
Abstract. No prognostic marker for predicting recurrence in
primary superficial bladder cancer has been established. The
aim of this study was to investigate the expression levels of
thymidine phosphorylase (TP) by enzyme-linked immuno-
sorbent assay (ELISA) and the immunohistological localization
of TP in primary superficial bladder cancer tissue to assess
its association with tumor recurrence and stage progression
as well as the pathological parameters of the tumor. TP
expression in cancer tissues from 77 patients was measured
by sandwich-type ELISA. Clinicopathological factors and the
clinical prognosis were examined in relation to the expression
levels of TP. To clarify the clinicopathological implication of
TP localization in primary superficial bladder cancer tissue,
the immunohistochemically determined TP expression was
assessed for histological grades 1-3. The TP expression in
primary superficial bladder cancer significantly increased
with the histological grade and stage. The TP expression in
patients with a shift to invasive cancer was significantly higher
than in those without invasive cancer. Patients with low TP
expression had a significant longer postoperative tumor-free
period than those with high TP expression (P=0.011). High TP
expression was an independent prognostic factor for tumor
recurrence (P=0.0441). Strong immunoreactivity for TP was
observed in the cytoplasms of tumor cells and vascular endo-
thelial cells. This study suggests that elevated TP expression
may be a prognostic marker for predicting recurrence in
primary superficial bladder cancer, and that high TP expression
may be associated with the marked proliferation of tumor
cells and increased vascular endothelial cells, showing strong
immunoreactivity for TP.

Introduction

The prognosis for superficial bladder cancer including both
stage pTa and pT1 tumors (1) according to the TNM system
(2), which accounts for ~75-80% of all bladder cancer (3), is
relatively good; however, two serious problems remain. One
is the high incidence of recurrence following transurethral
resection of the bladder tumor (TUR-Bt) and the other is that
some cases show a shift to invasive cancer (stage pT2 or
greater). Nevertheless, no prognostic biochemical marker for
superficial bladder cancer has been established.

It is well known that malignant tumors depend on a process
leading to the formation of new blood vessels (angiogenesis)
for their growth and metastasis (4). Recently, it has been
shown that platelet-derived endothelial cell growth factor
(PD-ECGF) (5) is identical to TP (6,7), an enzyme involved in
pyrimidine nucleoside metabolism. TP expression has been
reported to be increased in various forms of malignant tumors
compared with adjacent normal tissue (8,9). Concerning
superficial bladder cancer, there are only a few reports on TP
and the prognostic significance of this enzyme in superficial
bladder cancer has not yet been thoroughly clarified. 

In this study, TP expression levels were measured by
ELISA in primary superficial bladder cancer tissue obtained
surgically, and the correlation between the level of TP
expression and tumor recurrence, and pathological parameters
such as the grade, stage, multiplicity, tumor size, tumor shape,
and shift to invasive cancer was examined statistically. In
addition, to identify the clinicopathological implication of
TP localization in primary superficial bladder cancer tissue,
the immunohistochemically determined TP expression was
assessed for histological grades 1-3.

Materials and methods

Patients. Tumor tissue was obtained from 77 patients with
primary superficial bladder cancer. All patients underwent
TUR-Bt alone at the Department of Urology, Aichi Medical
University Hospital between May 1999 and November 2004.
The study was approved by the local ethics committee and
all experiments were performed after obtaining informed
consent from patients according to institutional rules. The
vivid portion of the resected tumor was immediately divided
into two samples: one was embedded in optimum cutting
tissue medium, snap frozen in liquid nitrogen, and stored at
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-80˚C, and the other was sent to the Pathology Division, Aichi
Medical University Hospital for histological diagnosis. The
histological grade and stage were classified according to the
criteria of the Japanese Urological Association (1) and the
TNM system (2). Table I shows the age, sex, follow-up period
and clinicopathological findings, including recurrence and
progression, of the 77 patients.

