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Abstract. – OBJECTIVE: The aim of this study 
was to explore the expression level of Wnt1-in-
ducible signaling pathway protein 1 (WISP1) and 
its clinical significance in hepatocellular carci-
noma (HCC).

PATIENTS AND METHODS: Quantitative Re-
al Time-Polymerase Chain Reaction (qRT-PCR) 
was performed to detect the expression level 
of WISP1 in HCC tissues and cells. Kaplan-Mei-
er curves and Cox proportional hazard regres-
sion model were chosen for single and multi-
ple factor analysis of survival analysis, respec-
tively. Furthermore, wound healing assay and 
transwell assay were used to verify the effect of 
WISP1 on HCC cell metastasis in vitro.

RESULTS: The expression level of WISP1 in 
HCC tissues was significantly higher than that in 
para-cancer tissues (p<0.05). WISP1 expression 
was positively correlated with lymph node me-
tastasis and clinical stage of HCC. Kaplan-Mei-
er curve showed that HCC patients with higher 
WISP1 expression exhibited significantly worse 
progression free survival (PFS) time and over-
all survival (OS) time. Both univariate and mul-
tivariate analysis indicated that high expression 
of WISP1 was an independent predictor of poor 
prognosis in HCC. In addition, WISP1 signifi-
cantly promoted the invasion and migration of 
HCC cells in vitro.

CONCLUSIONS: WISP1 might contribute to 
the development of HCC, serving as a clinical 
biomarker and therapeutic target for HCC pa-
tients.
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Introduction

Liver cancer is a common malignant tumor 
of the digestive system. As the most common 

type, hepatocellular carcinoma (HCC) accounts 
for over 90% of all types of liver cancer1. The 
incidence rate of HCC ranks 6th among common 
malignant tumors worldwide. Meanwhile, its 
mortality rate ranks 2nd, exhibiting an uptrend2. 
In the context of diversified treatment methods 
for HCC, the 5-year survival rate of patients has 
not been significantly improved, with the overall 
survival (OS) rate lower than 5%3. On one hand, 
the reason is that HCC possesses strong abilities 
to invade adjacent organs and metastasize to 
distant organs with quite low sensitive to current 
conventional radiotherapy, chemotherapy, target-
ed drug therapy, and other therapies4. On the 
other hand, there is still a lack of clinical target 
that can effectively improve the early diagnosis 
and curative effect of patients. Currently, com-
prehensive treatment based on surgical resection 
has greatly prolonged the 1-2-year survival rate 
of HCC patients. However, the 3-5-year OS rate 
is still far from satisfactory5.

Wnt1-inducible signaling pathway protein 1 
(WISP1) is a secretory extracellular matrix-re-
lated protein belongs to the Cyr61-CTGF-Nov 
(CCN) growth factor family6. WISP1 plays im-
portant roles in many biological processes, such 
as cell adhesion, chondrogenesis, angiogenesis, 
and tumorigenesis7-9. It acts as a crucial target 
gene downstream of the Wnt/β-catenin pathway, 
which is regulated by different signaling path-
ways. It is sensitive to different extracellular bio-
chemical signals and can facilitate β-catenin-me-
diated tumorigenesis10. Furthermore, WISP1 sig-
nal inhibits p53-dependent apoptosis not through 
the Fas ligand activation pathway, activates the 
Akt anti-apoptotic signaling pathway, suppresses 
mitochondria from releasing cytochrome C, and 
upregulates anti-apoptotic protein B-cell lym-
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phoma extra-large (Bcl-xL) to prevent cells from 
apoptosis induced by DNA damage11. Therefore, 
WISP1 is closely related to the occurrence, devel-
opment, and prognosis of various tumors.

In the present study, we aimed to explore the 
expression level of WISP1 and its clinical signif-
icance in HCC. Our findings hoped to contribute 
to clarify the biological mechanism of HCC, as 
well as providing valuable targets for its diagno-
sis and treatment.

Patients and Methods

Tissue Specimens Collected
A total of 80 pairs of paraffin-embedded HCC 

tissues and adjacent normal tissues were collected 
from patients undergoing surgical resection from 
April 2016 to December 2018 in Rizhao People’s 
Hospital. Follow-up referred to the interval be-
tween the operation date and the death date or 
the last follow-up date. All patients were followed 
up every 3 months until the 5th year, and these 
patients had complete follow-up data before they 
died, or the data updated to the latest follow-up. 
TNM staging was carried out for HCC according 
to the standard of the American Joint Committee 
on Cancer. This study was approved by the Ethics 
Committee of Rizhao People’s Hospital. Signed 
written informed consents were obtained from all 
participants before the study.

