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Abstract. Helicobacter pylori (H. pylori) infection is the 
major cause of chronic active gastritis and peptic ulcer disease. 
Upregulation of IL‑17A is associated with H. pylori infection 
in the gastric mucosa; however, the factors involved in the 
regulation of interleukin (IL)‑17A‑induced inflammatory 
responses in H. pylori‑associated gastritis remain unknown. 
MicroRNAs (miRNAs) serve as key post‑transcriptional 
regulators of gene expression and are associated with the 
H. pylori infection. The present study aimed to analyze the 
effects of IL‑17A on the expression of miR‑146a upon infection 
with H. pylori, as well as to identify the possible impact of 
miR‑146a dysregulation on the inflammatory response in vivo 
and in vitro. Reverse transcription‑quantitative polymerase 
chain reaction analysis was used to determine the expression 
levels of miR‑146a in gastric epithelial cells upon IL‑17A 
stimulation. The effects of miR‑146a mimics on IL‑17A‑induced 
inflammatory responses in SGC‑7901 cells were evaluated. 
The effects of miR‑146a mimics on the expression levels 
of IL‑1 receptor‑associated kinase 1 (IRAK1) and tumor 
necrosis factor receptor‑associated factor 6 (TRAF6) upon 
IL‑17A treatment were analyzed, and the IL‑17A‑stimulated 
inflammation following the silencing of IRAK1 and TRAF6 
was observed. In addition, the correlation between miR‑146a 
and IL‑17A in human gastric mucosa with H. pylori was 

examined. The results indicated that IL‑17A‑induced 
miR‑146a may regulate the inflammatory response during 
the infection of H. pylori in a nuclear factor‑κB‑dependent 
manner. Furthermore, the expression of miR‑146a and IL‑17A 
are positively correlated in human gastric mucosa infected 
with H. pylori. These data suggested that miR‑146a may serve 
as a biomarker or therapeutic target in gastritis therapy.

Introduction

Helicobacter pylori (H. pylori) is a spiral‑shaped 
gram‑negative bacterium that can be selectively planted in 
the human stomach, resulting in various gastric diseases, 
including gastritis, gastric adenocarcinoma, peptic ulcer 
disease and gastric mucosa‑associated lymphoma  (1,2). 
H. Pylori promotes the production of various types of cyto-
kines in gastric mucosa, which leads to chronic inflammation 
and epithelial cell damage.

Previous studies indicated that excessive production 
of interleukin (IL)‑17A was associated with a variety of 
inflammatory diseases, including experimental autoimmune 
encephalomyelitis (3), extrinsic allergic alveolitis (4), inflam-
matory bowel diseases  (5), collagen‑induced arthritis  (6) 
and psoriasis (7). IL‑17A belongs to the IL‑17 family, which 
are produced by cluster of differentiation (CD)4+ Th17 cells 
and other subsets of immune cells  (8). IL‑17A induces the 
production of cytokines and chemokines, including IL‑8 and 
growth‑regulated oncogene α (GRO‑α) in epithelial cells and 
macrophages, and exhibits a pro‑inflammatory effects (9). 
In addition, upregulation of IL‑17A is associated with 
H. pylori infection in the gastric mucosa (10,11). IL‑17A also 
stimulates gastric mononuclear and epithelial cells to produce 
IL‑8, suggesting that IL‑17A serves an important role in 
H. pylori‑induced inflammation (10,12); however, the factors 
that participate in IL‑17A‑mediated inflammatory responses in 
H. pylori‑associated gastritis remain unknown.

