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Abstract: Bladder cancer (BC) is the most common cancers of the urinary tract worldwide, killing thousands of peo-
ple a year. WISP3 is a cysteine-rich protein that belongs to the CCN (Cyr61, CTGF, Nov) family of proteins. Increasing 
evidences have linked abnormal levels of CCN family members to tumorigenic effects. In the present study, we 
found that WISP3 was overexpressed in BC. Knockdown of WISP3by RNA interference in two BC cell lines (5367 
and SCaBER cells) significantly inhibited cell proliferation, which may be mediated by cell cycle arrest in G1 phase. 
Moreover, silencing of WISP3 also induced cell apoptosis via increasing the expression of caspase 3 and caspase 
9. Depletion of WISP3 notably inhibited the invasion of BC cells. Our data suggests that inhibition of WISP3 may be 
a therapeutic strategy for BC.
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Introduction

Bladder cancer (BC), the fifth most common 
malignancies in the world, is a major cause of 
cancer morbidity and mortality [1, 2]. More 
than 90% of bladder tumors are transitional 
cell carcinomas, which originate from the uro-
thelium, the inner lining of the bladder [3, 4]. In 
the treatment of BC, morphological similar 
tumors can behave differently and clinical out-
come of BC is currently difficult to predict [5]. 
The mechanisms of bladder tumorigenesis are 
not completely recognized, although several 
oncogenes and tumor suppressor genes have 
been identified [6]. Therefore, a better under-
standing of the factors involved in bladder 
tumorigenesis is important for the develop-
ment of more effective treatment strategies.

WISP3 (also known as CCN6) is a cysteine-rich 
protein that belongs to the CCN (Cyr61, CTGF, 
Nov) family of proteins [7]. CCN proteins are key 
regulatory ECM components and work as sig-
naling molecules involved in important biologi-
cal functions, such as adhesion, invasion and 
cell proliferation [7]. Increasing evidences have 
linked abnormal levels of CCN family members 
to tumorigenic effects [8-11]. In recent years, 
WISP3 has also been found to be abnormally 

expressed in malignanciesand identified as an 
oncogene or tumor suppressor gene. It is 
reported that WISP3 was down-regulated in 
breast cancer [11-14] and WISP3 worked as a 
tumor suppressor gene via modulating IGF sig-
naling [13]. On the contrary, WISP3 is up-regu-
lated in ovarian carcinomas [15]. Little is known 
about the expression pattern and biological 
functions of WISP3 in BC.

In the present study, we explored the expres-
sion and biological functions of WISP3 in BC. 
We found that WISP3 mRNA level was signifi-
cantly higher in BC tissues than innon-tumorous 
tissues. Then in vivo experiments indicated that 
WISP3 was involved in multiple cellular prog-
ress including cell proliferation, cell cycle pro-
gression, apoptosis and invasion. Furthermore, 
the protein levels of apoptosis related-genes 
were decreased in WISP3 knockdown cells. 
Collectively, these data suggest thatWISP3 is a 
potent oncogene in BC and it may be an effec-
tive therapeutic target for this disease.

Materials and methods

Clinical BC specimens and BC cells culture

The tissues andnormal adjacent tissues were 
from 30 BC patients who had undergone cys-
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tectomy or transurethral resection of bladder 
tumors at Jinzhou Central Hospital between 
2010 and 2012. Our study was approved by the 
Bioethics Committee of Huazhong University of 
Science and Technology; written prior informed 
consent and approval were given by these 
patients. 

The human BC cell lines, 5637, T24, BIU-87, 
J82, UM-UC-3 and SCaBER cells were from cell 
bank of Shanghai biology institute, Chinese 
Academy of Science (Shanghai, China) and 
maintained at 37°C in 5% CO2 atmosphere. All 
cells were cultured in recommendedmedia (Life 
Technologies, Carlsbad, CA, USA) supplement-
ed with 10% fetal bovine serum (FBS, Life 
Technologies), 100 mg/ml penicillin G, and 50 
μg/ml streptomycin (Life Technologies).

Silencing of WISP3 by small interfering RNA

siRNA targeting human mRNA were synthesized 
(-siRNA: 5’-CCAGGGGAAAUCUGCAAUG-3’). A 
non-specific scramble siRNA sequence was 
used as negative control (NC). The siRNAs were 
transiently transfected into 5637 and SCaBER 
cells using Lipofectamine 2000 (Invitrogen) 
according to the manufacture’s instruction. 
Assays were performed 48 h after trans- 
fection. 

