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Abstract: Globally, gastric cancer is the second-greatest cause of cancer death. ARHGAP18
belongs to the Rho family of GTPases which is involved in cellular migration, invasion, and
growth phases. The aim of the present study was to investigate whether ARHGAP18 could
regulate cell proliferation, migration, invasion, and related molecular mechanisms in gastric
cancer. Cell Counting Kit-8 (CCK-8) assay results showed that following transfection of a
recombinant plasmid, over-expression of ARHGAP18 inhibited cell viability in MGC-803 and
BGC823 cells. Using in vitro transwell analysis, migration and invasion abilities were signifi-
cantly inhibited in cells with high ARHGAPI18 expression. Phosphorylation levels of ERK,
INK, and p38 by Western blot analysis significantly declined after transfection of cells with
the ARHGAPI8 plasmid. Expression levels of ROCK, MTA1, and MMP-2/9 were detected by
real-time polymerase chain reaction and Western blotting, and over-expression of ARHGAP18
decreased the expression levels of ROCK, MTA1, and MMP-9. A further in vivo tumor forma-
tion study in nude mice indicated that over-expression of ARHGAP18 delayed the progress of
tumor formation. These results indicate that ARHGAP18 could act as a tumor suppressor and
may serve as a promising therapeutic strategy for gastric cancer.
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Introduction
Gastric cancer is the most common digestive carcinoma, and its incidence and
mortality rates, which are very high, show regional features. Asian countries are high
prevalence regions, and major reasons are the spread and metastasis of cancer cells.!
On examination, we have found that more than 50% of patients do not have obvious
or typical symptoms. Therefore, the patients with locally advanced gastric cancer are
vulnerable to peritoneum, and more distant, metastasis and can lose the chance of
surgery. Regarding well-differentiated gastric cancer, 50%—65% of patients cannot
be cured by surgery.* Although there are many therapeutic options for gastric cancer
patients including surgery, chemotherapy, and radiotherapy, the therapeutic efficacy
is not ideal for intermediate-advanced stage gastric cancer patients.® Thus, detailed
investigation of invasion- and migration-related molecular mechanisms to find key
targets is important for gastric cancer control and prevention.

ARHGAPIS (alias SENEX) is located at chromosome 4q31.23. It encodes a protein
of approximately 75 KD which is composed of 663 amino acids. ARHGAPI18 has
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RhoGAP determinants and belongs to the GAP family.5'°
The Rho family of GTPases consists of more than 20 different
members and is divided into seven subgroups including
Cdc42, Rac, Rho, Rnd, RhoD, RhoH, and RhBTB, which
regulate different aspects of the actin-myosin cytoskeleton
including affecting cell polarity, migration, adhesion, and
endocytosis. According to the previously mentioned research,
we suspected that ARHGAPI8 is involved in the regulation
of gene transcription, cell cycle, and cell apoptosis.!'?
In the Rho GTPase family, Cdc42, Racl, RhoA, and Rho
are typical members.'? RhoA and Racl proteins play a key
role in the whole process of cell migration. Activation of
Racl regulates the contractile speed of cells and the change
of cytoskeleton, PAK protein, as effectors of RhoA and
Racl, promote cell adhesion.!*!* Therefore, ARHGAPI8, as
anovel RhoGAP, may regulate cell proliferation, migration,
and invasion in cancer.

MAPKSs belong to serine/threonine protein kinase and
can be activated by many stimuli including cytokines,
growth factor, neurotransmitter, hormone, stress, and
adhesion. Therefore, MAPKs can be involved in the process
of cell division.'>!"” However, more importantly, MAPKs
can regulate the whole process from beginning to end in
nearly all cells. In mammals, MAPK signaling pathways
are involved in many reactions affecting cell proliferation,
differentiation, and apoptosis. The MAPK family is divided
into five subfamilies: ERK1/2, JNK, p38, ERK3/4, and
ERKS5.%22 In addition, MAPKKKK or MAPKKK can
interact with Ras/Rho family to activate MAPKKK and
result in the phosphorylation and activation of MAPK
signaling pathway.? Many studies have confirmed that
MAPK signaling pathway was activated in gastric cancer,
lung cancer, ovarian cancer, and liver cancer.?*?’ Therefore,
we speculated that ARHGAP18 might be the downstream
factor of MAPK pathways. In this study, clinical specimens
and gastric cancer cell lines were used to detect ARHGAP18
expression to further verify the assumption. Our results
confirmed that ARHGAPI1S8 acted as a tumor suppressor
and might serve as a promising therapeutic strategy for
gastric cancer.

