ONCOLOGY LETTERS 14: 1719-1724, 2017

WNT1-inducible signaling pathway protein-1 contributes to tumor
progression and treatment failure in oral squamous cell carcinoma
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Abstract. WNT1-inducible-signaling pathway protein-1
(WISP-1) belongs to the family of cysteine rich 61/connective
tissue growth factor/nephroblastoma overexpressed matri-
cellular proteins, which are involved in various biological
processes, including cell adhesion, proliferation, differentia-
tion, angiogenesis and carcinogenesis. In the present study, the
expression of WISP-1 was investigated, and its association
with clinicopathological factors and prognosis in patients
with oral squamous cell carcinoma (OSCC) was evaluated.
Additionally, the role of WISP-1 in invasion and apoptosis
of human OSCC cells was evaluated. Immunoreactivity of
WISP-1 was increased in OSCC tissue compared with adjacent
normal tissue samples. High expression of WISP-1 protein was
observed in 24/84 (28.57%) OSCC specimens. Additionally,
high WISP-1 expression was significantly associated with
treatment failure (P=0.042). The 5-year overall survival rate
was 33% in patients with high WISP1 expression, and 66% in
patients with low WISP-1 expression. WISP-1 expression in the
human OSCC SCC-1483 cell line was observed. Furthermore,
WISP-1 knockdown using small interfering (si)RNA signifi-
cantly reduced cell invasion and induced apoptosis compared
with control siRNA-transfected cells. These findings suggested
that WISP-1 is associated with tumor progression and poor
prognosis by increasing tumor cell invasion and inhibiting cell
apoptosis in human OSCC.
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Introduction

Oral squamous cell carcinoma (OSCC) is the most type of
common head and neck cancer, representing 1-2% of all human
malignancies (1). Despite advancements in diagnosis and treat-
ment strategies in recent decades, OSCC remains associated
with a poor prognosis and low survival rates (1). The major
characteristics of cancer cells, including the ability to invade
and metastasize, are associated with tumor progression, and
ultimately with patient survival. Identifying molecular changes
in cancer has been a research focus worldwide, with the aim
of developing potential therapeutic methods. Therefore, under-
standing the molecular and biological characteristics of OSCC
is essential for the development of more efficacious therapies.

WNTI-inducible-signaling pathway protein-1 (WISP-1)
belongs to the cysteine rich 61 (Cyr6l)/connective tissue
growth factor (CTGF)/nephroblastoma overexpressed (Nov)
(CCN) family of matricellular proteins, which are secreted
proteins associated with the extracellular matrix (ECM) (2-4).
The ECM modulates cellular responses, including cell growth,
differentiation and survival (2-4). Since the first identification
of human WISP-1 in an epithelial cell line in 1998, WISP-1
expression has been studied in various organs and disease
states, including malignant diseases, such as colorectal cancer,
hepatocellular carcinoma, lung carcinoma and breast cancer,
and nonmalignant diseases, including lung fibrosis (5-10).
WISP-1 is strongly expressed in primary breast cancer and
rectal cancer, and increased WISP-1 expression is associated
with more aggressive features of cancer progression (8,10).
Although WISP-1 has been the focus of numerous studies in
identifying novel potential molecular therapeutic targets, the
function of WISP-1 in human OSCC remains unclear.

In the present study, WISP-1 expression in OSCC was
examined, and the association between its expression and clin-
icopathological characteristics was evaluated in a well-defined
series of human OSCC samples. Furthermore, its prognostic
value was evaluated in OSCC. To the best of our knowledge,
the present study is the first to demonstrate the prognostic
value of WISP-1 in OSCC. In addition, the contribution of
WISP-1 to cell invasion and apoptosis, which are associated
with tumor progression, and survival, was analyzed in human
OSCC cells. By considering the clinicopathological character-
istics and molecular findings, the results of the present study
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may provide the basis for the mechanism of WISP-1 function
in human OSCC.