MicroRNAs (miRNAs/miRs) serve biological func-
tions in the immune system (13‑15). Aberrant expression of 
miRNAs, such as miR‑146a, is associated with numerous 
inf lammatory disorders  (16), and is enhanced by the 
stimulation with inflammatory cytokines (17). For example, 
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miR‑146a was upregulated by IL‑1β and Toll‑like receptors 
(TLRs), such as TLR2 (18,19). Previous studies have indi-
cated that miR‑146a was upregulated following H. pylori 
infection in a nuclear factor‑κB (NF‑κB)‑dependent 
manner (20‑22). In addition, miR‑146a overexpression regu-
lates inflammation responses by inhibiting its target genes, 
including tumor necrosis factor (TNF) receptor‑associated 
factor 6 (TRAF6) and IL‑1 receptor‑associated kinase 1 
(IRAK1)  (23,24). TRAF6 and IRAK1 function as signal 
transducers in the NF‑κB pathway that activates iκB kinase 
in response to proinflammatory cytokines (23). NF‑κB is 
an essential signaling factor involved in the progression of 
H. pylori infection (25). It has been reported that miR‑146a 
could inhibit TRAF6‑ and IRAK1‑mediated signaling by 
acting as a negative regulator in the inflammatory state (26); 
however, whether miR‑146a suppresses inf lammatory 
responses by stimulating IL‑17A during H. pylori infection 
remains unknown.

In the present study, the expression of miR‑146a was 
increased by IL‑17A stimulation in gastric epithelial 
cells; whether the induction of miR‑146a affects the 
activities of IL‑17A induced inflammatory responses in 
H.  pylori‑associated gastritis was investigated. In addi-
tion, the correlation of IL‑17A and miR‑146a expression in 
H. pylori‑infected gastric tissues was evaluated.

Materials and methods

Cell culture and H. pylori strain. A human gastric cancer 
cell line, SGC‑7901 was purchased from the cell bank 
of Shanghai Institutes for Biological Sciences, Chinese 
Academy of Sciences (Shanghai, China). The cells were 
routinely cultured in RPMI‑1640 medium purchased from 
Gibco supplemented with 10% FBS (both Thermo Fisher 
Scientific, Inc., Waltham, MA, USA) at 37˚C in a humidified 
atmosphere of 5% CO2. H. pylori strain 26695 was obtained 
from the American Type Culture Collection (Manassas, 
VA, USA) and cultured in brain‑heart infusion agar (BHI; 
Becton, Dickinson and Company, Franklin Lakes, NJ, USA) 
plates with 10% rabbit blood (cat. no. HQ50073; Shanghai 
Bangsheng Biotechnology Co., Ltd., Shanghai, China) 
at  37˚C under the microaerophilic conditions of 5%  O2, 
10% CO2 and 85% N2.

Infection of SGC‑7901 cells with H. pylori 26695. H. pylori 
was collected from the culture plates using 2 ml sterile PBS 
followed by centrifugation at 2500 x g for 5 min at room 
temperature, and resuspended in RPMI‑1640 medium. The 
concentration of H. pylori 26695 was determined at 600 nm 
using the Agilent 8453E UV‑visible Spectroscopy System 
(Agilent Technologies, Inc., Santa Clara, CA, USA): Optical 
density (600 nm) = 1x109 colony forming unit/ml. SGC‑7901 
cells were infected with H. pylori 26695 for 6 h at 37˚C, with 
the multiplicity of infection 100.

Cytokine measurements by ELISA. An ELISA was employed 
to evaluate the inflammatory response of SGC‑7901 cells 
subjected to IL‑17A stimulation at serial concentrations 
(0, 0.01, 0.1, 1 or 10 ng/ml) over 24 h at 37˚C, or treated with 
10 ng/ml IL‑17A at different time points (0, 6, 12, 18 or 24 h) 

at 37˚C. Cell culture supernatants were collected by centrifu-
gation at 1,000 x g for 20 min at room temperature, and the 
expression levels of IL‑17A (cat. no. D1700), GRO‑α (cat. 
no. DGR00B) and IL‑8 (cat. no. D8000C) in the supernatant 
were determined using DuoSet ELISA Development System 
(R&D Systems, Minneapolis, MN, USA) according to the 
manufacturer's protocols. Absorbance at 450 nm was detected 
using a microplate reader.

