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Abstract: Objective: To explore the expression of miR-29c¢ in gastric cancer cells and the effect on the RhoA/ROCK
pathway. Method: MiR-29¢, RhoA and ROCK-1 protein expression in cancer tissues and para-carcinoma tissues from
114 gastric cancer patients were detected and their relationships with prognosis were explored. MiR-29c-mimic/
miR blank vector (miR-control) was successfully transferred to human gastric cancer cell line SGC-7901 and their
effects on ROCK-1 cell migration and apoptosis were detected. Untreated SGC-7901 cells were set as a blank con-
trol group. Pearson analysis was used to analyze the correlation between miR-29¢ and ROCK-I protein expression.
Results: MiR-29¢ was down-regulated and RhoA and ROCK-1 proteins were upregulated in gastric cancer tissues
over those in para-carcinoma tissues (P<0.001). The low expression of miR-29C and the high expression of ROCK-1
protein was related to a low 5-year survival (both P<0.05). The relative expression level of miR-29c¢ in the miR-29¢-
mimic was higher than miR-control and the control group (P<0.05). The relative expression levels of RhoA protein
and ROCK-I protein, as well as cell penetrating numbers in the miR-29¢c-mimic were significantly lower than those in
the miR-control and blank control groups (P<0.05). The apoptosis rate of miR-29c-mimic were significantly higher
than those in the miR-control and blank control groups (P<0.05). Pearson correlation analysis results showed that
miR-29¢ was negatively correlated with the expression level of ROCK-I protein (r = -0.500, P = 0.025). Conclusion:
MiR-29c¢ plays a similar role to an anti-oncogene and might be involved in the regulation of migration and apoptosis
of gastric cancer cells through RhoA/ROCK signaling.
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Introduction

Gastric cancer accounts for 6.8% of all new
cancer cases around the world, and the prog-
nosis is not optimistic. Only 5% of patients with
gastric cancer survive for more than five years
after diagnosis [1, 2]. Although many tumor-
associated molecules have been found in the
development and mechanisms of gastric can-
cer, the pathogenesis is still not fully explored.
It is generally believed that the gradual change
of multiple molecules causes gastric cancer [3,
4]. Therefore, it is meaningful to find molecular
markers that can be used as prognostic factors
and effective treatments for gastric cancer
patients.

MicroRNAs can regulate gene expression by in-
hibiting mRNA translation. More evidence sho-

ws that microRNAs play an important role in
proliferation, development and apoptosis of
cancer cells [5, 6]. MiR-29¢ may have anti-can-
cer effects on gastric cancer cells, and its
decreased expression may promote the growth
of cancer cells by down-regulating the expres-
sion of RCC 2 [7]. Other studies have reported
that the expression level of miR-29¢ in gastric
cancer tissues was lower than that in para-car-
cinoma tissues, and it was closely related to
neoplasm staging [8]. However, studies on the
relationship between prognosis of gastric can-
cer and mir-29¢ have rarely been reported. In
other reports of digestive tract tumors, miR-29¢
showed high application value in esophageal
cancer screening [9]. MiR-29c¢ is also associat-
ed with shorter of overall survival of pancreatic
cancer patients. Up regulation of miR-29c¢ can
inhibit the migration and invasion of pancreatic
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cancer cells [10]. These studies prove that miR-
29c plays an important role in the occurrence
and development of tumors. However, they did
not explore the prognostic value of mir-29c¢ in
gastric cancer and its potential anti-cancer
mechanisms.

RhoA/ROCK is a gastric cancer related path-
way, and inhibition of its expression can pro-
mote the apoptosis of gastric cancer cells [11].
Studies have reported that miR-148a can inhib-
it ROCK 1, so that migration and invasion of
gastric cancer cells can be inhibited [12]. The
RhoA/ROCK pathway is also regulated by miR-
26b and participates in the invasion and migra-
tion of lung cancer cells [13]. These studies
suggest that the effects of the RhoA/ROCK
pathway are regulated by microRNAs. However,
there are few reports about the relationship
between miR-29¢ and the RhoA/ROCK path-
way.

Therefore, in this study, the expression of miR-
29¢ and the RhoA/ROCK pathway in gastric
cancer cells was detected. The effect of miR-
29c¢ on the proliferation and migration of gas-
tric cancer cells and its mechanisms were ana-
lyzed. The relationship between miR-29¢ and
RhoA/ROCK pathway was explored.

