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Abstract

Background/Aims: Helicobacter pylori (H. pylori) infection is closely related to human gastric
mucosa-associated diseases. Several recent studies on miRNAs have expanded our insights
on H.pylori pathogenesis. This study aimed to investigate the biological roles and underlying
molecular mechanisms of miR-29a-3p in human gastric cells and tissues with H.pylori
infection. Methods: miR-29a-3p expression was quantified by quantitative RT-PCR (gRT-
PCR). A miR-29a-3p target gene was validated by bioinformatics analysis, western blotting
and dual luciferase reporter gene assays. Western blotting and immunohistochemistry (IHC)
assay were performed to detect the protein expression. Transwell assay was used to determine
the cell migration ability. Results: MiR-29a-3p was up-regulated in H.pylori-positive gastric
mucosa tissues and H.pylori-infected gastric cells. The up-regulation of miR-29a-3p was
dose-dependent in BGC-823 and GES-1 cells infected with H.pylori. Using gain- and loss-of-
function experiments in vitro, we demonstrated that miR-29a-3p promoted the migration
of gastric epithelial cells. We further characterized A20 as a direct target of miR-29a-3p. The
expression of A20 was decreased in H.pylori-positive gastric mucosa tissues compared with
H.pylori-negative gastric mucosa tissues. A20 downregulation was time- and dose-dependent
in GES-1 and BGC-823 cells infected with H.pylori. In GES-1 and BGC-823 cells infected with
H.pylori, the miR-29a-3p mimic significantly blocked A20 expression, which suggests that
H.pylori decreased A20 expression through up-regulating miR-29a-3p in GES-1 and BGC-
823 cells infected with H.pylori. The knockdown of A20 by siRNA enhanced the migration of
human gastric epithelial cells and promoted the expression of Snail, Vimentin, and N-cadherin
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and inhibited the expression of E-cadherin. Conclusion: The miR-29a-3p may act as a tumor
promotive miRNA by regulating cells migration through directly targeting of A20 gene in

human gastric epithelial cells infected with H.pylori. © 2018 The Author(s)
Published by S. Karger AG, Basel

Introduction

Over half of the population worldwide are infected with Helicobacter pylori (H.pylori),
which is a gram-negative, microaerophilic, spiral-shaped, and flagellated pathogen that
mainly colonizes the gastric mucosa and has coexisted with human beings for nearly sixty
thousand years [1-3].Virtually all human beings infected with H.pylori may develop gastritis,
a signature feature fits capacity to persist for decades, provoking a series of histological
changes, ranging from the destruction of intercellular junctions to the apoptosis, hyperplasia,
and even malignant transformation of epithelial cells [4, 5]. It is likely that the organism
plays a causative role early in the above mentioned progression. Wong et al. reported that
eradication of H.pylori significantly reduced the risk of developing gastric adenocarcinoma
in individuals infected with H.pylori without premalignant lesions, providing additional
evidence that H.pylori affects the early stage of gastric carcinogenesis [6]. For the past
several decades, the pathogenicity of H.pylori has been widely studied, while the underlying
molecular mechanisms remain to be elucidated.

miRNAs, a family of small noncoding RNAs (approximately 22 nucleotides in length),
are key negative regulators of posttranscriptional gene expression, that directly bind to
the 3'-untranslated region (3'-UTR) of target mRNAs, eventually leading to the translation
degradation or inhibition of target mRNAs [7, 8]. Aberrant expression of miRNAs is associated
with several human diseases. For the past decades, a variety of miRNAs have been reported
to be involved in H.pylori-associated stomach diseases by regulating the expression of target
mRNAs [9, 10]. Zhang et al. reported that H.pylori infection upregulated the expression of
miR-21, which in turn downregulated the expression of reversion-inducing-cysteine-rich
protein with Kazalmotifs (RECK), leading to the development of gastric cancer [11]. In
addition, H.pylori infection downregulated the expression of miR-370, and then, miR-370
promoted cell proliferation by regulating the expression of FoxM1 in gastric cancer cells
[12]. In our previous study, using microarray analysis, we showed that miR-29a-3p was
upregulated in H.pylori-infected gastric epithelial cells (GES-1). However, this finding was
not further confirmed [13]. Based on bioinformatic analysis, we further predicted that A20
might be a putative target gene of miR-29a-3p. Therefore, we develop the hypothesis that
H.pylori may regulate A20 expression via miR-29a-3p.