Analysis of miR‑146a and mRNA by reverse transcrip‑
tion‑quantitative polymerase chain reaction (RT‑qPCR). 
Total RNA was extracted from tissues or cells using 
TRIzol® reagent (Invitrogen; Thermo Fisher Scientific, Inc.) 
according to the manufacturer's instructions. For RT‑qPCR 
analysis of miR‑146a, the total RNA isolated from cells was 
reverse transcribed to cDNA using a TaqMan MicroRNA 
Reverse Transcription Kit (Applied Biosystems; Thermo 
Fisher Scientific, Inc.) The reactions were incubated at 16˚C 
for 30 min, followed by 42˚C for 30 min, then 85˚C for 5 min 
before being held at 4˚C. The expression levels of miR‑146a 
were evaluated using TaqMan miRNA assays (Ambion; 
Thermo Fisher Scientific, Inc.) according to the manufactur-
er's protocols. The reactions were performed using a Bio‑Rad 
IQ5 (Bio‑Rad Laboratories, Inc., Hercules, CA, USA) with 
the following program: 95˚C for 2 min, 40 cycles of 95˚C for 
15 sec and 60˚C for 30 sec. U6 was used as internal reference. 
The upstream and downstream primers of miR‑146a and U6 
were synthesized by Sangon Biotech Co., Ltd. (Shanghai, 
China) and the sequences were as follows: miR‑146a 
forward,  5'‑GTG​CAG​GGT​CCG​AGG​T‑3' and reverse, 
5'‑CGG​CGG​TGA​GAA​CTG​AAT​TCC‑3'; U6 forward, 
5'‑CTC​GCT​TCG​GCA​GCA​CA‑3' and reverse, 5'‑AAC​GCT​
TCA​CGA​ATT​TGC​GT‑3'. Relative expression of miR‑146a 
was analyzed using 2‑∆∆Cq method  (27). The results were 
repeated at least three times.

The expression levels of IL‑17A were determined using 
a PrimeScript RT‑PCR kit (Takara Bio, Inc., Otsu, Japan). 
The expression was normalized using β‑actin. The primer 
sequences are as follows: IL‑17A forward, 5'‑AGG​AAT​CAC​
AAT​CCC​ACG​AA‑3' and reverse, 5'‑ACT​TTG​CCT​CCC​AGA​
TCA​CA‑3'; β‑actin forward, 5'‑TTC​CTT​CCT​GGG​CAT​GGA​
GTC​C‑3' and reverse, 5'‑TGG​CGT​ACA​GGT​CTT​TGC​GG‑3'.

Oligonucleotide transfection. All oligonucleotides were 
obtained from Shanghai GenePharma Co., Ltd. (Shanghai, 
China) and transfected into SGC‑7901 cells using 
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific, 
Inc.). Briefly, SGC‑7901 cells were seeded in 6‑well plates 
at a concentration of 2.0x105  cells/well in RPMI‑1640 
supplemented with 10% FBS. After subculturing at 37˚C for 
24 h under 5% CO2, the medium was replaced with fresh 
serum‑free medium purchased from Gibco (Opti‑MEM® I 
Reduced Serum Medium; Thermo Fisher Scientific, Inc.), 
and SGC‑7901 cells were transfected with miR‑146a mimics 
(50 nM; 5'‑UGA​GAA​CUG​AAU​UCC​AUG​GGU​U‑3'; 
5'‑CCC​AUG​GAA​UUC​AGU​UCU​CAU​U‑3'), scrambled 
miR control (50 nM; forward,  5'‑UUC​UCC​GAA​CGU​
GUC​ACG​UTT‑3' and reverse, 5'‑ACG​UGA​CAC​GUU​CGG​
AGA​ATT‑3'), IRAK1 small interfering (si)RNA (100 nM; 
forward,  5'‑GGU​UUC​GUC​ACC​CAA​ACA​Utt‑3' and 
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reverse, 5'‑AUG​UUU​GGG​UGA​CGA​AAC​Ctg‑3') or TRAF6 
siRNA (100 nM; forward, 5'‑GGU​UGU​UUG​CAC​AAG​AUG​
Gtt‑3' and reverse, 5'‑CCA​UCU​UGU​GCA​AAC​AAC​Ctt‑3'). 
The mock treatment group was transfected with transfection 
reagent only. FAM‑labeled negative control siRNA (100 nM) 
purchased from Ambion (cat. no. AM4620; Thermo Fisher 
Scientific, Inc.) was transfected into SGC‑7901 cells to 
evaluate the transfection efficiency; >80% of the cells were 
successfully transfected (data not shown). After transfection 
for 24 h, the cells were treated with 10 ng/ml IL‑17A (cat. 
no. 200‑17; Peprotech, Inc., Rocky Hill, NJ, USA) for 24 h.

