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Objective: The study aimed to explore the mechanism of miR-133b regulating the invasion
and migration of gastric cancer (GC) cells via the COL1A1/TGF-f axis.

Methods: The miRNA expression profiles of GC downloaded from TCGA database were
subjected to differential analysis to determine the target miRNA of interest, and the target
genes of the miRNA were predicted by bioinformatics. GSEA was used for gene enrichment
analysis. qRT-PCR was carried out to detect gene expression in GC cells. The effect of miR-
133b on GC cells was examined by CCK-8, wound healing and Transwell assays. Western
blot was conducted to assess the protein expression of EMT-related proteins. The binding
relationship between genes was verified by dual-luciferase reporter gene assay.

Results: The expression of miR-133b was markedly downregulated in GC tissue, while that of
COL1A1 was upregulated. Overexpression of miR-133b decreased the migration and invasion of
GC cells, and the EMT process was inhibited as well, while inverse results were observed when
miR-133b was silenced. COL1A1 was a target gene of miR-133b and its overexpression had a
significant impact on the prognosis of patients. GSEA pathway enrichment results showed that
COL1A1 was markedly enriched in the TGF-f signaling pathway. In addition, COL1A1 over-
expression induced the activation of the TGF-f signaling pathway to promote proliferation and
migration of GC cells, whereas miR-133b overexpression suppressed the signaling pathway.
Thus, overexpression of miR-133b and COL1A1 simultaneously would reverse the inhibitory
effect of miR-133b on cell invasion and migration.

Conclusion: In this study, miR-133b was found to inhibit the invasion and migration of GC
cells via the COL1A1/TGF-B axis, which provides a new research direction for the diagnosis
and targeted therapy of GC.

Keywords: gastric cancer, miR-133b, COL1A1, TGF-f signaling pathway, invasion and
migration

Introduction

Gastric cancer (GC) is the fifth most frequently diagnosed cancer worldwide.
According to statistics, there were more than 1 million new global GC cases in
2018, with an estimate of 783 thousand deaths.! Genetic mutations and environ-
mental factors such as helicobacter pylori infection have been recognized as the
main cause leading to GC occurrence, while smoking and alcohol consumption
have also been identified to be implicated in.'* With the development of medical
treatment in recent years, chemotherapy can alleviate the symptoms of some GC
patients, which improves the survival and life quality of sufferers. However, about
60% of patients are diagnosed with advanced GC, with limited treatment options

and poor prognosis. At primary presentation, stage IV metastatic GC is often

submit your manuscript

Dove n

http:

in 3

OncoTargets and Therapy 2020:13 7985-7995 7985
© 2020 Guo et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
FamrTm 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creati g/li /by-nc/3.0/). By accessing the work

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).



http://orcid.org/0000-0001-7139-4711
mailto:fu_fang236189@163.com
http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php

Guo et al

Dove

diagnosed, which causes poor outcomes, and it is incurable
with a very poor prognosis (5-year survival rate of ~ 4%).’
Therefore, it is very important to study the mechanism that
regulates the progression of GC and to explore new diag-
nostic and therapeutic targets.

miRNAs are small non-coding RNAs that regulate
gene expression by targeting the 3'-UTR of specific
mRNA.* In recent years, increasing studies have shown
that the dysregulation of miRNA expression plays an
important role in the development of multiple cancers,
including GC.>”7 miR-133b has been reported to be down-
regulated and can be used as a tumor suppressor gene in
various cancers, including breast cancer,® bladder cancer,’
colorectal cancer'® and esophageal squamous cell cancer.''
However, studies on GC have reported that knock down
the expression of miR-133b promotes the proliferation of
cancer cells,” and circulating miR-133b can be introduced
as a potential diagnostic marker for GC."* Nevertheless,
the mechanism of miR-133b regulating GC metastasis has
been less studied. So, we conducted the research to further
explore the mechanism.

Collagen type [ o 1 (COL1A1) is a member of collagen
family, and evidence has proved that the collagen family
members promote the progression of multiple cancers.” In
addition, the abnormal expression of COL1A1 has also been
confirmed to be associated with the occurrence of some
cancers.'*'® COL1A1 is a reliable biomarker and a potential
therapeutic target for hepatocellular carcinogenesis and
metastasis.'” However, the role and the molecular regulation
mechanism of COL1A1 in GC development remain unclear.
Moreover, no research has found the regulatory relationship
between COL1A1 and miR-133b. TGF-f signaling has been
demonstrated to regulate several biological processes, whose
abnormal activation contributes to tumor development.'® It is
reported that there is a positive regulatory relationship
between COLIAI and TGF-B signaling.'®?' However,
there is no similar finding in GC.