Materials and methods

Tissue specimen collection of gastric
cancer patients

Forty-six gastric cancer patients had signed the informed
consent form before surgery. The samples of gastric cancer
tissues and benign gastric tumor tissues surgically removed
in the First Affiliated Hospital of China Medical University

were collected from 2014 to 2015. Adjacent normal tissues
were collected as negative controls. Preoperative clinical and
pathological follow-up data were collected, and the related
analysis was done with the permission of all patients. The
research was approved by the ethics committee of The Fifth
People’s Hospital of Shenyang City.

Cell culture

Normal gastric cell line (GES-1) and gastric cancer cell
lines (AGS, MGC-803, MKN-45, MKN-28, HGC-27,
and BGC823) were obtained from the Shanghai Cell
Bank, Chinese Academy of Sciences (Shanghai, People’s
Republic of China) and were cultured in complete RPMI
1640 media supplemented with 10% FBS, 50 U/mL
penicillin, and 50 pug/mL streptomycin (Thermo Fisher
Scientific, Waltham, MA, USA). The cells were incubated
in a humidified atmosphere (SHEL-LAB, Portland, OR,
USA) at 37°C with 5% CO,,.

Cell treatment and transfection

Cells in logarithmic growth phase were seeded in a
6-well plate and cultured for 24 h. Recombinant plas-
mids were transfected into cells using Lipofectamine™
LTX (Thermo Fisher Scientific) according to the
manufacturer’s instructions. Briefly, 2 ug of pIRES2-
ZsGreenl-vector or pIRES2-ZsGreen1-ARHGAP18 (Sangon
Biotech Inc., Shanghai, People’s Republic of China), 5 UL
of Lipofectamine LTX, and 250 uL Opti-MEM®™ were
mixed well and incubated for 25 min at room temperature.
Five-hundred microliters of mixture was added into a 6-well
plate with RPMI 1640 medium and cultured for 48 h, after
which the transfected cells were harvested and used for the
next experiment.

Detection of cell viability by Cell
Counting Kit (CCK-8) assay

The 4x10° cells were seeded in each well of a 96-well plate
and cultured for 24 h. pIRES2-ZsGreenl-vector or pIRES2-
ZsGreenl-ARHGAPI18 was respectively transfected into
cells and cultured for another 12, 24, and 48 h. Cell viability
was determined by using CCK-8 (Dojindo Molecular
Technologies, Gaithersburg, MD, USA). CCK-8 reagent was
added to each well 1 h before the endpoint of incubation.
Optical density at 450 nm in each well was determined using
amicroplate reader (Tecan Safire, Ménnedorf, Switzerland).
Experiments were repeated at least three times, each time
in triplicate.
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Transwell assay in vitro

Cells in logarithmic phase were digested with 0.25% trypsin
(Thermo Fisher Scientific) and then suspended in RPMI
1640 (Hyclone, Logan, UT, USA) medium containing 10%
FBS (Thermo Fisher Scientific). The viable cells were then
seeded in a 24-well transwell chamber with a pore size
of 8 um (Sigma-Aldrich Co., St Louis, MO, USA). The
inserts were coated with 50 uL Matrigel (diluted at 1:2;
BD Biosciences, San Jose, CA, USA). Cells were counted
with a hemocytometer using 0.4% trypan blue (Sigma-
Aldrich Co.) and seeded at a density of 1x10° cells/well
in serum-free RPMI 1640. RPMI 1640 plus 10% FBS was
placed in the lower chamber as a source of chemo-attractant.
Cells were allowed to migrate through a porous, uncoated
membrane (BD Biosciences) for 12 h at 37°C. Incubation
was carried out for 48 h at 37°C in humidified air with 5%
CO,. Non-migratory cells in the upper chamber were then
removed with a cotton-tip applicator. Migrated cells on the
lower surface were fixed with methanol and stained with
hematoxylin. The number of migrating cells was determined
by counting five randomly selected high power fields under
amicroscope (Olympus Corporation, Tokyo, Japan) on each
membrane and calculated as mean number of cells/field.
The procedure for the cell invasion assay was similar to the
cell migration assay, except that the transwell membranes
were precoated with Matrigel (BD Biosciences).

