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A b s t r a c t

Introduction: Abnormal expression of microRNAs (miRNAs) contributes to 
cancer development through regulating proliferation, apoptosis and drug 
resistance in cancer cells. The present study was designed to explore the 
effect and mechanism of miR-141 on gastric cardia adenocarcinoma (GCA).
Material and methods: Forty-one paired GCA tissues and adjacent normal 
tissues were obtained from GCA patients never treated by chemotherapy or 
radiotherapy. QRT-PCR was used to detect the expression level of miR-141 in 
GCA. Effects of miR-141 on cell proliferation and apoptosis were detected in 
vitro. Western blot analysis was used to determine the downstream targets 
of miR-141.
Results: In the present study, our data showed that miR-141 was significantly 
decreased and correlated with advanced TNM stage and lymph node metasta-
ses in GCA. In addition, we found that miR-141 could inhibit cell proliferation 
and induce cell apoptosis in AGS cells. Moreover, MACC1 was predicted as a pos-
sible target of miR-141. The luciferase reporter assay proved that miR-141 could 
suppress MACC1 directly by binding to its 3′-UTR. Further studies showed that 
miR-141 influenced the MEK/ERK and p38 MAPK signaling pathways.
Conclusions: Our findings demonstrated that miR-141 expression was asso-
ciated with GCA progression. MACC1, working as one possible target of miR-
141, may contribute to the process. MiR-141 is expected to be a potential 
therapeutic target for the treatment of GCA patients.

Key words: miR-141, MACC1, gastric cardia adenocarcinoma, MEK/ERK, 
p38 MAPK.

Introduction

Gastric cancer is one of the most frequent cancers in the world, espe-
cially in less developed regions [1]. Gastric cardia adenocarcinoma (GCA) 
is an adenocarcinoma that originates from the epithelial cells located in 
the connection between the stomach and esophagus and is among the 
most common types of gastric cancer [2]. Incidence of GCA in Asia has 
been increasing in recent years. Currently, surgery is a curative treatment 
for GCA patients [3]. There has been no effective post-surgery treatment 
for GCA. Metastasis and post-surgery recurrence rates in GCA are as high 
as 40–65% [4]. Thus, accurate and predictive markers and new therapeu-
tic methods are urgently needed.
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MicroRNAs (miRNAs) are a  class of endoge-
nous small non-coding RNAs which suppress their 
target mRNAs expression by binding to the 3′ 
untranslated region (3′-UTR) based on sequence 
complementarity as well as accessibility of the 
potential target site. MiRNAs negatively regulate 
gene expression by either translational inhibition 
or degradation of target mRNAs [5]. Increasing ev-
idence has shown that the abnormal expression 
of miRNAs plays important roles in many biologi-
cal processes, including cell proliferation, invasion, 
apoptosis, and metastasis [6, 7]. In recent years, 
numerous miRNAs have been shown to be in-
volved in cancer progression. For example, Wang 
et al. showed that miR-124 could act as a tumor 
suppressor inhibiting cell proliferation and inva-
sion by targeting B7-H3 in osteosarcoma [8]. Li 
et al. suggested that downregulated miR-506 ex-
pression facilitated pancreatic cancer progression 
and chemoresistance via SPHK1/Akt/NF-κB sig-
naling [9]. Zhang et al. showed that miR-152 reg-
ulated metastases of non-small cell lung cancer 
cells by targeting neuropilin-1 [10]. However, the 
function and mechanism of miR-141 in GCA have 
not been systematically studied.

In the present study, we aimed to determine 
the expression of miR-141 in GCA, analyze the as-
sociation between miR-141 expression and tumor 
progression, and further to explore the possible 
underlying mechanism. 

Material and methods

Tissue samples

A total of 41 patients with GCA who underwent 
curative surgery at the Department of Cardiotho-
racic Surgery, Xinxiang Central Hospital between 
2013 and 2014 were included in this study. Fresh 
samples from pathologically representative tumor 
regions and paired adjacent normal gastric mu-
cosal tissues were obtained. These tissues were 
stored at –80°C until the proteins and RNA were 
extracted. The pathological nature of each spec-
imen was confirmed by examination with hema-
toxylin and eosin staining. Prior treatments, such 
as radiotherapy or chemotherapy, were not used 
before surgery in any of the cases. This study was 
approved by the ethics committee of Xinxiang 
Central Hospital. Informed consent was obtained 
from all patients.

