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ABSTRACT. Survivin and vascular endothelial growth factor
(VEGF) are newly discovered tumor markers closely correlated with
bladder cancer. We analyzed the expression of survivin and VEGF
in paraffin-embedded tumor tissues from 78 patients with bladder
transitional cell carcinoma (BTCC) using an immunohistochemistry
method. Normal bladder mucosae from 10 non-BTCC cases were
also included as a control group. All patients were closely followed
up for tumor recurrence after undergoing transurethral resection of
bladder tumor procedures. The positive expression rates of survivin and
VEGF in superficial BTCC were 66.7% (52/78) and 69.2% (54/78),
respectively, which were significantly higher than those in the control
group, 0% (0/10). A positive correlation was found between survivin
and VEGF expression (r = 0.283, P < 0.01). Thirty-two of 78 patients
(41.0%) displayed recurrence during follow-up (median: 47; range:
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7-62 months). The tumor recurrence rate in survivin(+) patients was
53.8% (28/52), which was significantly higher than that in survivin(-)
patients [15.4% (4/26); P < 0.05]. The recurrence rate in VEGF(+)/
VEGEF(-) patients was 50.0% (27/54) and 20.8% (5/24), respectively (P
< 0.05). The sensitivity for predicting the relapse of superficial BTCC
was 87.5% in the survivin(+) group, 84.4% in the VEGF(+) group,
and 78.1% in the survivin(+)/VEGF(+) group, and the specificity was
47.8, 41.3, and 65.2%, respectively. Survivin and VEGF interact and
jointly regulate the biological behavior of bladder cancer. Our results
suggest that overexpression of survivin and VEGF accompany a higher
risk of BTCC recurrence, making survivin and VEGF biomarkers for
predicting the relapse of bladder cancer.
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INTRODUCTION

Bladder cancer is the second most common malignancy of the urinary system, and
bladder transitional cell carcinoma (BTCC) is the main histopathological type. Bladder can-
cer has a high recurrence rate, and no robust biomarker can currently predict tumor recur-
rence accurately. The ability to distinguish superficial tumors with adverse outcome from
those unlikely to become invasive or clinically threatening would be of great clinical ben-
efit. Superficial tumors with a more malignant phenotype may be better treated with early
aggressive therapy. In recent years, many tumor markers have been found for determining
the prognosis of bladder cancer as understanding of the molecular mechanisms of tumors
has increased. However, few markers useful for predicting the relapse of bladder cancer are
reported in the literature.

Survivin and vascular endothelial growth factor (VEGF) are newly discovered tu-
mor markers closely correlated with bladder cancer. Survivin is a novel member of the in-
hibitor of apoptosis family. In addition to its anti-apoptotic function, survivin regulates cell
division through proper assembly of the bipolar mitotic spindle and segregation of chromo-
somes (Deveraux et al., 1999). The overexpression of survivin has been reported in various
human malignancies. Remarkably, increased survivin expression has been observed in the
most common human neoplasms, including esophageal cancer (Grabowski et al., 2003),
hepatocellular carcinoma (Ikeguchi et al., 2002), lung cancer (Monzo at al., 1999), ovar-
ian cancer (Athanassiadou et al., 2008), leukemias (Mori et al., 2002), and neuroblastoma
(Islam et al., 2000).

VEGEF is the main growth stimulatory factor in tumor-related angiogenesis (Plate et
al., 1992). A number of studies of various cancer types have confirmed that VEGF overex-
pression is closely correlated with metastasis, recurrence, and poor survival (Smith et al.,
2000; Celen et al., 2004; Koukourakis et al., 2004; Jin et al., 2005). Therefore, searching for
novel molecular biomarkers that can help clinicians improve prognosis and develop therapeu-
tic interventions for BTCC patients is important. In this study, we assessed the expression of
survivin and VEGF in BTCC and its potential value of predicting the recurrence of BTCC.
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MATERIAL AND METHODS
Cases and clinical parameters

We selected 78 patients with primary superficial BTCC who were treated in the De-
partment of Urology, Anhui Provincial Hospital from October 2005 to September 2009. The
patients included 61 males and 17 females with age ranging from 23 to 83 years (median age,
58.4 years). The tumor specimens from all patients were obtained during transurethral resec-
tion of bladder tumor (TUR-BT) procedures and were confirmed to be superficial BTCC by
clinicians in the Department of Pathology, Anhui Provincial Hospital, China. Clinical stage
determinations according to the Union for International Cancer Control tumor-node-metas-
tasis criteria were as follows: T, 39 patients; T , 39 patients. Pathological grade assignments
according to the World Health Organization classification system were the following: G, 26
patients; G,, 38 patients; G,, 14 patients. Patient recruitment and sample collection were per-
formed within the guidelines of protocols approved by the institutional review boards of the
respective hospitals. An additional 10 specimens from non-BTCC patients with normal blad-
der mucosa were obtained as a control group. Informed consent was obtained from all the
patients who participated in this study.

