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Background: The effect of microRNAs (miRNA) on cancer regulations has received a considerable amount
of attention recently. MiR-133a-5p has been identified as an anti-tumor miRNA in several types of cancers.
However, the effect of miR-133a-5p on gastric cancer (GC) have not been uncovered. In this study, we
sought to evaluate the regulation of TCF4 expression by miR-133-5p and the role of the miR-25-3p/TCF4
axis in the progression of GC, with the aim of identifying a potential therapeutic target for GC.

Methods: TCGA (The Cancer Genome Atlas), GTEx (The Genotype-Tissue Expression) and GEO (Gene
Expression Omnibus) database were used to analyze the expression and prognosis. We performed MTT and
EdU assays to elucidate the effect on cell replication. Apoptotic cells were stained with annexin V-fluorescein
isothiocyanate and propidium iodide to stain, and then analyzed by flow cytometry. The effect on cell
metastasis was investigated in wound healing and transwell assays. A dual-luciferase reporter assay was used
to check for the direct targeting of TCF4 by miR-133a-5p. Bioinformatic analysis of the relationship of
TCF4 with tumor microenvironment and the signaling cascade of TCF4 was finally performed.

Results: We found that the level of miR-133a-5p was decreased in both tumor tissues and GC cell lines.
MiR-133a-5p inhibited cell growth and metastasis, but promoted cell apoptosis. MiR-133a-5p directly
targeted TCF4 and downregulated its expression. TCF4 was highly expressed in tumor and higher level of
TCF4 indicated poorer prognosis. Moreover, TCF4 overexpression reversed the aforementioned anti-tumor
activity of miR-133a-5p. The expression level of TCF4 was significantly correlated with tumor-infiltrating
immune cells.

Conclusions: Our findings altogether reveal that miR-133a-5p can serve as a tumor suppressor in gastric
cancer via the miR-133a-5p/TCF4 pathway.
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Introduction There are nearly one million people diagnosed with GC
Cancer has been the primary cause of death all around every year (2). The pr'ognosis .Of GC is always poor a'nd
the world (1). Gastric cancer (GC), which is the 5™ most the average 5-year survival rate is less than 20% (3), which
common cancer and the 3" leading cause of cancer-related leads to the urgent importance of exploiting the underlying
death in the world, seriously threatens the health of people. molecular mechanism and potential drug target for cancer
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therapy.

MicroRNAs (miRNAs) are a family of endogenous non-
coding single-stranded RINA molecules, with a length of
19-22 nucleotides. miRNAs bind to the 3'-untranslated
region (UTR) of mRNAs and cause the degradation of
targeted mRINAs, leading to the downregulation of protein
expression in cytoplasm (4,5). miRNAs are widely found in
various biological processes, including tumor progression.
miRNAs are highly correlated with the progression of
cancer through binding to their targeted genes (4,6,7).
For example: miR-21 was an important diagnostic marker
for colon and breast cancer, miR-21 contributes to the
occurrence of lung cancer; miR-548d serves as a tumor
suppressor in of pancreatic cancer; miR-142-5p and miR-
375 can be used to predict the recurrent risk for patients
with GC (8). Several miRINA-targeting therapeutics have
been applied in clinical development, which suggests the
elucidation of the underlying mechanism of how miRNAs
modulate the process of cancer will contribute to cancer
therapy (9).

Recent studies demonstrated that miR-133a-5p was
lower expressed and exhibited anti-tumor function in
several malignancies, including colorectal cancer, renal
cell cancer, bladder cancer, esophageal squamous cell
carcinoma, and rhabdomyosarcoma (10-14). Sakr et al.
revealed that miR-133a suppressed glioma cell proliferation
and migration through targeting membrane-type-1 matrix
metalloproteinase (15). Besides, miR-133a inhibited cell
proliferation, migration, invasion, and cell cycle progression
via targeting transcription factors Spl (16). However, there is
no study on the effect of miR-133a-5p in the GC profession.
In this study, we examined the expression profile and
functional roles of miR-133a-5p in GC. Furthermore, we
found TCF#4 as a novel target gene of miR-133a-5p in GC.
Together, miR-133a-5p serves as a tumor suppressor and may
play a key role in miRINA-targeted therapeutics for GC.