Materials and methods

Patients and tumor specimens. Formalin-fixed paraffin-
embedded tumor and normal stroma tissue sections were
collected from 95 patients who underwent surgical treatment
for either diagnostic biopsy or definitive surgery for OSCC at
Chonnam National University Hwasun Hospital (Gwangju,
Korea) between June 2013 and May 2004. A total of 61 men
and 23 women participated in the present study with a mean
age of 63.03+12.51 years (range, 26-87 years). A total of
11 patients were excluded due to failure to follow-up, pallia-
tive intent, or loss of paraffin-embedded tissue blocks. WISP-1
expression and clinicopathological parameters, including age,
sex, tumor location, overall, tumor (T) and node (N) stages,
recurrence, treatment failure and adjuvant treatment, were
analyzed using the collected OSCC tissue samples. Following
primary treatment with curative intent, patients who exhibited
locoregional recurrence underwent salvage surgery or concur-
rent chemoradiotherapy. Those with inoperable locoregional
progression or distant metastasis, even following salvage treat-
ment, were defined as treatment failure. Tumor staging was
performed according to the seventh edition of the American
Joint Committee on Cancer Staging system (11). Survival was
calculated using the date of starting treatment and the date of
mortality or last follow-up. The present study was approved
by the Ethics Committee of the Institutional Review Board
of Chonnam National University Hwasun Hospital. Written
informed consent was obtained from each patient prior to
tissue acquisition.

Immunohistochemistry. Tissue sections (thickness, 5 ym)
were cut from the paraffin blocks of OSCC tissue, and sections
were mounted and dried on glass slides. Tissues were deparaf-
finized and rehydrated using a graded series of ethanol (100,
95, 90, 80, 70 and 60%), and antigen retrieval was performed
using 1X Citrate buffer (cat. no. S2031; Dako; Agilent Tech-
nologies, Inc., Santa Clara, CA, USA) for 10 min using a steam
cooker. Endogenous peroxidase activity was blocked using
peroxidase-blocking solution (Dako; Agilent Technologies,
Inc.) for 10 min at room temperature, followed by incubation
with polyclonal rabbit anti-human antibody directed against
WISP-1 (cat. no. sc-25441; 1:100; Santa Cruz Biotechnology,
Inc., Dallas, TX, USA) overnight at 4°C. Tissues were incu-
bated with Polymer horseradish peroxidase (HRP) antirabbit
and antimouse IgG (cat. no. D11-110; Ready-to-use; Golden
Bridge International, Inc., Bothwell, WA, USA) for 10 min at
room temperature. Following washing in TBS-Tween 20 buffer
(Biosesang, Sungnam, Korea), tissues were stained using a
DAB 20X HRP detection kit (cat. no. C09-12; Golden Bridge
International, Inc.) for 3 min at room temperature. Tissues
were counterstained with hematoxylin and mounted with
coverslips. Stained tissues were observed and imaged using a
light microscope. Assessment of staining was interpreted by
two independent observers who were blinded to the clinical
information. Assessment of staining intensity was performed
as follows: 0, no staining of tumor cells; 1+, weak to compa-
rable staining in the cytoplasm and/or nucleus compared with
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that of non-tumor cells; 2+, readily appreciable or dark brown
staining distinctly marking the tumor cell cytoplasm and/or
nucleus. Specimens with O or 1+ staining were regarded as low
expression and those with 2+ staining were regarded as high
expression.

Cell culture and transfection. The human OSCC SCC-1483
cell line was provided by Dr. Kim CH (Ajou University, Suwon,
Korea). The cells were cultured in RPMI-1640 medium supple-
mented with 10% fetal bovine serum (both from HyClone; GE
Healthcare Life Sciences, Logan, UT, USA), 50 U/ml penicillin
and 50 pg/ml streptomycin (Gibco; Thermo Fisher Scien-
tific, Inc., Waltham, MA, USA) in a humidified atmosphere
containing 5% CO, at 37°C. SCC-1483 cells were seeded into
6-well plates at a density of 2x10° cells/well and transfected
with 100 pmol WISP-1-specific small interfering (si)RNA (cat.
no., 1164842; Bioneer Corporation, Daejeon, Korea) or negative
control siRNA (AllStar Neg. Control; cat. no., 1027281; Qiagen,
Inc., Valencia, CA, USA) using Lipofectamine RNA iMAX
(Invitrogen; Thermo Fisher Scientific, Inc.) for 48 h at 37°C.