All patients with superficial BTCC received intravesical instillation chemotherapy
and they were closely followed after TUR-BT. Hydroxycamptothecin (20 mg integrated into
30 mL normal saline) was instilled into the bladder of patients without bladder perforation
within the postoperative 24 h and into that of patients with bladder perforation 1 week af-
ter TUR-BT. Intravesical instillation then occurred once per week for 8 weeks and once per
month for 18 months. Intravesical chemotherapy was stopped if the patient experienced a
relapse. B-ultrasound, urine cytology, and cystoscopy were performed once every 3 months
during the first 2 years after TUR-BT, then once every 6 months after the third postoperative
year until the first instance of relapse.

Immunohistochemistry

Monoclonal antibody mouse anti-human survivin (Santa Cruz Inc., USA), rabbit
anti-human VEGF polyclonal antibody (Santa Cruz), streptavidin-peroxidase, and 3,3'-di-
aminobenzidine chromogenic enzyme substrate kits (Zhongshan Biotechnology Company,
China) were used for immunohistochemistry analysis. Briefly, paraffin-embedded tumor
and control tissue specimens were sliced, dewaxed, and hydrated, incubated in retrieval
buffer solution for antigen recovery, incubated with hydrogen peroxide for 10 min, blocked
with normal serum for 10 min, and incubated with primary antibody for 60 min. Finally, the
slides were incubated with secondary antibody and Streptomyces antibiotic-peroxidase solu-
tion, stained with 3,3'-diaminobenzidine, and counterstained with hematoxylin, dehydrated,
and mounted. Negative controls were prepared by substituting non-immune mouse or rabbit
serum for the primary antibodies.

The immunostaining results were evaluated and scored independently by 2 patholo-
gists who lacked knowledge of the clinicopathological outcomes of the patients. Digital
images were manually scored according to staining intensity and morphology. Cells positive
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for survivin expression displayed brown-yellow granules in the cytoplasm. The staining in-
tensity was graded as 0, 1, 2, or 3 points for no yellow, buff, brown-yellow, and brown, re-
spectively. Counts of the cells in 5 high-power fields observed randomly in each slide were
scored as follows: 0 points for positive cells <10%, 1 point for 10-45% positive cells, 2
points for 46-65% positive cells, and 3 points for >65% positive cells. Survivin expression
was identified by the product of the scores of staining intensity multiplied by the scores of
positive cells: the product was <1 for negative (-), 1-2 for weak positive (+), 3-4 for posi-
tive (++), and 5-6 for strongly positive (+++). Positive expression of VEGF was identified
by the presence of brown-yellow granules in the cytoplasm. In 5 random high-power fields,
a positive slide had >30% positive cells, and a negative slide had <30% positive cells and
no color staining.

Statistical analysis

Data were analyzed using the SPSS 12.0 software (SPSS Inc., Chicago, IL, USA). The
associations between survivin, VEGF expression, and clinicopathological parameters were
assessed using the chi-square test. A P value less than 0.05 was considered to be statistically
significant.

RESULTS

All patients were followed for 7-62 months after TUR-BT. Median follow-up was
47 months. Bladder cancer recurrence confirmed with pathological biopsy occurred in 32
patients. The relapse rate was 41.0%. The characteristics of the recurrent and non-recurrent
groups are listed in Table 1.

Table 1. Characteristics of relapse and non-relapse groups.

Group Gender (male/female) Age (years) Clinical stage Pathological grade

Ta Tl GI GZ GJ
Relapse 25/7 60.1 (25-78) 12 20 11 15 6
Non-relapse 36/10 57.3 (23-83) 27 19 15 23 8

The expression patterns of survivin and VEGF staining are depicted in Figure 1. As
shown in Table 2, the positive expression rates of survivin and VEGF were 0% (0/10) in nor-
mal bladder tissues, and 66.7 and 69.2%, respectively, in superficial BTCC tissues. Expression
of survivin and VEGF in BTCC was much higher than that in normal bladder tissues (both P
< 0.01). A significant positive correlation was found between survivin and VEGF expression
in BTCC tissues (Table 3).

