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Abnormal expression of multiple proteins predicts cancer-specific
mortality in patients with high-grade non-muscle-invasive
bladder cancer treated with transurethral resection
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Abstract. High-grade non-muscle-invasive bladder urothelial
carcinoma leads to various outcomes. It can cause death even
after radical cystectomy and is treated only by transurethral
resection (TUR). In the present study, we aimed to determine
whether the molecular markers E-cadherin, coxsackie adeno-
virus receptor (CAR), SI00A4 and uroplakin III are associated
with clinicopathological outcomes in patients with high-grade
non-muscle invasive bladder cancer (NMIBC) treated with
TUR. Immunohistochemical staining was performed on serial
sections from specimens obtained from 77 patients. Expression
patterns were stratified according to the number of abnormally
expressed markers: 0-1 or =2. The median follow-up time was
56 months (range, 3-287). The results from the present study
indicated that expression of E-cadherin, CAR, S100A4 and
uroplakin IIT was abnormal in 16, 17, 27 and 61% of tumors,
respectively. Results of the log-rank test revealed that patients
with abnormal expression of multiple molecular markers had a
significantly increased risk of bladder cancer-specific mortality
(P=0.016). The 5-year cancer-specific survival rates were 91
and 66% for patients with 0-1 and =2 molecular markers,
respectively. No individual marker was associated with disease
prognosis. Multivariate models that included clinicopatho-
logical outcomes and classified molecular markers indicated
that abnormal expression of multiple molecular markers and
lack of bacillus Calmette-Guérin (BCG) instillation are predic-
tors of cancer-specific death (P=0.046 and 0.029, respectively).
Abnormal expression of multiple molecular markers is a strong
predictor of mortality in bladder cancer patients undergoing
TUR, suggesting that high-grade non-muscle-invasive cancer
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is characterized by a variety of pathophysiological pathways.
A combination of molecular markers may be useful in a mini-
mally invasive modality for determining prognosis.

Introduction

High-grade non-muscle invasive bladder cancer (NMIBC)
leads to various outcomes. It can cause death even after radical
cystectomy and is treated only by transurethral resection
(TUR) with or without intravesical therapy (1,2). The ability to
predict metastasis or disease progression is essential for selec-
tion of the optimal treatment for patients who have high-grade
NMIBC. The prognostic value of traditional clinical and histo-
pathological features such as tumor size and number as well
as carcinoma in situ is well-documented (2-4). However, for
patients with a primary diagnosis of high-grade NMIBC selec-
tion between conservative management and early cystectomy
following diagnostic TUR remains a challenge.

A variety of molecular markers for progressive bladder
cancer have been investigated (5-7). However, molecular
markers that predict the progression of NMIBC are currently
not well-documented and none is routinely used in clinical
practice. The loss of E-cadherin expression has been associ-
ated with progression of malignant neoplasms through loss of
cell-cell contact and is assumed to be crucial in the progression
from a tumor in situ to an invasive and metastasizing lesion
in various types of cancer (8,9). The expression of coxsackie
adenovirus receptor (CAR) has been associated with cell-cycle
regulation and may be associated with effector proteins to elicit
the growth inhibitory signal cascade (10). SI00A4 is secreted
from tumor cells and has a significant stimulatory effect on
angiogenesis (11). Uroplakin III plays a key role in urothelial
functions, including participation in the permeability barrier,
adjustment of urothelial surface area, stabilization of the
urothelial surface and development of the urinary tract (12).
Previous studies conducted by our group showed that the
expression of E-cadherin, CAR, S100A4 and uroplakin III is
associated with disease progression and cancer-specific death
in patients undergoing radical cystectomy with muscle-invasive
bladder cancer or who were resistant to conservative treatment
(6,7,13). However, whether these markers are associated with
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disease progression in cases of high-grade NMIBC remains to
be fully elucidated.

The aim of the present study was to determine the asso-
ciation of abnormal expression of E-cadherin, CAR, S100A4
and uroplakin IIT with pathologic characteristics and clinical
outcome of high-grade NMIBC in a well-defined set of
patients with long-term follow-up who are at risk for bladder
cancer-specific death. The availability of the expression status
of the four markers in the same set of patients provided a
unique opportunity to determine whether abnormal expres-
sion of E-cadherin, CAR, S100A4 and uroplakin III exerts a
synergistic effect on bladder cancer survival.

