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WISP1 indicates poor prognosis and regulates cell
proliferation and apoptosis in gastric cancer via
targeting AKT/mTOR signaling pathway
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Abstract: Purpose: Gastric cancer (GC) is a serious threat to human health. We aimed to explore the effects of Wntl
induced signaling protein 1 (WISP1) on GC. Methods: The WISP1 expressions in GC tissues were detected using
immunohistochemistry and qRT-PCR. The connection between GC prognosis and WISP1 expression was analyzed
via Pearson’s x? test. The WISP1 expressions were down-regulated in GC cells through siWISP1 transfection. Colony
formation assay and cell counting kit-8 assay were carried out to measure cell colony formation and proliferation,
respectively. Flow cytometry was operated to examine the cell cycle and apoptosis. The protein expressions in our
study were assessed using western blot. The AKT pathway was blocked by LY294002 treatment and then the cell
activities were assessed. Furthermore, GC mice models were established to investigate the effects of WISP1 on GC
in vivo. Results: We found that WISP1 was highly expressed in GC cells and tissues. The up-regulation of WISP1 was
related to poor prognosis of GC patients. WISP1 down-regulation reduced colony formation and cell proliferation,
resulted cell cycle arrest and promoted cell apoptosis in GC. WISP1 knockdown suppressed AKT/mTOR pathway
activity. LY294002 treatment recovered the decreases of colony formation and cell proliferation, arrest of cell cycle
and increase of cell apoptosis which were induced by WISP1 knockdown. WISP1 down-regulation repressed GC tu-
mor growth and enhanced tumor apoptosis in vivo. Conclusion: WISP1 regulated GC cell proliferation and apoptosis
in vivo and in vitro through activating AKT/mTOR pathway. WISP1 might be a target in GC therapy.
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Introduction

Gastric cancer (GC) is the third deadliest can-
cer in the world, and the second deadliest can-
cer in the digestive tract [1]. In the past 50
years, the incidence of GC in the world was
declined significantly, which was closely related
to the progress of sanitation, clean water sup-
ply and food preservation [2, 3]. However, GC is
still a global health problem. Worldwide, more
than 1 million new cases of GC were diagnosed
in 2018, and an estimated 783,000 people
died of the disease [1]. The related clinical sta-
tistical results show that the incidence and
death rate of GC in China account for about
50% of the total number of people in the world,
and the death rate of male patients with GC is
twice that of female patients [4].

In the early stage of GC, there are no obvious
symptoms. The first non-specific symptoms are
latent, such as abdominal discomfort, dull pain

and weight loss. They are very similar to those
of chronic gastritis and chronic gastric ulcer [5].
These symptoms are easy to be ignored by
patients and delay diagnosis and treatment.
Moreover, there is no specific clinical, imaging,
or even pathological manifestations in the early
stage of GC [6]. Therefore, early detection rate
of GC is still unfavorable. Most of the patients
with GC were in advanced stage when they were
admitted to the hospital and were accompa-
nied by lymphatic metastasis or distant tissue
and organ diffusion metastasis, resulting in low
treatment success rate, low surgical survival
rate and high 5-year mortality [7]. Therefore,
early diagnosis of GC and searching for prog-
nostic biomarkers are of great clinical signifi-
cance. In recent years, with the in-depth study
of the molecular mechanism of GC, a series
of molecular targeted biomarkers have been
found and gradually used in clinical treatment
[8], such as microRNA-130a (miR-130a) [9],
erythrocyte membrane protein band 4.1-like 5
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(EPB41L5) [10] and long non-coding RNA HOXA
transcript at the distal tip (LncRNA HOTTIP)
[11]. However, the understanding of biomark-
ers in GC remains to be deepened.

Wntl induced signaling protein 1 (WISP1), also
known as CCN4, is located on human chromo-
some 8p24.1-8p24.3 with molecular weight of
40 KDa [12]. WISP1, as a cellular matrix pro-
tein, is involved in a variety of cellular process-
es, including cell differentiation, proliferation,
metastasis and survival [13]. Mouse WISP1
homologues were first identified, and the ex-
pression of WISP1 homologues in high and low
metastatic cells was significantly different [14].
WISP1 was proved to regulate a number of
pathophysiological processes including inflam-
mation, wound repair, angiogenesis, and fibro-
sis [15, 16]. WISP1 has been reported to exert
significant abnormal expressions during the
occurrence and development in some tumors,
such as prostate cancer [17], laryngeal cancer
[18] and breast cancer [19]. However, its role in
GC is unclear.