RNA isolation and quantitative real-time 
polymerase chain reaction

Total RNA was extracted using Trizol (Invitro-
gen) according to the manufacturer’s instructions. 
Two micrograms of total RNA from each sample 
was reverse transcribed into complementary 
DNA (cDNA) using the RNA PCR Kit (Takara). Re-

al-time quantitative PCR was performed on the 
ABI PRISM 7500 Sequence Detector (Applied 
Biosystems). Then qRT-PCR was performed to 
quantify the expression level of miR-141 with 
SYBR Green PCR Master Mix (Applied Biosyste-
ms) according to the manufacturer’s instructions. 
MiR-141 expression normalized to U6 was calcu-
lated using the comparative Ct method formula: 
2–ΔΔCt. The primer sequences were as follows: miR-
141 forward, 5′-AAGGAGAGAGCGGGAAGCTA-3′,  
and reverse, 5′-TTGTTGCAACTGCCTCTGGA-3′; U6 
forward, 5′-GTTGGAGGTCGGAGTCAACGGA-3′, and 
reverse, 5′-GAGGGATCTCGCTCCTGGAGGA-3′. 

Cell lines and cell culture

The human gastric cancer cell line AGS was 
purchased from the American Type Culture Collec-
tion (ATCC) and cultured in DMEM medium (Gib-
co) supplemented with 10% fetal bovine serum 
(FBS, Gibco) and 100 mg/ml penicillin-streptomy-
cin. The cells were maintained under a humidified 
atmosphere of 5% CO2 at 37°C. The miR-141 mim-
ics, NC mimics, miR-141 inhibitor, and NC inhibitor, 
synthesized and purified by GenePharma Compa-
ny (Shanghai), were transfected into AGS cells at 
a final concentration of 50 nM using X-treme in 
serum-free Opti-MEM (Invitrogen). Transfection 
efficiency was confirmed by qRT- PCR.

Cell proliferation assay

The cell proliferation assay was performed by 
3-(4,5-dimethylthiazol-2-yl)-2 5-diphenyltetrazoli-
um bromide (MTT) assay. After transfection with 
the indicated mimics or inhibitor, cells were plated 
in 96-well plates at 5 × 103 per well in 200 μl cul-
ture medium. After 24 h, 48 h and 72 h, 20 μl of  
5 mg/ml MTT was added to each well, then the 
cells were incubated for 4 h before 150 μl of DMSO 
was added. Once the insoluble crystals were 
completely dissolved, the absorbance values at  
570 nm were measured by a micro-enzyme-linked 
immunosorbent assay plate reader. All results 
were obtained from at least three experiments 
with triplicate reactions.

Cell apoptosis analysis

Cell apoptosis analysis was performed with the 
Annexin-V FITC Apoptosis Detection Kit (Invitro-
gen) according to the manufacturer’s instructions. 
The cells were seeded into 12-well plates at a den-
sity of 5 × 105 cells per well in triplicate and trans-
fected with the indicated mimics or inhibitor for 
48 h, and then examined using a flow cytometer, 
and the apoptosis populations were determined 
by ModFit software. All results were obtained 
from at least three experiments with triplicate re-
actions.
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Luciferase reporter assay

To evaluate the effect of miR-141 on MACC1 
3′-UTR, firefly and Renilla luciferase activity were 
measured with the Dual-Luciferase Reporter As-
say System (Promega). The psi-CHECK2 or psi-
CHECK2 vectors containing MACC1 3′-UTR-Wt or 
MACC1 3′-UTR-Mut were cotransfected with miR-
141 mimics/NC mimics into cells using Oligofect-
amine (Invitrogen). 

Western blot analysis

The proteins were extracted from the trans-
fected cells. Briefly, the cells were washed with 
PBS and suspended in a lysis buffer. The lysates 
were collected and stored at –20°C. Superna-
tant protein concentration was determined us-
ing the Bio-Rad protein assay system (Bio-Rad). 
Equal amounts of protein samples were frac-
tionated by SDS-PAGE and transferred to a  ni-
trocellulose membrane. The blots were blocked 
for 2 h with 5% nonfat milk at room tempera-
ture, then immunoblotted with primary anti-
bodies in PBS and incubated at 4°C overnight. 
The membranes were washed with PBS-T and 
then incubated with secondary antibodies. The 
blots were scanned and the band density was 
measured using the Quantity One imaging soft-
ware. The primary antibodies anti-Bax, anti- 
caspase-3, anti-Bcl-2, anti-MACC1 and anti-GAP-
DH were purchased from Santa Cruz Biotechnol-
ogy. The primary antibodies of anti-p-p38, anti-p-
MEK, anti-p-ERK, anti-P38, anti-MEK and anti-ERK 
were purchased from Cell Signaling Technology.