In vivo experiments

For tumor growth assay, cells transfected with pIRES2-
ZsGreenl-vector or pIRES2-ZsGreenl-ARHGAP18 were
trypsinized, washed, and resuspended in RPMI 1640
without FBS. Six male athymic nude mice were purchased
from Medical Experimental Center of Guangdong Province
(People’s Republic of China). The animals were housed at
20°C-22°C with a 12-h light/dark cycle and fed standard
chow and water ad libitum. The procedures in this study
were approved by the Animal Ethics Committee of the First
Affiliated Hospital, China Medical University (Shenyang,
People’s Republic of China) and performed in accordance
with the guidelines for the use of experimental animals from
the National Institutes of Health.

All mice were randomly divided into two groups (three
mice/group), and 5x10* cells were subcutaneously injected
into the right armpit of each mouse. The tumor size was
determined every 57 days after injection. At 30 days after
injection, the mice were euthanized and the excised tumor
tissues were measured.

Reverse transcription and real-time

polymerase chain reaction (RT-PCR)

The expression levels of ARHGAP18, RhoC, MTA1, and
MMP-2/-9 mRNA were determined by RT-PCR. Cells were
seeded ata density of 5x10° cells/well in 6-well plates, cultured
overnight, and then transfected with pIRES2-ZsGreenl-
vector or pIRES2-ZsGreenl-ARHGAPI18 for 48 h. Total
RNA was isolated from cells using Total RNA kit Maxi Kit
(Omega, Dalian, People’s Republic of China) and quantified.
RNA in gastric cancer tissues was extracted from 46 tumor
tissues and adjacent tissues by TRIzol reagent (Thermo
Fisher Scientific) on ice. cDNA was then synthesized from
5 ug RNA in cells or tissues using Avian Myeloblastosis
Virus (AMV) reverse transcriptase (Fermentas, Shanghai,
People’s Republic of China) according to the manufacturer’s
instructions. RT-PCR was performed using SYBR® Green
10x Supermix (Takara, Dalian, People’s Republic of China)
in a 25 pL total volume and on ABI 7500 Fast Thermocy-
cler (Thermo Fisher Scientific). The PCR cycles were 95°C
for 10 min, followed by 40 cycles at 95°C for 15 s and
annealing/extension at 60°C for 45 s. Primers were designed
by Shanghai Sangon Company (Shanghai, People’s
Republic of China) and were as follows: ARHGAPI8, for-
ward: 5-GGATCCCTGGAGCTGCCATT-3’ and reverse:
5-GGCAACTCCCGAATGAAGAGC-3’ (product: 139 bp);
RhoC, forward: 5'-ACATGGCGAACCGGATCAGT-3" and
reverse: 5-CGCTTGTTCTTGCGGACCTG-3’ (product: 121
bp); MTA1, forward: 5’-CGAGACCGAGTCGCTCAAGT-3’
andreverse: 5-CTGCCTGGTACCGGTTTCCT-3’ (product:
131 bp); MMP-2, forward: 5'-CGCCATGTCCACT
GTTGGTG’-3" and reverse: 5-TGTGGTCGCACA
CCACATCT-3’ (product: 130 bp); MMP-9, forward:
5’-TGATTGACGACGCCTTTGCC-3" and reverse:
5’-CCGCGACACCAAACTGGATG-3’ (product: 114 bp);
GAPDH, forward: 5-AGCTCACTGGCATGGCCTTC-3’
and reverse: 5'-CGCCTGCTTCACCACCTTCT-3’
(product: 116 bp). GAPDH was used as control of the input
RNA level. The gene expression was calculated using the
2744t method.

