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Background

Gastric cancer (GC) currently is the fourth most common ma-
lignancy and the second leading cause of cancer-related death 
in the world [1]. Helicobacter pylori is a microaerophilic patho-
gen which is associated with a series of gastric diseases such 
as chronic active gastritis, peptic ulceration, and gastric car-
cinoma. In fact, H. pylori is classified as a group 1 carcinogen 
for gastric cancer [2]. Although H. pylori infection is necessary 
for development of gastric adenocarcinoma (GAC), the under-
lying mechanism remains poorly defined [3].

Previous studies observed that H. pylori infection is associat-
ed with altered miRNAs expression, which might be involved 
in pathological development of gastric cancer [4]. For exam-
ple, H. pylori infection leads to downregulated miR-203, miR-
204, and miR-449, which promote proliferation and invasion 
of gastric cancer cells [5–7]. H. pylori infection also results in 
upregulated miR-21, miR-221, miR-222, and miR-223, which 
are related to proliferation and apoptosis of cancer cells [8–10]. 
However, due to the wide regulative network of miRNAs, the 
biological functions of some dysregulated miRNAs are still not 
fully understood.

RECK (reversion-inducing cysteine-rich protein with Kazal mo-
tifs) is a tumor-suppressor gene in gastric cancer [11]. Previous 
studies reported that several dysregulated miRNAs, including 
miR-21, miR-25, miR-374, and miR-222, can promote cancer 
development through inhibiting RECK [9,10,12,13]. Therefore, it 
is evident that RECK is an important tumor-suppressor gene in 
gastric cancer. However, whether other miRNAs are involved in 
regulating RECK in gastric cancer is not clear. Therefore, in this 
study, we explored the association between H. pylori infection 
and changes in miR-221 and miR-222 expression. Then we ex-
plored the regulation of miR-221 and miR-222 over RECK and 
whether this axis is involved in cancer cell growth and invasion.

Material and Methods

Human specimens

All of the participants were recruited from the First People’s 
Hospital of Chengdu, China. This study was approved by the 
ethics committee of the hospital. The gastric mucosal speci-
mens were obtained from 20 patients who had gastroscope ex-
amination, among which 10 cases had H. pylori-induced chron-
ic gastritis (mean age: 42 years; 6 men and 4 women) and 10 
H. pylori-negative healthy controls (mean age: 38 years; 5 men 
and 5 women). Informed consent was obtained all participants 
before the study. The H. pylori infection was confirmed by pos-
itive results of bacterial culture, C13-urea breath test, and his-
tologic testing at the same time.

Gastric cancer tissues and the corresponding adjacent nor-
mal tissues were obtained from 8 patients with primary gas-
tric cancer who underwent radical gastrectomy. Informed con-
sent was obtained all participants before resection. The tumor 
stage was assessed based on the International Union Against 
Cancer’s (UIAC) tumor-node-metastasis (TNM) system (6 pa-
tients were stage Ib and 2 were stage II).

Cells and bacteria culture

HEK293T cells and human GAC cell line AGS was obtained 
from ATCC. Immortalized normal human gastric epithelial cell 
line GES-1 and human GAC cell lines BGC-823 and SGC-7901 
were obtained from Shanghai Institute of Cell Biology, China 
Academy of Sciences (Shanghai, China). HEK293T cells were 
cultured in DMEM medium, and other cells were cultured in 
RPMI-1640 medium supplemented with 10% FBS at 37°C in 
5% CO2 in a 25-cm2 flask.

The wild-type H. pylori strains 26695 were obtained from ATCC. 
The bacteria were grown on CDC anaerobe blood agar plates 
(BD) and were incubated at 37°C for 2 days in an anaerobic 
jar containing a gas mixture of 5% O2, 10% CO2, and 85% N2 
(DU Scientific).

When the cells reached 80% confluency, the medium was re-
placed with antibiotic-free medium and H. pylori was added 
to the flask at a multiplicity of infection of 100:1. At 18 h after 
H. pylori induction, the cells were lysed to extract total RNA.