In the present study, we found that WISP1 was
over-expressed in GC tumor tissues and cell
lines. And, the high expression of WISP1 indi-
cated the poor prognosis of GC patients. We
confirmed that the knockdown of WISP1 inhib-
ited GC cell proliferation and promoted cell
apoptosis in vitro and in vivo by regulating pro-
tein kinase B/mechanistic target of rapamycin
(AKT/mTOR) signaling pathway. Our findings
might provide a novel biomarker for the diagno-
sis, prognosis and accurate treatment of GC
patients.

Materials and methods
The Cancer Genome Atlas (TCGA) analysis

The expressions of WISP1 in 415 cases of GC
tumor tissues samples and in 34 cases of nor-
mal samples were downloaded from the TCGA
database (https://portal.gdc.cancer.gov/). The
expression levels of WSIP1 in all of the above
GC tissues and non-tumor normal tissues were
assessed and compared. In addition, the data
of the effect of WISP1 expression level on GC
patient survival rates was also harvested from
TCGA database.

GC tumor tissues

GC patients (n = 69) were enrolled in our
research, and these patients were not subject-
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ed with radiotherapy or preoperative neoadju-
vant chemotherapy. The 69 paired of GC tumor
tissues and adjacent non-tumor tissues were
collected from January 2010 to December
2013 at the First Affiliated Hospital of China
Medical University after these GC patients
underwent radical gastrectomy. This study was
approved by the Clinical Research Ethics
Committee of the First Affiliated Hospital of
China Medical University. The median WISP1
expression level in 69 cases of GC tissues were
analyzed using Kaplan-Meier survival analysis
through SPSS 18.0 (IBM, USA) and then acted
as truncation value. The GC tumor samples
with WISP1 expression higher than the me-
dian were classified as WISP1 high expression
group, while the samples with WISP1 expres-
sion lower than the median were classified as
WISP1 low expression group.

Cell lines

Human GC cell lines (MKN45, MKN28, HGC-27,
SGC7901 and BGC823) and normal gastric
mucosal epithelial cell (GES-1) were purchased
from the Type Culture Collection of the Chi-
nese Academy of Sciences (Shanghai, China).
Dulbecco’s Modified Eagle’s Medium high glu-
cose medium (DMEM), containing 10% fetal
bovine serum (FBS), 100 U/mL penicillin and
100 pg/mL streptomycin, was obtained from
Gibco (Grand Island, NY, USA). And, it was then
applied to incubate these cell lines in an incu-
bator at room temperature with 5% CO,,.

Cell transfection

Small interfering WISP1 (siWISP1) plasmid,
small interfering negative control (siNC) plas-
mid, short hairpin WISP1 (shWISP1) plasmid
and short hairpin negative control (shNC) plas-
mid were all commercially designed and pur-
chased from Genechem (Shanghai, China).
Lipofectamine 3000 that bought from Invi-
trogen (Carlsbad, CA, USA) was used to trans-
fect above plasmids into human GC cell lines
SGC7901 and/or BGC823 with the accordance
of manufacturer’s instructions.

Quantitative real-time polymerase chain reac-
tion (QRT-PCR)

TRIzoI® reagent, purchased from Invitrogen,
was employed to separate the total RNA essen-
tially according to the manufacturer’s protocol.
The First Strand cDNA Synthesis kit, oligo prim-
ers (dT) and RNA (1 pg), provided by Thermo

Am J Transl Res 2020;12(11):7297-7311



WISP1 regulates GC

Scientific (Waltham, MA, USA), were applied to
operate RT-PCR reactions at 42°C for 1 h to
harvest cDNA. The KAPA SYBR® FAST kit, pro-
vided by Sigma Aldrich (San Luis, MO, USA) and
specific primers were used to perform gRT-
PCR. The gRT-PCR was carried out in a Stra-
tagene Mx3000P real-time thermal cycler with
the cycling conditions as follow: one cycle at
95°C for 10 min, followed by 40 cycles at 95°C
for 15 s, 60°C for 15 s, 72°C for 20 s, and a
final cycle at 95°C for 1 min. The results were
analyzed with the A MxPro Qpcr software, ob-
tained from Agilent Technologies (Santa Clara,
CA, USA), was proceeded to analyzed the qRT-
PCR data and the data were then calculated
through the 244t method. B-actin was acted as
the normalized gene. The specific primers used
in our paper were as follows: WISP1: 5-CAGC-
ACACGCTCCTATCA-3’ and 5-CAAGCCCATCAG-
GACACT-3’; B-actin: 5-GCTCGTCGTCGACAACG-
GCTC-3" and 5-CAAACATGATCTGGGTCATCTT-
CTC-3..