Western blotting. Western blot analysis was performed as 
previously described (28). The blot was probed with primary 
antibodies at 4˚C overnight: Anti‑IRAK1 (1:1,000; cat. 
no. 4362) and anti‑TRAF6 (1:1,000; cat. no. 4743), were used to 
determine the expression levels of IRAK1 and TRAF6, respec-
tively; Anti‑β‑actin (1:1,000; cat. no. 5125; all Cell Signaling 
Technology, Inc., Danvers, MA, USA) was used as an internal 
control. Next, membranes were incubated with horseradish 
peroxidase‑conjugated secondary antibodies, goat‑anti‑mouse 
(1:5,000; cat. no. 115‑035‑003) or goat‑anti‑rabbit (1:5,000; cat. 
no. 111‑035‑003; both Jackson ImmunoResearch Laboratories., 
Inc., West Grove, PA, USA) at 37˚C for 2 h. Protein bands were 
visualized using SuperSignal West Dura Duration substrate 
reagent (cat. no. 34080; Thermo Fisher Scientific, Inc.). Blots 
were quantified using Image J software (version 1.48; National 
Institutes of Health, Bethesda, MD, USA).

Evaluation of NF‑κB activity. For NF‑κB activity analysis, 
SCG‑7901 cells were co‑transfected with 0.8  mg of the 
reported luciferase vector pNF‑κB‑TA‑Luc (cat. no. 631904; 
Clontech Laboratories, Inc., Mountainview, CA, USA), 0.04 
mg of Renilla control vector (pRL‑TK; cat. no. 2241; Promega 
Corporation, Madison, WI, USA) and miR‑control/miR‑146a 
mimics by using Lipofectamine 2000 according to the manu-
facturer's protocols. After 24  h, the cells were stimulated 
with or without 10 ng/ml IL‑17A (cat. no. 200‑17; Peprotech, 
Inc.) for 12  h at 37˚C. Luciferase activity was analyzed 
using the Dual‑Luciferase Reporter Assay System (Promega 
Corporation). Firefly luciferase activity was normalized to that 
of Renilla luciferase.

Patient samples. In total, 40 samples from were collected 
from patients with gastric mucosa (18 women and 22 men, 
25‑60‑years‑old) who underwent endoscopy due to dyspeptic 
symptoms at Southwest Hospital (Chongqing, China) between 
January 2013 and December 2014, including 20 patients with 
H. pylori–induced chronic gastritis and 20 healthy donors. 
None of the patients had been administered nonsteroidal 
anti‑inflammatory drugs, antibiotics or proton pump inhibitor 
drugs. Identification of H. pylori infection in gastric mucosa 
was performed via H. pylori culture, C13‑urea breath tests 
and histological analysis. The present study was approved by 
the Ethics Committee of the Institutional Review Board at 
The Third Military Medical University (Chongqing, China), 
and written informed consent was obtained from all patients.

