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Background: Previous studies have shown that the expression level of y-synuclein (SNCG) is associated with progression of
many different malignant tumors. In this study, we discuss and assess the prognostic ability of SNCG in blad-
der cancer.

Material/Methods: Medical records (2005-2013) were retrospectively reviewed for the population of interest. SNCG expression
was identified immunohistochemically from bladder cancer tissues of 113 bladder cancer patients. The surviv-
al rate was calculated by the Kaplan-Meier method. Cox proportional hazard regression model was used for
analysis of predictors of bladder cancer.

Results: SNCG was overexpressed in bladder cancer tissues compared with the normal bladder tissues (p<0.0001). SNCG
expression in bladder cancer tissue was strongly related to tumor stage. However, SNCG level was not a prog-
nostic factor of survival.

Conclusions: Our results demonstrate that SNCG is highly expressed in bladder cancer tissue and its expression is stage-
specific, but it is not helpful for predicting outcome in bladder cancer patients.
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Background

Bladder cancer is the seventh most common cancer in men and
the seventeenth most common cancer in women worldwide [1].
The American Cancer Society estimated that in 2013 there were
54 610 men and 17 960 women first diagnosed with bladder
cancer, with a total of 72 570 new cases and 15 210 deaths
[2]. About 80% of patients had bladder tumors that had not
invaded the detrusor termed non-muscle-invasive tumors, and
in general the prognosis is good. The vast majority of bladder
cancer patients have a 30-70% recurrence rate, and the tu-
mor may become invasive in 10-30% of patients [3]. The high
recurrence rate makes bladder cancer the most socioeconomi-
cally expensive malignant tumor [4]. Early detection and time-
ly intervention can increase patient survival. Consequently, it
is important to find associated markers for estimating blad-
der cancer prognosis to predict and assess responses to vari-
ous preventive and therapeutic interventions [5].

Synucleins are several small soluble proteins expressed pri-
marily in the neural tissues and certain in tumors. The family
of synuclein proteins contains a-synuclein (SNCA), B-synucle-
in (SNCB), and SNCG [6]. The previous 2 proteins are ubiqui-
tously detected in both neuronal cells and presynaptic nerve
terminals, where their main physiological functions are the
regulation of synaptic levels of monoamine neurotransmitters
through modulation of vesicular release [7]. These 2 proteins
are considered to be important in certain neurodegenerative
diseases, including Parkinson’s disease, Alzheimer’s disease,
and dementia with Lewy bodies [8-10]. SNCG was first found
to be stage-specific upregulation in breast carcinoma, and it
was previously termed breast cancer-specific gene 1 (BCSG1)
[11]. The human SNCG gene is localized at 10q23.20-23.3, and
cDNA of SNCG is 5 kb in length, composed of 5 exons that
translate into a protein of 127 amino acids [12]. SNCG has been
reported to have a strong connection with malignancies such
as breast, gastric, pancreatic, esophagus, colon, and prostate
cancers [13-18]. Many genes, including SNCG, are involved in
DNA methylation, which plays an important role in the occur-
rence and development of tumors [19-21]. Furthermore, SNCG
is also involved in resistance to certain chemotherapeutic or
antimicrotubule agents in breast cancer treatment [22]. Recent
studies further indicated that SNCG overexpression stimulat-
ed tumor progression through a series of mechanisms, includ-
ing the promotion of cell proliferation, chromosomal instabili-
ty, cell invasion, and metastasis [12,23].

SNCG has been shown to be an unfavorable prognostic mark-
er in breast cancer in clinical follow-up studies [24]. In breast
cancer, the patients with a positive expression of SNCG were
observed to have a shorter DFS and OS compared with those
with a negative expression of SNCG. However, there are no stud-
ies on the prognostic significance of SNCG in bladder cancer.
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In this study, the expression of SNCG proteins was detected by
immunohistochemistry (IHC) and we assessed whether SNCG
was a predictor of survival for patients with bladder cancer.