This study is designed to explore the relationship between
miR-133b and GC, reveal the molecular mechanism of miR-
133b targeted regulating COL1A1, and to provide a new
research direction for targeted therapy of GC.

Materials and Methods
Bioinformatics Analysis
The miRNA (normal: n=45, tumor: n=444) and mRNA

(normal: n=32, tumor: n=373) expression profiles of
TCGA-STAD were downloaded from TCGA database

(https://portal.gdc.cancer.gov/), and differential analysis

was conducted to identify the target miRNA by using
edgeR package with [logFC[>2 and padj<0.05 as the
threshold. Differentially expressed mRNAs (DEmRNAs)
and the target genes of the miRNA predicted by
targetScan, miRDB, and mirDIP databases were inter-
sected to obtain the mRNAs bearing targeted binding
sites with the miRNA. Survival analysis of target genes
was conducted based on clinical information, and pathway
enrichment analysis was conducted by GSEA software to
study the role of the target miRNA and mRNA in GC.

Cell Culture

Human normal gastric epithelial cell line GES-1
(BNCC337970) and 5 GC cell lines AGS (BNCC338141),
SGC-7901 (BNCC100674), MGC-803 (BNCC100665),
HGC-27 (BNCC100716) and BGC-823 (BNCC337689)
(BeNa Culture Collection, China) were cultured in
Dulbecco’s Modified Eagle’s medium (DMEM; Thermo
Scientific HyClone, China) containing 5% fetal bovine serum
(FBS) and placed in a humidified incubator (TealMo, USA)
with 5% CO, at 37 °C.

Cell Transfection

NC mimic, miR-133b mimic, NC inhibitor and miR-133b
inhibitor were obtained from GenePharma (Shanghai,
China). The sequences of oe-NC (negative control vector),
0e-COL1A1(COL1A1 overexpression vector) were synthe-
sized by Sangon Biotech (Shanghai) Co., Ltd. The recombi-
nant plasmid pEGFP1-COL1A1 was constructed using the
pEGFP1 overexpression vector. Cells in 3x10° cells/well
were seeded into a six-well plate and transfected when the
growth density reached 50% according to the instructions of
lipofectamin2000 (11,668-019,
USA). Four micrograms of recombinant plasmids and 10
pL Lipofectamin2000 were diluted by 250 pL Opti-MEM
medium (51,985,042, Gibco, Gaithersburg, MD, USA) with-
out serum, respectively. After keeping at room temperature

Invitrogen, California,

for 5 min, the two liquids were mixed together uniformly and
added dropwise to the cell culture wells 20 min later. After
shaking, cells were cultured in a cell incubator with 5% CO,
at 37 °C. Six h later, the medium was replaced and cells were
harvested 48 h after transfection.

gRT-PCR
Total RNA in cells was extracted by TRIzol Reagent
(Invitrogen), and 2 pg total RNA was inverted into cDNA
by Superscript Il reverse transcriptase (Invitrogen). qRT-
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Table | Primer Sequences

Gene Primer Sequences
miR-133b F: 5'-GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGA
CTAGCTG -3’
R: 5- CCGTTTGGTCCCCTTCAAC —-3'
COLIAI F: 5-GAGACCTGCGTGTACCCCACT -3’
R: 5-GTCATGCTCTCGCCGAACCAG -3’
ué F: 5-GTGCAGGGTCCGAGGT-3’
R: 5-CTCGCTTCGGCAGCACA-3'
GAPDH F: 5'-GGAGCGAGATCCCTCCAAAAT-3’
R: 5-GGCTGTTGTCATACTTCTCATGG-3'

PCR was performed using the miScript SYBR Green PCR
Kit (Qiagen, Hilden, Germany) on the Applied Biosystems
7300 Real-Time PCR System (Applied Biosystems, USA) to
detect the expression of miR-133b and COL1A1. All primers
shown in Table 1 were purchased from Sangon Biotech
(Shanghai) Co., Ltd. miRNA and mRNA used U6 and
GAPDH as internal regulators, respectively. The differences
in the relative expressions of the target mRNA and miRNA
in the control and experimental groups were compared by
2742 method.