Materials and methods
Study subjects

On hundred fourteen patients with gastric can-
cer from April 2012 to February 2013 were
selected and their cancer tissues and corre-
sponding para-carcinoma tissues were obtain-
ed during surgery; the ages of patients were
55-75 years old. Inclusion criteria: All patients
were diagnosed with gastric cancer in our hos-
pital; all cases were primary tumors; all cases
were stage II-1ll; there was no distal lymph node
metastasis; all patients have complete medical
records with 5-year follow-up data. Exclusion
criteria: patients with other benign tumors or
malignant tumors; patients with prior history of
tumor; patients with malignant pleural effusion;
patients with serious diseases such as cerebro-
vascular disease, liver and kidney dysfunctions;
patients with severe infections such as sepsis;
pregnant women or lactating women, were ex-
cluded. This study was approved by the Hospital
Ethics Association. Patients and their families
were all consulted by telephone or letter, and
they all signed informed consent.
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Human gastric cancer cell line SGC-7901 cells
were purchased from Shanghai Aolu Biological
Technology Co., Ltd., [item number XB-2497].
The culture medium was DMEM containing
10% of fetal bovine serum (fetal bovine serum
was purchased from Beifang Zhijiefangyuan
Technology Co., Ltd., [item number 10099141];
DMEM medium was purchased from Xiamen
Yanke Biological Technology Co., Ltd., [item
number 10567014]). The culture conditions
were 37°C, 5% CO,, and the humidity was 90%.

Cell passage

After the resuscitation of SGC-7901 cells, the
cells were digested with 0.25% trypsin when
the cell adherence density reached 90%. The
cells were observed under a microscope. When
cells achieved around-shape, and the intercel-
lular space was enlarged, and some cells
detached from the bottle wall, then the cells
were transplanted into DMEM medium and cul-
tured in an incubator. The condition of incuba-
tor was 37°C and 5% CO,. Cells were cultivated
to the third generation and collected as stand-
by application.

Construction and transfection of miR-29c¢ ex-
pression vector

MiR-29¢ overexpression vector (miR-29¢-mim-
ic) and miR blank vector (miR-control) were
designed and synthesized by Thermo Fisher
Scientific. Untreated SGC-7901 cells were set
as the blank control group. Twenty-four hours
before transfection, SGC-7901 cells were di-
gested by trypsin. When cells were fused to
about 80%, the transfection of expression vec-
tor was performed according to the instruction
of the transfection kit. The specific operation
steps can be referred to in the instructions of
the kit. The culture medium was incubated in
incubator under 37°C and 5% CO, for 48 hours,
and it was replaced for every 6 hours. Fourty-
eight hours later, gRT-PCR was used to dete-
ct the transfection results and the levels of
cell migration and apoptosis. Lipofectamine
TM2000 transfection kits were purchased from
Chengdu Dongsheng HKechuang Technology
Co., Ltd., [item number 11668019].

qRT-PCR

Fifty mg of cancer tissues or para-carcinoma
tissues were homogenized. One ml of TRIzol
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Table 1. Primer sequence

Upstream

Downstream

miR-29¢ 5’-GATGATGACGACAAAGCTAGCGACATTTGCTCTTGAGTCTG-3' 5-GCGGCCGCTCAGTTATCTAGAGACCACTTCTCATTGCCATA-3’

ue 5’-CGGAGTCAACGGATTTGGTCGTAT-3’

5’-AGCCTTCTCCATGGTGGTGAAGAC-3’