Western blot assay

The expression levels of ARHGAPIS8, RhoC, MTA1, and
MMP-2/-9 protein and the phosphorylation levels of ERK, INK,
and p38 in cells after pIRES2-ZsGreen1-vector or pIRES2-Zs-
Greenl-ARHGAPI8 transfection were quantified by Western
blot assay. Cells were seeded at a density of 5x10° cells/well
in 6-well plates, cultured overnight, and then transfected with
pIRES2-ZsGreenl-vector or pIRES2-ZsGreen1-ARHGAP18
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for 48 h. Protein in these cells was extracted using Total Pro-
tein Extraction Kit and Phosphorylation Protein Extraction
Kit (both BestBio and Bio-Technology Limited, Shanghai,
People’s Republic of China). Gastric cancer tissues were
harvested and washed twice with PBS and lysed in ice-cold
RIPA (radioimmunoprecipitation assay; Beyotime, Shanghai,
People’s Republic of China) with freshly added 0.01% protease
inhibitor PMSF (phenylmethylsulfonyl fluoride; Amresco,
Shanghai, People’s Republic of China) and incubated on
ice for 30 min. Five-hundred microliters of protein extrac-
tion solution were added to 5x10° cells in the 6-well plates,
and the lysed cells and tissues were collected after being
centrifuged at 1,000x g for 10 min at 4°C and washed with
2 mL PBS (Beyotime Institute of Biotechnology) twice. The
protein concentration of the extracts was measured by BCA
Protein Quantitation Kit (Keygen Biotech. Co., Ltd, Nanjing,
Jiangsu, People’s Republic of China). Samples containing
equal amounts of proteins (25 pg) were boiled in sodium
dodecyl sulfate (SDS) sample buffer and then analyzed by
10% SDS-PAGE (sodium dodecyl sulphate-polyacrylamide
gel electrophoresis; Beyotime Institute of Biotechnology). The
proteins were electrotransferred to nitrocellulose membranes
(Merck Millipore, Billerica, MA, USA), and blocked with
5% non-fat milk in Tris-buffered saline and 0.1% Tween 20
(TBST) with shaking at room temperature for 1 h. Membranes
were incubated with primary antibodies targeting ARHGAP18
(1:1,000; abcam, Cambrige, UK), RhoC (1:800; abcam),
MTAL (1:1,000; abcam), MMP-2 (1:800; abcam), MMP-9
(1:600; abcam), ERK (1:1,000; Cell Signaling Technology,
Danvers, MA, USA), JNK (1:1,000; CST), p38 (1:1,500; CST),
p-ERK (Thr202/Tyr204; 1:500, CST), p-JNK (Thr183/Tyr185,
1,800; CST), p-p38 (Thr180/Tyr182, 1:1,000; CST), and
GAPDH (1:2,500; Beyotime Biotechnology, Wuhan, People’s
Republic of China) overnight at 4°C. After washing with TBST
three times, 5 min each time, the membranes were incubated
with HRP-conjugated secondary antibody (1:2,000; Beyotime)
in TBST at room temperature for 1 h. Equal sample loading
was confirmed using GAPDH. Protein expression was detected
using enhanced chemiluminescence (Thermo Fisher Scientific).
The protein bands were quantified using Quantity One software
v4.62 (Bio-Rad Laboratories Inc., Hercules, CA, USA).

Statistics

All data represent the mean + SD. Statistical analyses were
performed using a two-tailed Student’s #-test when compar-
ing two groups for in vitro and in vivo studies, and one-way
ANOVA test (Dunnett’s multiple comparisons test when
comparing multiple groups with control group, Tukey’s

multiple comparisons test when making multiple pair-wise
comparisons between different groups) for multiple group
comparison. P<<0.05 was considered significant.

Results
Low expression of ARHGAP[8 in gastric

cancer specimens and cell lines

ARHGAP18 mRNA expression was detected in a panel of
surgically resected gastric cancer specimens and correspond-
ing adjacent normal gastric specimens by means of RT-PCR.
As shown in Figure 1A, ARHGAP18 mRNA expression was
decreased significantly in tumor tissues compared to that of
normal tissues. MGC-803 and BGC823 cells, as ARHGAP1§-
low populations, were selected from gastric cancer cell lines
including AGS, MGC-803, MKN-45, HGC-27, and BGC 325,
and normal gastric cell GES-1, using RT-PCR and Western
blot methods (Figure 1B-D). This showed that the low expres-
sion of ARHGAP18 might be related to gastric cancer.