Western Blot (WB)

Forty-eight hours after transfection, cells in each group
were washed 3 times with cold PBS and lysed on ice for
10 min with whole cell lysate. According to the manufac-
turer’s instructions, nuclear extracts were prepared using
the Nuclear Extraction Kit (Active Motif) prior to the detec-
tion of nucleoproteins. Protein concentration was deter-
mined using the BCA kit (Thermo Fisher Scientific,
USA). A total of 30 pg proteins were loaded onto SDS-
PAGE electrophoresis. Subsequently, the proteins were
transferred onto PVDF membrane (Amersham, USA),
which was sequentially blocked with 5% bovine serum
albumin (BSA; AMRESCO, Solon, OH, USA) at room
temperature for 1 h. After discarding the blocking buffer,
the membrane was incubated with primary antibodies
including COL1A1 rabbit polyclonal antibody (abcam,
Cambridge, UK), N-cadherin rabbit polyclonal antibody
(abcam), E-cadherin rabbit polyclonal antibody (abcam),
TGEFBR1 rabbit polyclonal antibody (abcam), TGFBR2 rab-
bit polyclonal antibody (abcam), SMAD3 (abcam),
p-SMAD3 rabbit monoclonal antibody (Cell Signaling
Technology), GADPH rabbit polyclonal antibody (abcam)
and p84 (abcam) at 4 °C overnight. p84 was used as a

reference for nuclear extractions, and GAPDH was the
reference for other proteins. The membrane was washed
with PBST for 3 times for 10 min of each time. Then, goat
anti-rabbit IgG H&L (HRP) (ab6721, 1:3000, abcam) was
added to the membrane for incubation. Later, the membrane
was washed with PBST following the above steps.

Wound Healing Assay

When cells grew at 70-80% in confluence in the culture
plate, a scratch was made through the center of each well
using a 200 pL pipette tip. The dislodged cells were
removed after the plate was washed twice with PBS.
Cells were then cultured with fresh medium and photo-
graphed under a microscope after another 24 h of growth
to calculate the migration rate.

Transwell Invasion Assay

A 24-well Transwell chamber (8 pum pore size, BD
Biosciences) was used for Transwell invasion assay. The
upper chamber coated with Matrigel (Corning, Corning,
NY) was added with approximately 2x10* cells and the
lower chamber was filled with DMEM containing 10%
FBS. After incubation at 37 °C for 24 h, the cells on the
upper surface of the membrane were removed with a cotton
swab, and the cells in the lower chamber were stained with
crystal violet. Then, four fields were randomly selected under
a microscope to calculate the number of cells that success-
fully invaded the matrix matrigel.

Dual-Luciferase Reporter Gene Assay

The corresponding mutant sequence was created through
substituted mutating the regions of the miR-133b binding
sites. The mutant-type (MUT) or wild-type (WT) 3’-UTR
of COL1A1 was amplified and cloned into the downstream
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of pmirGLO (Promega, WI, USA) Luciferase reporter
vector to construct the COL1AI-WT and COL1A1-MUT
groups. Renilla luciferase expression vector pRL-TK
(TaKaRa, Dalian, China) was used as an internal reference.
Afterwards, the target plasmid was co-transfected with the
luciferase reporter vectors into the HEK-293T cells. The
relative luciferase activity was calculated using the Dual-
Luciferase Reporter Assay System (Promega, Madison,
WI, USA) according to the manufacturer’s procedures.

Statistical Analysis

All data were processed using SPSS 21.0 statistical soft-
ware (SPSS; Inc, Chicago, IL, USA). The measurement
data were expressed in the form of mean + standard
deviation. Student’s #-test was used to analyze the differ-
ences between the two groups. Kaplan—Meier method was
used to calculate the overall survival, and Log-rank test
was used to analyze the difference in patient survival.
P<0.05 indicated that the difference was statistically sig-
nificant, and P<0.01 indicated that the difference was
highly significant. All experiments were repeated three
times.