lysate was added to the tissues to extract the
total RNA. The concentration of SGC-7901 cell
suspension was adjusted to 1*107/ml. Su-
spension and TRIzol lysate were added with the
ratio of 3:1, to extract total RNA. After extrac-
tion, RNA integrity was analyzed by 1.5% aga-
rose gel electrophoresis. The purity of the
extracted RNA was detected by trace nucleic
acid analyzer. If A260/A280 value was 1.8 to
2.1, it met the experimental requirements.
After RNA extraction, reverse transcription re-
action were performed. PCR amplification was
carried out after the first strand of cDNA was
synthesized. The PCR amplification system was
as follows: 2 uL of cDNA template, 1 uL of cDNA
dilution, 5 pL of 2*SYBR Green mixture, 1 pL of
upstream primers and 1 pyL of downstream
primers; double distilled water added to 10 pL;
degradation for 30 s under 95°C; annealing for
30 s under 60°C; extension for 30 s under
75°C; repeated for a total of 40 cycles. After
the experiment, the dissolution curve was ana-
lyzed, and U6 was used as the internal refer-
ence. All samples were repeated in 3 replicates,
and 27 was used to analyze the results.
TRIzol™ Reagent was purchased from Chengdu
Dongsheng Kechuang Technology Co., Ltd.,
[item number 15596026]. SYBER GREEN real-
time fluorescence quantitative PCR kits were
purchased from Nanjing Kebai Biotechnology
Co., Ltd., [item number 4310251]. The primer
sequence was designed and synthesized by
HePeng (Shanghai) Biotechnology Co. Co., Ltd.
(Table 1).

Tunel experiment

The concentration of SGC-7901 cells after 48-
hours of chemotherapy was adjusted to 5*107/
ml. 4% of neutral formaldehyde was used to fix
for 10 minutes at room temperature. Cells were
washed two times with PBS, and the excess lig-
uid was removed, for 5 minutes each time. PBS
containing 2% of H,0, was applied for 5 min-
utes at room temperature. The excess liquid
was removed, and the cells were washed with
PBS 2 times, 5 minutes each time. Cell staining
was performed according to the instructions of
Tunel kit. Image analysis software (Image-pro-
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Plus5.0) was used to count the number of Tunel
positive cells under five 40*10 field of view,
and the apoptosis rate was calculated. This
was repeated 3 times. Tunel kits were pur-
chased from Xiamen Huijia Biological Tech-
nology Co., Ltd., [item number 4815-30-K].

Transwell matrigel invasion assay

Matrix glue was paved in Transwell chambers
in advance. SGC-7901 cells were made into
1*10%/mL/mL of single arranged cell suspen-
sions, and 100 pL of cell suspension was inocu-
lated in the Transwell chambers. In the upper
chamber, RPMI1640 culture medium + 10% of
calf serum + cell suspension were added, and
the total volume was 100 puL; in lower chamber,
RPMI1640 culture medium + 20% of calf serum
+ cell suspension were added, and the total vol-
ume was 500 pL; all suspension was cultured
for 48 hours under 37°C and 5% CO,; after
staining, the number of passaged cells was
detected; there were a total of 6 chambers, and
each chamber was counted for 6 views. The 3
parallel experiments were carried out at the
same time. Transwell chambers and related
reagents were purchased from Shanghai Yuanzi
Biotechnology Co., Ltd.

Western blot

The repeated freeze-thaw method was used to
extract proteins from cancer tissues and SGC-
7901 cells. The protein was separated by poly-
acrylamide gel electrophoresis. The initial volt-
age was 90 V, and then the voltage was in-
creased to 120V, to move the samples to suit-
able positions on the separation gel. After the
electrophoresis, a transfer membrane was car-
ried out. The condition was 100 V constant
pressure for 100 minutes, and then it was
sealed for 60 minutes at 37°C. Then the trans-
fer membrane was placed and sealed in 5% of
skim milk, and immune reactions were carried
out. The membrane was incubated with prima-
ry antibodies at 4°C for one night. On the next
day, the membrane was washed with PBS 3
times, and 5 minutes each time. Membranes
were incubated with second antibody at room
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Figure 1. The expression level of miR-29c¢ in gastric
cancer patients’ tissues, "P<0.05.

temperature for one hour. ECL luminescent
reagent was used to develop the film. Quantity
One software was used to analyze the strip.
B-actin was set as the internal reference pro-
tein. The relative expression level of protein =
strip gray value/Internal reference grayscale
value. Western blot detection kits were pur-
chased from Shanghai Youyu Biotechnology
Co., Ltd., [item number was JC-445]. RhoA anti-
body (batch number: RS-1180R; manufactured
by Abcam Company, UK), ROCK-lI antibody
(batch number: RS-1166R, manufactured by
Abcam Company, UK) and sheep anti-mouse
IgG second antibody were purchased from
Shanghai Xinyu Biotechnology Co., Ltd., [item
number was xyKS016].