Cell Culture
Human HCC SMMC-7721 cells were provided 

by American Type Culture Collection (ATCC; 
Manassas, VA, USA). The cells were cultured 
in Roswell Park Memorial Institute-1640 (RP-
MI-1640; HyClone, South Logan, UT, USA) con-
taining 10% fetal bovine serum (FBS; HyClone, 
South Logan, UT, USA), 100 Ul/mL penicillin, 
and 100 μg/mL streptomycin in a 5% CO2 incu-
bator at 37°C. 

Cell Transfection
Transfection was performed when the cells 

were in the logarithmic phase. Briefly, the cells 
were inoculated into 6-well plate at a density of 
1×106 cells/well (2 mL). Subsequently, the cells 
were transfected with si-WISP1 or si-NC (neg-
ative control) according to the instructions of 
LipofectamineTM 2000 (Invitrogen, Carlsbad, CA, 
USA). The total RNA was extracted in the cells 
after 48 h of transfection for later use.

Quantitative Real Time-Polymerase 
Chain Reaction (qRT-PCR) 

Total RNAs in HCC tissues and cells were ex-
tracted in accordance with TRIzol reagent (In-
vitrogen, Carlsbad, CA, USA). Subsequently, 
extracted RNA was reversely transcribed into 
cDNA. Glyceraldehyde 3-phosphate dehydro-
genase (GAPDH) was used as an internal ref-
erence. The relative expression level of WISP1 
was finally calculated. The primer sequences 
used in this study were as follows: WISP1, 
F: 5’-GCAGGTACCGGCTCGACTGC-3’, R: 
5’-GACGGTAGGGACTCCCAGGGA-3’; GAP-
DH: F: 5’-CGCTCTCTGCTCCTCCTGTTC-3’, 
R: 5’-ATCCGTTGACTCCGACCTTCAC-3’.

Wound Healing Assay 
Transfected SMMC-7721 cells for 48 h were 

cultured in 6-well plates overnight until the fu-
sion degree reached 90%. The original culture 
medium was removed, and the cells were washed 
twice with phosphate-buffered saline (PBS) solu-
tion. After that, a 20 μL spear head was utilized 
to make cell scratches, and the residual cells 
were washed with PBS solution. Next, the cells 
were cultured in Dulbecco’s Modified Eagle’s 
Medium (DMEM; Gibco, Rockville, MD, USA) 
containing 5% serum for 48 h. The healing of cell 
scratches was finally observed under an inverted 
microscope.

Transwell Assay
DMEM culture solution was first diluted with 

Matrigel at a ratio of 1:8, and the upper sur-
face of the transwell chamber membrane (100 
μL/well) was coated. Transfected SMMC-7721 
cells for 72 h were selected and re-suspended 
in serum-free culture medium until the densi-
ty reached 5×105 cells/mL. The upper chamber 
was added with 250 μL of cell suspension. 
Meanwhile, the lower chamber was added with 
complete culture medium containing 10% fetal 
bovine serum. Then, the cells were incubated 
in an incubator with 5% CO2 at 37°C for 12 h. 
Next, non-invasive cells on the membrane and 
Matrigel were wiped out with cotton swabs, fol-
lowed by rinsing twice with PBS solution. The 
cells were fixed with 4% paraformaldehyde and 
stained with crystal violet dye. Finally, invasive 
cells were observed under a microscope, and the 
number of invasive cells was counted. 10 fields 
of view were randomly selected for each sample.
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Statistical Analysis
Statistical Product and Service Solutions (SPSS) 

19.0 software (SPSS Inc., Chicago, IL, USA) was 
selected for all statistical analysis. Measurement 
data were expressed as mean ± standard deviation 
(χ±s) or median. Paired t-test was used to compare 
the expression level of WISP1 in primary HCC 
tissues and adjacent normal tissues. Group χ2-test 
was adopted to analyze the associations of WISP1 
expression in HCC tissues with clinicopathological 
features of patients. Overall survival (OS) and pro-
gression free survival (PFS) of HCC patients was 
evaluated via Kaplan-Meier survival analysis, and 
the intergroup differences were analyzed by Log-
rank test. Cox proportional hazard regression mod-
els were respectively chosen for single factor analy-
sis and multiple factor analysis of survival analysis. 
p<0.05 was considered statistically significant.

Results

Effect of WISP1 on the Prognosis of 
Patients with HCC

The relationship between WISP1 expression 
and PFS and OS time in 80 HCC patients was 
analyzed by Kaplan-Meier method. HCC patients 
with high expression of WIPS1 exhibited signifi-
cantly worse prognosis. FPS and OS of HCC pa-
tients with high expression of WIPS1 was about 
13% (FPS) and 18% (OS) shorter than those with 
low expression, respectively. These findings in-
dicated that high expression of WISP1 predicted 
poor prognosis of HCC patients (Figure 1).