Immunohistochemistry (IHC) assay

IHC was carried out to explore the expressions
of WISP1 and Ki-67 in GC tumor tissues and
normal tissues. Paraffin-embedded tissue sec-
tions (5 pym/section) thick were deparaffinized
with xylene, and then rehydration with a graded
series of ethanol (100%, 90%, 80% and 70%).
After washing with phosphate-buffered saline
(PBS), H,0, (0.3%) was applied to deactivate
the intrinsic peroxidase. Skim milk was then
used to block the intrinsic biotin, and the pri-
mary antibodies (WISP1 antibody and Ki-67
antibody) were employed to react with the sec-
tions. After washing, secondary antibody was
subsequently used to treat the sections, and
H,0, was supplemented to 3,3’-diaminobenzi-
dine tetrahydrochloride (DAB) to proceed reac-
tion. Then, methyl green was used to stain
the sections, and the expression of target pro-
teins were photographed under a light micro-
scope (x100, x200 and %400, Olympus, Tokyo,
Japan).

Cell counting kit-8 (CCK-8) assay

Cell proliferation was detected by CCK-8 assay
in our study. At 24 h after transfection, BGC823
and SGC7901 cells were collected and then
the single cell suspensions were prepared via
Eagle’'s minimum essential medium (EMEM) at
a dose of 4x10* cells/mL. Then, the cells were
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subsequently implanted in a 96-well plate at
a dose of 0.1 mL/well under aforementioned
conditions. A CCK-8 solution, bought from
Sigma-Aldrich (Merck KGaA), was supplement-
edtoeachwellatOh,24 h,48 hand 72 h. The
optical density (OD) values were detected at
450 nm by a microplate spectrophotometer
(Thermo Labsystems, Vantaa, Finland).

Colony formation assay

A RPMI-1640 medium was used to re-suspend
the cells and then petri dishes (35 mm) were
used to plate them at 37°C. The cells were then
washed with PBS and fixed with 4% paraformal-
dehyde for 20 min. Then, a Wright-Giemsa solu-
tion, purchased from Jiancheng Bioengineering
Institute (Nanjing, China), was used to stain the
cell lines for 5 min. The numbers of colony cell
were counted and imaged under a light micro-
scope (Olympus, Tokyo, Japan).

Flow cytometry

For cell cycle analysis, the GC cells were col-
lected (550%g, 5 min) and fixed with ethanol at
4°C for 2 h. Then, a total of 25 yL propidium
iodide (PI, Beyotime, Haimen, China) was used
to stain the ethanol-fixed cells at 37°C for 30
min. BD flow cytometer, which was purchased
from Franklin Lakes (NJ, USA), was performed
to measure the cell cycle distribution. For cell
apoptosis analysis, the cell lines in our study
was centrifuged at 309xg for 5 min, and then
washed with PBS. After that, Binding buffer was
used to re-suspend the cells at a density of
1x10°8 cells/mL. Then, Annexin V-FITC (5 L,
Thermo) and PI (10 uL, Beyotime) were used to
stain the cells at room temperature for 15 min.
Cell apoptosis was investigated by BD flow
cytometer (Franklin Lakes).

Western blot

The proteins in GC cell lines and tumor tissues
were extracted with Radioimmunoprecipitation
assay (RIPA, 500 uL, Thermo Fisher Scientific,
Illinois, USA) buffer. Protein concentrations
were determined using a BCA Protein Quanti-
fication kit that purchased from Thermo Fisher
Scientific (Darmstadt, Germany) with the accor-
dance of manufacturer’s protocol. A total of 50
ug proteins were isolated through 10% sodium
dodecyl sulfate-polyacrylamide gel electropho-
resis (SDS-PAGE) and then transferred onto