Statistical analysis

Statistical analyses were performed using SPSS 
18.0 software and GraphPad Prism 5. All data are 
expressed as mean ± SD. Statistical evaluation of 
the data was performed with one-way ANOVA or 
Student’s t-test or the c2 test. A p-value less than 
0.05 was considered statistically significant.

Results

MiR-141 was downregulated in gastric 
cardia adenocarcinoma tissues 

To validate the function of miR-141 in gastric 
cardia adenocarcinoma (GCA), we explored the 
expression of miR-141 in 41 pairs of GCA tissue 
and matched adjacent normal tissues by using 
qRT-PCR. Our results revealed that the expression 
level of miR-141 in tumor tissues was generally 
lower than the matched adjacent normal tissues 
(Figure 1, p < 0.05). To explore the correlation be-
tween miR-141 expression and pathological char-
acteristics in GCA tumors, we divided the 41 GCA 
patients into a high expression group and a  low 
expression group according to the median ex-
pression of miR-141 in all GCA samples. Our data 
showed that low miR-141 expression was cor-
related with TNM stage and lymph node metas-
tases (Table I; p < 0.05). There was no significant 
correlation between miR-141 expression and the 
other clinicopathological parameters, including 
patients’ age, gender, depth of invasion, and fam-
ily history of upper gastrointestinal tract cancer 
(UGIC). Thus, these observations suggested that 

 Normal Tumor

Figure 1. MiR-141 was decreased in GCA tissues 
compared to adjacent normal tissues. Relative ex-
pression level of miR-141 in GCA tissues and adja-
cent normal tissues was detected by qRT-PCR

*P < 0.05.

Re
la

ti
ve

 e
xp

re
ss

io
n 

of
 m

iR
-1

41
2.0

1.5

1.0

0.5

0

Table I. Correlation between miR-141 expression 
and clinicopathologic features

Variable Patient Low  
expression

High  
expression

P-value

Age [years]:

< 50 17 11 6 0.680

≥ 50 24 14 10

Gender:

Male 19 11 8 0.707

Female 22 14 8

Depth of invasion:

T1/2 26 18 8 0.154

T3/4 15 7 8

History of UGIC:

Negative 23 16 7 0.202

Positive 18 9 9

TNM stage:

I, II 21 9 12 0.015

III, IV 20 16 4

Lymph node metastases:

Negative 26 12 14 0.010

Positive 15 13 2
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miR-141 was associated with the progression and 
development of GCA.

MiR-141 suppressed cell proliferation

To examine the influence of miR-141 on GCA 
progression and the possible mechanism, we 
transfected GCA cells with miR-141 mimics or 
miR-141 inhibitor. The transfection efficiency was 
validated by qRT-PCR (Figure 2 A, p < 0.05). The 
MTT assay was used to evaluate cell viability di-
rectly. We found that miR-141 mimics significantly 
reduced GCA cell viability compared to the control 
group, while the inhibition of miR-141 promoted 
cell viability (Figure 2 B, p < 0.05). To investigate 
the potential mechanisms underlying cell prolifer-
ation, flow cytometry was used. Apoptosis anal-
ysis showed that miR-141 mimics promoted cell 
apoptosis compared to the control group, while 
the inhibition of miR-141 inhibited cell apopto-
sis compared with the control group (Figure 2 C, 
p < 0.05). Furthermore, we explored the expres-
sion level of apoptosis-related proteins (Bax, Bcl-2 
and caspase-3). Western blot showed that miR-
141 mimics increased the expression of Bax and 
caspase-3 protein. Contrarily, Bcl-2 expression 
was depressed, while the inhibition of miR-141 
decreased the expression of Bax and caspase-3 
protein and increased the expression of Bcl-2 (Fig-
ure 2 D, p < 0.05). These findings suggested that 
miR-141 inhibited GCA cell proliferation by pro-
moting cell apoptosis.