We present the following article in accordance with
the MDAR reporting checklist (available at https://dx.doi.
org/10.21037/jgo-20-418).

Methods
Cell culture and transfection

Human gastric epithelial cell line GES-1 and human
gastric carcinoma cell line MGC-803, BGC-823, HGC-
27, SGC-7901 were all purchased from Xiamen Immocell
Biotechnology Co., Ltd (URL: http://immocell.com/html/
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cn/pe/en_about.html. Catalog number: IM-H084, IM-
HO086, IM-HO083, IM-HO085, IM-H090, respectively). We
cultured these cell lines with standard methods in DMEM
containing 10% FBS (GIBCO, CA, USA) fetal bovine
serum and supplemented with 100 U/mL penicillin and
100 U/mL streptomycin (15140122, GIBCO, CA, USA).
Our lab constructed the TCF4 3’UTR WT/Mut plasmid,
miR-133a-5p mimics, miR-133a-5p inhibitors, and miRNNA
NC were synthesized by Ribobio Technology Co., Ltd.
(Guangzhou, China).

Bioinformatic analysis

The StarBase (http://starbase.sysu.edu.cn/) database was
used to query to miR-133a-5p expression in gastric tumor
and tissue. The miRTarBase (http://mirtarbase.cuhk.edu.
cn/php/index.php), TargetScan (http://www.targetscan.
org/vert_71/) and miRDB (http://mirdb.org/index.html),
was used for the miR-133a-5p predicted target gene and
common gene selection. The StarBase database (http://
starbase.sysu.edu.cn/) was used for miR-133a-5p and its
target genes T'CF4 correlation analysis by Spearman tests.
The GEPIA2 (http://gepia2.cancer-pku.cn/#index) was used
to investigate the TCF4 expression in tumor tissues and
normal tissues. The cbioportal (http://www.cbioportal.org/),
database analysis of TCF4, and correlation of clinical factors.
The Kaplan-Meier plotter prognosis analysis was carried out
on the TCF#4 (http://kmplot.com/analysis/index) database in
GSE14210, GSE15459, GSE22377, GSE29272, GSES51105,
GSEG62254, six data set of 881 samples of clinical data,
draw TCF4 production curve. The GEPIA2 (http://gepia2.
cancer-pku.cn/#index) data to the predictive analysis of
TCF4, survival curve drawing. The CIBERSORT was used
to quantify the cellular immune infiltration and calculate the
correlation between T'CF4 expression and immune cells.
The ESTIMATE package was used to calculate the immune
score for each sample and map the correlation between
TCF4 and the immune microenvironment. The TCGA
pan carcinoma data, extract the expression levels of TCF4
and immune-related genes and draw the heat map of TCF4
and immune-related genes in 33 tumors was downloaded
from the UCSC Xena (http://xena.ucsc.edu/) database. The
study was conducted in accordance with the Declaration of
Helsinki (as revised in 2013).

Luciferase-reporter activity assay

For luciferase-reporter activity assay and Western blot
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analysis, TCF4 3’UTR, WT/Mut, Rab27a 3’UTR,
VEGEFB 3’UTR, VIM 3’UTR, and miR-133a-5p mimics
were transfected into HGC-27 cells using Lipofectamine
2000 (Invitrogen, Carlsbad, USA) according to the
manufacturer’s instructions. miR-133a-5p mimics/inhibitor/
NC were transfected into HGC-27 cells using ribo FECT
™ CP Transfection Kit (Ribobio Technology Co., Ltd,
Guangzhou, China) according to the manufacturer’s
instructions. After a 48-h transfection, cells were used for
cell proliferation, EAU incorporation, or trans-well assay.