The ubiquitin-editing enzyme, A20, also referred to as tumor necrosis factor a-induced
protein 3 (TNFAIP3), has been shown to negatively regulate NF-kB pathways by multiple
mechanisms [14-17], which control numerous cellular activities including cell activation,
development, and differentiation. Previous results suggested that A20, a target gene of miR-
let-7f, was significantly upregulated after Mycobacterium tuberculosis (Mtb) infection, and
was involved in regulating immune responses to Mtb and the control of bacterial burden [18].
In addition, the expression of A20 was robustly upregulated in murine bone marrow-derived
macrophages (BMDMs) with Mycobacterium fortuitum (MF) infection [19]. However, the
relevance of A20 expression and H.pylori infection in H.pylori-associated stomach diseases
has not been reported so far.

Therefore, we aimed to confirm the expression profile and role of miR-29a-3p in H.pylori
infection in vitro and in vivo. Exploring the regulatory mechanisms of miR-29a-3p in H.pylori
infection might contribute to expanding our insights on the pathogenesis of H.pylori-related
diseases.

1251


http://dx.doi.org/10.1159%2F000495502

Cellular Physiology Cell Physiol Biochem 2018;51:1250-1263
DOl

. . Qe 9000408202 © 2018 The Author(s). Published by S. Karger AG, Basel
and B|ochem|stry Published online: 25 November 2018 |www.karger.com/cpb

Sun et al.: microRNA-29a-3p Promotes the Migration of GES-1 Cells

Materials and Methods

Bacterial culture

H.pylori standard strain 26695 was kept in our laboratory (School of Medicine, Jiangsu University,
Zhenjiang, Jiangsu, China), which was cultured in Columbia Agar (0XOID, UK) plates supplemented with 5%
fetal bovine serum (FBS; Wisent Inc., Quebec, Canada) under microaerophilic conditions (5%0,, 10%CO,,
and 85%N,) at 37°C. The strain was harvested at the logarithmic phase and then co-cultured with gastric
cells at different infection ratios and times.

Cell culture

SGC-7901, BGC-823, MGC-803, GES-1 and HEK-293T cell lines were kept in our laboratory (School
of Medicine, Jiangsu University). SGC-7901, BGC-823, and HEK-293T cells were cultured in DMEM (Gibco,
Grand Island, N.Y, USA) medium supplemented with 10% FBS (Wisent Inc.). MGC-803 and GES-1 cells were
maintained in RPMI-1640 (Gibco) medium containing 10% FBS (Wisent Inc.). All cells were grown in a
humidified atmosphere with 5% CO, at 37°C.

Patients and tissue specimens

The gastric mucosa specimens were collected from the digestive tracts of 98 patients from December
2014 to February 2015 at the Digestive Endoscopy Center (Second People’s Hospital of Changzhou,
Changzhou, Jiangsu, China). Forty-six cases were H.pylori-positive. The healthy control group consisted of
52 H.pylori-negative cases. In this research, 98 clinical specimens (Supplementary Table S1) were used
to analyze the expression of miR-29a-3p by qRT-PCR. In addition, forty-seven out of 98 cases were used
to analyze the expression of A20 by using IHC. Twenty-four cases were H.pylori-positive, and the healthy
control group included 23 H.pylori-negative cases (Supplementary Table S2).

None of the patients had received no steroidal anti-inflammatory drugs (NSAIDs), antibiotics, or
proton pump inhibitor treatment at least one month before testing. H.pylori-infection status was confirmed
by Rapid Urease Test (RUT) and H.pylori-specific ureC polymerase chain reaction (PCR) [20].

In this study, the patient specimens were part of the clinical specimens in the article of “Microarray
analysis of Long non-coding RNA expression profiles in human gastric cells and tissues with Helicobacter
pylori infection” [13].The present study was approved by the ethics committee of The Second People’s
Hospital of Changzhou (Supplementary Figure S1, Medical Ethics Review Report - for all supplemental
material see www.karger.com/10.1159/000495502/). Written informed consents for collection and analysis of
gastric mucosa were obtained from all patients.