Results
miR-133b is Downregulated While
COLIAI is Upregulated in GC Tissue

and Cells

A total of 103 miRNAs (DEmiRNAs) and 1678 DEmRNAs
were obtained by differential analysis (Figure 1A and B).
Through analyzing the expression of miR-133b in TCGA
database, we found it was downregulated in tumor tissue
(Figure 1C, P<0.05). miR-133b has also been proved to
express differentially in multiple cancer tissues, and get
involved in the regulation of tumor cell invasion and
migration.®'" Therefore, miR-133b was selected as the target
miRNA. The target genes of miR-133b were predicted and
intersected with 901 upregulated DEmRNASs to obtain 4
DEmRNAs (COL1A1, FOXL2, HOXA9, POU4F1) with
binding sites of miR-133b (Figure 1D). Through bioinfor-
matics analysis, we found that compared with normal tissue,
COLI1A1 was significantly upregulated in tumor tissue
(Figure 1E, P<0.05), which was related to poor prognosis
of patients by survival analysis (Figure 1F). qRT-PCR was
used to further detect the expression of miR-133b and
COL1A1 in normal gastric cell line GES-1 and GC cell
lines, and the results confirmed that miR-133b was signifi-
cantly downregulated while COL1A1 was upregulated in GC

cell lines. With the lowest miR-133b expression and the
highest COL1A1 expression (Figure 1G and H, P<0.01),
the HGC-27 cell line was selected for the subsequent
experiments.

miR-133b Suppresses Invasion and
Migration of GC Cells

miR-133b mimic and inhibitor were transfected into HGC-27
cells to detect their effects on cell invasion and migration.
Firstly, we detected the expression of miR-133b in cells of
each group by qRT-PCR after transfection and the results
displayed that the expression of miR-133b was remarkably
increased in miR-133b mimic group, while that in the inhi-
bitor group was suppressed (Figure 2A). Subsequently, cell
migration and invasion were examined by the wound healing
(Figure 2B) and the Transwell assays (Figure 2C). After
transfection with miR-133b mimic, cell migration and inva-
sion abilities were decreased significantly, while reverse
results were observed after cells were transfected with miR-
133b inhibitor. The results were also verified by WB from
protein level. Additionally, the E-cadherin protein level was
increased in the miR-133b mimic group, while N-cadherin
was decreased, suggesting that the epithelial-mesenchymal
transition (EMT) process in cancer cells was inhibited. While
the expression of these two EMT-related proteins in the
inhibitor group showed opposite trends (Figure 2D), the
above results demonstrated that miR-133b played a role in
inhibiting migration and invasion in GC cells.

miR-133b Targeted Downregulates
COLIAI Expression

Previously, we found that miR-133b may target the down-
stream gene COL1A1. To further verify the targeted binding
relationship between miR-133b and COL1A1, we predicted
the binding site sequences through starBase database
(Figure 3A) and verified the relationship through dual-luci-
ferase assay (Figure 3B). The results observed that miR-133b
was able to bind to the 3'-UTR of COL1A1-WT, and the
luciferase activity of cells with miR-133b mimic and
COL1A1-WT vector co-transfection group was significantly
inhibited, but no change was observed after cells were trans-
fected with COL1A1-MUT. We further analyzed the expres-
sion correlation between miR-133b and COL1A1, and found
that miR-133b was remarkably negatively correlated with
COLI1A1 (Figure 3C), which was further verified by qRT-
PCR and WB (Figure 3D and E). These results exhibited that
miR-133b inhibited COL1A1 expression in GC cells.
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Figure | miR-133b is downregulated while COLIALI is upregulated in GC tissue and cells. (A, B) Volcano plots of (A) DEmiRNAs and (B) DEmRNAs in normal and tumor
groups of GC from TCGA database; (C) Boxplot of miR-133b expression in normal and tumor groups (normal: n=45, tumor: n=444); (D) Venn diagram of predicted target
genes of miR-133b and DEmRNAs; (E) Box plot of COLIAI expression in normal and tumor groups (normal: n=32, tumor: n=373); (F) Survival curves of GC patients with
high/low expression of COLIAI (red line indicates high expression group and blue line indicates low expression group); (G, H) The expressions of (G) miR-133b and (H)
COLIALI in gastric epithelial cell line GES-1 and GC cell lines were detected by qRT-PCR. *P<0.05, **P<0.01.