Statistical analysis

SPSS 19.0 (Asia Analytics Formerly SPSS
China) was used to carry out statistical analy-
sis. The variables data were expressed as %,
and x? test was used for comparison of rates.
The attributes data were expressed as Mean +
standard deviation (mean % sd). Independent t
test was used for comparison between two
groups, and one-way analysis of variance with
post hoc LSD t test was used for comparison
among groups and for comparison at different
time points in same group.

Pearson analysis was used to analyze the cor-
relation between miR-29¢ and ROCK protein.
The Kaplan-Meier survival curve was used to
analyze the relationship of miR-29¢ and ROCK
protein, and the survival time of patients. There
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was a statistically significant difference when
P<0.05.

Results
Expression level of miR-29¢

The relative expression level of miR-29c¢ in gas-
tric cancer tissues and para-carcinoma tissues
was (0.873+0.082) and (1.515+0.338), respec-
tively, with significant a difference (P<0.05).
The expression level of miR-141 in gastric can-
cer tissues was significantly lower than that in
the para-carcinoma tissues (P<0.001) (Figure
1).

Expression level of RhoA/ROCK

Western blot detection showed that the relative
expression levels of RhoA protein and ROCK-I
protein in gastric cancer tissues were respec-
tively (1.25340.103) and (1.275+0.134). The
relative expression levels of RhoA protein and
ROCK-I in para-carcinoma tissues were respec-
tively (0.362+0.012) and (0.483+0.014). The
expression level of RhoA protein and ROCK-I
protein in gastric cancer tissues was signifi-
cantly higher than para-carcinoma tissues
(P<0.001) (Table 2 and Figure 2).

Relationship of miR-29¢ and ROCK-I protein
and survival time of patients

According to the relative expression level of
miR-29¢ and ROCK-I protein in gastric cancer
tissues, the median expression level of miR-
29c¢ was 1.537. The patients were divided into
high expression group (>1.537) and low expres-
sion group (£1.537) according to the median
expression value. The median expression level
of ROCK-I protein was 1.369. The patients were
divided into high expression group (>1.369)
and low expression group (£1.369) according
to the median expression value. Kaplan-Meier
survival analysis showed that the 5-year sur-
vival rate of miR-29¢ high expression group was
85.96% (49 cases), and the 5-year survival rate
of miR-29¢ low expression group was 68.42%
(39 cases). The 5-year survival rate of miR-29¢
low expression group was lower than the miR-
29c¢ high expression group (P = 0.038). The
B5-year survival rate of ROCK-l protein high
expression group and low expression group
was 64.91% (37 cases) and 82.46% (47 cases),
respectively. The 5-year survival rate of ROCK-I
protein low expression group was higher than
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Table 2. The expression level of RhoA/ROCK in gastric

cancer patients’ tissues

miR-control and blank control group
(P = 0.644), indicating that transfec-

Cancer Para-carcinoma

. . t
Tissues Tissues

tion was successful (Figure 4).
P

RhoA protein

1.253+0.103 0.362+0.012 91.741 <0.001
ROCK-I Protein  1.275+0.134 0.483+0.014 62.745 <0.001

Expression of RhoA/ROCK in gastric
cancer SGC-7901 cells after trans-

RhoA

ROCK-I

B-actin

Figure 2. Western blot results of RhoA protein, ROCK-
| protein

the ROCK-I protein high expression group (P =
0.023) (Figure 3).

Analysis of transfection results of gastric can-
cer SGC-7901 cells

QRT-PCR detection results showed that after
transfection, the relative expression level of
miR-29¢ in miR-29c-mimic, miR-control and
blank control is (2.015+0.762), (1.015+0.454),
and (1.145+0.613), respectively. Significant
differences were observed among the three
groups (P = 0.002). The relative expression
level of miR-29c-mimic was higher than miR-
control (P = 0.002) and the control group (P =
0.004), and there was no difference between
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fection

Western blot detection results showed that
after transfection, the relative expression lev-
els of RhoA protein and ROCK-I protein in miR-
29c-mimic, miR-control and blank control was
(1.051+0.141) and (1.864+0.158), (1.365+
0.141) and (1.295+0.177), and (1.442+0.125)
and (1.227+0.138), respectively. There was a
significant difference between the results, and
the relative expression level of RhoA protein
and ROCK-I protein in miR-29¢c-mimic was sig-
nificantly lower than the miR-control and blank
control (P<0.001), and there was no significant
difference between miR-control and blank con-
trol (Table 3 and Figure 5).