Am J Transl Res 2020;12(11):7297-7311



WISP1 regulates GC

polyvinylidene difluoride membranes. Non-fat
dry milk (5%) was used to block the membranes
at room temperature for 1 h specific primary
antibodies were used to incubate them at
4°C overnight. The primary antibodies were all
provided by Abcam (Cambridge, MA, USA) and
used were as follows: anti-WISP1 (1:1000, ab-
178547), anti-PCNA (1:1000, ab29), anti-Cyclin
D1 (1:200, ab16663), anti-Cleaved-caspase-3
(1:1000, ab2302), anti-caspase-3 (1:500, ab-
13847), anti-Bcl-2 (1:1000, ab32124), anti-
Bax (1:1000, ab32503), anti-p53 (1:1000,
ab26), anti-p-AKT (1:1000, ab38449), anti-AKT
(1:1000, ab175354), anti-p-mTOR (1:1000,
ab109268), anti-mTOR (1:2000, ab2732) and
anti-B-actin  (1:1000, ab8227). B-actin was
acted as the normalized protein. The blots were
assessed by an enhanced chemiluminescence
substrate kit (Thermo Fisher) according to the
manufacturer’s protocol. The bands were quan-
tified by ImageJ software (version 1.47, National
Institutes of Health).

AKT signaling pathway inhibitor treatment

The BCG823 cells were treated with AKT inhibi-
tor LY294002 (20 uM, ab120243, Abcam) to
block the AKT pathway according to the manu-
facturer’s instructions. The BCG823 cells were
subsequently divided into three groups: siNC,
siWISP1 and siWISP1 + LY294002 groups.
Then, the cell proliferation, colony formation,
cell cycle and apoptosis were detected. Each
treatment was performed in triplicate.

Xenograft GC tumor model

A total of 12 BALB/c nude mice (6 weeks) we-
re bought from Shanghai Laboratory Animal
Center (Shanghai, China) and then injected with
1x107 BGC823 cell lines that were stably trans-
fected with shWISP1 or shNC. The mice were
divided into shWISP1 group and shNC accord-
ing to the different treatments. Then, the vol-
umes of mice were monitored weekly using the
formula: volume = (length x width?)/2. At 21 d
after injection, the mice were sacrificed and the
tumor tissues were harvested. The tumor size
and weight were subsequently measured. In
addition, the expressions of Ki-67 and WISP1
in mice tumor tissues were detected using IHC
assay. And, the tumor apoptosis was deter-
mined using terminal deoxynucleotidyl trans-
ferase-mediated dUTP nick-end labeling (TU-
NEL) assay. The animal study was approved by
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the Ethics Committee of the First Affiliated
Hospital of China Medical University.

TUNEL assay

The apoptotic cells in mice tumor tissues were
stained using TUNEL experiment. In brief, para-
formaldehyde (4%) was used to fix the samples
in PBS at room temperature for 30 min and
then Triton X-100 (0.2%) was used to permeabi-
lize them for 30 min at room temperature. Next,
the tissue samples were incubated with TUNEL
solution (Roche Diagnostics GmbH, Mannheim,
Germany) was used to incubate the tissue sam-
ples with the accordance of manufacturer’s
protocols. Subsequently, 4’,6-diamidino-2-phe-
nylindole (DAPI) was applied to counterstain
the samples. The apoptotic cells was observed
under a laser confocal microscope that provid-
ed by Leica Microsystems (TcS SP5, Buffalo
Grove, IL, USA), and the percentage of TUNEL-
positive cells was monitored by counting from
random fields of view.

Statistical analysis

Statistical analysis was constructed using
SPSS 18.0 (IBM, USA), and the data were exhib-
ited as mean + standard deviation (SD) of at
least three independent experiments. The rela-
tionship between WISP1 and patients’ survival
rate were analyzed using Kaplan-Meier survi-
val analysis. The relationship between WISP1
expression levels and GC pathological features
(ages, gender, pathological stages, tumor size
and lymph node metastasis) was measured
using Pearson’s x? test. Student’s t-test or one-
way ANOVA were used to compare the differ-
ences among groups. Log-rank test was per-
formed to calculate P-value and P < 0.05 pre-
sented statistically significant.

Results
WISP1 overexpressed in GC tissues

Data from TCGA database showed that WISP1
was significantly over-expressed in GC tumor
tissues (n = 415) compared to that in non-
tumor tissues (n = 34) (P < 0.01, Figure 1A).
And, the data also elucidated that the survival
probabilities of the 97 cases of WISP1 high
expression patients were obviously lower than
the 295 cases of WISP1 low expression pa-
tients (P = 0.039, Figure 1B). Next, the expres-
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Figure 1. WISP1 was overexpressed in GC tissues. A. The data of WISP1 expressions in 415 cases of GC tumor tis-
sues and 34 cases of adjacent non-tumor tissues were downloaded from TCGA database. B. The effects of high (n
=97) or low (n = 295) WISP1 expression on GC patient survival rates were downloaded from TCGA database. C. The
expression levels of WISP1 in 69 cases of GC tumor tissues and matched normal tissues were detected using qRT-
PCR. D. The 69 cases of GC tumor tissues were divided into high WISP1 expression level and low WISP1 expression
level, and the relationship between WISP1 and patients’ survival rate were analyzed using Kaplan-Meier survival
analysis. E. The expression levels of WISP1 in 2 paired of GC tumor tissues and adjacent normal tissues were mea-

sured using IHC. Data were shown as mean + SD.