Real-time quantitative RT-PCR

Total RNA was extracted from cultured cells or 
tissue samples using TRIzol Reagent (Invitrogen) 

according to the manufacturer’s instructions. 
The reverse transcription reaction was per-
formed using 2 µg of total RNA that was reverse 
transcribed into cDNA using oligo (dT) primer. 
The quantitative real-time PCR (qPCR) analysis 
was carried out usinga standard SYBR Green 
PCR kit (Thermo) on an ABI 7300 Thermocycler 
Real-Time PCR machine (Applied Biosystems, 
Foster City, CA, USA). GAPDH was used as con-
trol of the input RNA level. The cycling condi-
tions were 10-min polymerase activation at 
95°C followed by 40 cycles at 95°C for 15-sec 
and 60°C for 45-sec. GAPDH was served as an 
internal control. The gene expression was cal-
culated using the ΔΔ Ct method. All data repre-
sent the average of three replicates. The follow-
ing primers were used: WISP3 (NM-003880.3), 
5’-ACAGGGCACTGGACCATTAG-3’ and 5’-GCTTC- 
TGCTGAGGGCATTTG-3’; GAPDH (NM-001256- 
799.1), 5’-CACCCACTCCTCCACCTTTG-3’ and 
5’-CCACCACCCTGTTGCTGTAG-3’.

Immunoblotting

Treated and untreated cells were lysed in radio 
immun oprecipitation assay buffer and protein 
concentration was measured by BCA protein 
assay kit (Thermo Fisher Scientific). Protein iso-
lates were then resolved on SDS-PAGE gel 
transferred to Immobilonpolyvinyldifluoride 
(PVDF) membranes. The blots were thenana-
lyzed by western blot using enhanced chemilu-
minescence system (ECL, Millipore). Antibodies 
against caspase 3 and caspase 9 were pur-

Figure 1. Overexpression of WISP3 in BC. A. The mRNA level of WISP3 in 30 pairs of BC tumor and normal tissue 
was detected by real-time PCR. Positive log2 (Tumor/Normal) on the y-axis indicated increased expression of WISP3 
in tumor tissue while negative log2 indicated decreased expression of WISP3 in tumor tissue. Positive log2 is rep-
resented in red and negative log2 is in blue. B. WISP3 expression was significantly increased in bladder cancer tis-
sues when compared with the adjacent tissues of patients from TCGA Bladder Urothelial Carcinoma (BLCA) cohort 
(*P<0.05).

https://tcga-data.nci.nih.gov/tcga/tcgaCancerDetails.jsp?diseaseType=BLCA&diseaseName=Bladder Urothelial Carcinoma
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Figure 2. Suppressing WISP3 expression inhibited cell growth and G1/S phase transition in BC cells (***P<0.001 as compared with BIU-87 cells). A. WISP3 expres-
sion level in five BC cell lines was analyzed by Western blot. B. Expression of WISP3 in 5637 and SCaBER cells was analyzed by Western blot (right panel). WT: wild 
type cells; NC: scrambled siRNA transfected cells; RNAi: WISP3-siRNAtransfected cells. C, D. Cell proliferation was detected in siRNA treated and untreated 5637 
and SCaBER cells. E, F. Cell cycle profile was analyzed using flow cytometry. Data were based on at least three independent experiments, and shown as mean ± SEM 
(**P<0.01, ***P<0.001 as compared with NC).
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Figure 3. WISP3 knockdown notably induced cell apoptosis. A, B. Results of Annexin V-FITC/PI staining performed in control cells and WISP3 knockdown cells. C, D. 
Expression of caspase 3 and caspase 9 was evaluated by western blot. Data were based on at least three independent experiments, and shown as mean ± SEM 
(**P<0.01, ***P<0.001 as compared with NC).
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chased from Abcam (Cambridge, MA, USA). 
Anti-GAPDH was from Cell Signaling Technology 
(Danvers, MA, USA).

Cell proliferation assay 

After transfection with siRNA or NC, cells were 
seeded in 96-well plates at 5000 cells/well. 
Cell proliferation was detected by using the Cell 
Count Kit-8 (CCK-8, Dojindo Laboratories). At 
indicated time point, CCK8 solution was added 
to each well and incubated for 1 h. The absor-
bance was determined at 450 nm using a 
microplate reader (Bio-Rad Laboratories Inc., 
Hercules, CA, USA). Three wells were measured 
for cell viability in each treatment group, and all 
treatments were performed in triplicate.