Apoptosis level of gastric cancer SGC-7901
cells after transfection

The results of Tunel cell apoptosis assay show-
ed that the apoptosis rate of miR-29c-mimic,
miR-control and blank control gastric cancer
SGC-7901 cells was (11.32+1.07)%, (24.14+
1.55)% and (25.75+1.37)%, respectively. The
apoptosis rate of miR-29¢c-mimic was lower
than miR-control and blank control (P<0.001),
and there was no significant difference between
miR-control and blank control (Figure 6).

Cell migration ability of gastric cancer SGC-
7901 cells after transfection

The results of Tunel cell apoptosis assay show-
ed that the cell penetrating number of miR-
29c-mimic, miR-control and blank control gas-
tric cancer SGC-7901 cells was (19.58+6.34),
(45.32+9.47) and (47.72+8.65), respectively.
The cell penetrating number of miR-29¢c-mimic
was significantly lower than miR-control and
blank control (P<0.001), and there was no sig-
nificant difference between miR-control and
blank control (Figure 7).

Correlation analysis between miR-29¢ and
ROCK protein

Pearson correlation analysis showed that miR-
29c¢ was negatively correlated with the expres-
sion level of ROCK-I protein (r = -0.500, P =
0.025) (Figure 8).
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Figure 3. The relationship between miR-29c, ROCK-I protein and survival
time of gastric cancer patients. A. The relationship between miR-29c¢ and
survival time of gastric cancer patients. B. The relationship between ROCK-I

29c¢, RhoA protein and ROCK-I
protein in cancer tissues and
para-carcinoma tissues were
detected. The results of gRT-
PCR detection showed that the
expression level of miR-29c¢ in
gastric cancer tissues was sig-
nificantly lower than para-car-
cinoma tissues, and the ex-
pression levels of RhoA protein

protein and survival time of gastric cancer patients.

Expression of miR-29¢c

Figure 4. The expression level of miR-29¢ in SGC-
7901 cells after transfection. "P<0.05.

Discussion

Gastric cancer is one of the most common
malignant tumors, and the incidence of gastric
cancer has been increasing in recent years.
With the development of medical technology,
there are more and more treatments for gastric
cancer, but the therapeutic effect is still unsat-
isfactory [14, 15]. Molecular targeting therapy
is a new treatment method in recent years. At
present, the etiology and pathogenesis of gas-
tric cancer have not been fully clear. More and
more studies have reported that miR-29¢ and
RhoA/ROCK can regulate the biological behav-
ior of cells in tumors [16, 17]. However, there
are few reports on the effect of miR-29¢ and
RhoA/ROCK in the prognosis of tumors, and
the relationship between them has not been
reported yet. This study analyzed the effects
and their relationship, to provide experimental
basis for gastric cancer molecular therapy.

In this study, 114 patients with gastric cancer
were selected. The expression levels of miR-
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and ROCK-I protein were hi-

gher than para-carcinoma tis-

sues. The prognosis was lower
for patients with low expression of miR-29¢ and
high expression of ROCK-I protein. A study of
gastric cancer and microRNAs microarrays [18]
also reported that the expression of miR-29¢
increased in gastric cancer tissues, and the
expression of miR-29¢c was related to the
degree of differentiation of gastric cancer. The
expression level of miR-29c¢ in highly differenti-
ated gastric cancer tissues was significantly
higher than undifferentiated gastric cancer ti-
ssues.

The selective cox-2 inhibitor celecoxib can im-
prove the combination of C/EBPa and promot-
er, so that mir-29c is activated, and apoptosis
is induced. In a report [19] the expression of
miR-29¢ was low in head and neck squamous
cell carcinoma tissues, and it was related to the
relapse-free survival time of patients. MiR-29¢
is also an independent risk factor of poor prog-
nosis for patients with liver cancer [20, 21].
These studies have demonstrated the onco-
gene inhibitory effect of mir-29c in cancers.
There are few reports about ROCK-I protein and
prognostic survival time of patients with gastric
cancer. Some studies reported that the 5-year
survival rate of patients with colorectal cancer
was negatively correlated with the expression
level of ROCK-I [22]. Some studies [23] report-
ed that expression level of ROCK-I protein was
associated with overall prognosis and survival
of patients. About 46.6% of patients with poor
prognosis showed high expression of Rock-I.
These studies confirmed the impact of miR-29¢
and ROCK-I proteins on the prognosis of
patients with gastric cancer. Although there are
few reports on these two factors and progno-
sis, with deepening of the research, there will
be more and more evidence to prove the pre-
dictive value of miR-29¢c and ROCK-I proteins
for the prognosis of gastric cancer patients.