sions of WISP1 in 69 paired of GC tumor tis-
sues and adjacent non-tumor tissues were
detected using qRT-PCR and the results
revealed that WISP1 was notably highly
expressed in GC tumor tissues compared to
that in normal tissues (P < 0.01, Figure 1C).
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Then, the 69 cases of GC tumor samples were
divided into WISP1 high expression group and
low expression group according to the median
expression level of WISP and the relationship
between WISP1 expression and survival rate of
patients were analyzed. As shown as Figure 1D,
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Table 1. Correlation between WISP1 expression level and clinical fea-
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the survival rate of WISP1 high expression
group was remarkably lower than than of WISP1
low expression level (P =0.0311). Furthermore,
two pairs of GC tumor tissues and adjacent
non-tumor tissues were treated with IHC assay
to determine the WISP1 expressions. Similarly,
the results of IHC assay also demonstrated
that the WISP1 expressions in GC tumor tis-
sues were dramatically higher than those in
normal tissues (P < 0.01, Figure 1E). In addi-
tion, the relationship between WISP1 expres-
sion and GC pathological features were moni-
tored and the results were displayed as Table
1. Obviously, the WISP1 expression was related
to pathological stage and tumor size. These
results showed that WISP1 was over-expressed
in GC tissues and its over-expression indicated
poor prognosis of GC patients.

Knockdown of WISP1 inhibited cell prolifera-
tion and promoted cell apoptosis in GC cell
lines

The expression levels of WIPS1 in normal cell
lines GES-1 and GC cell lines including MKN45,
MKN28, HGC-27, BGC823 and SGC7901 were
detected using qRT-PCR and western blot. Data
from gRT-PCR and western blot both showed
that WISP1 expressions in GC cell lines were
significantly higher than that in GES-1 cell lines
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SGC7901 cell lines (P <

0.01). The effects of
WISP1 knockdown on GC cell apoptosis and
cell cycle were both assessed using flow cytom-
etry and the results showed that siWISP1 trans-
fection notably promoted cell apoptosis and
induced cell cycle arrest in G1 phase (P < 0.01,
Figure 2G, 2H). These results proved that the
knockdown of WISP1 could suppress cell prolif-
eration and colony formation as well as enhance
cell cycle arrest and apoptosis in GC cell lines.

Knockdown of WISP1 inhibited the activity of
AKT/mTOR pathway signaling pathway in GC
cells

To further investigate the impacts of WISP1
in GC, the expression levels of proliferation-
related factors (PCNA and Cyclin D1) and apop-
tosis-related factors (caspase-3, cleaved-cas-
pase-3, Bcl-2, Bax and p53) in BCG BCG823
and SGC7901 cell lines that transfected with
siWISP1 or siNC were detected using western
blot. Results of western blot showed that
WISP1 knockdown significantly decreased the
expressions of PCNA, Cyclin D1 and Bcl-2 and
increased the expressions of cleaved-cas-
pase-3, caspase-3, Bax and p53 compared
with siNC group (P < 0.01, Figure 3A). Then, we
assumed that WISP1 affected GC development
through regulating AKT/mTOR signaling path-
way according to previous studies [20, 21]. To
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Figure 2. Knockdown of WISP1 inhibited cell proliferation and colony formation, interdicted cell cycle and promoted cell apoptosis in GC. The expression levels of
human normal gastric mucosal epithelial cell GES-1 and GC cell lines including MKN45, MKN28, HGC-27, BGC823 and SGC7901 were detected using (A) gRT-PCR
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and (B) western blot. GC cell lines BGC823 and SGC7901 were transfected with siWISP1 or siNC, the transfection
efficiency was measured using (C) qRT-PCR and (D) western blot. (E) After transfection, the cell proliferation was
analyzed using CCK-8 assay. (F) The colony cell number was assessed using cell colony formation assay. (G) The cell
cycle and (H) apoptosis were determined using flow cytometry. Data were shown as mean + SD. *P < 0.05, **P <
0.01 vs siNC groups.
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Figure 3. Knockdown of WISP1 inhibited the activity of AKT/mTOR pathway signaling pathway in GC cells. A. The
protein expression levels of PCNA, Cyclin D1, cleaved-caspase-3, caspase-3, Bcl-2, Bax and p53 in GC cell lines
BGC823 and SGC7901 that were transfected with siWISP1/siNC were detected using western blot. B. The protein
expression levels of p-AKT/AKT and p-mTOR/mTOR in GC cell lines BGC823 and SGC7901 that were transfected
with siWISP1/siNC were measured using western blot. B-actin was served as the normalized protein. Data were
shown as mean = SD. *P < 0.05, **P < 0.01 vs siNC groups.