RNA isolation and reverse transcription polymerase chain
reaction (RT-PCR). Total RNA was isolated using TRIzol
reagent (Invitrogen; Thermo Fisher Scientific, Inc.) according
to the manufacturer's protocol. Total RNA (1 pg) was mixed
with 1 yl 10 mM dNTP mix (Enzynomics, Daejeon, Korea),
1 pl oligo dT (500 pg/ml; Promega Corporation, Madison,
WI, USA), 2 ul DTT (0.1 M), 4 ul 5X First-strand buffer,
2 ul M-MLV reverse transcriptase (both Invitrogen; Thermo
Fisher Scientific, Inc.) and 1 ul1 RNase inhibitor (Promega
Corporation). Gene-specific primers were subsequently used
to amplify the complementary DNA using PCR. A total of
0.1 ul GoTaq DNA polymerase and 4 ul 5X Green GoTag DNA
polymerase reaction buffer (both from Promega Corporation)
were used for amplification. The primer sequences were as
follows: WISP-1 forward, 5'-CTCAGCAGCTTGGGGACA
AC-3' and reverse, 5'-GATGCCTCTGGCTGGTACAC-3";
and glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
forward, 5'-ACCACAGTCCATGCCATCAC-3' and reverse
primer, 5'-TCCACCACCCTGTTGCTGTA-3' (Bioneer
Corporation). WISP-I expression was evaluated using the
following thermocycling conditions: 94°C for 5 min; 32 cycles
of 94°C for 30 sec, 55°C for 30 sec, 72°C for 30 sec and a final
elongation step at 72°C for 7 min. Following separating PCR
products using electrophoresis on 1% agarose gels (Lonza,
Rockland, ME, USA) containing ethidium bromide (Bioneer
Corporation). Multi Gauge software (version 3.2; Fujifilm,
Tokyo, Japan) was used to quantify the signal using densito-
metric analysis.

Protein isolation and western blot analysis. The cells and
tissue samples were lysed in RIPA buffer (I M Tris-HCI,
150 mM NaCl, 1% Triton X-100, 2 mM EDTA) with 1 mM
phenylmethanesulfonyl fluoride, 1 mM Halt phosphatase
inhibitor and 1 mM Halt protease inhibitor cocktail(Thermo
Fisher Scientific, Inc.). The resolved protein concentrations
were measured using a BCA kit, and 20-30 ug protein/lane
was separated through SDS-PAGE on 10-12% gels and trans-
ferred to polyvinylidene fluoride membranes (EMD Millipore,
Billerica, MA, USA). Following incubation of the membranes
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for 1 h at room temperature in blocking solution [5% bovine
serum albumin (BSA); BioShop, Inc., Burlington, ON, Canada]
and washing four times for 15 min with TBS-Tween 20 buffer,
specific proteins were sequentially blotted with primary
antibodies. The following antibodies were used: Rabbit
anti-human polyclonal antibody directed against WISP-1 (cat.
no. sc-25441) and rabbit anti-human antibody directed against
GAPDH (cat. no. sc-25778) (Santa Cruz Biotechnology, Inc.).
Antibodies were diluted at 1:1,000 and incubated with the
membranes for 24 h at 4°C. An enhanced chemiluminescence
detection system with 1X horseradish peroxidase substrate
(cat.no. WBKL S00 50; EMD Millipore) was used to visualize
immunoreactive proteins for 30 sec at room temperature, and
an LAS-4000 luminescent image analyzer (Fujifilm, Tokyo,
Japan) was used to analyze the proteins.

Cell invasion assay. Cell invasion ability was calculated
according to the total number of cells invading through a
Matrigel-coating Transwell invasion apparatus with 8 ym
pores. The cells transfected with WISP-1 siRNA or negative
control siRNA (3x10° cells/well) were seeded into the upper
chambers with 120 xl RPMI-1640 medium containing 0.2%
BSA. Next, 400 pl 0.2% BSA containing 7 yg/ml fibro-
nectin (EMD Millipore) was added to the lower chamber
as the chemoattractant. Following incubation for 24 h at
room temperature, Diff Quik solution (Sysmex Corporation,
Kobe, Japan) was used to stain the bottom Transwell surface
containing the invaded cells. Five random squares in the light
microscopic field of view were measured, and the results are
presented as the means =+ standard error of the number of
cells/field in three individual experiments.