Cell cycle distribution analysis

The cell cycle was evaluated by flow cytometry 
using propidium iodide (PI) staining on a flow 
cytometer (BD Biosciences, San Jose, CA, USA). 
Briefly, treated and untreated cells were har-
vested, re-suspended in PBS and fixed ice-cold 
70% ethanol at. The fixed cells were washed 
with PBS, incubated with ribonuclease A 
(Sigma, St. Louis, MO, USA) and PI (Sigma) at 
room temperature in the dark for 30 min. DNA 
content was then analyzed using a FACS can 
flow cytometry. A total of 3×104 events were 
counted for each sample. Data were analyzed 
with FlowJo software (Tree Star). In each 
instance, flow cytometry was performed in trip-
licate, and a representative experiment is 
shown in each figure.

In vitroinvasion assay

The invasive potential of cells was measured 
inmatrigel-coated invasion chambers (BD 

Biosciences). The lower chambers were filled 
with 0.75 ml of DMEM medium containing 10% 
FBS. A cell suspension of 2.5×104 in 0.5 ml 
DMEM medium was added into each well of the 
upper chamber. After the cells were incubated 
for 20 h at 37°C in a humidified incubator with 
5% CO2, the non-invading cells that remained 
on the upper surface of the membrane were 
removed by scraping. The invasive cells 
attached to the lower surface of the membrane 
insert were fixed in 10% formalin at room tem-
perature for 30 min and stained with 0.05% 
crystal violet. The number of invasive cells on 
the lower surface of the membrane was then 
counted under a Leica inverted microscope 
(Deerfield, IL, USA). Cell number was counted in 
10 random fields for each condition. The experi-
ments were performed in triplicate.

Statistical analysis

The two-tailed Student’s t-test was used to 
evaluate statistical differences between two 
groups. Differences were considered signifi-
cant if the P-value was <0.05. The results are 
shown as mean ± SEM. 

Results

WISP3 was overexpressed in human BC

To determine WISP3 expression in BC, we per-
formed real-time PCR analysis on 30 pairs of 
BC and their matched noncancerous tissue 
samples. WISP3 was overexpressed in 80% 
(24/30) of tested bladder cancer tissues 
(Figure 1A). Statistical analysis using the stu-
dent’s t-test showed that WISP3 mRNA was sig-
nificantly overexpressed in ovarian tumor tis-
sues when compared with normal tissues 

Figure 4. Silencing of WISP3 inhibited cell invasion in BC cells. 5637 and SCaBER cells were transfected with indi-
cated siRNA. 48 hours later cells were serum starved for 24 h, and then plated into the upper well of the Boyden 
chambers with serum-free medium in the top chamber and medium containing 10% FBS in the lower chamber. 
After 24 h of incubation, cells that migrated into the lower well were stained, photographed and counted. Data were 
based on at least three independent experiments, and shown as mean ± SEM (***P<0.001 as compared with NC).
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(P<0.001). Further, we re-analyzed TCGA data 
that WISP3 expression significantly increased 
in bladder cancer tissues compared with the 
adjacent tissues of patients (Figure 1B).

Silencing of WISP3 expression by RNA interfer-
ence (RNAi)

We evaluated the protein and mRNA levels of 
WISP3 in five BC cell lines, 5637, T24, BIU-87, 
J82, UM-UC-3 and SCaBER by western blot and 
real-time PCR, respectively. Two cell lines, 
5637 and SCaBER cells, showed higher WISP3 
mRNA and protein expression than the other 
four cell lines (Figure 2A).

To investigate the functions of WISP3 on BC, we 
knockdown the expression of WISP3 in 5637 
and SCaBER cells, which expressed highest 
levels of WISP3 by siRNA transfection. One siR-
NAs targeting human WISP3 (WISP3-RNAi) and 
negative control (NC, a non-specific scramble 
siRNA) were synthesized. As shown in Figure 
2B, WISP3-siRNA was able to efficiently sup-
press endogenous WISP3 expression in both 
BC cells, whereas WISP3 expression remained 
unaffected in NC cells.

Down-regulation of WISP3 suppressed the pro-
liferation and G1-S transition of BC cells

To substantiate the effects of WISP3 silencing 
on the proliferation of BC cells, we assessed 
the proliferation of WISP3 knockdown BC cells 
by using CCK-8 assay. In 5637 (Figure 2C) and 
SCaBER cells (Figure 2D) with WISP3 silenced, 
cell growth was significantly inhibited at 12 h, 
24 h, 48 h and 72 h (**P<0.01) compared to 
wild-type cells (WT) and scramble siRNA-trans-
fected cells (NC). Our data suggested that 
WISP3 was involved in the regulation of BC cell 
proliferation.