Materials and methods

Patients. Seventy-seven patients diagnosed with high-grade
NMIBC at initial TUR conducted in our institution between
May, 1985 and December, 2006 were included in this retro-
spective study. The muscle layer of all the included patients
was histologically confirmed in the initial TUR specimens and
the tumors did not invade into the muscle layer. The median
follow-up time from initial TUR was 56 months (range,
3-287). According to the WHO classification (1973) and the
tumor-node-metastasis (TNM) system (2002), a grade 3 Ta-T1
tumor was evaluated as high-grade NMIBC. Routine laboratory
investigations, chest X-ray and pelvic computed tomography
or magnetic resonance imaging were performed and all the
patients were found to have clinically localized NMIBC. The
median patient age was 67 years (mean, 66.7; range, 36-91).
Ten patients (13%) underwent immediate cystectomy as their
primary form of treatment within 3 months of the diagnostic
TUR. Sixty-seven (87%) patients initially retained their
bladder, from which 44 were administered a 6-week course of
intravesical bacillus Calmette-Guérin (BCG) without mainte-
nance therapy. Of the 67 patients, 7 underwent late cystectomy
for persistent disease (n=2), cancer progression (n=2) or BCG
intolerance (n=3).

A postoperative follow-up examination was scheduled
every 3 and 4 months following TUR and cystectomy, respec-
tively, for the first year, semiannually in the second year and
annually thereafter, with more frequent examinations being
scheduled when clinically indicated. No patient underwent
prior radiation or systemic chemotherapy prior to cystectomy
or TUR. Approval was granted by the Ethics Committee of
Kitasato University Hospital (Sagamihara, Japan).

Immunohistochemistry. Immunohistochemical staining for
E-cadherin, CAR, S100A4 and uroplakin III using serial
sections from the same paraffin-embedded blocks was
performed. Staining and scoring protocols for these proteins
have been described previously (6,13,14). Briefly, E-cadherin
expression was evaluated as normal (90-100% positive cells
with preserved cell border staining) or abnormal, which
included negative (0-10% positive cells) and various degrees of
heterogeneous expression (11-89% positive cells). Regarding
CAR, S100A4 and uroplakin III, each image was interpreted
for immunoreactivity by using a 0-3+ semiquantitation
system for intensity of staining and the percentage of positive
cells (labeling frequency percentage). The intensity grading
scale ranged from no detectable signal, i.e., 0, to a strong
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signal observed at low-power magnification, i.e., 3. Labeling
frequency was scored as 0 (0%), 1 (1-33%), 2 (34-66%) or
3 (67-100%). The sum index was obtained by totaling the
scores of intensity and percentage. Expression scores of CAR
and uroplakin IIT were stratified further into normal (=1) and
abnormal (0). Expression scores of SI00A4 were stratified
further into normal (0-1) and abnormal (2<) for the purpose
of presentation. Slides were reviewed by a single pathologist
(Y.S.) who was blinded to the clinical and pathologic data.
Normal urothelium was obtained as a control from a patient
with no history of bladder tumor who underwent autopsy.

Statistical analysis. For the purpose of analysis, gender, tumor
pathologic stage (pTa vs. pT1), tumor size (<1 vs. >1 cm),
number of tumors (single vs. multiple) and BCG instilla-
tion status (instillation vs. no instillation) were evaluated as
dichotomous variables. Fisher's exact and the Chi-square tests
were used to evaluate the association of the expression of the
four molecular markers and clinicopathological characteris-
tics, including gender, pathologic stage, tumor size, number
of tumors and BCG instillation status. The Kaplan-Meier
method was used to calculate survival functions and differ-
ences were assessed with the log-rank statistic. Univariate and
multivariable survival analyses were performed with the Cox
proportional hazards regression model, controlling for gender,
pathologic stage, tumor size, number of tumors, the status of
BCQG instillation and protein expression (0-1 vs. =2 markers)
as dichotomous variables. P<0.05 was considered to indicate
a statistically significant difference. All the reported P-values
were two-sided. Analyses were performed using SPSS,
version 11.0 for Windows (SPSS, Inc., Chicago, IL, USA) and
Microsoft Excel (Microsoft, Redmond, WA, USA).