Statist ical analyses. Data were presented as the 
mean  ±  standard deviation of at least three independent 

experiments. Data were analyzed using a Student's t‑test or 
analysis of variance followed by a Dunnett's post‑hoc test. The 
association between the expression levels of miR‑146a and 
IL‑17A was analyzed using Pearson's correlation. All statis-
tical analyses were performed using GraphPad Prism software 
(GraphPad Software, Inc., La Jolla, CA, USA). P<0.05 was 
considered to indicate a statistically significant difference.

Results

IL‑17A enhances the production of GRO‑α and IL‑8 in 
SGC‑7901 cells. Previous studies reported that H. pylori 
infection may stimulate the secretion of IL‑17A (10,11,29), 
which was also confirmed in human gastric cancer cell line 
SGC‑7901 in the present study. As presented in Fig. 1A, 
H. pylori infection significantly increased the protein levels 
of IL‑17A in SGC‑7901 cells compared with the control. 
Furthermore, to investigate the roles of IL‑17A in inflam-
mation, the expression levels of GRO‑α and IL‑8 were 
examined by ELISA. As presented in Fig. 1B, production of 
GRO‑α and IL‑8 were significantly increased in SGC‑7901 
cells following treatment with 0.01‑10 ng/ml IL‑17A over 
24 h compared with the control. The expression levels of 
GRO‑α and IL‑8 in SGC‑7901 cells were also significantly 
increased in a time‑dependent manner (Fig. 1C). These data 
indicated that H. pylori‑associated production of IL‑17A 
could upregulate GRO‑α and IL‑8 in gastric epithelial cells, 
suggesting a potential role of IL‑17A in H. pylori‑induced 
inflammation.

miR‑146a is upregulated in SGC‑7901 cells upon IL‑17A 
stimulation. Previous studies have revealed that the expres-
sion levels of miR‑146a was significantly increased in gastric 
epithelial cells following the stimulation by H. pylori (20,30). 
Whether H. pylori‑induced IL‑17A can enhance the expres-
sion of miR‑146a in SGC‑7901 cells was further investigated 
in the present study. As presented in Fig. 2A, the expression 
levels of miR‑146a were significantly increased in SGC‑7901 
cells treated with 1 and 10 ng/ml IL‑17A over 12 h compared 
with the control; but no significant difference was observed 
in SGC‑7901 cells treated with 0.01 or 0.1 ng/ml IL‑17A. 
In addition, the expression of miR‑146a was significantly 
upregulated from 6‑24 h following treatment with 10 ng/ml 
IL‑17A compared with the control; expression peaked at 12 h 
and reduced thereafter (Fig. 2B). These results suggested that 
miR‑146a expression is increased in gastric epithelial cells 
upon the stimulation with IL‑17A.

miR‑146a downregulates IRAK1 and TRAF6, which are 
involved in IL‑17A‑mediated inflammation in vitro. A previous 
study indicated that IL‑17A induced the production of proin-
flammatory cytokines via the NF‑κB signaling pathway (31). 
Thus, whether miR‑146a regulated proinflammatory cyto-
kines in a NF‑κB‑dependent manner was investigated. As 
presented in Fig. 3A, luciferase report assays revealed that 
miR‑146a mimics significantly inhibited the activity of 
NF‑κB compared with the control. Furthermore, IRAK1 
and TRAF6 have been reported as two potential targets of 
miR‑146a, and are involved in the activation of NF‑κB (30). 
In the present study, miR‑146a significantly reduced the 
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protein expression of IRAK1 and TRAF6 upon stimulation 
with IL‑17A (Fig. 3B). To further determine the biological 
functions of IRAK1 and TRAF6 on IL‑17A‑stimulated 
inflammatory responses, specific siRNAs were used to inhibit 
the expression of IRAK1 and TRAF6 (Fig. 3C). Western blot 
analysis revealed that downregulation of IRAK1 and TRAF6 
significantly decreased the protein levels of GRO‑α and IL‑8 
compared with the control (Fig. 3D), which suggested that 
IL‑17A‑induced expression of miR‑146a may suppress the 
expression of IRAK1 and TRAF6, attenuating NF‑κB activity 
and affecting inflammation.