COLIAI Promotes Invasion and
Migration of GC Cells via Activating the
TGF-f Signaling Pathway

The results of GSEA pathway enrichment analysis showed
that COL1A1 was significantly enriched in the TGF-f sig-
naling pathway (Figure 4A), and it has been reported that
COLI1AL is involved in regulating the TGFp pathway in
bladder cancer cells.?' Therefore, we speculated that
COLI1AL could activate the TGF-p pathway to promote the
invasion and migration of GC cells. GC cells were divided

tinto three groups: oe-NC+DMSO, oe-COL1A1+DMSO,
and 0e-COL1A1+SB431542 (SB431542, TGF-f/Smad inhi-
bitor, Adooq Bioscience, A10826-10) to detect cell migra-
tion, invasion, and TGF-f signaling pathway-related protein
expression. Firstly, we detected the expression of COL1A1 in
each group. The results showed that compared with the oe-
NC+DMSO group, the mRNA and protein expression of
COL1A1 in the 0e-COL1A1+DMSO group were increased,
while the addition of SB431542 did not affect COL1AL1

expression (Figure 4B and E). Then, we detected the invasion
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pathway-related proteins TGFBRI, TGFBR2 and (F) Nuclear proteins pPSMAD3 and SMAD3 were detected by WB. *P<0.05.

and migration abilities of cells through Transwell (Figure 4C)
and wound healing assays (Figure 4D). The results indicated
that overexpression of COL1AL1 significantly improved the
migration and invasion abilities of GC cells, while the addi-
tion of SB431542 reversed the promoting effect of COL1A1.
We further examined the expression of TGFBR1, TGFR2
(Figure 4E) and the nuclear proteins pPSMAD3 and SMAD3
(Figure 4F) associated with the TGF-P signaling pathway. It
was found that compared with the oe-NC+DMSO group, the
expression of TGFBR1, TGFBR2 and pSMAD?3 in the oe-
COL1A1+DMSO group were
Notably, the expression of these proteins in the oe-
COL1A1+SB431542 group with the addition of SB431542
was significantly decreased. The above results indicated that

significantly increased.

COLI1A1 promoted the migration and invasion of GC cells
by activating the TGF-§ pathway.

miR-133b Suppresses Invasion and
Migration of GC Cells via the COLIAI/
TGF-B Axis

In order to verify the mechanism of miR-133b regulating the
COLI1A1/TGF-B axis to affect the occurrence and develop-
ment of GC, we conducted rescue experiments. At first, we
detected the invasion and migration abilities in three groups
(Figure 5A and B). The results revealed that compared with

NC mimic+oe-NC group, the migration and invasion abil-
ities of cells in miR-133b mimic+oe-NC group were signifi-
cantly reduced, while the abilities were remarkably enhanced
in miR-133b mimic+oe-COL1A1 group. We further tested
the expression of EMT-related proteins, E-cadherin and
N-cadherin, as well as TGF-f signaling pathway-related
proteins (Figure 5C and D). The results displayed that over-
expression of miR-133b decreased the expression of
N-cadherin, TGFBR1, TGFBR2, and pSMAD3, while over-
expressing miR-133b and COL1A1 simultaneously reversed
the expression of these proteins, which were similar to those
in NC mimic+oe-NC group. The above results indicated that
miR-133b inhibited the invasion and migration of GC cells
via the COL1A1/TGF-B axis.

Discussion

A growing number of studies have suggested that miRNA
dysregulation can regulate tumor proliferation and metas-
tasis. miR-133b has been identified to act as a tumor
suppressor gene in various cancers and is closely related
to suppressed tumor metastasis. For example, miR-133Db is
significantly downregulated in esophageal squamous cell
carcinoma (ESCC), and miR-133b/EGFR axis regulates
cell metastasis by suppressing anoikis resistance and
anchorage-independent growth.”> Huang et al discovered
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Figure 5 miR-133b suppresses invasion and migration of GC cells via the COLIAI/TGF-p axis. (A, B) Cell (A) Invasion and (B) Migration abilities were detected by
Transwell and wound healing assays; (C, D) WB was used to test the expression of (C) E-cadherin, N-cadherin, TGFBRI, TGFpR2, (D) pSMAD3 and SMAD3. *P<0.05.

that the overexpression of REST inhibits miR-133 tran-
scription in prostate cancer tissue, thereby contributing to
enhanced invasion and migration abilities in vitro and
bone metastasis ability in vivo via activating the TGF-f
? In this study, we found that miR-133b expres-

sion was dramatically lower in tumor tissue than that in

signaling.?

normal tissue by bioinformatics. Furthermore, we
observed that miR-133b expression in GC cells was
remarkably lower than that in gastric epithelial cells by
in vitro experiments. Overexpression of miR-133b sup-
pressed invasion and migration of GC cells and the occur-

rence of EMT was also inhibited, while opposite results

were observed when miR-133b was silenced. Our study
indicates that the development of GC is most likely related
to the dysregulation of miR-133b expression, which can be
supported by the research results in other cancers.