Quantitative PCR and QuickChange PC

We extracted total RNA from cells using Trizol reagent
(Vazyme Biotech Co., Ltd, Nanjing, China) according
to the manufacturer’s instructions. For mRNA reverse
transcription, cDNA was obtained using a HiScript II
One Step qRT-PCR SYBR Green Kit (Q221-01, Vazyme
Biotech Co., Ltd.) with 1 ug total mRNA. Moreover,
miRNA is reverse transcribed using a miRNA 1st Strand
c¢DNA Synthesis Kit (MR101-01; Vazyme Biotech Co.,
Ltd.) according to the manufacturer’s instructions. gPCR
was performed with primers using Cham(Q SYBR Color
qPCR Master Mix (Q411-02, Vazyme Biotech Co., Ltd.).
Quantification cycle (Cq) values of genes were equilibrated
to 18s for mRNA or U6 for miRNA. For wild type and
mutation type of T'CF4, QuickChange PCR was performed
using a PrimeSTAR® HS DNA Polymerase [R010Q, Takara
Biomedical Technology (Beijing) Co., Ltd.] according to the
manufacturer’s instructions. Each detection was performed
in triplicate.

Luciferase-reporter activity assay

The transfected cells were lysed after 48 hours
post-transfection, and the luciferase activity was measured
using a TransDetect Double-Luciferase Reporter Assay
Kit (TransGene Biotech, Beijing, China) and the renilla
luciferase activity was used to be the control. Each group
was performed in triplicate.

Plasmid construction and lentiviral infection

The lentivirus-based vector pCDH-EF1a-TCF4-BSD
plasmid (Antihela) was used for TCF4 overexpression.
Lentiviral particles carrying TCF4 were produced as
aforementioned. Two days after lentiviral infection, the
cells were supported in 4.0 pg/mL blasticidin S (Sigma-
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Aldrich; Merck KGaA) for ten days to generate stably
overexpressing cells.

Western blot analysis

The transfected cells were lysed with a cold RIPA buffer, to
measure the protein concentration, we used a BCA Protein
Assay Kit (EpiZyme, Shanghai). Equal quantities of proteins
(20 pg) are loaded and separated on 10% SDS-PAGE
gels and then transferred onto polyvinylidene fluoride
membranes (Millipore, Billerica, MA, USA). The membrane
was blocked with 5% BSA (Merck Life Science Co., Ltd.,
Shanghai, China) at room temperature for 1 hour. Samples
were then incubated with primary antibodies against the
following proteins: TCF4 (Cat#A1141; 1:2,000; ABclonal,
‘Wuhan, China), and GAPDH (Cat#ab9485; 1:2,000; Abcam,
Shanghai, China) at 4 °C overnight. We used horseradish
peroxidase-conjugated goat anti-rabbit (Cat#G-21234;
1:10,000; Thermo Fisher Scientific, Waltham, MA, USA) as
the secondary polyclonal antibodies, followed by the ECL
detection system (Millipore, Billerica, MA, USA) to image
protein bands.

Cell proliferation

An MT'T assay was performed following the manufacturer’s
instructions (Promega, WI, USA). Briefly, the transfected
cells were confluent in 96-well cell culture microplates; each
of them was seeded in triplicate. And then added 20 pL of
MTT solution to each well. The microplate was incubated
at 37 °C for 4 hours. After that, 100 pL. of DMSO was
intercalated to each well. We measured the optical density
(OD) at 570 nm using a 96-well plate reader (CMax Plus,

Molecular Devices).