ARHGAP |8 over-expression in MGC-
803 and BGC823 cell lines inhibits cell

proliferation

MGC-803 and BGC823 cell lines were used to examine
changes in cell viability after ARHGAP18 over-expression;
the results are shown in Figure 2. ARHGAP 18 over-expression
revealed abundant expression of ARHGAP18 at both mRNA
and protein levels by means of RT-PCR and Western blot,
respectively in MGC-803 and BGCS823 cells. (Figure 2A-D).
CCK-8 assay results showed that transfection with 4RH-
GAP18 expression vector (pIRES2-ZsGreenl-ARHGAPI18)
resulted in a gradual and apparent decrease in cell prolifera-
tion in MGC-803 and BGC823 cells (Figure 2E and F). In
MGC-803 cells, the cell viabilities of control group at 12, 24,
and 48 h were respectively 100%19.86%, 100%=%7.25%, and
100%=11.3% (Figure 2E). There was no significant differ-
ence in cell viability between the control group and normal
control (NC)-vector (IRES2-ZsGreenl-vector) group. After
being transfected with ARHGAP18 plasmid for 12, 24, and
48 h, the cell viabilities were 79%+5.72%, 62%%3.89%, and
50%=%2.77%, respectively (Figure 2E). In BGC823 cells, the
cell viability had a similar trend to that of MGC-803 cells
for control and NC-vector groups (Figure 2F). Following
transfection with ARHGAP18 for 12 and 24 h, BGC823 cell
viabilities were 71%+6.11% and 54%13.52%, respectively,
and after 48 h, cell viability was reduced to 33% (Figure 2F).
These results suggested that the over-expression of ARH-
GAPI8 could significantly reduce cell proliferation in gastric
cancer cell lines.
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Figure | Lower expression of ARHGAP|8 was found in the gastric cancer tissues and cell lines.

Notes: (A) Forty-six gastric cancer tissue samples and adjacent normal tissue samples were collected, RT-PCR was used for detecting mMRNA expression level of ARHGAPI 8;
(B) RT-PCR was used for detecting mRNA expression level of ARHGAPI8 in gastric cancer cell lines (AGS, MGC-803, MKN-45, MKN-28, HGC-27, BGC823); (C and D)
Western blot was used to detect the expression level of ARHGAP 8 in gastric cancer cell lines. GAPDH was also detected as the control of sample loading. Data are expressed
as the mean * SD for three independent experiments. *P<<0.05 compared with normal tissue. **P<<0.0| compared with normal tissue or **P<<0.0| compared with GES-1.

Abbreviations: Norm, normal; RT-PCR, real-time polymerase chain reaction.

ARHGAP| 8 over-expression in MGC-
803 and BGCB823 cell lines inhibits cell

migration and invasion abilities in vitro

To investigate whether ARHGAPI18 over-expression could
affect protumorigenic behaviors including migration and
invasion; we detected the capacity of gastric cancer cells with
lowest expression of ARHGAP18 to invade through Matrigel,
an artificial extracellular matrix, after transfection with a
pIRES2-ZsGreenl-vector or pIRES2-ZsGreen1-ARHGAP18
plasmid. Over-expression of ARHGAPIS8 resulted in the
inhibition of migration and invasion by 45%13.88% and
50%14.32%, respectively, in MGC-803 cells (Figure 3A
and B). The assay revealed 55%t5.12% and 61%%5.64%
inhibition in respective migration and invasion capabilities
of BGCS823 cells transfected with the pIRES2-ZsGreen-
ARHGAPI8 plasmid (Figure 3C and D). These data showed

that the migration and invasion abilities of gastric cancer
cell lines transfected with pIRES2-ZsGreenl-ARHGAPI18
plasmid were significantly suppressed.