Apoptosis assay. Annexin V-fluorescein isothiocyanate
(FITC) assays were used to determine apoptotic rates. The
cells transfected with WISP-1 siRNA or negative control
siRNA were collected with trypsin for 5 min at room tempera-
ture (179 x g), washed twice in phosphate-buffered saline and
resuspended in binding buffer (BD Biosciences, San Jose,
CA, USA) following 48 h. Subsequently, annexin V-FITC and
7-amino-actino mycin D (BD Biosciences) were added. The
cells were incubated in the dark for 15 min at room tempera-
ture and resuspended in 400 ul binding buffer. A FACSCalibur
flow cytometer was used, and the data were analyzed with BD
Cell Quest (version 3.3; BD Biosciences) and WinMDI (version
2.9; The Scripps Research Institute, San Diego, CA, USA).

Statistical analysis. Associations between WISP-1 expression
and various clinicopathological parameters were compared
using the ¥* test and Fisher's exact test. Survival curves were
calculated using the Kaplan-Meier estimator method and
compared using the log-rank test. Student's t-tests were used to
assess the significance of experimental differences. Analyses
were performed using SPSS software (version 21.0; IBM
Corp., Armonk, NY, USA). P<0.05 were considered to indicate
a statistically significant difference.

Results

Immunoreactivity for WISP-1 is increased in OSCC tissues
compared with adjacent normal tissues. Table I summarizes
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Table I. Association between WISP-1 expression and clinico-
pathological parameters in patients with oral squamous cell
carcinoma (n=84).

WISP-1 expression

Parameters Low (n=60) High (n=24) P-value

Age, years 0.890
<63.03 29 12
>63.03 31 12

Sex 0.757
Male 43 18
Female 17 6

Location 0.651
Oral tongue 43 16
FOM, BM or RMT 17 8

Stage 0.885
1,11 39 16
I, 1v 21 8

T stage 0413
T1,T2 51 22
T3,T4 9 2

N stage 0.940
NO 42 17
NI1,N2 18 7

CRT 1.000
No 35 14
Yes 25 10

Recurrence 0.283
Negative 40 13
Positive 20 11

Treatment failure 0.042
Negative 46 13
Positive 14 11

FOM, floor of mouth; BM, buccal mucosa; RMT, retromolar trigone;
CRT, chemotherapy and/or radiotherapy; T, tumor; N, node; WISP-1,
WNT1-inducible-signaling pathway protein-1.

the clinicopathological characteristics of 84 patients with
OSCC included in the present study group. WISP-1 protein
expression was examined immunohistochemically in
formalin-fixed paraffin-embedded blocks of specimens from
patients with OSCC.WISP-1 immunoreactivity in OSCC cells
demonstrated heterogeneous patterns with stronger immu-
nostaining in the cytoplasm and/or nuclei compared with
the cells in the normal stromal tissue (Fig. 1A). By contrast,
minimal staining for WISP-1 immunoreactivity was observed
in OSCC cells compared with normal stromal tissue as a nega-
tive control (Fig. 1B). These immunohistochemical analyses
revealed that 24/84 (28.57%) OSCC specimens exhibited high
WISP-1 expression.

WISP-1 expression is associated with treatment failure
and survival in OSCC. To elucidate the prognostic role
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Figure 1. Comparison of WISP-1 protein expression in OSCC tissue samples and adjacent normal tissues. (A) Representative image demonstrating WISP-1
stain intensity score of 2+ (high expression) with appreciable brown staining of OSCC cells (black arrow) compared with adjacent normal stromal tissue (black
arrow head). (B) Representative image demonstrating relatively minimal staining for WISP-1 immunoreativity (1+ intensity score, low expression) with weak
staining of OSCC cells (white arrow) compared with normal stromal tissue (white arrow head). Magnification, x400. OSCC, oral squamous cell carcinoma;