EAdU incorporation

The transfected cells were incubated at 37 °C for two hours
with DMEM containing EJU (50 pm, RiboBio, Guangzhou,
China), After that, the cells were fixed with 4% formaldehyde
for 20 minutes and then added glycine for 5 minutes. After
10 minutes, it was treated at room temperature with 0.5%
Triton X-100. The cells were washed with PBS for three
times, and then each well was treated with a 200 pLL 1 X
Apollo reaction cocktail for 10 minutes. Subsequently,
each well was stained with 100 pL. of DAPI (5 pg/mL) for
10 minutes and imaged using a fluorescent microscope

(MOTIC, Hongkong, China).
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Migration and invasion assay

Cell migration and invasion assays were performed using
24-well Transwell chambers (8-um pores, Thermo Fisher
Scientific, Waltham, MA USA). The transfected cells
(5x10* cells per well) are cultured with FBS-free medium
in the top chamber. And the lower chamber added 600 pL
complete media. Twenty-four hours later, we removed the
medium from the chamber and the Transwell, and then
gently wiped the chamber with a cotton swab. After that,
we fixed the migrating cells in 4% paraformaldehyde for
15 min and subsequently stained with crystal violet solution
(Cat#ab246820, Abcam) for 5 min. After washing with
distilled water to remove excess stain, the migrated cells
were photographed under a microscope (MOTIC). The
Transwell membranes are precoated with Matrigel (Thermo
Fisher Scientific, Waltham, MA USA) to perform the cell
invasion assays. The procedure was like cell migration
assays. The migrated or invasive cells were counted using
software Image J 1.52v (NIH, Bethesda,MD, USA) in three
random fields.

Statistical analysis

SPSS software 23.0 (IBM SPSS, Armonk, NY, USA)
was used to analyze data. Data are represented as mean
+ standard deviation of three independent experiments.
Unpaired Student’s 7-test was performed to identify
significant difference between two groups of data. A value
of P<0.05 was statistically significant.

Results

Identification of miR-133a-5p as a tumor suppressor in
GC cell lines

It is well-known that the expression level of genes is
strongly associated with their exertive biological functions.
Thus, we firstly analyzed the miR-133a-5p level in GC in
the TCGA database, where we found that the miR-133a-
5p showed reduced expression level in GC (Figure 1A).
Also, we used RT-qPCR assay to evaluate the expression
levels of miR-133a-5p in different human GC cell lines,
including BGC-803, BGC-823, HGC-27, and SGC-
7901, and the normal gastric cell line: GES-1. As shown
in Figure 1B, the miR-133a-5p expression level was
significantly lower than that in the GC cell lines compared
to Ges-1. To further confirm the functional roles of

miR-133a-5p in GC, the SGC-7901, which displays the
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lowest expression level of miR-133a-5p, is selected for
the following cell function assay model systems in vitro.
As shown in Figure 1C, the expression level of miR-133a-
5p was up-regulated in miR-133a-5p mimics group and
decreased in the transfected group with miR-133a-5p
inhibitors, compared to the scramble group. Furthermore,
the MTT tests were applied to examine whether the
modifications of miR-133a-5p expression can influence
cell viability and proliferation. As shown in Figure 1D,
the cell viability of SGC-7901 was suppressed in the
miR-133a-5p mimics group. However, the miR-133a-5p
inhibitors group displayed enhancement of cell viability.
These results suggest that miR-133a-5p will decrease cell
viability. To further examine whether the miR-133a-5p can
inhibit cell proliferation through cell cycle progression, a
transient EdU cell proliferation assay was introduced. The
EdU cell proliferation assay showed that the population
of cells in the S phase was decreased after the transfection
of miR-133a-5p mimics and was increased after the
transfection of miR-133a-5p inhibitors, which indicated
miR-133a-5p could inhibit the proliferation of SGC-7901
cells (Figure 1E,F). To further examine whether the miR-
133a-5p can inhibit the cell apoptosis, the AnexinV-PI
assay showed that the population of apoptotic cells was
increased after the transfection of miR-133a-5p mimics
and was decreased after transfection of miR-133a-5p
inhibitors (Figure 1G,H).

MiR-133a-3p suppresses the migration and invasion of
SGC-7901 cells

To investigate the effect of miR-133a-5p on migration and
invasion, we performed a Transwell migration and invasion
assay. As shown in Figure 24,B, the number of migrating
cells was less in the mimic group than that in the negative
control group. Compared with the negative group, the
inhibitor group has more migrating cells. Comparable
results were found in the Transwell invasion assay
(Figure 2C,D). Also, the wound healing assay showed
the miR-133a-5p could inhibit the migration of the cells
(Figure 2E).