Results

Association of molecular markers with clinicopathological
characteristics. Representative results of the immunohisto-
chemistry for four molecular markers in cancerous bladder
tissues are shown in Fig. 1. Normal urothelium was used for
representative normal staining of each molecular marker as a
control. Abnormal expression of E-cadherin, CAR, S100A4
and uroplakin IIT was noted in 12 (16%), 13 (17%), 21 (27%)
and 47 (61%) patients, respectively. Of the 77 patients, 17 (22%)
had tumors with normal expression of all the molecular
markers and one (1.3%) had abnormal expression of all the
molecular markers. The clinicopathological characteristics
of the 77 patients and the association with the four molecular
markers are provided in Table I. Abnormal expression of CAR
was associated with the number of tumors (P=0.029).

Association of molecular markers with clinical outcomes.
Twenty-four patients (31%) succumbed to the disease at the
time of the analysis (median time to death, 25 months; range,
5-142). The cause of death in 15 (19%) patients was defined
as advanced metastatic bladder cancer (median time to death,
21 months; range, 5-142), while 9 (12%) patients died of
intercurrent causes without evidence of disease progression.
The cause-specific survival (CSS) rate in 77 patients after a
follow-up of 5 years was 82%. Thirty-five (45%) patients who
were treated with initial TUR with or without intravesical



475

MOLECULAR AND CLINICAL ONCOLOGY 1: 473-479, 2013

*10}d0091 SITAOUPE JYOBSX0D ‘YYD ‘ULIIND-9)dwW ) SN[I0q ‘D) "9UIYIP JuedyIuSIS A[[eONSHRIS B 9JEOIPUI 0} PAISPISUOD SEM GO (0>d

(To) L1 (8%) 91 (€9) 11 (L9) tT (39X9 (S8) 8¢ (30X9 (S8) 8¢C (ev) €€ ON
(89) 0¢ @) v1 (€0 o1 (LL) ¥€ (818 (28) 9¢ oD L (¥8) LE (L9 v BN
191°0 Sreo 69L°0 666'0< Aderoy) DOY
(19) LT (6€) 61 9o 1 (rL) v 6) ¥ (16) T SnL (S8) 6€ (09) 91 ordn
(S9) 0T (Co 11 (62 6 (1L) Tz (62) 6 (1L ze (CI9XY (¥8) 9T (op) 1€ o[3urg
1¥9°0 66L°0 62¢00 666'0< sIown) Jo "ON
(TL) €1 (80 ¢S @ (8L) v1 (e (68) 91 e (€8) S1 (€0) 81 1>
(89) v¢ (zy) ST (62 L1 (1L v (6D 11 (18) 8% (39X3 (S8) 08 (LL) 6 I<
8010 Y9L°0 ICL0 666'0< (wo) dz1§
(19) € (6€) 8T (L2 61 (€L) ¢S (SN0 (S8) 09 S 11 (S8) 09 (T6) 1L IL
L9 v (€9 ¢ (€9t (L9 ¥ (€9 ¢ L9 v (VADN| (€9 ¢ (8)9 EL
666 0< 199°0 S9T0 666'0< a3e)s [edtur[)
(89) €1 (€99 (T9) 9 (89) €1 oy (6L) ST QD¢ (¥8) 91 (S0 61 o[ewoq
(69) ¥€ (%) ¥T (90 S1 (L) € ©D6 (8) 6¥ ©D6 (r8) 6¥ (SL) 8¢ BN
6580 666 '0< YeLo 666'0< 1opuan
(19) Ly (6€) 0€ (Lo 1t (€L) 96 (Ln el (€8) ¥9 @Dzt #8) 59 (001) LL [eI0L
aneA-4  [PWIOUQY  [RWION  on[eA-d  [BUWIOUQY  [BWION  ON[BA-d  [PWIOUQY  [BUWION  on[eA-d  [eWIOUQY [PWwION  siusneq (%) U ‘SonsuojorIRyD)
11T unyerdoin ¥VO00IS qvo utyped-g

*IOPPe[q 9y} JO BWOUIDIRD [BI[oyjon [ I, B, 95e3s YSU-ySIy yiim pasouSerp arom oym syuaned Jo sonsiiajoereyd drSojoyied pue [eoIUI[0 YIIm SIONIEW JR[NOJ[OW JO UOHEBIO0SSY T 9[qRL



476 TSUMURA et al: ABNORMAL EXPRESSION OF BIOMARKERS AND HIGH-GRADE NMIBC

Figure 1. Representative E-cadherin, coxsackie adenovirus receptor (CAR), SI00A4 and uroplakin III immunohistochemical staining in grade 3
non-muscle-invasive bladder cancer specimens (magnification, x400). Normal urothelium was used for representative staining of each molecular marker as
a control. (A) Positive (normal) staining of E-cadherin in normal urothelium. (B) Negative (abnormal) staining of E-cadherin in tumor. (C) Positive (normal)
staining of CAR in normal urothelium. (D) Negative (abnormal) staining of CAR in tumor. (E) Negative (normal) staining of SI00A4 in normal urothelium.