Over-expressed ARHGAP| 8 restrained
the excessive activation of MAPK
signaling pathways in vitro

To further explore the mechanism of ARHGAP1S in terms
of regulating cell proliferation, migration, and invasion
functions of gastric cancer cell lines, signaling molecules of
MAPK pathway associated with proliferation and migration,
including ERK, JNK, and p38 were detected by Western
blot.?*?? As shown in Figure 4, the phosphorylation levels of
ERK, JNK, and p38 were dramatically decreased after trans-
fection of MGC-803 and BGC823 cell lines with the pIRES2-
7ZsGreenl-ARHGAP18 plasmid, in comparison with control
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Figure 2 Effect of ARHGAPI8 on cell proliferation.

Notes: After treatment of MGC-803 (A and B) and BGC823 (C and D) cells with pIRES2-ZsGreen | -vector (NC-vector) or pIRES2-ZsGreen |-ARHGAP |8 (ARHGAP| 8), the
expression levels of ARHGAP|8 were analyzed by RT-PCR and Western blot (E and F). The cell viability in MGC-803 and BGC823 cells transfected by the plasmid of high
expression ARHGAP |8 were respectively detected by CCK-8 assay. GAPDH was also detected as the control of sample loading. Data are expressed as the mean + SD for
three independent experiments. *P<<0.05; **P<<0.0| compared with control and/or NC-vector group.

Abbreviations: Con; control; RT-PCR, real-time polymerase chain reaction; CCK-8, Cell Counting Kit-8; NC, normal control.

cells and NC-vector cells. This indicated that increased ARH-
GAPI8 expression inhibited over-activated MAPK signaling
pathways in MGC-803 and BGC823 cells.

Over-expression of ARHGAP |8 regulated
the expression levels of Rho, MAT I, and
MMP-2/MMP-9 in vitro

In order to further validate ARHGAPI18’s impact on cell
proliferation, migration, and invasion by effecting the

activation of MAPK signaling pathways, expression of
Rho, MATI, and MMP-2/MMP-9 associated with MAPK
signaling pathways and predicated to be ARHGAPIS8
targets was investigated.?®**3! As shown in Figure 5, the
mRNA and protein levels of Rho, MAT1, and MMP-9 in
MGC-803 and BGCS823 cells were remarkably decreased
after transfection with the pIRES2-ZsGreen1-ARHGAP18
plasmid compared with control cells and NC-vector cells.
There were no significant changes in expression levels of

submit your manuscript

284

Dove

OncoTargets and Therapy 2018:1 |


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Effects of ARHGAP| 8 over-expression in gastric cancer

A

NC-vector

Control

NC-vector

Control

Figure 3 Effect of ARHGAPI8 on cell migration and invasion.

ARHGAP18 120- 5
W a w 6%
= Qo
8 ®= s0f
- 0
g =9
© o
S 58
© %R 401
g 59
= s0O
=
0 4
Control ~ NC-vector ARHGAP18
120 =
0
© L0
o © 5 80
) =8
=] €
® 99
Q 0w W 4
0 %6
= E£EO
=
0
Control NC-vector ARHGAP18
ARHGAP18 ok
120 5
b BT
= []
8 ®2 a0
-0
2 c o
0 S o
%) E=\
o © 0 401
o 2 8
=m
0 4
Control  NC-vector ARHGAP18
_ 120 i
s 3E
= D
Q - =
o © 8 80
] c
S 9q
Q 88X 4
Q s O
9] c 0O
- m
0

Control NC-vector ARHGAP18
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independent experiments. **P<<0.01 compared with control and NC-vector group. A-D: magnification x20.

Abbreviation: NC, normal control.

MMP-2 in control cells, NC-vector cells, and ARHGAPI18
over-expressing cells.

Over-expression of ARHGAP | 8 affected
tumor growth of MGC-803 and BGC823

cells in nude mice

To examine the effects of ARHGAPI1S8 on tumor growth
in vivo, MGC803 and BGC823 cells transfected with
ARHGAPI8 plasmid were subcutaneously injected into the
right armpit of nude mice. Tumors in ARHGAPI8 groups
grew slower in mice, whereas tumors in control group grew
faster (Figure 6). Thirty-five days after injection, tumor
weights in ARHGAPI8 group mice were decreased compared
with control groups (Figure 6). These data suggest that the

over-expression of ARHGAP18 could inhibit tumor growth
in nude mice.