MiR-133a-5p targets TCF4 and down-vegulates its

expression

Four in silico algorithms (Targetscan, miRanda, and
miRwalk) were used to forecast the target genes of miR-
133a-5p to elucidate the molecular mechanism by which
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Figure 1 MiR-133a-5p inhibits cell viability and proliferation. (A) The expression of miR-133a-5p in gastric tumor and normal tissue is
analyzed using the TCGA database. GC cell lines (MGC-803, BGC-823, HGC-27, SGC-7901) were analyzed using qRT-PCR analyze.
(C) The expression level of miR-133a-5p in cells transfected with miR-133a-5p-mimic and miR-133a-5p-inhibitor was detected by the qRT-

PCR, respectively. (D) MiR-133a-5p suppresses cell proliferation in MTT assay. (E) Representative pictures showed the EAU labeling cell

proliferation assay (magnification: 20x). (F) The quantification bar plot showed the percentage of EdU labeling cells transfected with miR-

133a-5p mimics, miR-133a-5p inhibitors, or negative control siRNA. (G) Representative pictures showed the FACS apoptotic assay. (H)

The quantification bar plot was shown the percentage of apoptotic cells transfected with miR-133a-5p mimics, miR-133a-5p inhibitor, or

negative control siRNA. **P<0.01 and ***P<0.001.

miR-133a-5p suppresses the tumor growth of GC cells
(Figure 3A4). The binding sites of the potential candidate:
TCF4 was analyzed and found conserved sites (Figure 3B).
Next, we applied the dual-luciferase reporter assay
system to identify whether they were target genes of
miR-133a-5p. Fortunately, we found that the luciferase
activity of SGC-7901 cells co-transfected with miR-133a-
Sp mimics and TCF4-3’-UTR constructs significantly

© Journal of Gastrointestinal Oncology. All rights reserved.

decreased, compared with other control groups
(Figure 3C). Furthermore, the luciferase activity was
not reduced when the TCF4-3’-UTR construct was a
mutant type, which indicated the interaction between
TCF4-3’-UTR and miR-133a-5p were necessary for
miR-133a-5p’ functions (Figure 3C). Also, qPCR and
western blot analysis was used to analyze the effect of
miR-133a-5p on the protein level of TCF4. As shown in
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Figure 2 MiR-133a-5p suppresses cell migration and invasion. (A,B) Representative images of the Transwell migration assay and histogram

of migrating cells per field. The cells were stained with crystal violet. (C,D) Representative images of the Transwell migration assay and

histogram of invasive cells per field. (E) Representative images of the migration assay by wound healing tests. Magnification: 100x. One-way

ANOVA analysis. ###P<0.001. ***P<0.001.

Figure 3D,E, the mRNA and protein expression level
of TCF4 was markedly reduced in SGC-7901 cells
transfected with miR-133a-5p mimics but increased after
transfection with miR-133a-5p inhibitors (Figure 3D,E).
Furthermore, the expression of TCF4 was positively
related to the expression of miR-133a-5p (Figure 3F). The
results showed that miR-133a-5p directly targeted TCF4
and down-regulated its expression.

© Journal of Gastrointestinal Oncology. All rights reserved.