Reverse transcription and qRT-PCR

Total RNA was extracted from tissues or cells using TRIzol reagent (Invitrogen, California, USA)
according to the manufacturer’s protocol.

For detecting the expression of miR-29a-3p, 1ug of total RNA was transcribed into cDNA using the
miScript® II RT Kit (Qiagen, Valencia, CA, USA), according to the manufacturer’s instructions. Then,
quantitative real-time PCR (qRT-PCR) was performed with specific primers for miR-29a-3p and U6 snRNA
(miScript Primer Assays, Qiagen) on ABI Step One Real-Time PCR System (Applied Bio systems). U6 snRNA
was used as internal control
for miRNA. All gRT-PCRs  Table 1.siRNA sequences
reactions were performed

in triplicate and the relative Name Sequence, 5'-3'

expression of miRNA was A20 siRNA-1-sense GCGGAAAGCUGUGAAGAUATT

calculated using 224 method. A20 siRNA-1-antisense UAUCUUCACAGCUUUCCGCTT
A20 siRNA-2-sense GCAACUGGAGUCUCUCAAATT
A20 siRNA-2-antisense UUUGAGAGACUCCAGUUGCTT
A20 siRNA-3-sense GGAAUGAUGAAUGGGACAATT
A20 siRNA-3-antisense UUGUCCCAUUCAUCAUUCCTT
NC siRNA-sense UUCUCCGAACGUGUCACGUTT

NC siRNA-antisense ACGUGACACGUUCGGAGAATT

1252


http://dx.doi.org/10.1159%2F000495502

Cellular Physiology Cell Physiol Biochem 2018;51:1250-1263
DOl

© 2018 The Author(s). Published by S. Karger AG, Basel

. . 0.1129/000402000
and B|ochem|stry Published online: 25 November 2018 |www.karger.com/cpb

Sun et al.: microRNA-29a-3p Promotes the Migration of GES-1 Cells

Plasmid construction and transient transfection

Dual luciferase report vectors containing the wild type (psiCHECK-2-A20-wild-3'-UTR) and mutant
type (psiCHECK-2-A20-mutant-3’-UTR) of A20 3’-UTR were constructed and confirmed by sequencing. A
full-length cDNA of humanA20 was synthesized by Bioworld (Nanjing, China). Then, the product was sub-
cloned into the pcDNA3.3(+) plasmid (Invitrogen, California, USA) to construct the recombinant plasmid,
pcDNA3.0-A20.Wetransfected cells with a final concentration of 80nM of A20 siRNA (Shanghai GenePharma
Co., Ltd., Shanghai, China)to silence A20 expression, with 50nM of miR-29a-3p mimic (GenePharma) to
increase miR-29a-3p expression, and with 100nM of miR-29a-3 pinhibitor (GenePharma) to inhibit miR-
29a-3p function using Lipofectamine 2000(Life Technologies), according to the manufacturer’s protocols.
The specific sequences of human A20 siRNA and negative control siRNA are listed in Tablel.

Dual luciferase reporter assay

For the dual luciferase assay, 1x10° HEK-293T cells were seeded and cultured in 24-well plates to reach
approximately 70% confluence. The cells were co-transfected with 50nM mimics of miR-29a-3p (or 100nM
inhibitors of miR-29a-3p) and 50ng of the psiCHECK-2-A20-wild-3'-UTR (or psiCHECK-2-A20-mutant-3'-
UTR) using Lipofectamine 2000. Twenty-four hours later, the luciferase activity of transfected cells was
measured using the Dual Luciferase Reporter Assay System (Promega, Madison, WI, USA).