(F) Positive (abnormal) staining of SI00A4 in tumor. (G) Positive (normal) staining of uroplakin III in normal urothelium. (H) Negative (abnormal) staining
of uroplakin III in tumor.
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Figure 2. Probability of cancer-specific survival following initial transurethral resection according to the number of (A) molecular markers abnormally
expressed and (B) bacillus Calmette-Guérin (BCG) intravesical treatment.
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Table II. Results of the univariate (UVA) and multivariate (MVA) Cox regression hazard model for cancer-specific survival in

high-grade non-muscle-invasive bladder cancer.

UVA MVA

Characteristics HR 95% CI P-value HR 95% C1 P-value
Gender

Male 1.000 (Reference) 1.000 (Reference)

Female 0.433 0.097-1.922 0.270 0.509 0.110 to 2.350 0.387
Stage

Ta 1.000 (Reference) 1.000 (Reference)

T1 1.274 0.167-9.699 0.814 2.120 0.211-21.28 0.523
Tumor size (cm)

<1 1.000 (Reference) 1.000 (Reference)

>1 0.786 0.250-2.475 0.682 0.589 0.151-2.288 0.445
No. of tumors

Single 1.000 (Reference) 1.000 (Reference)

Multiple 1.318 0.449-3.866 0.615 1.317 0.418-4.145 0.637
BCG therapy

Yes 1.000 (Reference) 1.000 (Reference)

No 4291 1.361-13.53 0.012 3.665 1.140-11.78 0.029
No. of abnormal markers

Oorl 1.000 (Reference) 1.000 (Reference)

2,30r4 3.344 1.176-9.523 0.023 2915 1.017-8.333 0.046

P<0.05 was considered to indicate a statistically significant difference. HR, hazard ratio; CI, confidence interval; BCG, bacillus Calmette-Guérin.

therapy did not have any evidence of tumor in a retained
bladder at the time of analysis (median follow-up time,
59 months; range, 8-165).

The log-rank test results indicated that, compared with
the abnormal expression of 0 or 1 molecular marker, the
abnormal expression of multiple (=2) molecular markers was
associated with an increased risk of bladder cancer-specific
mortality (P=0.028, Fig. 2A). The 5-year CSS rate was 91
and 66% for 0-1 and =2 abnormal markers, respectively. BCG
instillation was associated with a decreased risk for bladder
cancer-specific mortality (P=0.006, Fig 2B). The 5-year CSS
rate was 94 and 65% for patients with and without BCG
instillation, respectively. Abnormal expression of any single
molecular marker was not associated with increased risk of
bladder cancer-specific mortality when the log-rank test was
performed (data not shown).

Univariate and multivariate analyses by Cox regression
hazard model were performed for CSS (Table IT). The absence
of BCG instillation and abnormal expression of multiple
molecular markers were associated with an increased risk
for cancer-specific mortality (multivariate analysis, P=0.029
and 0.046, respectively). Clinocopathological characteristics,
including gender, clinical stage, tumor size and number
of tumors, were not associated with an increased risk for
cancer-specific mortality by the Cox regression hazard model.

To investigate the potential association between abnormal
expression of multiple biomarkers and the BCG response,
we performed survival analysis for 44 patients who were
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Figure 3. Probability of cancer-specific survival following initial transure-
thral resection according to the number of molecular markers abnormally
expressed in patients treated with bacillus Calmette-Guérin (BCG) intra-
vesical treatment.

administered BCG intravesical therapy. These patients were
allocated into groups according to the number of markers
abnormally expressed (0-1 vs. =2). Analysis indicated no
significant difference in CSS (log-rank test, P=0.160) (Fig. 3)
and the abnormal expression of multiple biomarkers did not
predict the BCG response.