The relapse rates of survivin(+) and survivin(-) patients were 53.8 and 15.4%, respec-
tively, and a significant difference was found between them (P < 0.01). The recurrence rate of
VEGF(+) patients (50.0%) was also significantly higher than that of VEGF(-) patients (20.8%;
P <0.05; Table 4).
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Figure 1. Immunohistochemistry staining of superficial bladder transitional cell carcinoma tissue. A. Positive
staining of survivin was observed in bladder transitional cell carcinoma (BTCC); B. positive staining of VEGF
was observed in BTCC; C. negative expression of survivin was observed in normal bladder tissue; D. negative
expression of VEGF was observed in normal bladder tissue; E. negative control of BTCC.

Group Total Survivin P VEGF P
9] O] () )
Normal bladder 10 0 10 0 10
<0.01 <0.01
BTCC 78 52 26 54 24
Survivin r P
() (-)
VEGF
) 41 13
0.283 <0.01

) 11 13
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Table 4. Relapse of bladder transitional cell carcinoma in survivin(+)/(-) and vascular endothelial growth factor
(VEGF)(+)/(-) groups.

Relapse Non-relapse Chi-square P
Survivin
() 28 24
10.598 <0.01
(-) 4 22
VEGF
) 27 27
5.842 <0.05
) 5 19

The sensitivity and specificity of survivin expression for predicting BTCC relapse
were 87.0 and 47.8%, respectively. The sensitivity and specificity of VEGF expression for
predicting BTCC relapse were 84.4 and 41.3%, respectively. The sensitivity and specificity
of the survivin and VEGF dual positivity for predicting BTCC relapse were 78.1 and 65.2%,
respectively.

DISCUSSION

Bladder cancer is a common tumor of the urinary system in which BTCC is the main
pathological type, accounting for more than 90% of cases (Fleshner et al., 1996). Bladder can-
cer is classified as superficial bladder cancer (T, T,, T,) or invasive bladder cancer (T,, T, T,)
according to the depth of tumor invasion into the bladder wall (Waters, 1996). Bladder cancer
is characterized by a high recurrence rate, likely because of new tumor production, intraopera-
tive shedding, planting of tumor cells, and other factors. Currently, TUR-BT remains the main
treatment for superficial BTCC. Relapse occurs in 10-67% of patients with superficial BTCC
within 12 months after TUR-BT, and the recurrence rate reaches 24-84% 5 years post-surgery
(Sylvester et al., 2006). The probability of tumor invasion, metastasis, and deterioration in-
creases after relapse, which leads to the effects of treatment means and poor prognosis. There-
fore, indictors for effective assessment of recurrence risk are critical in superficial BTCC.

Survivin is a new member of the family of inhibitors of apoptosis proteins. Its molecu-
lar weight is the smallest, but it displays the strongest inhibition of apoptosis. Studies showed
that survivin plays an important role in inhibiting cell apoptosis, regulating cell mitosis, and
participating in the formation of new blood vessels (Zhu et al., 2005). Survivin blocks cell
apoptosis by specifically binding to caspase-3 and caspase-7, which are located in the mitotic
spindle microtubules, and inhibiting their activity during mitosis (Suzuki et al., 2000). The
distribution of survivin expression has obvious selection in tissues and cells. Expression is
absent in cells of mature tissue, and traces of expression are found in the thymus and gonads,
for example. Otherwise, significant survivin expression occurs in a variety of human malig-
nant tumors such as bladder, stomach, lung, and breast (Rohayem et al., 2000). In this study,
we found that the rate of positive survivin expression was 66.7% in patients with superficial
BTCC. This rate was significantly higher than that (0%) in normal controls (P < 0.01) and is
consistent with that mentioned in literature reports (Swana et al., 1999).