Western blotting

Cells were lyzed with RIPA lysis buffer (Beyotime) containing 1xPhenylmethanesulfonyl fluoride
(PMSF). The protein amount of whole cell lysates was quantified by ND-1000 spectrophotometer. Proteins
were separated by 10% SDS-PAGE gel and transferred into PVDF membranes. The membranes were blocked
in TBST containing 5% nonfat milk and then, incubated with the primary antibodies of A20 (Abcam), Snail
(Santa Cruz), E-cadherin (Santa Cruz), Vimentein (Santa Cruz), N-cadherin (Santa Cruz), MMP-2 (Santa
Cruz), MMP-9 (Santa Cruz), TIMP2 (Santa Cruz), and GAPDH (Santa Cruz) overnight at 4°C. The membranes
were washed and then, incubated with HRP-conjugated goat anti-rabbit IgG antibody (Santa Cruz) for
45 minutes at room temperature. Finally, membranes were washed and bands were visualized with ECL
substrate (TransGen Biotech).

Immunohistochemistry assay

Formalin-fixed paraffin-embedded gastric mucosa tissues were deparaffinized in xylene, rehydrated
through the graded alcohol of 100%, 95%, 90%, 85% and 70%, and then, boiled for 10 minutes in citrate
buffer (10mM, pH 6.0) for antigen retrieval. The endogenous peroxidase activity was suppressed by
exposure to 3% hydrogen peroxide for 10 minutes. Slides were then blocked with 5% bovine serum albumin
(BSA), incubated with primary antibodies against A20 at 4°C overnight, and then, incubated with secondary
antibody for 45 minutes at 37°C. Slides were visualized with 3, 3’"diaminobenzidine (DAB) (BOSTER, Wuhan
China), and then counterstained with hematoxylin for microscopic examination.

Transwell assay

For cell migration assay, 1x10° GES-1 cells transfected miR-29a-3p mimics or A20 siRNA were
suspended in 250ul serum-free medium and seeded in the upper chambers of CoStar Transwell chambers
(8um pore; Corning, NY, USA), meanwhile, 600ul culture medium containing 10% FBS was added to the
lower chambers to induced cell migration. Next, the cells were incubated at 37°C with 5% Co, for 24 hours;
the cells in the upper surface of the membrane were removed with a cotton swab. Cells on the bottom
surface of membranes were fixed with 4% paraformaldehyde and stained with crystal violet, and then,
counted under microscope with 200x magnification. Five fields per membrane were counted and the
average number of cells in a field was calculated.

Statistical analysis

Quantitative data were represented as the mean * standard deviation (SD). The differences in the
expression levels of A20 mRNA and miR-29a-3p were analyzed by Student’s t-test using SPSS software
(version20.0 SPSS Inc., Chicago, IL, USA). Statistical values of P<0.05 were considered significant.
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Results

H.pylori promotes miR-29a-3p expression in vivo and in vitro

To validate the expression of miR-29a-3p in H.pylori-positive gastric mucosa tissues
and gastric epithelial-derived cell lines with H.pylori infection, we conducted qRT-PCR for
98 samples of gastric mucosa tissues and 4 gastric epithelial-derived cell lines with H.pylori
infection. Our results showed that when compared with the H.pylori-negative tissues, the
expression of miR-29a-3p was enhanced in H.pylori-positive tissues. The average fold
change of miR-29a-3p was significantly higher in H.pylori-positive tissues than in H.pylori-
negative tissues (P=0.032, paired Student’s t-test; Fig. 1A). The expression of miR-29a-3p
in four gastric epithelial-derived cell lines (SGC-7901, BGC-823, MGC-803, and GES-1) that
were infected with H.pylori (standard strain 26695) was upregulated in a dose-dependent
manner (Fig. 1B, 1C). In the present study, we mainly aimed to explore the role of miR-29a-
3p in the early stage of H. pylori infection in gastric mucosa tissues. Thus, we selected GES-1
for the next experiments.

Effects of miR-29a-3p on the migration of human gastric epithelial cells

We overexpressed miR-29a-3p by transfecting GES-1and BGC-823 cells with miR-29a-
3p mimics and silenced miR-29a-3p by transfecting GES-1 and BGC-823 cells with miR-
29a-3p inhibitors. QRT-PCR results showed that miR-29a-3p expression was dramatically
increased in GES-1 and BGC-823 cells transfected with miR-29a-3p mimics and reduced in
GES-1 and BGC-823 cells transfected with miR-29a-3p inhibitors, compared with the control
group transfected with negative miRNAs (Fig. 24, 2B).