Material and Methods

Patients and tissue samples

From the human bladder cancer patients in this study, 113 spec-
imens were obtained at the time of surgery at the Department
of Urology in Chaoyang Hospital, Capital Medical University,
between June 2005 and April 2013. The samples of normal
bladder tissue were obtained from 15 in-patients with blad-
der stones. Among 113 bladder cancer patients, the age range
was 34-89 years (mean +SD, 65.7+33.4) and the range of fol-
low-up was 10-116 months (mean +SD, 56.4+25.4). During
follow-up, 12.4% (14/113) of patients died of bladder can-
cer and 27.4% (31/113) of patients had recurrence after sur-
gery. Patient who accepted any radiotherapy or chemother-
apy before surgery were excluded. Disease-free survival was
defined as the period from time of surgery to evidence of
treatment failure (recurrence or progression). Overall surviv-
al was defined as the period of time from bladder cancer con-
firmation to death from any cause, or to the last follow-up.
Clinicopathological information was collected from medical
records of the patients. Tumor histology was confirmed inde-
pendently by 2 pathologists.

Immunohistochemistry for SNCG

All 113 bladder cancer tissues and 15 normal bladder tissues
were analyzed by immunohistochemistry. Each tissue was
embedded with paraffin and cut serially in 4-pm-thick sec-
tions. The antibody for SNCG [25] staining was obtained from
the Laboratory of Biochemistry and Molecular Biology, Peking
University. The sample was incubated with 3% hydrogen per-
oxidase for 10 min at room temperature and then samples
were incubated with the antibody for SNCG for 2 h at room
temperature. Light microscopy (Applied Imaging Company) at
200x was used to detect SNCG expression. We used a 4-val-
ue classification method [26] for grading the bladder sam-
ples. If the score of a section was more than 3, we defined it
as SNCG-positive and if the score was less than 3, we defined
it as SNCG-negative.

Statistical analysis

The differences between tumor and normal tissues in SNCG pro-
tein expression were evaluated with Student’s t test. Pearson
chi-square test was performed for evaluating the correlation be-
tween SNCG levels and patients’ clinical pathological features.
Survival rates were estimated by the Kaplan-Meier method and
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Table 1. SNCG expressing profile in bladder cancer.
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Figure 1. Immunohistochemical staining for SNCG in human bladder cancer tissues (A, B). (A) Normal bladder samples showed
negative staining intensity; (B) Bladder cancer samples showed strong positive staining intensity (original magnification

200x).

the log-rank test was performed for evaluating the differenc-
es. The Cox proportional hazard model was used for multivar-
iate analysis for the independent risk factors. Statistical sig-
nificance in this study was set at p<0.05, and all reported p
values were 2-sided. All analyses were performed with SPSS
v.18 for Windows.

Results

SNCG is highly expressed in bladder cancer tissues and is
related to the tumor stage

None of the 15 benign bladder tissues was detected SNCG-
positive staining, but 83 SNCG-positive cases were detected
in 113 bladder cancer tissues (73.5%) (Table 1). SNCG over-
expressed in the bladder cancer tissues, but no SNCG expres-
sion was detected in the normal bladder tissues (Figure 1). As
shown in Table 2, we evaluated the correlation between SNCG
level and clinicopathologic features in 113 bladder cancer pa-
tients. Overexpression of SNCG was only strongly correlated
with the tumor stage (p=0.011). We also estimated the corre-
lation between these features and tumor recurrence (Table 2).
We found the tumor size, number of tumors, and tumor grade
were significantly associated with recurrence of bladder can-
cer (p=0.001, 0.001, 0.015, respectively), whereas, gender, age,
and tumor stage were not associated with recurrence (p>0.05).
There were 31 patients with evidence of tumor recurrence in
the study, and importantly, we found for the first time that

there was not correlation between the SNCG overexpression
and bladder cancer recurrence (p=0.123).

Highly expressed SNCG is not a predictor of progression in
bladder cancer

The median follow-up of all bladder cancer patients was 56+25
months (range 10-116 months) after surgery and we corre-
lated the period with SNCG expression in order to determine
if SNCG can be a predictor of progression of bladder cancer.