Discussion

In experimental and clinical investigation of gastric cancer,
tumor cell over-proliferation, migration, and invasion are an
important problem which urgently needs to be clarified and
solved.*? This is an extremely complex process involving
multiple genes and multiple pathways. ARHGAPIS,
a GTPase-activating protein for RhoA, was found to regulate
the lifecycle of cells and to be downregulated in the early
migration phase,®*1%3334 but the precise molecular mechanism
of ARHGAPI18 involvement in gastric cancer tumorigenesis
has not been specifically described to date. In this study,

OncoTargets and Therapy 2018:1 |

submit your manuscript

285

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Li etal Dove
A & v?‘b . 0.6 ok B . Q\% e 0.5 .
o & 9 0 A
N C)'A X X 3 & @ \3\0 v = 04
S Z 8 o4 & &€ z 8 o
— — © o 0.
P-ERK [ S 22 pUNK S = £3
Wwo 02 So
woms N L3 mESE== 1§,
GAPDH = o0 GAPDH = csss csm ~ 00
$ L
s* &c}o ¢ s* © 4@0\0 ®
© K o . NS
® o
C ® 10 s D . ) 06 -
s n — LS —
> & & = 08 & & 0 2 —
¢ & g8 o & K Z 8 o4
L 06 -
=038  — — 0 O p-ERK — — E Q
p-p — 38 04 - 23
2 Q ERK | - e wo o2
P38 ——— Q-g 02 = === 9_8
GAPDH e cane s 0.0 N o GAPDH = e cs— 0.0 ’ y
& o * & 0 N
oS g ‘?\6‘?‘ o3 N Y\O?*
© ©
E . ) 0.15 ] F kS 15
Q —_ sk & Q — ”
s & F 0 i s & K 0
« PN X = S &0 o = B ey
s & F Z 8 om0 & ¢ & 8% 10
p-JNK o oo 2qQ PO [ C———— B &
Z 9 ©
S O o005 O 05
INK e ————— Q.g P38 wwm v w— 9-8
GAPDH s e < 0.00 GAPDH 0.0
@ \Q’ S> \é O\
& & 3 S S <
IS o \?\0?‘ § K ‘8\0?‘
& &

Figure 4 Effect of ARHGAPI8 on the activation of MAPK signaling pathways.

Notes: After treatment of cells with pIRES2-ZsGreen | -vector (NC-vector) or pIRES2-ZsGreen|-ARHGAPI8 (ARHGAP8), (A—C) the phosphorylation levels of ERK, JNK,
and p38 proteins in MGC-803 cells were respectively detected by Western blot; (D-F) the phosphorylation levels of ERK, JNK, and p38 proteins in BGC823 cells were
respectively detected by Western blot. GAPDH was also detected as the control of sample loading. Data are expressed as the mean + SD for three independent experiments.

*P<0.05; ¥*P<<0.0] compared with control and/or NC-vector group.
Abbreviation: NC, normal control.

we found that the expression level of ARHGAP 18 mRNA in
tumor tissues was significantly lower than that of matched
adjacent normal tissue (Figure 1A), which indicated that
ARHGAPI18 might affect gastric cancer tumorigenesis.
Therefore, the functions of ARHGAP 18 needed to be further
studied in gastric cancer at the cellular level. MGC-803
cell and BGC823 cell, human gastric cancer cell lines with
the lowest expression of ARHGAP18 (Figure 1B-D), were
selected for further studies. Following transfection of cells
with the ARHGAPI18 plasmid for 48 h, RT-PCR and Western
blot detections found that ARHGAP 18 was highly expressed
in MGC-803 and BGC823 cells (Figure 2A-D). However,
cellular proliferative activity was apparently decreased in
MGC-803 and BGC823 cells over-expressing ARHGA18
(Figure 2E and F). Early reports indicated that ARHGAPI8
could control cell shape, spreading, and migration.>* Accord-
ingly, several studies have provided the basis and evidence
for further researching the role of ARHGAPIS in gastric
cancer cells.