WISP-1, WNTI-inducible-signaling pathway protein-1.
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Figure 2. Kaplan-Meier curves demonstrating OS in patients with OSCC
according to WISP-1 expression. High WISP-1 expression tended to
decrease OS in patients with OSCC, however log-rank tests did not demon-
strate a significant difference between these patients with high and low
expression of WISP-1 (P=0.075 vs. low expression). Solid line, patients
with low WISP-1 expression; dotted line, patient with high WISP-1 expres-
sion. OS, overall survival; OSCC, oral squamous cell carcinoma; WISP-1,
WNT1-inducible-signaling pathway protein-1.

of WISP-1 protein in OSCC, the associations between
WISP-1 expression and clinicopathological parameters were
analyzed. WISP-1 expression in OSCC was not significantly
associated with age, sex, primary tumor location, overall
stage, T stage, N stage, chemoradiotherapy and recurrence
(P>0.05; Table I). Treatment failure was identified to be
significantly associated with WISP-1 expression (P=0.042;
Table I).

For the 84 patients enrolled in the present study, the
3- and 5-year overall survival (OS) rates were 68 and 59%,
respectively. The 5-year OS rate was 33% in patients with
high WISP-1 expression, and 66% in patients with low
WISP1 expression (Fig. 2). High WISP-1 expression tended
to decrease OS in patients with OSCC; however, analysis
of Kaplan-Meier curves for OS using log-rank tests did not
demonstrate a significant difference between these two groups
of patients (P=0.075; Fig. 2).
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Figure 3. WISP-1 knockdown by siRNA in human OSCC cells. WISP-1
mRNA and protein were expressed in SCC-1483 OSCC cells. WISP-1
mRNA and protein expression were significantly reduced following transfec-
tion with WISP-1 siRNA in OSCC cells compared with the negative control.
“P<0.05. GAPDH, glyceraldehyde 3-phosphate dehydrogenase; C, negative
control siRNA-transfected cells; W, WISP-1-specific siRNA-transfected
cells; WISP-1, WNTI-inducible-signaling pathway protein-1; siRNA, small
interfering RNA; OSCC, oral squamous cell carcinoma.

WISP-1 knockdown suppresses invasion in OSCC cells. The
expression of WISP-1 mRNA and protein was examined using
RT-PCR and western blotting, respectively, in SCC-1483 cells.
RT-PCR and western blotting demonstrated that WISP-1 was
expressed in SCC-1483 cells (Fig. 3). To elucidate the function
of WISP-1 in tumor progression in human OSCC cells, WISP-1
siRNA was used to suppress endogenous WISP-1 expression
in SCC-1483 cells. WISP-1 mRNA and protein expression
levels were reduced following WISP-1 siRNA transfection
as compared with the cells transfected with negative control
siRNA (Fig. 3).

The number of invaded cells in the WISP-1-knockdown
group was 128.30+20.48 compared with 271.80+15.50 cells in
the negative control group (Fig. 4). The difference between the
two groups was statistically significant (P<0.05). Therefore,

WISP-1 knockdown resulted in reduced cell invasiveness in
human OSCC cells.

WISP-1 knockdown induces apoptosis in OSCC cells.
Annexin V-FITC apoptosis assays were used to evaluate the
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Figure 4. Effect of WISP-1 knockdown on invasion in human oral squamous cell carcinoma cells. Cell invasion assays revealed that WISP-1 knocked down cells
exhibited significantly reduced invasion compared with the negative control cells. Stained invading cells were counted. Data are presented as the mean + stan-
dard error, and experiments were performed in triplicate. “P<0.05. Magnification, x40. C, negative control siRNA-transfected cells; W, WISP-1-specific
siRNA-transfected cells; WISP-1, WNT1-inducible-signaling pathway protein-1; siRNA, small interfering RNA.
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Figure 5. Effect of WISP-1 knockdown on cell apoptosis in human oral squamous cell carcinoma cells. The proportion of apoptotic cells observed for
WISP-1 knocked down cells was greater compared with the negative control cells (8.8+3.4 vs. 12.6+10.5%). C, negative control siRNA-transfected cells; W,
WISP-1-specific siRNA-transfected cells; WISP-1, WNT-inducible-signaling pathway protein-1; siRNA, small interfering RNA; 7-AAD, 7-amino-actino

mycin D.

effects of WISP-1 on cell apoptosis. Transfection with WISP-1
siRNA and negative control siRNA in SCC-1483 cells induced
early and late apoptosis, with an increased apoptotic rate
observed in cells transfected with WISP-/ siRNA compared
with cells transfected with negative control siRNA (12.2 vs.
23.1%, respectively; Fig. 5). Therefore, these results revealed
that WISP-1 knockdown increased apoptosis in human OSCC
cells.