verify the assumption, the expressions of AKT/
mTOR related proteins, including p-AKT/AKT
and p-mTOR/mTOR, were measured using
western blot. As shown as Figure 3B, the
expression levels of p-AKT/AKT and p-mTOR/
mTOR were both memorably down-regulated in
siWISP1 group when compared to that in siNC
group (P < 0.01). These data confirmed that the
silence of WISP1 inhibited proliferation, pro-
moted apoptosis and inactivated AKT/mTOR
signaling pathway.
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Knockdown of WISP1 acted on GC cell activi-
ties via regulating AKT/mTOR signaling path-
way

To further explore the molecular mechanism of
WISP1 in GC, GC cell line BGC823 was trans-
fected with AKT inhibitor LY294002 and/or
siWISP1, and the BGC823 cell lines were sub-
sequently divided into three groups: siNC,
siWISP1 and siWISP1 + LY294002 groups.
Then, the cell proliferation, colony formation,
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cell cycle were apoptosis detected. CCK-8
assay showed that LY294002 treatment signifi-
cantly restored the decrease of cell prolifera-
tion that induced by siWISP1 transfection (P <
0.01, Figure 4A). Next, data from colony forma-
tion assay exhibited that the colony cell number
of siWISP1 + LY294002 group was remarkably
more than that of siWISP1 group (P < 0.01,
Figure 4B). Moreover, results of flow cytometry
revealed that LY294002 treatment could mark-
edly relieved the cell cycle arrest and cell apop-
tosis that induced by siWISP1 transfection (P <
0.01, Figure 4C, 4D). In addition, the expres-
sion levels of PCNA, Cyclin D1, cleaved-cas-
pase-3, caspase-3, Bcl-2, Bax and p53 were
monitored using western blot and the results
of western blot was shown as Figure 4E.
Obviously, LY29004 could regain the decreas-
es of PCNA, Cyclin D1 and Bcl-2 expressions
and the increases of cleaved-caspase-3, cas-
pase-3, Bax and p53 expressions which were
induced by siWISP1 transfection (P < 0.01).
These results suggested that the effects of
WISP1 knockdown on GC cell proliferation, col-
ony formation, cell cycle and apoptosis were
eliminated when the AKT/mTOR signaling path-
way was blocked.

Knockdown of WISP1 inhibited GC tumor
growth and accelerated tumor apoptosis in
Vivo

To examine the influences of WISP1 on GC in
vivo, nude mice were used to establish GC
animal models. BGC823 cell lines that trans-
fected with shWISP1 or shNC were injected into
nude mice and the mice were subsequently
divided into shNC group and shWISP1 group. As
shown as Figure 5A-C, the tumor volumes,
sizes and weights of mice in shWISP1 groups
were all significantly less than that in shNC
group (P < 0.01). IHC assay showed that the
expressions of Ki-67 and WISP1 were both
notably decreased in shWISP1 group when
compared to shNC group (P < 0.01, Figure 5D).
Furthermore, images from TUNEL assay re-
vealed that the TUNEL-positive cells in shNC
group were markedly more than that in shWISP1
group (P < 0.01, Figure 5E). Then, the expres-
sions of p-AKT/AKT and p-mTOR/mTOR in the
mice tumor tissues were detected using west-
ern blot. As shown as Figure 5F, the p-AKT/AKT
and p-mTOR/mTOR expressions were both sig-
nificantly inhibited in shWISP1 group when
compared to that in shNC group (P < 0.01).
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Above results illustrated that the knockdown
of WISP1 could repress GC tumor growth and
proliferation and facilitate tumor apoptosis in
vivo.