MiR-133a-5p regulated TCF4 as a prognostic gene in GC

"To investigate the functional roles of TCF4 in GC. We used
the TCGA database to examine the differential expression of
TCF4 in gastric tumor and normal tissue and the expression
of TCF4 in different tumor stages (Figure 44,B). Also, the
expression level of TCF4 was positively associated with the
survival of the patients in the GEO and TCGA database
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common targets of the MiR-133a-5p was screened by the three databases: miRTarBase, miRDB, Target Scan. (B) The binding sites of
TCF4 and MiR-133a-5p. (C) Effects of miR-133a-5p mimics the activity of wild-type, and mutant 3’-UTRs of TCF4 were analyzed by
dual-luciferase reporter assay. (D) The relative TCF4 mRNA levels of predicted target genes in cells transfected with miR-133a-5p mimics

and negative control miRNA. (E) The relative TCF4 protein levels of predicted target genes in cells transfected with miR-133a-5p inhibitor

and negative control miRNA. GAPDH functioned as the loading control. (F) The scattering plot shows the correlation expression between
the TCF4 expression levels and miR-133a-5p. One-way ANOVA analysis. NS, not significant. **P<0.01 and ***P<0.001."*P<0.001.

(Figure 4C). Furthermore, we found that the overexpression
of TCF-4 mRNA level in GC cell lines was downregulated
(Figure 5A). As shown in Figure 5B, the overexpression of
the TCF-4 protein level, was detected in GC cell lines.
Interestingly, the mRNA and protein expression level
of TCF4 was apposite in cells transfected with miR-

© Journal of Gastrointestinal Oncology. All rights reserved.

133a-5p-mimic and miR-133a-5p-inhibitor, respectively
(Figure 5C,D). Besides, TCF4 overexpression rescues the
cell proliferation (Figure SE). Also, the apoptosis of the
cells was rescued by TCF4 overexpression (Figure SEG).
The TCF4 overexpression could also rescue the migration
and the invasion effects induced by the miR-133a-5p
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Figure 4 TCF4 functions as an important prognostic gene in GC. (A) Different expression of TCF4 in gastric tumor and normal tissue.

(B) Effects of TCF4 in various stages of the tumor. (C) The expression level of TCF4 was associated with the survival of the patients in the
GEO and TCGA database. ns, not significant. *P<0.05, **P<0.01 and ***P<0.001.

(Figure SH,L7,K).

The potential mechanism by which TCF4 regulates the GC
progression

As shown in Figure 64,B,C, we found that the correlations
of the TCF4 mRNA level with the immune cells were
significant. Also, the protein-protein interaction, TCF4
mutation genes, TCF4 altered expression analysis was
shown in Figure 7.

Discussion

GC is ranked the 3" leading cause of cancer-related death,
with an over 75% mortality rate worldwide (2,17). miRNA
is dysregulated in the process of carcinogenesis and is

© Journal of Gastrointestinal Oncology. All rights reserved.

considered useful in the diagnosis and treatment of cancer (8).
miR-133a-5p has been identified as a tumor suppressor in
several types of cancers such as colorectal cancer, renal cell
cancer, bladder cancer, esophageal squamous cell carcinoma,
and rhabdomyosarcoma (10-14). In the present study, we
found that miR-133a-5p was downregulated in both gastric
carcinomas and GC cell lines. Thus, we supposed that
miR-133a-5p might also exhibit anti-tumor activity in GC.
Therefore, we testify our hypothesis by investigating the
cellular function of miR-133a-5p i vitro. Our results revealed
that miR-133a-5p targets T'CF4 to inhibit cell proliferation
and metastasis, and promote cell apoptosis, which indicated
that low expression of miR-133a-5p contributed to GC
progression. miR-133a-5p may be a potential target for the
treatment of gastric cancer.