Discussion

Identifying altered molecular mechanisms responsible for
tumor invasion and metastasis is essential for developing
potential therapeutic methods. By extension, identifying
molecular markers that can detect cancer earlier or monitor
cancer progression would enable personalization of medicine
and improve the survival rate of patients with cancer (12).
WISP-1 is a member of the CCN protein family (2-4). The
CCN family includes CYR61 (CCN1), CTGF (CCN2), NOV
(CCN3), WISP-1 (CCN4), WISP-2 (CCN5) and WISP-3
(CCN6) (2-4). The majority of CCN family proteins are

secreted and expression of these proteins are associated with
the ECM, which has been suggested to serve essential roles in
tumorigenesis-associated processes, including tumor survival,
proliferation, migration, and invasion (2). These findings have
increased the interest towards investigating the potential of
CCN proteins as therapeutic targets.

In adult human tissue, WISP-I mRNA has been demon-
strated to be expressed in number of organs, including the
heart, kidney, lung, pancreas, placenta, ovary, small intestine
and spleen (5). Notably, increased WISP-1 expression has been
identified in several cancer types, including colorectal cancer,
hepatocellular carcinoma, lung carcinoma, breast, esophageal
and endometrial cancer (5-8,10,13-15). Furthermore, WISP-1
expression has also been revealed to be low in healthy lung
epithelial cells, but significantly upregulated in lung cancer
tissue (15).

In the present study, 24/84 (28.57%) OSCC specimens
demonstrated high WISP-1 expression. In addition, it was
revealed that high WISP-1 expression was significantly
associated with treatment failure. This finding is important
as treatment failure leads to poor prognosis and survival in
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patients with OSCC. The 5-year OS rate was 33% in patients
with high WISP-1 expression and 66% in patients with low
WISP-1 expression. Although the number of patients with
OSCC in the current study was not sufficient to demonstrate
a significant difference between the two groups, high WISP-1
expression tended to be associated with reduced survival rates
in patients with OSCC. In esophageal and endometrial cancer,
high WISP-1 expression has also been revealed to be associated
with poor survival and clinicopathological parameters indica-
tive of aggressive disease (13,14). Furthermore, in a previous
study, Chuang et al (16) reported that high WISP-1 expression
was associated with an increased tumor stage in patients with
OSCC. Taken together, these results and the findings of the
present study suggest that WISP-1 expression may be used to
predict poor clinical outcomes in patients with OSCC.

The dysregulation of cell invasion and apoptosis is a
principle characteristic of cancer cells (17). OSCC is charac-
terized by high rates of local invasion, and depth of invasion
is a significant prognostic factor in patients with OSCC (18).
Therefore, the role of WISP-1 in cell invasion and apoptosis
was investigated using the human OSCC SCC-1483 cell line.
siRNA-mediated WISP-1 knockdown significantly decreased
cell invasion compared with siRNA-control transfected cells. In
addition, WISP-1 knockdown induced apoptosis in SCC-1483
cells. Furthermore, a previous study reported that WISP-1
increased the invasive activity of SCC4 cells, another OSCC
cell line (16). Additionally, You et al (19) and Su er al (20)
demonstrated that WISP-1 suppresses c-myc-induced and
p53-mediated apoptotic signaling pathways. These studies are
consistent with the results of the present study and suggest that
WISP-1 promotes aggressive phenotypes in OSCC cells.

In conclusion, although additional studies are warranted to
support the findings of the present study, these results suggest
that WISP-1 is associated with tumor progression and poor
prognosis by increasing tumor cell invasion, and inhibiting
cell apoptosis in human OSCC.
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