To determine whether WISP3 influences the 
cell cycle of BC cells, cell cycle distribution was 
assessed in WISP3 knockdown cells. As shown 
in Figure 2E, down-regulation of WISP3 expres-
sion resulted in a higher number of 5637 cells 
in the G1 phase, compared with WT and NC 
cells. Similar results were observed in SCaBER 
cells (Figure 2F). Our data suggested that 
WISP3 knockdown induced G1-phase cell cycle 
arrest in BC cells, which may be related with its 
inhibition effects on cell proliferation.

Depletion of WISP3 induced apoptosis of BC 
cells

To examine the effects of WISP3 on cell apopto-
sis, Annexin V/PI staining was performed 
(Figure 3A and 3B). The ratio of cells undergo-
ing apoptosis was less than 3% in WT and NC 
cells. WISP3-siRNA treatment significantly 
increased the apoptotic ratio to 43.9%±0.8% 
and 44.9%±0.9% in 5673 and SCaBER cells, 
respectively.

Moreover, the expression level of apoptosis 
regulating proteins was evaluated by western 
blot. As shown in Figure 3C and 3D, WISP3 
knockdown resulted in a significant increase of 
caspase 3 and caspase 9. The increase ratios 
of caspase 3 were 82.9% and 61.9% in 5637 
and SCaBER cells, respectively. The increase 
ratios of caspase 9 were 76.6% and 65.8% in 
5637 and SCaBER cells, respectively. These 
data suggested WISP3 may play an anti-apop-
tosis role in BC cells.

Silencing of WISP3 inhibited the invasion of BC 
cells

To explore whether WISP3 affected the invasive 
ability of BC cells, in vitro invasion assay was 
performed in Matrigel-coated membranes 
chamber. Dramatically reduced invasive ability 
was observed in WISP3 knockdown cells com-
pared to control cells (Figure 4). The number of 
invaded cells decreased by 63.8% and 68.6% 
of that of the control cells in 5637 and SCa- 
BER cells, respectively (5637: WT, 130±4;  
NC, 127±7; RNAi, 46±5; SCaBER: WT, 103±5; 
NC, 105±8; RNAi, 33±5). These data suggest-
ed a role of WISP3 in the promotion of BC 
invasion. 

Discussion

Abnormal expression of WISP3 has been 
recently reported in malignancies [11-15]. 
Here, we found that WISP3 mRNA levels were 
elevated in 80% (24/30) BC tissues, which was 
consistent with the publicly-available data from 
TCGA (Figure 1). These data suggest a role of 
WISP3 in BC. 

Then we investigated the functions of WISP3 in 
two BC cell lines by suppressing its expression 
with siRNA. Our data showed that suppressing 
of WISP3 expression significantly inhibited the 
proliferation (Figure 2) and invasion (Figure 4). 
Our data further indicated the roles of WISP3 in 
BC carcinogenesis.
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Aberrant cell cycle regulation are frequently 
observed in most common malignancies, lead-
ing to abnormal cell proliferation [16]. Our flow 
cytometry data showed that depletion of WISP3 
expression inhibited G1-S phase transition 
(Figure 2), which suggested that WISP3 siRNA 
exhibited its anti-proliferative effects through 
blockage of cell cycle progression by arresting 
cells in G0/G1 phase. Arresting cells in G0/G1 
phase provides an opportunity for cells to either 
undergo repairing or follow the apoptosis pro-
cess. We then assessed the effects of WISP3 
knockdown on the induction of apoptosis in BC 
cells. Our flow cytometry data indicated that 
WISP3 siRNA treatment resulted in a significant 
stimulation of apoptosis (Figure 3A and 3B). 
Apoptosis, which plays an essential role in the 
removal of neoplastic cells, is considered as an 
anti-tumor defense mechanisms [17]. WISP3 
may be a potential therapy target, considering 
the fact that it exerted anti-apoptosis function 
in BC. Caspase 3 and caspase9 are identified 
as important regulators of cell apoptosis [18, 
19]. We found that WISP3 knockdown led to an 
increase in caspase 9 and caspase 3 (Figure 
3C and 3D), which suggested that WISP3 exert-
ed an anti-apoptosis role via regulating cas-
pase 9 and caspase 3.

In summary, the results of the present study 
provides for the first time that WISP3 was over-
expressed in BC tissues and indicated that 
WISP3 played a key role in the proliferation and 
invasion of BC cells. We provide mechanistic 
evidence that cell apoptosis induced by WISP3 
RNAi was mediated through enhanced the 
expression of caspase 3 and caspase 9. 
Whether WISP3 can be used as a therapeutic 
target for BC remains to be further 
investigated.
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