Overexpression of miR‑146a suppresses IL‑17A‑induced 
inf lammatory responses in SGC‑7901 cells. Previous 
studies revealed that miR‑146a participated in the negative 
feedback regulation of inflammation during H. pylori infec-
tion (20‑22,30); thus the effects of miR‑146a on IL‑17A‑induced 
inflammatory responses in SGC‑7901 cells were investigated. 
The expression levels of miR‑146a in transfected SGC‑7901 
cells were determined using RT‑qPCR (Fig. 4A). As presented 
in Fig. 4B, SGC‑7901 cells were transfected with miR control 
or miR‑146a mimics followed by treatment with IL‑17A. As 
presented in Fig. 4B, miR‑146a mimics significantly decreased 

Figure 2. Effects of IL‑17A stimulation on the expression of miR‑146a in SGC‑7901 cells. (A) Expression levels of miR‑146a were evaluated by reverse 
transcription‑quantitative polymerase chain reaction in SGC‑7901 cells treated with serial concentrations of IL‑17A for 12 h. **P<0.01, vs. 0 ng/ml IL‑17A. 
(B) Expression levels of miR‑146a were determined in SGC‑7901 cells treated with 10 ng/ml IL‑17A over the indicated time points. *P<0.05 and **P<0.01 vs. the 
control group. IL‑17A, interleukin‑17A; miR, microRNA.

Figure 1. IL‑17A stimulates the production of GRO‑α and IL‑8 in SGC‑7901 cells. (A) Expression levels of IL‑17A were determined in SGC‑7901 cells 
following Helicobacter pylori infection for 24 h (multiplicity of infection=100). *P<0.05, vs. uninfected cells. (B) Protein levels of GRO‑α and IL‑8 in 
cells treated with serial concentrations of IL‑17A for 24 h were evaluated by ELISA **P<0.01, vs. 0 ng/ml IL‑17A. (C) Quantification of the protein levels of 
GRO‑α and IL‑8 in cells treated with 10 ng/ml IL‑17A at different time points. *P<0.05 and **P<0.01, vs. the control group. IL‑17A, interleukin‑17A; GRO‑α, 
growth‑regulated oncogene α; IL‑8, interleukin‑8.
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Figure 3. IRAK1 and TRAF6 are downregulated by miR‑146a and are involved in IL‑17A‑stimulated inflammation in vitro. (A) SGC‑7901 cells were 
co‑transfected with the reporter luciferase vector pNF‑κB‑TA‑Luc, and miR‑control or miR‑146a mimics for 24 h and treated with 10 ng/ml IL‑17A for 
12 h. Cells were analyzed using a luciferase reporter assay. (B) Expression levels of IRAK1 and TRAF6 in SGC‑7901 cells transfected with scrambled 
miR‑control or miR‑146a mimics at 100 nM for 24 h followed by IL‑17A stimulation (10 ng/ml) for 12 h. (C) SGC‑7901 cells were transfected with 
siRNA targeting IRAK1 or TRAF6 for 48 h. The protein levels of IRAK1 and TRAF6 were determined by western blot analysis. (D) SGC‑7901 
cells were transfected with siRNA targeting IRAK1 or TRAF6 for 24 h followed by IL‑17A stimulation (10 ng/ml) for 24 h. The protein expression 
levels of GRO‑α and IL‑8 were evaluated. **P<0.01, vs. miR‑control or Mock. GRO‑α, growth‑regulated oncogene α; IL‑17A, interleukin‑17A; IRAK1, 
interleukin‑1 receptor‑associated kinase 1; miR, microRNA; NF‑κB, nuclear factor‑κB; siRNA, small interfering RNA; TRAF6, tumor necrosis factor 
receptor‑associated factor 6.