Expression of WISP1 in HCC Tissues
The expression of WISP1 in 80 pairs of HCC 

tissues and adjacent normal tissues was detected. 
The results were similar to those reported in other 

literatures12,13. Compared with adjacent normal 
tissues, the expression of WISP1 significantly 
increased in HCC tissues (about 2 times high-
er). The expression of WISP1 in normal tissues 
and HCC tissues was 0.7615 ± 0.118 and 1.828 ± 
0.2337, respectively (Figure 2A).

Based on the median expression of WISP1, 
HCC patients were divided into two groups, 
including: high expression group (WISP1 ex-
pression level > 1.828, n=40) and low expression 
group (WISP1 expression level < 1.828, n=40). 
Subsequently, clinical features were selected to 
analyze whether they were associated with the 
expression level of WISP1 in HCC tissues. Our 
results demonstrated that WISP1 expression was 
positively correlated with lymph node metastasis 
and clinical stage of HCC (Table I).

Univariate Analysis and Multivariate 
Analysis of WISP1 Expression and 
HCC Clinicopathological Data 

Univariate Cox proportional hazards regres-
sion model analysis revealed that tumor size, tu-
mor number, lymph node metastasis, TNM stage, 
and WISP1 expression level were independent 
risk factors for poor prognosis of HCC patients. 
All the above indicators were validated to be 
associated with poor prognosis of patients with 
HCC by multivariate Cox proportional hazard 
model analysis.  These findings suggested that 
WISP1 promoted HCC development, which could 
be used as a new index to predict the prognosis of 
HCC (Table II).

Effect of WISP1 on the Migration and 
Invasion of HCC Cells

Migration and invasion are the most basic char-
acteristics of distant metastasis of cancer cells14. In 
this study, we established a WIPS1 low expression 

Figure 1. The relationship of WIPS1 expression with progression-free survival (PFS) (A) and overall survival (OS) (B) of 
HCC patients.
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model by si-WIPS1 transfection in vitro (Figure 
2B). Transwell assay found that the migration 
and invasion of HCC cells with low expression 

of WIPS1 were significantly impaired. All these 
findings suggested that WIPS1 promoted the me-
tastasis ability of HCC cells (Figure 2C-2D).

Figure 2. A, The expression level of WIPS1 was measured in HCC tissues and adjacent normal tissues by qRT-PCR. B, Transfection 
efficiency verified by qRT-PCR. C, and D, WIPS1 promoted the invasion and migration of HCC cells. (*p<0.05, **p<0.01).

Table I. WISP1 expression and clinical features of patients with HCC.

                                 WISP1 expression level

 Features No. High Low p

No. gender 80 40 40 0.1095
  Male 48 20 28 
  Female 32 20 12 
Age (years)    0.2611
  < 60 36 21 15 
  ≥ 60 44 19 25 
AFP    0.8027
  < 20 22 10 12 
  ≥ 20 58 30 28 
HBsAg    0.2247
  Negative 13 4  9 
  Positive 67 36 31 
Tumor size (cm)    0.0619
  < 5 29 19 10 
  ≥ 5 51 21 30 
Tumor number    0.1471
  Solitary 55 24 31 
  Multiple 25 16  9 
Lymph node metastasis    
0.0001***
  Absence 42 11 31 
  Presence 38 29  9 
Clinical stage    0.0060**
  I + II 47 30 17 
  III + IV 33 10 23 
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Discussion

The occurrence and development of cancer 
is a multi-stage process, including malignant 
proliferation, adhesion, invasion, metastasis, and 
angiogenesis. Multiple genes have been found 
involved in the development and progression of 
malignancies. Invasion and migration of tumor 
cells is a multi-factor and multi-step complex 
process. Hanahan et al15 and Hainaut et al16 have 
indicated that metastasis is the core problem in 
cancer treatment. Tumor metastasis occurs after 
a series of complex cellular biological events, 
which are collectively referred to invasion and 
metastasis cascade reactions. In other words, 
epithelial cells in primary tumors locally invade 
through the surrounding extracellular matrix 
(ECM) to diffuse from primary tumors and enter 
the circulatory system. After successful metasta-
sis, some circulating tumor cells (CTCs) seep out 
of the vasculature and begin distant metastasis 
and colonization. Tumor cells need to adapt to 
the new microenvironment and transform from 
migration mode to proliferation mode, enabling 
tumors detected microscopically and clinically. 
Cell metastasis is a vital dynamic process in 
every multi-cellular organism, especially in or-
ganisms lacking cell walls. Meanwhile, it is also 
the center of morphogenesis. Cell metastasis has 
been confirmed essential for wound healing and 
the maintenance of tissue homeostasis, renewal, 
and integrity. The above processes are strictly 
controlled in vivo. Once they are deviated from 
the normal orbit, excessive cell transfer may lead 
to severe pathological conditions, such as tissue 
disintegration or fibrosis. An evident example 
of pathological results caused by cell transfer 
disorder is that cancer cells diffuse from primary 
tumors and form secondary tumors and metastat-