Metastasis and invasion are the most important biological
characteristics of malignant cells and are an important
stage of tumorigenesis and tumor progression. Unlimited
proliferation of cancer cells can accelerate the progress
of neoplasm metastasis. Moreover, invasion is an internal
factor of neoplasm metastasis.*>¢ In this study, the migration
and invasion abilities as assessed by transwell assay were
significantly reduced in MGC-803 and BGC823 cells over-
expressing ARHGAP18 (Figure 3). Based on these results,
over-expression of ARHGAPI8 inhibited cell proliferation,
migration, and invasion in MGC-803 and BGC823 cells.
The related molecular mechanisms in this process need to
be further researched.

MAPK is a class of serine/threonine protein kinase, which
exists widely in the cytoplasm and nuclei of mammalian
cells, and can regulate cell proliferation, differentiation,
development, and apoptosis by communicating signals from
the outside with the inside of the cell.'*'” ERK, JNK, and
P38MAPK signal transduction pathways are three parallel
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Figure 6 ARHGAPI8 regulated tumor growth in vivo.
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Notes: (A) Xenograft tumor from nude mice was injected with MGC-803 cells stably expressing ARHGAP|8, tumor volume was measured; (B) xenograft tumor from
nude mice was injected with BGC823 cells stably expressing ARHGAPI8, tumor volume was measured. Data are expressed as the mean *+ SD for three independent

experiments.

MAPK pathways. The ERK signal pathway affects cell
proliferation and differentiation; the JNK signal pathway is
involved in cell apoptosis caused by oxidative stress, and the
p38MAPK signal pathway is involved in the chain reaction of
various protein kinases caused by extracellular stressors and
proinflammatory factors which affects RNA transcription,
protein synthesis, and cell surface receptor expression. Cell
growth and differentiation caused by various growth factors
and proto-oncogenes are mediated by MAPK pathway.
Some studies have suggested that MAPK pathways were
closely associated with migration and invasion of various
malignant tumors.’”* In this study, the phosphorylation
levels of ERK, JNK, and p38 proteins were significantly
decreased in MGC-803 and BGC823 cells over-expressing
ARHGAPIS (Figure 4). This showed that MAPK pathways
were activated in migration and invasion of gastric cancer
cells, and the over-expression of ARHGAP18 could inhibit
the activation.

The activation of MAPK signal pathway could enhance
the expression levels of invasion- and migration-related
genes.’”** RhoC belongs to the Rho subgroup of small

molecule G proteins and has been called the molecular switch
of migration and invasion in cancer.'” RhoA and RhoC were
shown to be closely related to tumor metastasis, but the
difference was that RhoA activated MAPK to regulate cell
proliferation and apoptosis indirectly and RhoC activated
MAPK to regulate cell migration and invasion directly.***
In addition, the over-expression of RhoC could promote
MMP-2/-9 and TIMP-2 expression.** Therefore, in this
study, we selected RhoC to test the MAPK signal pathway.
MATI, a tumor-related gene, was recently discovered to
be involved in angiogenesis, invasion, and metastasis of
tumors.*#¢ MMP-2 and MMP-9 belong to a family of zinc-
dependent proteolytic enzymes, which was shown to be
over-expressed in tumors, and promoted the migration and
invasion of tumor by destroying basement membranes.*’
In our results, the expression levels of RhoC, MATI, and
MMP-9 were significantly decreased in the ARHGAPIS
group (Figure 5). Previous studies have shown a tight
correlation between MMP-2/-9 and other metastasis associ-
ated factors, with the precursor of MMP-2 most affected in
degradation and destruction of the extracellular matrix.*%
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Therefore, this might be the reason that no change occurred
in MMP-2 expression in this study.

To further validate our results, MGC-803 and BGC823
cells over-expressing ARHGAP18 were respectively injected
subcutaneously into nude mice to observe the tumor growth.
We found that over-expression of ARHGAP18 reduced the
rate of tumor growth (Figure 6).

Conclusion

This study is the first to preliminarily clarify that over-expression
of ARHGAPI8 suppresses cell proliferation, migration, inva-
sion, and tumor growth in gastric cancer by restraining over-ac-
tivation of MAPK signaling pathways to decrease the expression
of migration- and invasion-related genes. In further work, we
are hopeful that an in vivo study can be carried out to illu-
minate the function of ARHGAP18 and related mechanisms.
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