Figure 4. Overexpression of miR‑146a suppresses IL‑17A‑induced inflammatory responses in SGC‑7901 cells. (A) Expression levels of miR‑146a were 
determined by reverse transcription‑quantitative polymerase chain reaction following the transfection of miR‑146a mimics or miR‑control at 100 nM for 
24 h. ***P<0.001, vs. miR‑control. (B) Transfected cells with the indicated oligonucleotides at 100 nM for 24 h followed by stimulation of IL‑17A. The 
protein levels of GRO‑α and IL‑8 were evaluated. **P<0.01, vs. IL‑17A‑treated miR‑control. GRO‑α, growth‑regulated oncogene α; miR, microRNA; 
IL‑17A, interleukin‑17A.
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the protein levels of GRO‑α and IL‑8 compare with the control. 
In summary, these data suggested that miR‑146a serves a 
potential role in IL‑17A‑induced inflammatory responses.

Correlation between the expression of IL‑17A and miR‑146a in 
human gastric mucosa infected with H. pylori. To determine 
whether the expression levels of IL‑17A were increased in 
H. pylori‑infected gastric mucosa in vivo, the mRNA expression 
of IL‑17A in gastric mucosa tissues from patients with H. pylori 
infection was determined. The mRNA levels of miR‑146a and 
IL‑17A were evaluated in gastric mucosa tissues from 20 patients 
with H. pylori‑induced chronic gastritis and 20 healthy donors. 
The results of RT‑qPCR revealed that the expression levels 
of IL‑17A and miR‑146a (Fig. 5A and B) were upregulated in 
H. pylori‑infected gastric mucosa tissues compared with the 
normal tissues. Furthermore, Pearson's correlation analysis 
indicated a positive correlation between the mRNA levels 
of miR‑146a and IL‑17A (R2=0.5829, P<0.0001; Fig.  5C), 
suggesting that miR‑146a is correlated with the production of 
IL‑17A in H. pylori‑infected human gastric mucosa.

Discussion

In the present study, the results revealed that: i) H. pylori infec-
tion in gastric mucosa stimulated the production of IL‑17A, 
resulting in the synthesis of GRO‑α and IL‑8; ii) IL‑17A induced 
the expression of miR‑146a in gastric epithelial cells; iii) overex-
pression of miR‑146a suppressed IL‑17A‑induced inflammatory 
responses in SGC‑7901 cells; iv) miR‑146a downregulated the 

expression of IRAK1 and TRAF6, which were involved in 
IL‑17A‑mediated inflammation in vitro; and vi) the expression 
levels of miR‑146a were correlated with the production of IL‑17A 
in H. pylori‑infected human gastric mucosa. In summary, these 
findings suggested that IL‑17A‑induced miR‑146a may function 
as a negative regulator on inflammation response in gastric 
mucosa during the infection of H. pylori.

The persistent infection of H. pylori may cause severe diseases 
including peptic ulcers and gastric carcinoma (32). Previous 
studies have reported that H. pylori infection can stimulate the 
production of IL‑17A in the stomachs of human and mice (11,33). 
In addition, the results of the present study indicated that the 
mRNA levels of IL‑17A were increased in H. pylori‑infected 
patients compared with the normal controls. IL‑17A may 
be responsible for mucosal damage in H.  pylori‑induced 
gastritis (34,35); these findings together with the present study 
have demonstrated that IL‑17A served a role in the regulation 
of GRO‑α and IL‑8, which are the proinflammatory cytokines 
associated H. pylori infection. It has been reported that IL‑17‑/‑ 
mice exhibited suppressed inflammatory responses and reduced 
H. pylori colonization in gastric mucosa (36), suggesting that 
IL‑17A serves an important roles in inflammatory responses and 
host defense during the infection of H. pylori.