Discussion

GC is one of the most common cancers of the
digestive tract worldwide with a high morbidity
and mortality [1]. In recent years, a large num-
ber of researches on the pathogenesis of GC
show that the development of GC is a complex
pathophysiological process involving multiple
factors, procedures and pathways. A variety of
carcinogenic factors, tumor suppressor factors
and inflammatory mediators are implicated in
the GC occurrence [22]. Therefore, in-depth
study of the pathogenesis and development of
GC is of great significance for improving the
early diagnosis rate and clinical prognosis of
GC patients. Many scholars have reported va-
rious biomarkers that could act on GC. Bra-
sacchio et al. [23] reported that p300/CBP-
associated protein (PCAF)/adaptor protein 3
(ADA3) acted as a tumor inhibitor and effected
on the process of premalignant to malignant
change in GC via the mitochondrial pathway.
Kanda et al. [24] found that synaptotagmin VIII
(SYT8) was overexpressed in GC tissues and
its high expression was related to peritoneal
metastasis, and they also proved that SYT8
might be a prognostic biomarker in GC therapy.
Zhang et al. [25] confirmed that IncRNA HOXC-
AS3 played as a oncogene in GC and indicated
poor prognosis, and it could modulate the
occurrence and progression of GC via targeting
YBX1. However, people’s understanding of bio-
markers is still limited, and the functions of
various genes that affect GC need to be
explored.

WISP1 was reported as a carcinogenic gene in
many cancers. Lee et al. [26] reported that
WISP1 indicated high risk of urothelial cell car-
cinoma development and its expression was
related to large tumor size and invasive tumor
of urothelial cell carcinoma. Deng et al. [27]
found that WISP1 could induce metastasis and
invasion in melanoma via enhancing the epi-
thelial-mesenchymal transition. Chang et al.
[28] proved that WISP1 negatively regulated
miR-153-3p expression and activated Snail
and FAK/ILK/AKT signaling pathways in oral
squamous cell carcinoma. However, the role of
WISP1 played in GC has not been reported.

Am J Transl Res 2020;12(11):7297-7311



WISP1 regulates GC

A B M siNC
-+ SiWISP1+LY294002 ) . [ S!WISP1
-= siWISP1 siWISP1 siWISP1+LY294002 B siWISP1+LY294002
1.5- - siNC . . Sy - N .:& > \\\ 400+
£ : Q I 0 g E‘ 300- 4
= 1.0 * 8 §
g 8 > 200+ ~
[}
8 02 g 100
0.0 0

C . . . M siNC
SiNC SiWISP1 siWISP1+LY294002 I siWISP1

s ge " - . i M siWISP1+LY294002

§ . : - § - 100. ek
Q - s g 80 #
fe'e) ] 8 o 4
SRk ] i 8 60

] = 401

8 ‘ 2-: g ° *k

g 1 e O 204 #

° T f T T 1 - ° 0-

® Reon *® Rmeea OO % e O™ G1 S G2
D B siNC
0 siWISP1
siNC siWISP1 siWISP1+LY294002 40- B siWISP1+LY294002

‘©72.28% 1.93% 2] 7.80% 2 To51% 6.75% X >k

2 2 ] 2 ] o 301
o 7 - by 2
N : z z 2] z 2] 5 20 2

a2 & 21 21

8 S S B & %
(a] - - < = 10

< < |72.049 20.00% < “11.26% © 0

- " 102 163 1:)‘ 155 1?)6 :57 11032 107 103 10% 105 106 107 1082

FITC-H FITC-H FITC-H

7306 Am J Transl Res 2020;12(11):7297-7311



WISP1 regulates GC

PCNA [ - -

. W siNC
Cyclin DT [l S B SWISP1
2.0, SWISP1+LY294002

Cleaved-caspase-3 _
- g § 1.5 **x

ac 1.0
o2 e

B T = z 94

Bel-2 — sg 05 #

| N o, | & E 0.0

- F DD gD

—_— NP

i c}e?

Figure 4. Knockdown of WISP1 modulated GC cell activities via regulating AKT/mTOR signaling pathway. GC cell lines BGC823 were divided into three groups, includ-
ing siNC group, siWISP1 group and siWISP1 + LY294002 group. (A) The cell proliferation was detected using qRT-PCR. (B) The colony cell number was measured
using cell colony formation assay. (C) The cell cycle and (D) apoptosis were determined using flow cytometry. (E) The protein expression levels of PCNA, Cyclin D1,
cleaved-caspase-3, caspase-3, Bcl-2, Bax and p53 were monitored using western blot. B-actin was served as the normalized protein. Data were shown as mean *
SD. **P < 0.01 vs siNC group, #P < 0.05 vs siWISP1group, ##P < 0.01 vs siWISP1 group.
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Figure 5. Knockdown of WISP1 inhibited GC tumor growth and accelerated tumor apoptosis in vivo. (A) The tumor
volumes of GC mice models were measured weekly after injection. (B) The tumor sizes and (C) weights of GC mice
models were monitored after the mice were killed. (D) The expression level of Ki-67 and WISP1 were detected using
IHC. (E) The apoptotic cells in mice GC tumor tissues were assessed using TUNEL assay. Data were shown as mean
+ SD. (F) The expression levels of p-AKT/AKT and p-mTOR/mTOR were detected using western blot. **P < 0.01 vs

shNC group.