Cell transfection and agents used

AGS and SGC-7901 cells were transfected with 50 nM miR-221 
or miR-222 mimics, 100 nM antagomiR-221 or antagomiR-222, 
co-transfected with 40 nM miR-221 and 40 nM miR-222 mim-
ics, co-transfected with 75 nM antagomiR-221 and 75 nM an-
tagomiR-222, or corresponding negative controls (RiboBio, 
China) using Lipofectamine RNAiMAX (Invitrogen, USA). AGS 
and SGC-7901 cells with miR-221 or miR-222 overexpres-
sion were further transfected with pcDNA3.1-RECK (without 
3’UTR) or pcDNA3.1 empty vector using Lipofectamine 2000 
reagent (Invitrogen).

qRT-PCR analysis of miR-221 and miR-222 expression

Total RNAs in tissues and cell samples were extracted using 
the mirVana PARIS Kit (Ambion, USA). The cDNA was reverse-
ly transcribed using TaqMan MicroRNA Reverse Transcription 
Kit. To determine miR-221 and miR-222 expression levels, qRT-
PCR was performed using TaqMan MicroRNA Assays (Applied 
Biosystems). U6 snRNA was used as an internal control.
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CCK-8 assay of cell viability

After transfection, cells were plated in 96-well plates at a den-
sity of 5×103 cells/well. Cells were cultured for 48 h and then 
cell viability was measured by Cell Counting Kit-8 (CCK-8) 
(Dojindo) according to the manufacturer’s instruction. Each 
test was performed in triplicate.

Flow cytometry analysis of cell apoptosis

At 48 h after treatments, cells were plated in 6-well plates at a 
density of 4×105 cells/well. The ratio of apoptotic cells was mea-
sured using Fluorescein Active Caspase 3 Staining Kit (ab65613, 
Abcam) with a flow cytometer (FACSCalibur, BD Biosciences). 
The results were analyzed using CellQuest (BD Biosciences).

Transwell analysis of cell invasion

We suspended 1×105 cells in 200 μL serum-free RPMI-1640 
medium and seeded them into the upper chamber of the tran-
swell insert chamber coated with Matrigel (BD Biosciences). 
Culture medium in the lower chamber was supplemented 
with 20% FBS as the chemoattractant. At 24 h after incu-
bation in a cell incubator, cells on the top surface of the in-
sert were removed and the cells on the bottom surface were 
fixed with 4% polyoxymethylene and stained with 0.1% crys-
tal violet for 20 min. Cell counting was performed at 100× 

magnification under a microscope. Each experiment was per-
formed in triplicate.

Western blot analysis of RECK expression

Cells were lysed by protein lysate (Pierce) and the protein con-
centration was measured by BCA protein assay kit (Pierce). The 
lysates were separated on 10% SDS-PAGE and then transferred 
onto a PVDF membrane. The membranes were blocked with 5% 
nonfat dry milk and were incubated with primary antibodies for 
RECK (1:1000, ab88249, Abcam), GAPDH (1:2000, ab125247, 
Abcam) at 4°C overnight. Membranes were washed and incu-
bated with corresponding horseradish peroxidase-conjugated 
secondary antibodies (1:10000, anti-mouse IgG (HRP), ab6728, 
Abcam; 1:10000, anti-rabbit IgG (HRP) ab191866, Abcam). The 
protein signals were visualized using ECL Western blotting sub-
strate (Pierce) and the signal intensity was determined by us-
ing Image-J software.

Dual luciferase assay

Putative binding between miR-221/miR-222 and human RECK 
mRNA were predicted in TargetScan 6.2. Since miR-221 and 
miR-222 have the same binding site with RECK 3’-UTR, only 
1 mutant RECK 3’-UTR sequence was designed. The wild-type 
and mutant RECK 3’UTR sequences were chemically synthe-
sized and inserted into pGL3 promoter vector to construct the 
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Figure 1. �H. pylori infection leads to increased miR-221 and miR-222 expression. (A, D) qRT-PCR analysis of miR-221 (A) and miR-222 
(D) expression among 10 patients with H. pylori-positive chronic gastritis and 10 H. pylori-negative healthy controls. (B, E) 
qRT-PCR analysis of miR-221 (B) and miR-222 (D) expression in H. pylori positive tumor tissues (T) and adjacent normal (N) 
tissues obtained from 8 gastric cancer patients. (C, F) qRT-PCR analysis of miR-221 (C) and miR-222 (F) expression in GES-1, 
BGC-823, SGC-7901, and AGS cells before (–) and after H. pylori infection (+). Values are the average of triple determinations 
with the S.D. indicated by error bars. * P<0.05, ** P<0.01 and *** P<0.001.
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Figure 2. �Both miR-221 and miR-222 can modulate growth, apoptosis, and invasion of gastric cancer cells. (A–D) CCK-8 assay of cell 
proliferation of AGS (A, B) and SGC-7901 (C, D) cells with knockdown (A, C) and overexpression (B, D) of miR-221 or miR-222. 
(E) Representative images of flow cytometry analysis of apoptotic AGS and SGC-7901 cells after knockdown of endogenous 
miR-221 or miR-222. (F) Quantification of the ratio of apoptotic cells shown in Figure E. (G) Transwell analysis of cell invasion 
of AGS and SGC-7901 cells with miR-221 or miR-222 overexpression. (H) Quantification of the number of invading cells 
showed in Figure G. Values are the average of triple determinations with the S.D. indicated by error bars. * P<0.05, ** P<0.01 
and *** P<0.001.
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recombinant reporters pGL3-RECK-wt and pGL3-RECK-mut, re-
spectively. HEK293T and SGC-7901 cells were co-transfected 
with the reporters and miR-221 or miR-222 mimics. At 24 h 
after transfection, luciferase activity was analyzed using the 
Dual-Luciferase Reporter Assay System (Promega, USA). Firefly 
luciferase activity was normalized to that of Renilla luciferase.