ELISA assay for TP. The frozen samples were thawed and
homogenized in a 10-fold volume of 10 mM Tris-HCl buffer
(pH 7.4) containing 15 mM NaCl, 1.5 mM MgCl2 and 50 mM

potassium phosphate with a glass homogenizer. The homo-
genates were then centrifuged at 10,000 x g for 15 min at
4˚C, and supernatants were used for ELISA assays. The
protein concentration of the supernatant extracted from tumor
tissue was determined with a DC Protein Assay Kit (Bio-Rad
Laboratories, Hercules, CA, USA).

TP levels were measured by a sandwich-type ELISA assay
with monoclonal antibodies (MoAbs) against human TP
(10,11). In brief, a 96-well microtiter plate (Nunc-immuno-
plate Maxisorp, Nunc, Roskilde, Denmark) was incubated at
4˚C overnight with 10 μg/ml of the first MoAb 104B for TP
in 10 mM phosphate-buffered saline (PBS pH 7.6). The plate
coated with the antibody was then incubated with 3% (w/v)
skim-milk in PBS (blocking buffer) for 1 h at room temper-
ature, and washed with PBS containing 0.05% Tween-20
(washing buffer). Test samples and serially diluted standard
solutions of TP were dispensed onto the antibody-coated plate,
and incubated for 1 h at 37˚C. After washing, the plate was
incubated with 1 μg/ml of the second MoAb 232-2 for TP in
blocking buffer for 1 h at 37˚C. The plate was washed and
incubated with 2,000-fold-diluted third antibody to MoAb
232-2 conjugated with horseradish peroxidase (Kirkegaad &
Perry Laboratories, Inc. Gaithersburg, MD, USA) for 30 min
at 37˚C. It was then washed again and incubated with a
substrate solution containing 3,3',5,5'-tetramethyl-benzidine
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Table I. Patient characteristics.
–––––––––––––––––––––––––––––––––––––––––––––––––
Patient no. 77

Age (years) 38-89 (65.4±10.9)

Sex (cases)
Male 59 
Female 18

Follow-up period (months) 36.4±12.4

Multiplicity
Solitary 34
Multiple 43

Tumor grade
G1+G2 64
G3 13

Tumor stage
pTa 56
pT1 21

Tumor size
<3 cm 53
≥3 cm 24

Tumor shape
Pedunculated tumor 48
Sessile tumor 29

Recurrence
No 48
Yes 29

Progression
No 71

Yes 6
–––––––––––––––––––––––––––––––––––––––––––––––––

Figure 1. Relationship among TP expression and histological parameters, and shift to invasive cancer in primary superficial bladder cancer. TP expression
significantly increased with the histological grade (a) and stage (b). TP expression in 6 cases showing a shift to invasive cancer was significantly higher than in 71
cases without invasive cancer (c).
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(TMB) and H2O2 (TMB microwell peroxidase substrate
system, KPL) for 10-20 min at room temperature. The pero-
xidase reaction was stopped by the addition of 1 M phosphate
solution, and the amount of TP was estimated by measuring
its absorbance at 450 nm with a plate reader.

Immunohistochemical staining of TP. Seventeen patients with
primary superficial bladder cancer grades 1-3 with sufficient
frozen samples after ELISA assay for cryostat tissue sections
were selected from 77 patients who had been examined for
TP expression levels. Cryostat tissue sections of 4-6 μm were
treated with 0.3% H2O2 in absolute methanol for 20 min at