The TCF/LEF family, a group of transcription factors,
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Figure 5 TCF4 reverses the inhibitory effect of TCF-4. (A) The overexpression of TCF-4 mRNA level in GC cell lines was analyzed
using qRT-PCR. A vector as the negative control. (B) The overexpression of the TCF-4 protein level in GC cell lines was analyzed using
western blotting. A vector as the negative control. (C) The mRINA expression level of miR-133a-5p and TCF4 in cells transfected with miR-
133a-5p-mimic and miR-133a-5p-inhibitor, respectively. (D) The protein expression level of miR-133a-5p and TCF#4 in cells transfected
with miR-133a-5p-mimic and miR-133a-5p-inhibitor was detected by the western blotting, respectively. (E) MTT assay detected cell
proliferation. GC cells are transfected with miR-133a-5p mimics, miR-133a-5p inhibitor, or negative control siRNA. Twenty-four hours
after transfection, the cells were stained with EdU and DAPIL. (F) The representative picture that displays the PI-Annexin-V staining was
used to stain the apoptotic cells in three transfected groups using the FACS assay. (G) Representative statistical analysis to display the
percentage of the apoptotic cells in three transfected groups. (H,I) Representative images of the Transwell migration assay and histogram
of migrating cells per field. The cells were stained with crystal violet. (J,K) Representative images of the Transwell migration assay and
histogram of invasive cells per field. The cells were stained with crystal violet. **P<0.01 and ***P<0.001, ##P<0.01, ###P<0.001.
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Figure 6 TCF4 is correlated with the immune system. (A) A bubble plot showed the correlation of the TCF-4 mRNA level with the
immune cells. (B) The scatter plot showed the analysis of the estimated of TCF4 in GC. (C) The TCF4 mRNA expression level is related to
immune checkpoints. *P<0.05, **P<0.01 and ***P<0.001. The PERMANSE TESTS analyzed the correlation.
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Figure 7 The possible mechanism analysis of TCF4 regulates the progression of GC. (A) Representative images of the protein-protein
interaction network. The red color labeled the hub genes. (B) Representative images of TCF4 mutation genes in GC and normal cancer.
(C) Statistical analysis of TCF4 altered the expression level in GC. One-way ANOVA analysis. ns, not significant. *P<0.05, **P<0.01

and ***P<0.001.

bind to DNA using a high mobility group domain. They
play essential role in the Wnt signaling pathway, where they
recruit the coactivator B-catenin to enhance the transcription
of targeting genes, including some oncogene, for example,
c-Myc. There are four TCF genes (TCF1, LEF1, TCF3,
TCF4) in mammals. T'CF4 is important for maintaining
the functional property of stem cells (18). Lu ez a/. have
demonstrated that TCF4 promotes proliferation and wound
healing in human corneal epithelial stem cells (19). The
study of Zhao et al. showed that TCF4 promoted the growth
of hepatocellular cancers (20). In our study, we revealed that
miR-133a-5p suppresses GC by targeting TCF4. All above
suggest that miR-133a-5p may inhibit the progression of
GCvia Wnt signaling pathway.

CCNDL is a key protein that regulates the entry of the
Gy/G phase into the S phase and is the well-known targets
of TCF4/B-catenin transcription factors complex in the
activated Wnt signaling pathway (21). Dong er al. revealed
that the transfection of miR-133a improved the population
of Gy/G-phase cells (12). Our results of EAU assay showed

© Journal of Gastrointestinal Oncology. All rights reserved.

that the population of S-phase cells decreased after the
transfection of miR-133a-5p mimics but increased after the
transfection of miR-133a-5p inhibitors. All above suggested
that miR-133a-5p downregulates the expression of TCF4
so as to reduce the transcription of CCDN1, which inhibits
cell proliferation by inducing arrest at G/G; phase.

A miRNA can target numerous genes. Several targets
of miR-133a have been reported such as MMP14, Spl,
and SOX4 (16,22,23). High MMP14 expression predicts
worse survival in GC (24,25). Sp1 overexpression promotes
growth and metastasis of GC (26,27). SOX4 is known as an
oncogene in many kinds of tumors including GC (28,29).
These indicate that miR-133a-5p exerts its effects through
the downregulation of TCF4 as well as by other means.

It may be more meaningful if a ceRNA regulatory network
is formed for analysis and research. We used five databases
(miRcode, Human LNCediting, miRNet, IncRNASNP2) to
find potential IncRNA targeting miR-133a-5p. Lamentedly,
there was no related IncRNA. Our next work is to further
confirm the conclusion of our study iz vivo.
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In conclusion, our study confirms the role of miR-133a-
5p in GC and the underlying molecular mechanism: miR-
133a-5p/TCF4 pathway.
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