We assessed the effects of miR-29a-3p on the migration of GES-1 cells using transwell
migration assay. As shown in Fig. 2C and 2D, miR-29a-3p overexpression in GES-1 cells
promoted the migration of GES-1 cells. The migratory ability of GES-1 is weak since it belongs
to normal gastric mucosa epithelial cells. Thus, the transwell migration assays analyzing the
migration of GES-1 transfected with miR-29a-3p inhibitors were not done.
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Fig. 1. Increased expression of miR-29a-3p in human gastric mucosa tissues and gastric cells with H.pylori
infection. (A) qRT-PCR analysis of mRNA levels of miR-29a-3p in human gastric mucosa tissues. Each point
represents one sample. “Column Hp (+)” stands for H.pylori-positive tissue samples and “column Hp (-)
stands for H.pylori-negative tissue samples. (B) Co-culturing SGC-7901, BGC-823, MGC-803, and GES-1 cells
with H.pylori (standard strain 26695) respectively upregulated the expression of miR-29a-3p compared with
controls. Controls (the four cells without H.pylori infection) (C) BGC-823 and GES-1 cells were infected with
H.pylori (standard strain 26695) at multiplicities of infection (MOIs) of 10:1, 50:1, and 100:1, respectively.
The expression of miR-29a-3p was upregulated in a dose-dependent manner. Data were presented as means
+ SD from at least three separate experiments; *, P<0.05, **, P<0.01, *** P<0.001.
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Fig. 2. Ectopic expression of miR-29a-3p in gastric epithelial cells promotes cell migration. (A and B).
MiR-29a-3p expression was markedly increased in GES-1 and BGC-823 cells transfected with miR-29a-3p
mimics, and decreased in GES-1 and BGC-823 cells transfected with miR-29a-3p inhibitors, compared with
negative controls at 48 hours after transfection. U6 snRNA served as the endogenous control. ***, P<0.0001
compared with M-NC, ##, P<0.001 compared with inhi-NC. (C and D). The transwell assay was used to
assess the effect of miR-29a-3p on the migration of GES-1 cells. Scale bar represents 100 um. Magnification,
200x. Quantified results are presented as a histogram. Data are represented as the means + SD from 3
independent experiments. ***, P<(0.0001. “M” represents mimics, “inhi” represents inhibitor, “NC” represents
negative control.

A20 is negatively mediated by miR-29a-3p in human gastric cells

We used three kinds of computer-aided algorithmic programs [PicTar (http://pictar.
mdc-berlin.de), TargetScan Human (http://www.targetscan.org), and miRBase (http://www.
mirbase.org)] to predict A20 as a putative target gene of hsa-miR-29a-3p. As shown in Fig.
3A, A20 contained a conserved binding site for miR-29a-3p in different species, suggesting
that A20 was a putative target gene of miR-29a-3p. To further verify whether miR-29a-3p
could directly bind to the seed sequence in the 3'-UTR of A20 or not, we generated wild type
(WT) and mutant type (Mut) plasmids of A20 3'-UTR (Fig. 3B). Using luciferase reporter
assay, we found that co-transfection of plasmids of WT A20 3’-UTR and miR-29a-3p mimics
reduced the luciferase activity relative to the control, whereas co-transfection of plasmids of
Mut A20 3-'UTR and miR-29a-3p mimics did not affect the luciferase activity compared with
the control (Fig. 3C).

Then, we performed western blotting assays to detect whether the protein levels of
A20 were regulated by miR-29a-3p or not. Both BGC-823 and GES-1 cells transfected with
mimics of miR-29a-3p showed that the protein levels of A20 were reduced compared with
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Fig. 3. miR-29a-3p directly targeted to A20 in vitro. (A) The predicted binding sites for A20 to miR-29a-3p
in different species. (B)Wild type (WT) and a mutant type (Mut, indicated by black underline) of A20 3’-UTR
as well as the putative seed sequences of miR-29a-3p are shown. (C)HEK-293T cells were co-transfected
with luciferase reporter plasmids and mimics or inhibitors of miR-29a-3p.The luciferase reporter activity
was normalized using Renilla. “Wt” stands for psiCHECK-2-A20-wild type-3'UTR reporter plasmid, “Mut”
stands for psiCHECK-2-A20-mutant-3'UTR reporter plasmid; “NC” stands for negative control.*, P<0.05
versus mimic-NC+Wt. (D and E) Western blotting analysis of protein levels of A20 in BGC-823 and GES-1
cells with overexpression (mimics) of miR-29a-3p. (F and G) Western blotting analysis of protein levels of
A20 in BGC-823 and GES-1 cells with inhibition (inhibitors) of miR-29a-3p. GAPDH was used as an internal
reference. *, P<0.05. “M” represents mimics; “inhi” represents inhibitor, “NC” represents negative control.