Statistical analysis

Data analysis was performed using SPSS 17.0. The results are 
expressed as mean ±SD. Group difference was assessed us-
ing Student’s t-test. P<0.05 was considered as statistically 
significant. Statistical significances are indicated by asterisks 
(* P<0.05, ** P<0.01, *** p<0.001).

Results

H. pylori infection leads to increased miR-221 and miR-222 
expression

To explore the association between H. pylori infection and miR-
221 and miR-222 expression, we firstly assessed miR-221 and 
miR-222 expression profile in both patients with H. pylori-in-
duced chronic gastritis and gastric cancer. qRT-PCR analysis 
showed that patients with H. pylori-positive chronic gastritis 
had significantly higher miR-221 and miR-222 expression com-
pared with H. pylori-negative healthy controls (Figure 1A, 1D). 
Since H. pylori infection is considered as a cause of gastric can-
cer, we also compared miR-221 and miR-222 expression be-
tween H. pylori-positive gastric cancer tissues and matched 
adjacent normal gastric mucosa tissues. The results showed 
that miR-221 and miR-222 expression in the cancer tissues 
were consistently higher than in adjacent normal tissues in 
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Figure 3. �Both miR-221 and miR-222 directly target RECK and regulate its expression. (A) Predicted binding between miR-221 or miR-
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the 8 patients (Figure 1B, 1E). To further confirm that H. pylo-
ri infection directly contributes to increased miR-221 and miR-
222 expression, we quantified expression of these 2 miRNAs 
in GES-1, BGC-823, SGC-7901, and AGS cells before and after 
H. pylori infection. The results showed that H. pylori infection 
directly led to significantly higher miR-221 and miR-222 ex-
pression (Figure 1C, 1F). These results suggest that H. pylori in-
fection can lead to increased miR-221 and miR-222 expression.

Both miR-221 and miR-222 can modulate growth, 
apoptosis and invasion of gastric cancer cells

To explore the role of miR-221 and miR-222 in gastric can-
cer, AGS and SGC-7901 cells were transfected with miR-221 
mimics, miR-222 mimics, antagomiR-221 or antagomiR-222 
for overexpression and knockdown, respectively. CCK-8 as-
say showed that knockdown of miR-221 or miR-222 in both 
AGS and SGC-7901 cells significantly inhibited cell growth 
(Figure 2A, 2C). In contrast, miR-221 or miR-222 overexpres-
sion in both AGS and SGC-7901 cells significantly promoted 
cell growth (Figure 2B, 2D). In both AGS and SGC-7901 cells, 
knockdown of endogenous miR-221 or miR-222 resulted in 
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significantly increased proportion of apoptotic cells during cul-
tivation (Figure 2E, 2F). In addition, miR-221 or miR-222 over-
expression significantly promoted cell invasion in both AGS 
and SGC-7901 cells (Figure 2G, 2H). These results suggest that 
both miR-221 and miR-222 can modulate growth, apoptosis, 
and invasion of gastric cancer cells.

Both miR-221 and miR-222 directly target RECK and 
regulate its expression

Through searching and comparison in TargetScan 6.2, we iden-
tified RECK as a common target of miR-221 and miR-222. Since 
miR-221 and miR-222 have the same binding sites with RECK 
3’UTR, only 1 wild-type reporter (pGL3-RECK-wt) and 1 mutant 
reporter (pGL3-RECK-mut) carrying wild-type and mutant RECK 
3’UTR sequence, respectively, were designed (Figure 3A). Both 
miR-221 and miR-222 could significantly inhibit luciferase ac-
tivity of pGL3-RECK-wt in both HEK-293T and SGC-7901 cells, 
but had no significant inhibiting effect on pGL3-RECK-mut 
(Figure 3B, 3C). In AGS and SGC-7901 cells, miR-221 and miR-
222 mimics could significantly reduce RECK protein expression. 
Simultaneously, transfection of miR-221 and miR-222 showed 
additive effect in inhibiting RECK expression (Figure 3D, 3E). 
On the contrary, inhibiting endogenous miR-221 and miR-222 
significantly promoted RECK protein expression. Knockdown 
of miR-221 and miR-222 simultaneously showed stronger ef-
fect in inducing RECK expression than knockdown of either 
alone (Figure 3D, 3E). These results suggest that both miR-221 
and miR-222 directly target RECK and regulate its expression.