Of the 67 patients who initially retained their bladder,
the abnormal expression of any single molecular marker and
multiple biomarkers was not associated with an increased
risk of bladder tumor recurrence when the log-rank test was
performed (data not shown).
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Discussion

In the present study, the expression of E-cadherin, CAR, S100A4
and uroplakin IITin patients diagnosed with high-grade NMIBC
at initial TUR was assessed using immunohistochemistry
and associated with clinical outcome. Our findings indicated
that abnormal expression of >1 of these molecular markers is
associated with an increased risk of bladder cancer-specific
mortality. In the pathologically homogeneous group of patients
with high-grade NMIBC, the number of abnormally expressed
molecular markers varied from O to all the four markers. These
findings suggest that high-grade NMIBC is characterized by a
variety of pathophysiological pathways.

Distant metastases and progression to muscle invasion
are the major causes of death in patients with high-grade
NMIBC. Approximately 15-30% of patients exhibiting
invasion into the lamina propria ultimately experience
progression to muscle-invasive disease and ~30% ultimately
succumb to metastatic disease (15,16). Aggressive treatments
such as early cystectomy are recommended in some studies,
since local invasion and distant metastasis would occur rela-
tively early in patients diagnosed with high-grade NMIBC
(17). By contrast, the lack of recurrence and progression of
=30% of T1G3 tumors allows conservative management (1).
In the present study, 45% of high-grade NMIBC patients
were treated with conservative management and allowed
bladder preservation without any evidence of tumor presence.
Although early cystectomy might improve long-term survival
(18), this aggressive approach might be an overtreatment in
some cases. Many patients prefer to preserve the bladder and
to be treated with a less invasive approach. Consequently,
diagnostic approaches that distinguish aggressive diseases are
needed. We evaluated the role of molecular markers as predic-
tors of clinical outcome in high-grade NMIBC. We suggest
that the abnormal expression of multiple molecular markers
significantly increases the risk of cancer-specific mortality
which is a useful criterion to distinguish patients with a poor
prognosis. Physicians might provide better treatment options
for individual patients diagnosed with high-grade NMIBC by
utilizing these protein markers.

Other investigators have evaluated the clinical feasibility
of biomarkers predicting high-grade NMIBC outcome.
Park et al (19) examined whether altered protein expression for
seven potential biomarkers, including p53, pRb, PTEN, Ki-67,
p27, FGFR3 and CD9Y, was able to predict tumor progres-
sion in patients treated with BCG therapy for primary stage
high-grade NMIBC. It was concluded that while increased p53
expression was associated with progression following BCG
therapy, none of the remaining individual markers was asso-
ciated with progression-free survival. Although p53 has been
widely studied in this regard, the results were controversial
(20,21). Alvarez-Mugica et al (22) analyzed the methylation
status of myopodin, a dual compartment protein that shows
actin-bundling activity and is redistributed between the nucleus
and cytoplasm in a differentiation-dependent, stress-induced
manner. Myopodin methylation was shown to be associated
with tumor aggressiveness and clinical outcome in patients with
high-grade NMIBC. At present, only a few biomarkers have
been suggested to be predictors of disease progression. These
molecular markers are associated with angiogenesis, invasion
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and alterations in adhesion characteristics. However, their
function is not well-understood. Further studies are needed to
elucidate the individual mechanisms of these markers and their
association to each other. This may lead to an understanding of
how these markers contribute to tumor progression and metas-
tasis, and facilitate clinical decision making.

BCG intravesical treatment is considered a standard
treatment for decreasing tumor recurrence and delaying the
progression of high-grade NMIBC. While this study suggested
that BCG therapy improved CSS, the abnormal expression of
multiple molecular markers lost its predictive significance in
the subset of patients treated with BCG therapy. These results
suggest that BCG therapy has beneficial effects on the survival
of patients with abnormal expression of multiple biomarkers,
who were found to have poor prognosis in the present study.
However, the present study had certain limitations, including
the fact that it was retrospective and that a relatively small
number of patients were included. Additional prospective
studies with larger numbers of patients are needed.

Second TUR and maintenance BCG therapy have been
widely performed following diagnostic TUR in patients with
high-grade NMIBC (23-26). These techniques were not used
in the present study to improve outcomes since most of the
included patients were diagnosed with high-grade NMIBC
prior to the development of these techniques. These tech-
niques are considered to decrease tumor recurrence and delay
progression to muscle-invasive disease, while it is controversial
whether they improve survival. The association of treatment
modalities with molecular markers should be further investi-
gated in future studies.

In conclusion, a combination of molecular markers plays a
pivotal role in cancer progression, suggesting that high-grade
NMIBC is characterized by a variety of pathophysiological
pathways. Although no molecular markers are currently used
in clinical practice, they have the potential to predict disease
progression.
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