cells transfected with control miRNAs (Fig. 3D, 3E). Meanwhile, the protein levels of A20
were upregulated in BGC-823 and GES-1 cells after inhibiting the expression of miR-29a-3p
with inhibitors of miR-29a-3p (Fig. 3F, 3G). Therefore, the above findings indicate that miR-
29a-3p directly targets the binding seed sequence of A20 3'-UTR, and A20 is a direct target
gene of miR-29a-3p.

Expression levels of A20 are downregulated in human gastric epithelial-derived cell lines

and tissues with H.pylori infection

We investigated the protein expression of A20 in human gastric mucosa tissues from
47 out of 98 cases, including 23 H.pylori-negative cases and 24 H.pylori-positive cases
(Supplementary Table S2) using IHC assay. We found that percentages of A20-positive cells
in H.pylori-positive tissues were lower compared with in H.pylori-negative tissues (21.7% vs.
79.2%; P<0.01; Fig. 4A). Patient age or sex was not associated with A20 expression.
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Fig. 5. A20 silencing promotes the migration of GES-1 cells. (A) pcDNA3.0-A20 vector efficiently increased
the A20 expression in GES-1 cells. **, P<0.01, ***, P<0.001, versus GES-1 cells transfected with pcDNA3.0
blank vector. (B) The expression of A20 was dramatically reduced in GES-1 cells transfected with A20
siRNA. *, P<0.05, **, P<0.01, versus siRNA negative control. (C) The transwell assay was used to evaluate the
migratory ability of GES-1 cells transfected with A20 siRNA-3. Silencing of A20 promoted the migration of
GES-1 cells (200 x magnifications). **, P<0.01, versus siRNA negative control.

Next, we assessed whether or not infection with H.pylori (standard strain 26695) was
associated with reduced A20 expression. Western blotting results show that the protein
levels of A20 were reduced in 4 gastric epithelial-derived cell lines (SGC-7901, BGC-823,
MGC-803, and GES-1) infected with H.pylori in vitro (Fig. 4B and 4C). In order to measure
whether the downexpression of A20 was time- and dose- dependent or not, BGC-823 and
GES-1 cells were co-cultured with H.pylori standard strain 26695 for different times and at
different MOIs. Results suggested that the protein expression of A20 was gradually reduced
in BGC-823 and GES-1 cells with increased time of co-culturing and with increased MOIs of
H.pylori (Fig. 4D, 4E and 4F, 4G).

H.pylori infection decreases A20 expression through upregulation of miR-29a-3p

With H.pylori infection, the protein expression of A20 was decreased, and the mRNA level
of miR-29a-3p was upregulated in vivo and in vitro. Meanwhile, A20 was a direct target gene
of miR-29a-3p. Therefore, we developed the hypothesis that H.pylori infection decreased
A20 expression through upregulation of miR-29a-3p. Subsequently, we infected BGC-823
and GES-1 cells that were transfected with mimics or inhibitors of miR-29a-3p with H.pylori
(standard strain 26695). Western blotting results show that miR-29a-3p mimics significantly
blocked H.pylori-induced downregulation of A20 in BGC-823 and GES-1 cells (Fig. 4H and
41), which suggests that miR-29a-3p-mediated posttranscriptional regulation is involved in
H.pylori-induced downregulation of A20 protein expression.