In the present study, we firstly found that WISP1
was highly expressed in GC tissues and cell
lines and the over-expression of WISP1 was
associated with the shorter survival rate and
poor prognosis of GC patients. Then, the
expressions of WISP1 in human GC cell lines
BGC823 and SGC7901 were down-regulated
through siWISP1 transfection. The cell prolifer-
ation and colony formation were respectively
detected using CCK-8 assay and cell colony
assay while the cell cycle and apoptosis were
both measured using flow cytometry. Our
results showed that the knockdown of WISP1
inhibited cell proliferation and colony forma-
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tion, promoted cell apoptosis and induced cell
cycle arrest in GC cell lines. PCNA [29] and
Cyclin D1 [30] have been reported as the pro-
proliferation factors. Cleaved-caspase-3, cas-
pase-3, Bax and p53 were recognized as the
pro-apoptosis factors while Bcl-2 was known
as an anti-apoptosis factor [31]. To further
define the effects of WISP1 on GC cells activi-
ties, the protein expressions of PCNA, Cyclin
D1, cleaved-caspase-3, caspase-3, Bcl-2, Bax
and p53 were determined using western blot.
The results showed that siWISP1 transfection
suppressed PCNA, Cyclin D1 and Bcl-2 expres-
sions and enhanced cleaved-caspase-3, cas-
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pase-3, Bax and p53 expressions in GC cell
lines. It further proved that the knockdown of
WISP1 inhibited cell proliferation and promoted
cell apoptosis in GC cells.

Then, we predicted that WISP1 affected GC
through AKT/mTOR signaling pathway based on
previous studies [20, 21]. To verify the predic-
tion, the expression levels of p-AKT/AKT and
p-mTOR/mTOR of transfected GC cell lines were
detecting using western blot. Data from west-
ern blot displayed that the knockdown of WISP1
significantly reduced the expressions of p-AKT/
AKT and p-mTOR/mTOR in GC cell lines BGC823
and SGC7901. In addition, to further validate
the prediction, the AKT signaling pathway was
interdicted in BGC823 cell lines that transfect-
ed with siWISP1 by LY294002 treatment. We
found that the decreases of cell proliferation
and colony formation, the arrest of cell cycle
and the increase of cell apoptosis, which were
induced by siWISP1, were recovered when the
cells were underwent LY294002 treatment.
Besides, we also found that LY294002 treat-
ment recovered the decreases of PCNA, Cyclin
D1 and Bcl-2 expressions and the increases of
cleaved-caspase-3, caspase-3, Bax and p53
expressions in GC cell lines which were induced
by WISP1 knockdown. These results elucidated
that WISP1 regulated GC cell activities through
AKT/mTOR signaling pathway in vitro.

Furthermore, GC nude mice model was con-
structed to investigate the role of WISP1 play-
ed on GC tumor growth in vivo. We elucidated
that the tumor volumes, sizes and weights of
shWISP1 group mice were all less than that in
shNC groups. And, we found that the knock-
down of WISP1 inhibited Ki-67 expression and
increased TUNEL-positive cells in vivo. Besides,
p-AKT/AKT and p-mTOR/mTOR expressions in
tumor tissues of the two groups of mice were
detected using western blot. Data from west-
ern blot exhibited that the down-regulation of
WISP1 reduced the expression levels of p-AKT/
AKT and p-mTOR/mTOR in vivo. These results
illustrated that WISP1 knockdown could sup-
press tumor growth and proliferation and accel-
erated tumor apoptosis through AKT/mTOR sig-
naling pathway in vivo.

In conclusion, the current study demonstrated
that knockdown of WISP1 inhibited cell prolif-
eration and colony formation, interdicted cell
cycle and promoted cell apoptosis in GC via
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regulating AKT/mTOR signaling pathway in vitro
and in vivo. These findings provided a novel
insights and theoretical basis into the applica-
tion of WISP1 in the GC therapy.
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