used as targets, similar results were obtained.
ADR also had no effect on the expression of Smac/DIABLO
in these bladder cancer cell lines (Fig. 5A).

The T24/CDDP and T24/ADR bladder cancer cell lines
are CDDP-resistant and ADR-resistant T24 sublines, respec-
tively (12,13). The expression of Smac/DIABLO in T24/
CDDP and T24/ADR cell lines was lower, when compared
with the expression of Smac/DIABLO in the T24 parental
line (the ratios of Smac/DIABLO expression level compared
to the T24 parental line were 0.21 and 0.63, respectively)
(Fig. 5B). These findings suggest that low expression of
Smac/DIABLO in bladder cancer may be associated with
drug-resistance.

Discussion

The present study provides evidence for the first time that the
level of Smac/DIABLO expression inversely correlates with
both the progression of the stage and the increase of the
grade of bladder cancer. Patients with Ta and T1 superficial
bladder cancers with higher Smac/DIABLO expression had a
longer postoperative recurrence-free period than those with
lower Smac/DIABLO expression in the 5-year follow-up.
Furthermore, patients with invasive bladder cancer with
positive Smac/DIABLO expression had a longer post-
operative disease-specific survival than those with negative
Smac/ DIABLO expression in the 5-year follow-up. The
findings suggest that the level of Smac/DIABLO in bladder
cancer may play an important role in regulating the tumor cell
response to cytotoxic therapies and may be of prognostic
significance in bladder cancer.

This study has demonstrated that approximately 24% of
bladder cancer had no detectable Smac/DIABLO expression,
although all normal bladder specimens expressed low levels
of Smac/DIABLO. Moreover, advanced high grade diseases
had lower expression of Smac/DIABLO than those with low
stage/grade diseases. A recent study by Yoo et al has reported
the analysis of archival tissues of carcinoma and sarcoma by
immunohistochemical analysis for the expression of Smac/
DIABLO (17). Smac/DIABLO expression was observed in
62% of carcinoma and 22% of sarcoma. The level of Smac/
DIABLO expression varied depending on the individual tumor
that was evaluated. For instance, 24 out of 42 gastric adeno-
carcinoma were positive for Smac/DIABLO whereas the
remaining 18 were negative. Another study corroborated these
data (18). Our previous study and those of others showed that
normal kidney tissues adjacent to the cancer showed higher
levels of Smac/DIABLO expression compared to cancer tissues
and that progression of renal cell carcinoma was associated
with low level of Smac/DIABLO expression (14,19). Similar
results were obtained in other cancers including colorectal
cancer and lung cancer (20,21). Our studies and those of others
demonstrate that the expression level of Smac/DIABLO in
carcinoma and sarcoma is significantly different from the
corresponding non-cancerous tissues and correlate with cancer
progression. Thus, the findings suggest strongly that the
expression level of Smac/DIABLO might play an important
role in the pathogenesis of cancer and cancer progression.

The current study demonstrates for the first time that
Smac/DIABLO expression in bladder cancer predicted the
clinical outcome. Similar results were reported with other
cancers (14,21,22). The precise underlying mechanism respon-
sible for this relationship remains unclear. Since Smac/ DIABLO
is a proapoptotic regulatory molecule, it is reasonable to
assume that in spite of treatments, clones of cells which do not
express Smac/DIABLO will not undergo apoptosis and will
be selected to grow more easily and rapidly than clones which
overexpress Smac/DIABLO. Thus, the present findings
suggest that Smac/ DIABLO mimetics may provide a
therapeutic means of preventing the growth of bladder cancer.

Cytotoxic chemotherapy, an integral part of the therapeutic
approach for many solid tumors, has shown potential anti-
tumor activity against bladder cancer (23,24). However, the
durable complete response rate is low and both metastasis
and recurrence remain major problems in the therapy for
bladder cancer. Therefore, new therapeutic approaches are
required. Smac/DIABLO is a proapoptotic mitochondrial
protein that is released to the cytosol in the cells in response
to apoptotic stimuli including chemotherapeutic agents (8,16).
Our observation that Smac/DIABLO expression was down-
regulated in CDDP-resistant and ADR-resistant bladder
cancer cell line, as compared to levels in wild-type, may be
clinically relevant in the management of patients with bladder
cancer. The endogenous low level of Smac/DIABLO in
CDDP-resistant and ADR-resistant bladder cancer cells may
not be adequate to neutralize the anti-apoptotic mechanisms
regulated by IAPs. Therefore, chemotherapy in combination
with Smac/DIABLO mimetics including small molecules
that mimic Smac/DIABLO functions may be a promising
treatment strategy against bladder cancer. For instance,
Arnt et al reported that the first four amino acids of Smac/
DIABLO increased apoptosis in cell lines treated with
paclitaxel, etoposide, camptothecin, and ADR (16).

IAPs such as XIAP are highly expressed in various cancers
and are associated with poor prognosis and resistance to
apoptosis (25,26). Preliminary experiments demonstrated that
the expression of XIAP was higher in high stage and high
grade bladder cancers. Since XIAP blocks apoptosis at the
effector phase, strategies targeting XIAP as well as Smac/
DIABLO may also be effective to overcome resistance to
apoptosis. Smac/DIABLO is able to bind to IAP family
members and XIAP is predominantly a Smac/DIABLO-
binding protein. Smac/DIABLO binds to XIAP, displaces
XIAP from caspase-9, promotes cleavage of effector caspases
and induces apoptosis (27,28). In addition, Smac/DIABLO is
also regulated by IAP family members. IAP family members
including XIAP induce the ubiquitination and degradation
of Smac/DIABLO (29,30). Furthermore, Smac3, a Smac/
DIABLO isoform, was recently identified (31). Smac3 induces
the auto-ubiquitination and degradation of XIAP. Thus, the
balance of IAP family and Smac/DIABLO may be important
to maintain for the response to therapy. Further studies are
therefore needed to determine the regulatory effects of Smac/
DIABLO expression in bladder cancers. The measurement of
IAP family expression as well as Smac/DIABLO expression
may be necessary for the accurate evaluation of the prognostic
value of Smac/DIABLO and the efficacy of therapy with
Smac/DIABLO mimetics.
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In conclusion, the current study demonstrates that Smac/
DIABLO expression was downregulated in high grade
advanced bladder cancer, and that lower Smac/DIABLO
expression was a negative prognostic sign. These findings
suggest that the assessment of Smac/DIABLO expression
may be useful in the management of bladder cancer. Since
Smac/ DIABLO expression could be used as a prognostic
parameter in patients with bladder cancer, the accurate
prediction of prognosis may help select patients for more
intensive surgical or chemotherapeutic approaches in
combination with Smac/ DIABLO agonists. In addition, the
potential biological significance of Smac/DIABLO expression
as a component of a more generalized problem of apoptotic
resistance requires further investigation and warrants future
clinical studies.
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