1258


http://dx.doi.org/10.1159%2F000495502

Cellular Physiology Cell Physiol Biochem 2018;51:1250-1263
DOl

. . : W © 2018 The Author(s). Published by S. Karger AG, Basel
and B|ochem|stry Published online: 25 November 2018 |www.karger.com/cpb

Sun et al.: microRNA-29a-3p Promotes the Migration of GES-1 Cells

Silencing of A20 expression in gastric epithelial cells promoted migration

So far, the effects of A20 on gastric epithelial cells have not been fully illuminated.
To explore the functions of A20, we transfected GES-1 cells with pcDNA3.0-A20 (over-
expressing vector). A20 in GES-1 cells transfected with pcDNA3.0-A20 was overexpressed
compared with GES-1 cells transfected with pcDNA3.0 (control vector) (Fig. 5A). In addition,
we knocked down A20 expression using A20-specific siRNA. Just as in Fig. 5B, transfection
with specific siRNA-3 against A20 (A20 si-3) into GES-1 cells, as compared with transfection
with the siRNA-NC (si-NC), markedly decreased A20 expression and dramatically promoted
the migration of GES-1 cells (Fig. 5C).

Next, we examined the expression of several molecular markers associated with
migration in GES-1 cells using western blotting. Just as in Fig. 6C, the expression of MMP-2 and
MMP-9 were markedly decreased, while the expression of TIMP2 was significantly increased
in GES-1 over expression group, when compared to the blank vector group. In contrast, the
silencing of A20 led to a modest increase of the MMP-9 level, while the expression of TIMP2
protein was distinctly reduced in GES-1 cells (Fig. 6D). In summary, these results suggest that
A20 expression could affect the migration of gastric epithelial cell in vitro.

Silencing of A20 induces EMT in gastric epithelial cells

Prior to the migration and invasion of epithelial cells is often a developmental and
morphological alternation called epithelial mesenchymal transition (EMT) [21, 22]. Next,
the protein expression of a serious of indicators of EMT was measured. As shown in Fig.
6A, the expression of mesenchymal markers, Snail, Vimentin, and N-cadherin, were reduced
in A20-overexpressed cells, while the expression of the epithelial marker, E-cadherin,
was dramatically increased. In contrast, the silencing of A20 led to a modest decrease of
E-cadherin in GES-1 cells, however, the protein expression of Snail, Vimentin, and N-cadherin
were increased as expected (Fig. 6B). Overall, these results indicate that silencing of A20
involved in the process of EMT and intensive the migratory ability of gastric epithelial cells
in vitro.

Fig. 6. A20 affects the expression of epithelial-mesenchymal transition (EMT) pathway-associated markers.
(A) High A20 could increase the expression of E-cadherinand reduced the expression of Snail, Vimentein,
and N-cadherin in GES-1 cells. (B) Silencing of A20 affected the EMT phenotype through decreasing the
protein expression of E-caherin and increased the protein expression of Snail, Vimentin, and N-cadherin
expression in GES-1 cells. (C and D) Expression of the migration-related gene was detected by western
blotting in GES-1 cells at 48 hours after transfection with pcDNA3.0-A20 or A20 si-3.
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Discussion

Followingadherence and colonization of the gastricmucosa, H.pylori could induce chronic
gastric inflammation, which is regarded as the strongest risk factor for the development of
atrophic gastritis, intestinal metaplasia, dysplasia, and ultimately gastric adenocarcinoma
[23, 24]. H.pylori expresses several virulence factors capable of regulating the host immune
system and inducing pro-inflammatory immune responses. These factors mainly include
Cag (cytotoxin-associated gene) pathogenicity island and vacuolating cytotoxin A (VacA). For
the past several decades, more and more researches have been focusing on revealing the
molecular mechanisms of pathogenesis of Hpylori, especially at the level of regulation of
gene transcription. Recently, a series of studies on miRNAs have provided our new insights
on pathogenic mechanisms of H.pylori.