In the present study, there was no correlation between SNCG
and survival. There seemed to be better prognosis in SNCG-
negative patients than those who were SNCG-positive in dis-
ease-free survival and overall survival calculated by Kaplan-
Meier analysis, but the differences were not statistically
significant (Figure 2). The DFS was 86.4+6.7 months (95%
confidence interval (Cl), 73.2-99.6 months) in SNCG-negative
patients compared with 74.0+4.7 months (95% Cl, 65.2-83.8
months) in SNCG-positive patients. OS was 110.1+6.5 months
(95% Cl, 97.4-122.9 months) in SNCG-negative patients com-
pared with 90.8+3.4 months (95% Cl, 84.1-97.6 months) in
SNCG-positive patients (P=0.188 and 0.317, respectively).

We next assessed whether SNCG could serve as an independent
predictor of survival, by performing multivariate Cox propor-
tional hazards analysis (Table 3). The potential prognostic fac-
tors were chosen after univariate analysis, including size, num-
ber, stage, grade of tumor, and SNCG expression. The analysis
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Table 2. Correlations of SNCG expression with clinicopathologic factors and their influences on postoperative recurrence.

Characteristics ok e O 5
cases
Gender
"""" Male 87 64 (736) 0961
"""" Female 26 19 (731)
CAgers)
"""" 0 48 31 (646) 0067
"""" 560 65 52 (800
CSizeem
"""" s 75 55 (733) 0968
"""" > 38 2@
Tumornumber
"""" Solitary 57 41 (719 0712
"""" Mutipe 56 42 (750
Tumorstage
"""" MBC 8 6 (750 0011
"""" NmBC 73 22 Gon)
"""" ~ 32
Tumorgrade
"""" low 8 62 (765 0236
"""" Wgh 32 21 657)
SN
"""" Negatve 30 e e
"""" Positve 8 -

22 (25.3) 1 0.350

9 (34.6) 1.564 (0.610-4.010)
12 (25.0) 1 0.618
19 (29.2) 1.239  (0.533-2.882)
13 (17.3) 1 0.001
18 (47.4) 4292 (1.792-10.281)

8  (14.0) 1 0.001
23 (41.1) 4269 (1.705-10.686)

2 (25.0) 1 0.823
21 (28.8) 1212 (0.226-6.492)
17 (21.0) 1 0.015
14 (438) 2.928  (1.215-7.057)

5 (16.7) 1 0.123
26 (31.3) 2281  (0.785-6.625)

NMIBC — non-muscle invasive bladder cancer; MIBC — muscle invasive bladder cancer; Tx — primary tumor cannot be assessed;

HR - hazard ratio; Cl — confidence interval.

demonstrated that both DFS and OS were no different in the
SNCG-positive group and SNCG-negative group (p=0.139 and
0.447, respectively). The tumor grade is an independent pre-
dictor for both DFS and OS (p=0.015 and 0.021, respectively).
The number of tumors is an independent predictor only for
DFS (p=0.004). The analysis identified that SNCG expression
in bladder cancer tissue was not a predictor for DFS and OS.

Discussion

In this study, we found that SNCG expression was not a pre-
dictor of prognosis for the bladder cancer patients. A similar
result was reported in breast cancer [27]. However, conflict-
ing results were also found in many other malignant tumors
[13-18]. Due to its important role in neural tissue, SNCG high-
ly expressed in tumor tissue might be associated with can-
cer-related neurogenesis, a factor recently related to aggres-
sive tumors and indicating unfavorable prognosis [28]. In the