In the last decade, numerous studies focused on the role of 
miRNAs in immune responses. A previous study suggested that 
miRNAs contributed to the pathogenesis of immune disorders 
involved in Th17‑mediated responses (37). A recent study indi-
cated that CD4+ T cells transduced with miR‑301a increased 
the levels of IL‑17A and TNF‑α in inflammatory bowel 

Figure 5. Correlation of the expression levels of IL‑17A and miR‑146a in human gastric mucosa infected with H. pylori. (A) and (B) Reverse transcription‑quan-
titative polymerase chain reaction analysis of IL‑17A and miR‑146a mRNA in gastric mucosa tissues with H. pylori‑induced chronic gastritis (n=20) and 
healthy controls (n=20). **P<0.01 and ***P<0.001, uninfected gastric mucosa (C) A significant positive correlation between the expression levels of IL‑17A and 
miR‑146a was revealed (R2=0.5829, P<0.0001). H. pylori, Helicobacter pylori; IL‑17A, interleukin‑17A; miR, microRNA.
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disease (38). In addition, miR‑146a may regulate the production 
of IL‑17 in the peripheral blood mononuclear cell and synovium 
in patients with rheumatoid arthritis (39). Liu et al (40) reported 
that IL‑17 affected the expression of miRNA in brain astrocytes, 
such as miR‑873, which regulates inflammatory cytokines and 
chemokines in vitro and in vivo, affecting the development of 
experimental autoimmune encephalomyelitis. The present study 
revealed that miR‑146a expression was significantly elevated in 
gastric epithelial cells treated with IL‑17A, and miR‑146a over-
expression could downregulate the expression of inflammatory 
cytokines, including GRO‑α and IL‑8. Additionally, miR‑146a 
and IL‑17A were upregulated in human gastric mucosa infected 
with H. pylori, suggesting that miR‑146a may be an essential 
regulator in IL‑17A‑mediated inflammatory responses during 
the infection of H. pylori.

IL‑17A can activate the NF‑κB signaling pathway (41,42). 
In the present study, IL‑17A activated the NF‑κB signaling 
during the infection of H. pylori. Liu et al (40) revealed that 
miR‑873 directly targeted A20 and promoted the activation 
of NF‑κB, consequently stimulating the production of inflam-
matory cytokines and chemokines in astrocytes. As NF‑κB 
activation is critical in response to infection, downregulation 
of this signaling is also essential to prevent excess inflam-
mation, tissue damage and autoimmunity (43). miR‑146a is 
a NF‑κB‑dependent gene but also can downregulate several 
signaling mediators involved in inflammatory responses, such 
as TRAF6 and IRAK1, which are located at the upstream of 
NF‑κB and function in a negative feedback loop in regulating 
of NF‑κB activity (44,45); this prevents the constitutive activa-
tion of NF‑κB during inflammatory response (46). The results 
of the present study demonstrated that miR‑146a regulated 
IL‑17A‑induced proinflammatory cytokines by affecting the 
expression of IRAK1 and TRAF6 during the infection of 
H. pylori. IRAK1 and TRAF6 were identified as the direct 
targets of miR‑146a, which downregulated the mRNA levels 
of IRAK1 and TRAF6 upon stimulation with IL‑17A. In addi-
tion, silencing of IRAK1 or TRAF6 resulted in suppressed 
IL‑17A‑stimulated inflammatory responses in vitro. These 
findings indicated that miR‑146a may be involved in 
IL‑17A‑induced pathogenesis of H. pylori infection by regu-
lating IRAK1 and TRAF6.

In summary, miR‑146a may have suppressed the inflam-
matory responses upon IL‑17A stimulation during infection 
with H. pylori in an NF‑κB‑dependent manner. These findings 
provide insight into a potential novel regulatory mechanism 
in the inflammation associated with H. pylori infection. 
miR‑146a may function as a inflammatory suppressor gene in 
H. pylori‑associated gastritis, and may serve as a biomarker or 
therapeutic target in gastritis therapy.
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