miR-29a, miR-29b, and miR-29c are three family members of miR-29. They have the
same seed region, AGCACCA, and similar biological functions. The abnormal expression of
miR-29 family is closely linked to tumorigenesis, as it is widely involved in differentiation
[25], proliferation [26], apoptosis [27], and metastasis [28] of tumor cells. A previous study
demonstrated that miR-29a-3p was significantly down-regulated in gastric tumor tissues
compared with the adjacent gastric mucosa tissues, and the aberrant expression of miR-
29a-3p affected the proliferation and metastasis of gastric tumor cells in vitro [29].In the
present study, we found that the expression of miR-29a-3p was increased in H.pylori-positive
gastric mucosa tissues and gastric epithelial-derived cells infected with H.pylori (Fig. 1A,
1B). In addition, miR-29a-3p could promote the migration of gastric epithelial cells (Fig.
2(C). Interestingly, this was the opposite in gastric epithelial cells, compared with the gastric
cancer cells. A previous study reported that miR-29a inhibited cell migration and invasion
via targeting Roundabout homolog 1 in gastric cancer cells [30]. MiR-29a may be a double-
edged sword in the development of gastric cancer. It could promote the tumorigenesis of
H.pylori-associated gastric cancer in the early stage, and on the other hand, inhibit the
progression of gastric cancer in the late stage.

Recent data have indicated that miR-29c could enhance A20 expression, negatively
regulating IAV-induced NF-«B activation in A549 cells and miR-29c-mediated regulation for
A20 was independent of the seed sequence of A20 3'-UTR [31]. Moreover, Mumtaz et al.
described that miR-29b acted as a decoy for the RNA binding protein, HuR, to protect A20
transcripts from HuR-mediated degradation in sarcoma tumor cells [32]. In the present
study, we also showed that miR-29a-3p was associated with A20 expression. We transfected
gastric epithelial-derived cells with miR-29a-3p mimics and miR-29a-3p inhibitors and
found that expression levels of A20 were significantly reduced and increased, respectively
(Fig. 3D, 3F). In addition, our data, in combination with the dual luciferase reporter assay
(Fig. 3C), suggested that miR-29a-3p directly targeted the binding site located at A20 3'-UTR,
and that A20 was a direct target of miR-29a-3p.

Furthermore, we demonstrated that A20 was expressed at a significantly lower level
in H.pylori-positive gastric mucosal tissues than in H.pylori-negative gastric mucosal tissues
(Fig. 4A). Similarly, protein levels of A20 in H.pylori-infected gastric epithelial-derived cells
were decreased (Fig. 4B). Next, we further analysis of the relationship between the expression
of A20, miR-29a-3p and H.pylori. The results showed that H.pylori infection decreased A20
expression by upregulating miR-29a-3p (Fig. 4H). In addition, we also confirmed that the
silencing of A20 affected the expression of MMP2, MMP-9, and TIMP2 (Fig. 6C and 6D),
resulting in gastric epithelial cells migration (Fig. 5C).

Epithelial-mesenchymal transition (EMT) is a process that includes molecular changes,
decreased cell-cell junction and adhesion, and increased cell motility and causes cells to
gain migratory and invasive properties, key events in cancer metastasis [33-36]. EMT can
be determined by the increase of mesenchymal markers (Vimentin, Snail and N-cadherin)
along with the decrease of epithelial markers (E-cadherin) [37]. Our data suggested that
the expression of the E-cadherin was reduced, while the expression of Snail, Vimentein,
and N-cadherin were enhanced in A20-downregulated GES-1 cells (Fig. 6B). In contrast,
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the expression of E-cadherin was increased, while the expression of Snali, Vimentein, and
N-cadherin were decreased in A20-overexpressed GES-1 cells (Fig. 6A). Therefore, these
results indicate that the silencing of A20 may induce the EMT to promote the development
of gastric cancer.

Conclusion

Our study demonstrates that miR-29a-3p was upregulated in H.pylori-positive gastric
mucosal tissues and gastric epithelial-derived cells with H.pylori infection. In addition,
H.pylori infection reduced A20 protein expression via upregulating miR-29a-3p. Both
overexpression of miR-29a-3p and silencing of A20 promote the migration of gastric
epithelial cells migration, which was associated with changes of EMT markers. In this study,
our results reveal a new pathogenic mechanism of H.pylori infection, and indicate that miR-
29a-3p may be a rational therapeutic target for the treatment of H.pylori-associated stomach
diseases in the future.

Abbreviations
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