Mining the direct targets of miRNAs is essential for
studying cancer development, and helps to clarify the regu-
latory pathways and mechanisms of miRNAs. Here, we
found that COL1A1 may be the direct target gene of miR-
133b. In the meantime, COL1A1 was found to be upregu-
lated in GC tissue and its expression was negatively related to
the prognosis of patients by bioinformatics. Next, we verified
the targeted binding relationship between COL1A1 and miR-
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133b through dual-luciferase assay. COL1A1 as a member of
the collagen family is differentially expressed in multiple
cancers.”*?® A study demonstrated that the expression of
COLI1AL is significantly increased in cervical cancer tissue
with a negative correlation with radio sensitivity, and
COLIAL1 activation can inhibit the apoptosis of cervical
cancer cells.”” Another study reported that COL1A1 is upre-
gulated in muscle-invasive bladder cancer cells and knock-
down of COL1Al significantly inhibits the proliferation,
migration and invasion of cancer cells by inhibiting the
EMT process and the TGF-B signaling pathway.”' These
studies confirm that COL1A1 plays a role as an oncogene
in cancer.

To further clarify the regulatory mechanism of COL1A1
in GC development, we used GSEA pathway enrichment
analysis and found that COL1A1 was significantly enriched
in TGF-P signaling pathway. TGF-B can be used as a sup-
pressor or an activator in tumorigenesis. In the early stages of
tumor growth, TGF-B, as an inhibitor, can induce the expres-
sion of cyclin-dependent kinase inhibitors. Furthermore, it
inhibits cell proliferation, leads to cell cycle arrest and affects
cell apoptosis.'®**?? In contrast, TGF-p acts primarily as an
activator to promote tumor growth and induce invasion and
metastasis by guiding epithelial and endothelial cell differ-
entiation, promoting angiogenesis, and blocking the anti-

1
advanced tumors.’*?

tumor immune response in
Numerous experiments indicated that TGF-f regulates tran-
scription factors and is associated with EMT.**>* Medici
et al observed that TGF-B is responsible for loss of tight
junctions and a partial loss of E-cadherin, while a complete
loss of E-cadherin and transformation to the mesenchymal
phenotype are dependent on the Smads signaling.®> There
were some researches showing the relationship between
COLI1A1 and the TGF-f signaling pathway in several can-
cers. For instance, it has been found that knockdown of
COL1A1 significantly inhibits the proliferation, migration,
and invasion of muscle-invasive bladder cancer (MIBC) cells
by suppressing the EMT process and the TGF- signaling
pathway.' In addition, the expression of both MRTF-A and
COLI1ALI can be increased through TGF-$ and Wnt signaling
in breast cancer.>® However, in GC, the relationship between
COL1A1 and the TGF-f signaling pathway has not been
elucidated. In our study, overexpression of COL1A1 pro-
moted the expression of pSMAD3 nuclear translocation,
TGFBR1 and TGFBR2 proteins, while the promoting effect
was remarkably attenuated after the addition of TGF-f sig-
naling pathway inhibitors, suggesting that overexpression of

COLI1A1 may promote pPSMAD?3 nuclear translocation thus

regulating target gene transcription, resulting in pathway
activation. Therefore, we found that COL1A1 promoted
GC cell migration and invasion via activating the TGF-
signaling pathway. Then, we further verified the effect of
the miR-133b/COL1A1/TGF-B axis on GC migration and
invasion, and it was concluded that overexpression of miR-
133b inhibited the EMT process in GC cells and suppressed
invasion and migration of tumor cells by suppressing the
TGF-p signaling pathway, which could be reversed by over-
expression of COL1A1. The results illustrate the molecular
mechanism by which miR-133b suppresses the invasion and
migration of GC cells via the COLIA1l/TGF-B axis
(Figure 6). However, there are still some limitations and
linearity in this study, such as lack of in vivo verification.
Besides, the specific regulatory relationship between
COL1A1 and TGF-p signaling pathway has not been clar-
ified, which will be solved in our future research.

In summary, this study demonstrates that downregu-
lated miR-133b inhibits migration and invasion of GC
cells in vitro via the COL1A1/TGF-B axis, indicating
that miR-133b plays a key role in GC progression, which

provides a new target for GC diagnosis and treatment.
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Figure 6 Molecular mechanism diagram of miR-133b inhibits GC cells invasion and
migration through the COLIAI/TGF-p axis.
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