room temperature to block endogenous peroxidase activity.
After washing with PBS, the sections were treated with 3%
(w/v) skim-milk in PBS at room temperature and incubated
with mouse MoAb IC6-203 (Nippon Roche Research Center
Kanagawa, Japan) (1 μg/ml ) with recognized PD-ECGF/TP,
at 4˚C overnight. After washing with PBS, they were incubated
for 30 min with biotinylated anti-mouse IgG (Zymed, South
San Francisco, CA, USA) at room temperature. After washing
again with PBS, the sections were incubated with Avidin-
Biotin Complex (Vectastain ABC kit, Vector, Burlingame,
CA, USA) for 30 min at room temperature, and developed
with 1 mg/ml diaminobenzidine tetrahydrochloride in Tris-
buffered saline containing 0.03% (vol/vol) H2O2. The sections
were counterstained with hematoxylin and mounted. As a
control, normal mouse IgG was used instead of the primary
antibody. Immunostaining was carried out on tissue from 17
patients with primary superficial bladder cancer (five grade 1,
seven grade 2 and five grade 3). Microscopic qualitative
observation of immunohistologically stained preparations
was carried out mainly to identify TP localization.

Statistical methods. Statistical analysis was performed using
the Mann-Whitney U-test (between two groups) or Kruskal-
Wallis H-test (among three groups) to evaluate the significance
of differences. The postoperative disease-free interval was
determined by the Kaplan-Meier method, and statistical
differences in recurrence between patients with low and high
levels of TP expression were evaluated by the log-rank test.
The risk for recurrence was studied with both univariate (log-
rank test) and multivariate (Cox proportional hazard model)
methods of analysis. A value of P<0.05 was considered
significant. All statistical analyses were conducted using
StatView software (version 5.0, SAS Institute Inc.).

Results

Levels of TP expression in primary superficial bladder cancer.
TP expression shown as the mean ± SD was 58.7±57.7 unit/mg
protein in primary superficial bladder cancer. TP expression in
primary superficial bladder cancer significantly increased
with the histological grade (P=0.002; Kruskal-Wallis H-test)
(Fig. 1a). Increased TP expression was also observed as the
tumor histological stage progressed. Namely, TP expression in
stage pT1 was found to be significantly higher than in stage
pTa (P=0.001; Mann-Whitney U test) (Fig. 1b). Regarding
multiplicity, tumor size, and tumor shape, no significant
correlation between TP expression and these prognostic
parameters was observed using the Mann-Whitney U test
(P=0.716 in multiplicity, P=0.549 in tumor size, P=0.0706 in
tumor shape). Six of 77 patients with primary superficial
bladder cancer developed invasive cancer within 1 year. The
TP expression of these 6 cases showing a shift to invasive
cancer was significantly higher than the remaining 71 cases
(P=0.001; Mann-Whitney U test) (Fig. 1c).

Immunohistochemical localization of TP in primary superficial
bladder cancer. Fig. 2 shows representative findings of
immunohistologic staining of 17 patients with grade 1-3
superficial bladder cancer showing transitional cell carcinoma
(TCC). In summary, microscopically, in grade 1 TCC, regular
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Figure 2. Immunohistochemical staining with the anti-TP antibody in grade
1 (a), grade 2 (b) and grade 3 (c) TCC. TP immunoreactivity was nuclear and
cytoplasmic in cancer cells. However, the staining intensity of cytoplasms in
TP-positive cancer cells was stronger than that of nuclei. Furthemore, strong
immunoreactivity for TP was seen in vascular endothelial cells (b and c,
arrows) (original magnification x 200).
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frond-like papillae covered by more than seven layers of
uniform transitional epithelial cells were present throughout.
Immunoreactivity for TP was nuclear and cytoplasmic in
cancer cells but the cytoplasms of TP-positive carcinoma
cells were more intensively stained than nuclei (Fig. 2a). In
grade 2 TCC, the papillary configuration persisted, but there
was crowding and layering of cells, enlargement and hyper-
chromasia of nuclei, and relatively numerous mitotic figures.
Cancer cells showed a positive reaction in the nuclei and
cytoplasms against TP. Furthermore, strong immunoreactivity
for TP was found in vascular endothelial cells (Fig. 2b, arrows).
In grade 3 TCC, papillary areas were still present but were
irregularly distributed. Cellular atypia and plemorphism were
seen with frequent mitotic figures. The cytoplasms of carcin-
oma cells showing cellularity were more strongly stained than
the nuclei, and endothelial cells of capillaries compressed by
proliferating cancer cells were also positively stained with
the anti-TP antibody (Fig. 2c, arrows). In grade 1-3 tumors,
non-cancerous cells positive for immunostaining with the
anti-TP antibody were scattered in the stroma. These cells
were macrophages and lymphocytes (data not shown) except
for vascular endothelial cells as described above. A negative
control stained with normal mouse IgG instead of the primary
antibody was negative for immunostaining. 