Tumor occurrence involves not only abnormal differentiation and proliferation of
cells but also inhibition of cell apoptosis. Suppression of apoptosis allows mutant cells to sur-
vive, ultimately leading to tumor development over time (Kirkali et al., 2005). The elevated
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expression of survivin in tumor tissue may be regulated by nuclear factor-kappaB, protein
kinase B, signal transducer and activator of transcription 3, and other factors. The overexpres-
sion of survivin increases its anti-apoptotic role in mitosis, thereby promoting tumor growth
and metastasis. Therefore, it has great significance in early diagnosis, predicting relapse and
prognosis in bladder cancer. Some researchers have investigated the relationship among sur-
vivin mRNA expression in tumor tissues, bladder washings of patients with superficial BTCC,
and recurrence and concluded that high survivin mRNA expression indicates early relapse in
bladder cancer (Schultz et al., 2003, 2004). Our study found that the relapse rate of survivin(+)
patients was significantly higher than that of survivin(-) patients (P < 0.05). Our results sug-
gested that positive expression of survivin accompanies a higher risk of relapse in superficial
BTCC. Survivin may become an index for predicting the relapse of bladder cancer during the
follow-up period.

VEGEF is a highly specific factor for promoting vascular endothelial cell division and
inducing angiogenesis. VEGF is also a potent angiogenic factor as a multifunctional cytokine.
VEGEF is found in normal human tissues such as heart, lung, kidney, and bladder. However,
VEGEF expression in normal tissue occurs only at the low levels necessary to maintain normal
blood vessel density and basic penetration functions for facilitating the transport of nutrients.
Since VEGF is secreted by tumor cells, a variety of malignant tumors, including bladder can-
cer, show significant VEGF expression. In this study, the positive expression rate of VEGF in
superficial BTCC was 69.2%, which is significantly higher than that in normal bladder tissues
(P <0.01). VEGF stimulates vascular endothelial cell proliferation and migration and promotes
angiogenesis. Angiogenesis is necessary for tumor growth, invasion, relapse, and metastasis.
Increased expression of VEGF can promote tumor angiogenesis, which supplies oxygen and
nutrients for tumor cell growth and rapid proliferation leading to malignant progression.

Sato et al. (1998) found that positive expression of VEGF in patients with recurrent
BTCC is significantly higher than that of VEGF in patients without recurrence within 2 post-
operative years. The authors confirmed that VEGF can be regarded as an index for assessing
malignancy, invasion, and recurrence of bladder cancer. The results of our study show that
the recurrence rate of patients with VEGF(+) expression was significantly higher than that
of patients with VEGF(-) expression (P < 0.05), indicating that abnormal VEGF expression
is closely related to the recurrence of bladder cancer and is a useful indicator for predicting
BTCC relapse.

Recent studies have shown that apoptosis inhibition is closely correlated with angio-
genesis in the occurrence, development, invasion, recurrence, and metastasis of tumors. The
process of apoptosis is regulated not only by survivin but also by VEGF and the process of
angiogenesis (Riedel et al., 2001). The positive expression of VEGF in tumor angiogenesis in
endothelial cells promotes and induces high expression of survivin, which then upregulates
the expression of angiopoietin-1, a critical factor for maintaining vascular stability and lumen
formation during the course of angiogenesis (Tran et al., 1999). In this study, the expression of
survivin was positively correlated with that of VEGF in superficial BTCC tissues (r = 0.283,
P < 0.01). The inhibition of apoptosis by survivin and the stimulation of tumor angiogenesis
by VEGF are interlinked, and they influence each other through signal transduction networks,
collaboratively regulating the biological behavior of bladder cancer.

These results indicated that co-analysis of VEGF and survivin protein expression in
superficial BTCC tissues is valuable for patient prognosis evaluation. In this study, the sen-
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sitivities of survivin and VEGF for predicting the relapse of superficial BTCC were 87.5 and
84.4%, respectively, and the specificities were 47.8 and 41.3%, respectively. The sensitivities
and specificities for predicting the relapse of superficial BTCC were 78.1 and 65.2%, respec-
tively, in patients with dual-positive survivin and VEGF expression.

The present data show that abnormal survivin and VEGF expression has important
value for predicting the relapse of bladder cancer, and a combined analysis of both parameters
may be especially informative. Finding relevant tumor markers for evaluating the prognosis
of bladder cancer is necessary, because the occurrence and development of bladder cancer is a
multi-stage, multi-factor, and multi-gene synergistic event.

Currently, clinical grade and tumor-node-metastasis stage for bladder cancer are in-
sufficient to predict prognosis. Patients at the same clinical stage and grade often show dif-
ferent clinical courses. This study demonstrates that the expression of survivin is correlated
with VEGF expression in superficial BTCC. Moreover, survivin and VEGF are both closely
correlated with poor prognosis in BTCC. We suggest that detection of survivin and VEGF ex-
pression might help predict the prognosis and possibility of recurrence in patients with BTCC.
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