present study, we also found that SNCG expression is strong-
ly related to bladder tumor stage. Mhawech-Fauceglia et al.
[29] first found the protein synuclein highly expressed in non-
muscle invasive bladder tumors and reported a statistically sig-
nificant association between synuclein expression and tumor
stage (p=0.029). They also found that synuclein failed to predict
recurrence/progression in pTa/pT, bladder tumors. However,
our study indicated that the SNCG-positive bladder cancer pa-
tients have higher clinical stage tumors. Similar results also
were reported that SNCG expression was related to the tu-
mor stage in many other different cancers [14]. We grouped
the bladder patients according to whether the tumor had in-
vaded into the bladder muscles but not according to the TNM
classification, because the former classification in wide clini-
cal use. Moreover, the muscle-invasive bladder cancer (MIBC)
has obviously poorer prognosis and more limited options for
durable disease control than the non-muscle-invasive bladder
cancer (NMIBC) [30]. This suggested that SNCG may be a ma-
lignant risk factor in patients with bladder cancer.
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Figure 2. Kaplan-Meier estimation of disease-free survival (A) and overall survival (B). The SNCG-negative group (blue line) was
compared with SNCG-positive group (green line). The SNCG-positive group demonstrated no significantly differences in
survival rates compared to the SNCG-negative group (p>0.05 by log-rank test).

Table 3. Univariate and multivariate analyses of factors associated with survival and recurrence of 113 patients with bladder cancer.

Variables

Univariate analysis

Tumor size (cm) (£3/>3) 1.324 (0.507-3.455) 0.566 0.715  (0.155-3.305) 0.349
Tumor number (solitary/multiple) 0.387 (0.158-0.952) 0.039 0.702  (0.189-2.608) 0.597
Tumor stage (MIBC/NMIBC) 2.874 (0.602-13.723) 0.186 3.599 (0.410-31.558) 0.248
Tumor grade (low/high) 0.236 (0.090-0.615) 0.003 0.145  (0.030-0.701) 0.016
SNCG (negative/positive) 0.467 (0.170-1.282) 0.139 0.544 (0.113-2.616) 0.447
Multivariate analysis
Tumor number (multiple/solitary) 0.306 (0.136-0.688) 0.004 ---
Tumor grade (low/high) 0.411 (0.201-0.841) 0.015 0.290 (0.101-0.831) 0.021

NMIBC — non-muscle invasive bladder cancer; MIBC — muscle invasive bladder cancer; HR — hazard ratio; Cl — confidence interval;
DFS - disease-free surviva; OS — overall survival.

Bladder cancer has a high recurrence rate and needs regu-
lar follow-up. Surveillance strategies for bladder cancer re-
currence have historically relied on the combination of cys-
toscopy and urinary cytology. However, only 40% of patients
actually comply with a standard surveillance protocol in clin-
ical practice [31] because cystoscopy can be expensive, inva-
sive, and lead to problems in compliance, and cytology has
low sensitivity in low-grade bladder tumors. In our study,
we did not find that SNCG-positive patients had higher re-
currence rates than compared to SNCG-negative patients.

Therefore, SNCG does not predict the probabilities of recur-
rence in bladder cancer.

Tissue-based markers are effective prognostic tools are used
to identify groups of patients at risk of relapse or metasta-
sis or to monitor cancer survivors following treatment. The
widely studied tissue-based markers in bladder cancer are
p53, p21, p16, Rb, and Tip60, but none of these markers has
been used in clinical diagnosis and prediction because they
lacked significant power in validation studies to reach clinical
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testing [32,33]. Therefore, finding new effective and sensitive
prognostic markers in bladder cancer is of high importance.
In the present study, we found that SNCG was overexpressed
in bladder cancer tissues. A previous study [29] demonstrat-
ed the protein synuclein was highly expressed in non-muscle
invasive bladder tumors. However, the study did not compare
the expression of SNCG in the tumor tissue with normal blad-
der tissue. In our study, we detected highly expressed SNCG
in bladder cancer tissue compared with normal bladder tissue
(p<0.001), suggesting that SNCG could be valuable as a mo-
lecular marker for bladder cancer.
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Conclusions

Our study demonstrated that the SNCG protein was overex-
pressed in bladder cancer tissue and that the expression was
related to tumor stage. However, SNCG cannot predict surviv-
al in patients with bladder cancer.
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