The prognostic relevance of TP expression in primary super-
ficial bladder cancer. The postoperative tumor-free period
was estimated by Kaplan-Meier analysis in 77 patients with
primary superficial bladder cancer. Patients were divided into
two groups, those with low TP expression [(less than the
median value of 38.1 unit/mg protein)] and those with high
TP expression (greater than the median value). Patients with
low TP expression had a significantly longer tumor-free
interval compared with those with high TP expression
(P=0.011) (Fig. 3). Additionally, we investigated whether TP
expression is an independent prognostic variable for recur-
rence using the Cox proportional hazard model. According to
univariate analysis, TP expression (P=0.0143) was a significant
prognostic factor (Table II). Multivariate analysis also showed
that TP expression (P=0.0441) was a significant prognostic
factor (Table III).

Discussion

In this study, it was revealed that TP expression in primary
superficial bladder cancer increased with the histological grade
and stage, and that superficial bladder cancer patients with low
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Figure 3. Postoperative tumor-free period of 77 patients with primary super-
ficial bladder cancer. TP expression less than the median value was regarded
as low expression and TP expression greater than the median value was
regard as high expression. There was a significant difference in the tumor-
free interval between the 2 groups. TP, thymidine phosphorylase. Low TP
expression (n=38), high TP expression (n=39).

Table II. Univariate Cox proportional hazard analysis.
–––––––––––––––––––––––––––––––––––––––––––––––––
Prognostic Hazard 95% CI p-value
factor ratio
–––––––––––––––––––––––––––––––––––––––––––––––––
Multiplicity

Solitary 1.00
Multiple 1.326 0.624-2.817 0.4629

Tumor grade
G1+G2 1.00
G3 2.304 0.844-6.294 0.1034

Tumor stage
pTa 1.00
pT1 1.47 0.642-3.366 0.362

Tumor size
<3 cm 1.00
≥3 cm 1.494 0.696-3.207 0.3025

Tumor shape
Pedunculated 1.00
Sessile 2.092 0.972-4.503 0.0591

TP expression
Low 1.00
High 2.649 1.215-5.775 0.0143

–––––––––––––––––––––––––––––––––––––––––––––––––
CI, confidence interval. Hazard ratio and 95% confidence intervals
were obtained from the Cox proportional hazard model.
–––––––––––––––––––––––––––––––––––––––––––––––––

Table III. Multivariate Cox proportional hazard analysis.
–––––––––––––––––––––––––––––––––––––––––––––––––
Prognostic Hazard 95% CI p-value
factor ratio
–––––––––––––––––––––––––––––––––––––––––––––––––

Tumor grade
G1+G2 1.00
G3 1.514 0.517-4.430 0.4491

Tumor shape
Pedunculated 1.00
Sessile 1.585 0.695-3.615 0.2732

TP expression
Low 1.00
High 2.294 1.022-5.149 0.0441

–––––––––––––––––––––––––––––––––––––––––––––––––
CI, confidence interval. Hazard ratio and 95% confidence intervals
were obtained from the Cox proportional hazard model.
–––––––––––––––––––––––––––––––––––––––––––––––––
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TP expression had a significantly longer tumor-free interval
compared with those with high TP expression. Furthermore,
high TP expression was an independent prognostic factor for
tumor recurrence by both univariate and multivariate analyses.