ic foci in distant organs and tissues. The ability 
of cancer cells to penetrate extracellular matrix 
and invade surrounding tissues require differen-
tiated cells to transform into cells with migration 
and invasion phenotypes. This transformation is 
always accompanied by changes in cell shapes, 
which are the origin of most solid tumors.

The expression of WISP1 has been found to 
play a promoting role in tumor growth. Com-
pared with healthy organs, WISP1 is highly ex-
pressed in various tumors. WISP1 was first found 
in a cancer cell line model and was then detected 
in a variety of cancer tissues in vivo. Chuang 
et al17 have found that WISP1 upregulates the 
expression of ICAM-1 through integrin αvβ3 
receptor, as well as ASK1, JNK/p38, and AP-1 
signal transduction pathways, thus promoting the 
development of oral squamous cell carcinoma. 
In addition, WISP1 induces the expression of 
VEGF-A and trans-activates the EGFR/ERK/
HIF1-α signaling pathway. This may in turn 
triggers the accumulation of endothelial cells 
and the formation of new blood vessels in tumor 
microenvironment18. Yang et al19 detected WISP1 
expression in 194 pancreatic cancer tissues using 
immunohistochemical techniques and have found 
that WISP1 is highly expressed in pancreatic can-
cer. High expression of WISP1 is closely related 
to clinical T stage and liver metastasis, indicating 
that WISP1 is expected to be a prognostic marker 
for pancreatic cancer patients. Additionally, the 
expression of WISP1 in colon tumor-associated 
fibroblasts (CAFs) is prominently raised. Upreg-
ulation of its protein expression level is closely 
associated with the pathological stage and prog-
nosis of colon cancer patients20. In breast cancer 
patients, overexpressed WISP1 cannot only con-
tribute to the proliferation, invasion, and metasta-
sis of breast cancer cells and epithelial-mesenchy-

Table II. Univariate and multivariate analyses of postoperative prognosis in patients with HCC.

                     Univariate analysis                         Multivariate analysis 

 Features Hazard ratio/CI (95%) p Hazard ratio/CI (95%) p

Gender 0.883/0.654-1.138 0.768  
Ages 1.076/0.813-1.199 0.913  
HBsAg 1.089/0.776-1.340 0.865  
AFP 1.103/0.813-1.199 0.913  
Tumor size 1.627/0.850-3.512 0.041* 1.442/0.704-3.433 0.049*
Tumor number 1.655/0.874-2.996 0.035* 1.507/0.722-2.842 0.042*
Lymph node metastasis 2.220/1.038-4.142 0.014* 2.106/1.011-3.507 0.026*
TNM stage 3.737/2.576-5.371 0.005** 3.135/2.326-4.822 0.011*
WISP1 expression level 1.694/1.070-3.233 0.033* 1.484/0.898-3.004 0.044*
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mal transition, but also suppresses the expression 
of tumor suppressor gene NDRG121. Jia et al22 
have demonstrated that elevated expression of 
WISP-1 boosts the proliferation, invasion, and 
migration of gastric cancer BGC-823 and AGS 
cells. As a WISP1-related gene, CyclinD1 is ca-
pable of accelerating the proliferation of gastric 
cancer cells. Moreover, WISP1 stimulates tumor 
invasion and migration through epithelial-mesen-
chymal transition of gastric cancer cells.

In this study, we found that the expression level 
of WISP1 in HCC tissues was significantly upreg-
ulated. After analyzing the correlation between 
the expression of WISP1 with clinical pathologi-
cal features of HCC patients, our finding showed 
that high expression of WISP1 was positively as-
sociated with lymph node metastasis and clinical 
stage. Cox proportional hazard regression model 
demonstrated that WISP1 served as an indepen-
dent risk factor for the prognosis of HCC patients, 
which was the same as tumor size, tumor number, 
lymph node metastasis, and TNM stage. In vitro, 
we verified the promotion effect of WISP1 on the 
migration and invasion of HCC cells.

Conclusions

The results of this study showed that WISP1 
significantly promoted the progression of HCC. 
High expression of WISP1 was correlated with 
the metastatic ability of HCC cells. However, the 
specific role and molecular mechanism of WISP1 
in HCC remained to be further explored. 
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