We then analyzed the effects of miR-29¢ on
some biological behaviors of gastric cancer
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Table 3. Expression of RhoA/ROCK in gastric cancer SGC-7901 cells after transfection

miR-29¢-mimic miR-control Blank control F P
RhoA protein 1.051+0.141 1.365+0.141 1.442+0.128 6.971 0.027
ROCK-I Protein 0.864+0.158 1.295+0.177 1.227+0.138 7.987 0.020

RhoA

ROCK-I

B-actin
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Figure 5. Western blot analysis of RhoA protein,
ROCK-I protein results.
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Figure 6. Apoptosis level analysis of SGC-7901 cells
after transfection. "P<0.05.

cells. First, we constructed the miR-29c¢ overex-
pression vector. Then blank vector was taken
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Figure 7. Migration capability analysis of SGC-7901
cells after transfection. "P<0.05.

2.0-
1.5 ¢
-7 S
. °c e,
O 1.0 .
8 H o o® hd °
[ ]
0.5-
0-0 L T T 1
0 1 2 3 4

miR-29¢c

Figure 8. Analysis of the correlation between miR-
29c and ROCK protein. MiR-29¢ was negatively cor-
related with expression level of ROCK-I protein (r =
-0.500, P = 0.025).

as control, and gastric cancer SGC-7901 cells
were transfected. The results of gRT-PCR
showed that after transfection, the expression
level of miR-29c¢ increased significantly, indicat-
ing the transfection was successful. Then the
migration ability and apoptotic level of gastric
cancer cells in miR-29c¢-mimic and miR-control
were detected. The migration ability of gastric
cancer cells with high expression of miR-29¢
decreased, while the apoptotic rate increased.

Int J Clin Exp Med 2019;12(9):11132-11140
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It indicated that miR-29c¢ has anti-tumor effects
in gastric cancer. We also found that for SGC-
7901 cells with high expression level, the
expression levels of RhoA protein and ROCK-I
protein in SGC-7901 cells decreased. Pearson
correlation analysis showed that the expres-
sion level of ROCK-I protein was positively cor-
related with the expression level of miR-29c,
indicating that miR-29¢ had regulatory effects
on the RhoA/ROCK signaling pathway. There
are few reports about the relationship between
miR-29¢ and the RhoA/ROCK signaling path-
way. We will verify this in a series of future stud-
ies and provide experimental basis. A study
[24] reported that MiR-29c¢ targeting inhibits
downstream target gene DNA methyltransfer-
ase 3A. It has been additionally [24] reported
that overexpression targeted regulation of
nuclear autoantigen sperm protein of miR-29¢
can inhibit cell proliferation, and it also can pro-
mote cell apoptosis and blockade of G1/GO cell
cycle. These reports confirmed the validity and
reliability of some of our research, while our
study also suggested another mechanism of
miR-29¢ in anti-tumor effects.

There are some shortcomings in this study. The
research subjects are gastric cancer cell mod-
els. Although it can provide the growth condi-
tions of gastric cancer cells, it cannot simulate
the complex tumor microenvironment in vivo.
Therefore, our results need to be verified by
clinical experiments. This study only verified the
effect of miR-29¢ on the RhoA/ROCK signaling
pathway, but it is unknown whether miR-29¢
has effects on other signaling pathways. This
study did not predict the target gene of miR-
29c¢, and we will supplement our results by
experiments in the future.

In conclusion, the expression of miR-29c in gas-
tric cancer plays a role similar to an anti-onco-
gene. The 5-year survival rate was lower for
gastric cancer patients with high expression of
RhoA/ROCK and low expression of miR-29¢ or
ROCK-I. MiR-29¢ may be involved in the regula-
tion of migration and apoptosis of gastric can-
cer cells through the RhoA/ROCK signaling
pathway.
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