Approximately 75-80% of all bladder cancers are superficial
at the first presentation (3). Superficial bladder cancers are
usually managed by TUR-Bt and prognosis is relatively good.
However, superficial bladder cancer recurs with high incidence.
In addition, the risk of progression to invasive disease in high-
grade superficial bladder cancer significantly increases (12).
Several reports have already shown the correlation between
TP and malignant behavior in tumor prognosis in various
malignant tumors (13-16). With regard to TP in bladder
cancer, there are only a few reports (17-20) and the prognostic
significance of TP expression in bladder cancer has not yet
been thoroughly clarified. Mizutani et al (21) reported that
elevated TP expression by high performance liquid chromato-
graphy predicted early recurrence of Ta bladder carcinoma
from the postoperative tumor-free period determined by the
Kaplan-Meier method. On the other hand, TP expression by
immunohistochemistry was reported to be not a predictive
index of the recurrence-free rate for superficial bladder cancer
(22). The difference between these findings may be attributed
to the detection of TP expression by different methods. To
date, no prognostic marker for predicting recurrence in all
superficial bladder cancer including pTa and pT1 has been
established. Our results using the Kaplan-Meier method
and both univariate and multivariate analyses suggest that
TP expression by ELISA may be a prognostic marker for
predicting recurrence in primary superficial bladder cancer
including both pTa and pT1. Therefore, the elevated TP
expression by ELISA predicts poor prognosis due to recur-
rence in patients with primary superficial bladder cancer. The
level of TP expression in invasive bladder cancer was reported
to be significantly higher than that in superficial bladder
cancer (23). In this study, after TUR-Bt, the TP expression of
6 patients who developed invasive carcinoma within 1 year
was significantly higher than in the remaining 71 patients
without a shift to invasive cancer. This result suggests that
elevated levels of TP expression in superficial bladder cancer
are associated with tumor characteristics of invasion. However,
further study of more cases developing to invasive carcinoma
is required to confirm the relationship between high TP
expression and the shift to invasive cancer in primary super-
ficial bladder cancer. 

In this immunostaining, the cytoplasms of cancer cells
were heavily stained in comparison with the nuclei of cancer
cells, though TP immunoreactivity was seen in both nuclear
and cytoplasmic elements. Furthermore, strong TP immuno-
reactivity was also observed in vascular endothelial cells. The
immunohistochemical nuclear localization of TP has been
reported (17,19,24,25); however, most reports on TP immuno-
staining described that TP was mainly localized in the cyto-
plasms of tumor cells. The TP sequence was 100% identical
to the PD-ECGF sequence (residue 149-244) (6). Therefore,
it is thought that the anti-TP antibody is able to react with
vascular endothelial cells with PD-ECGF expression. By our
qualitative observation of immunohistochemically stained
preparations including grade 1-3 TCC, TP immunoreactivity
in vascular endothelial cells derived from angiogenesis was

found in both grades 2 and 3. These findings suggest that
angiogenesis is associated with tumor malignancy since it
has been shown to be necessary for tumor growth, invasion
and metastasis (26). 

Since TP expression in primary superficial bladder cancer
increased with the histological grade and stage, elevated TP
expression may predict recurrence in superficial bladder cancer,
and TP having angiogenic activity (27,28) is able to promote
tumor growth (29), a high TP expression in bladder cancer is
considered to depend on the marked proliferation of tumor
cells and an increase in vascular endothelial cells showing
strongly positive immunostaining, which are associated with
tumor characteristics of malignant potential and invasion. 

In conclusion, this study suggests that TP expression may
be an independent prognostic indicator of tumor recurrence
in primary superficial bladder cancer. High TP expression in
superficial bladder cancer may be associated with the marked
proliferation of tumor cells and increased vascular endothelial
cells showing strongly positive immunostaining.
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