Both miR-221 and miR-222 can modulate growth, 
apoptosis, and invasion of gastric cancer cells through 
RECK

Previous studies reported that RECK is an important protein mod-
ulating invasion and metastasis of colorectal cancer cells and also 
regulating growth of gastric cancer cells [14]. Therefore, we further 
explored the role of the miR-221/miR-222-RECK axis in gastric 
cancer cells. AGS and SGC-7901 cells were first transfected with 
PCDNA3.1-RECK for overexpression. miR-221 or miR-222 had no 
effect on RECK protein expression of this vector (Figure 4A, 4B). 
Overexpression of RECK could significantly reverse the miR-221- 
or miR-222-induced higher cell growth rate (Figure 4C, 4D). In 
addition, enforced RECK expression also abrogated miR-221- or 
miR-222-induced stronger cell invasion (Figure 4E, 4F).

Discussion

Although accumulating evidence shows that H. pylori infec-
tion is associated with dysregulated miRNAs expression that 
contribute to pathological development of gastric cancer [4], 
the role of the miRNAs are not fully understood. In the current 

study, we observed that both miR-221 and miR-222 were up-
regulated after H. pylori infection. This finding is consistent with 
a previous study which reported that miR-221 and miR-222 
are both upregulated in gastric cancer tissue-derived mesen-
chymal stem cells [15]. However, how they are involved in the 
pathological development of gastric cancer is not quite clear. 
A recent study found that high serum miR-222 level is signifi-
cantly correlated with clinical stages and lymph nodes metas-
tasis in gastric cancer [16]. Elevated miR-222 significantly in-
hibits RECK expression, thereby promoting gastric cancer cell 
proliferation [9]. In fact, miR-221 and miR-222 share a part of 
the same sequence, suggesting they may have some common 
targets. For example, a recent study found that miR-221 and 
miR-222 can also simultaneously target PTEN and regulate 
gastric carcinoma cell proliferation and radioresistance [17]. 
However, whether these 2 miRNAs have other targets or oth-
er common targets in gastric cancer is not clear.

RECK is generally viewed as a tumor suppressor and is down-
regulated in several types of cancers, including gastric can-
cer [18–20]. Aberrant methylation of RECK gene is also con-
sidered as a marker for early diagnosis and treatment of 
peritoneal metastasis of gastric cancer [20]. This membrane-an-
chored glycoprotein acts as a negative regulator of matrix me-
talloproteinase-9, a key enzyme regulating tumor invasion and 
metastasis [21]. It can also inhibit tumorigenicity of gastric can-
cer cells by suppressing ADAM-mediated Notch1 activation [22].

Previous studies reported that several miRNAs can inhibit RECK 
expression and thus promote gastric cancer development, in-
cluding miR-21, miR-25, miR-222, and miR-374 [9,10,12,13]. 
These findings suggest that RECK is an important tumor-sup-
pressing protein in gastric cancer. Therefore, it is necessary to 
fully determine its upstream regulators. Through prediction in 
online informatics databases, we observed that both miR-221 
and miR-222 have the same putative binding sites with RECK. 
Because RECK was verified to be a target of miR-222 and due 
to its well established tumor suppressor role, we decided to 
further study whether it is a common target of miR-221 and 
miR-222. By performing dual luciferase assay, we confirmed 
that both miR-221 and miR-222 can effectively bind to 3’-UTR 
of RECK. Western blot analysis also confirmed that both miR-
221 and miR-222 could effectively inhibit RECK expression at 
the protein level. Furthermore, simultaneous overexpression 
or inhibition of miR-221 and miR-222 had stronger effect than 
either alone, suggesting they may have some synergic effects.

Because the regulative role of miR-221 and miR-222 over 
RECK expression is confirmed, we further verified the biolog-
ical function of miR-221/miR-222-RECK axis in gastric cancer 
cells. By performing loss-and-gain analysis, we confirmed that 
the miR-221/miR-222-RECK axis can directly regulate prolifer-
ation and invasion of gastric cancer cells.
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Conclusions

H. pylori infection results in significantly increased miR-221 
and miR-222 expression, both of which can effectively bind to 
3’-UTR of RECK. The miR-221/miR-222-RECK axis might be an 

important path modulating H. pylori infection-related gastric 
cancer development. These findings might provide some use-
ful evidence about the molecular mechanism of gastric can-
cer development due to H. pylori infection.
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