MACC1 was a direct target of miR-141

To explore the mechanism underlying the 
growth inhibition by miR-141 in GCA cells, we used 
publicly available algorithms (TargetScan, miRan-
da, miRwalk) to predict the potential targets of 
miR-141 in humans. MACC1 was predicted as a po-
tential target of miR-141 by the three algorithms 
(Figure 3 A). Through Western blot, we found that 
MACC1 was significantly decreased after transfec-
tion of miR-141 mimics and increased after trans-
fection of miR-141 inhibitor (Figure 3 B, p < 0.05). 
The dual luciferase reporter assay was employed 
to confirm whether miR-141 could directly bind to 
3′-UTR of MACC1. We found that miR-141 upregu-
lation significantly suppressed the relative lucifer-
ase activity of the wild type (Wt) reporter plasmid, 
but that of the mutant (Mut) reporter plasmid was 
unaffected (Figure 3 C, p < 0.05). These results sug-
gested that miR-141 directly recognized the 3′-UTR 
of MACC1 mRNA and inhibited MACC1 translation.

MiR-141 inhibited MEK/ERK and activated 
p38 MAPK signaling 

To further explore the possible mechanism, 
we examined the MEK/ERK and p38 MAPK sig-

naling pathway. We found that miR-141 mimics 
significantly activated the p38 signaling pathway. 
Meanwhile, transfection of miR-141 mimics inhib-
ited activation of MEK. The expression of p-ERK 
was decreased but there was no change in the to-
tal-ERK as compared with NC mimics. The inhibi-
tion of miR-141 inhibited the p38 signaling path-
way. Meanwhile, transfection of miR-141 inhibitor 
promoted activation of MEK. The expression of 
p-ERK was increased but there was no change 
in the total ERK as compared with NC inhibitor 
(Figure 4, p < 0.05). Therefore, the present study 
indicated that miR-141 could inhibit the cell prolif-
eration of GCA by regulation of MEK/ERK and p38 
MAPK signaling pathways.

Discussion

Accumulating data showed that miR-141 was 
a  significantly dysregulated miRNA in various 
cancers and was associated with cancer develop-
ment. For example, Wang et al. reported that in-
creased miR-141 expression was associated with 
diagnosis and favorable prognosis of patients with 
bladder cancer [11]. Liu et al. suggested that miR-
141 was increased in nasopharyngeal carcinoma 
and involved in BRD7-mediated cell proliferation 
and tumor formation through suppression of the 
PTEN/AKT pathway in nasopharyngeal carcinoma 
[12]. However, Peng et al. suggested that miR-141 
could inhibit glioma cell growth and metastasis 
by targeting TGF-β2 [13]. Chen et al. reported that 
miR-141 was downregulated in renal cell carcino-
ma and regulated cell proliferation and metastasis 
by controlling EphA2 expression [14]. Huang et al. 
found that miR-141 inhibited gastric cancer cell 
proliferation and tumor growth, and the regula-
tory mechanism might be associated with IGF1R 
[15]. However, the roles of miR-141 in GCA remain 
unclear. 

The difference of miRNAs between cancer tis-
sues and adjacent normal tissues indicated that 
these specific miRNAs were involved in the occur-
rence and development of cancer and could be po-
tential targets for cancer treatment. Gastric can-
cer also exhibited alterations in the abundance of 
specific miRNAs. For example, Yin et al. suggested 
that miR-208a-3p suppressed cell apoptosis by 
targeting PDCD4 in gastric cancer [16]. Wu et al. 
found that miR-483-5p promoted growth, inva-
sion and self-renewal of gastric cancer stem cells 
by Wnt/β-catenin signaling [17]. The imbalances 
of substantial miRNAs in gastric cancer tissues 
have been proposed as potential biomarkers for 
prognosis [18]. In our study, we found that the 
expression of miR-141 was lower in GCA tissues 
compared to adjacent normal tissues, indicating 
that miR-141 may serve as a tumor suppressor in 
GCA progression. In addition, we found that the 
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Figure 2. MiR-141 inhibited AGS cell proliferation in vitro. A – Expression of miR-141 in AGS cells transfected with 
miR-141 mimics, NC mimics, miR-141 inhibitor, and NC inhibitor. B – The vitality of AGS cells transfected with  
miR-141 mimics or miR-141 inhibitor was detected using the MTT assay. C – The apoptosis rate of AGS cells 
transfected with miR-141 mimics or miR-141 inhibitor was detected using the flow cytometer. D – The expression 
level of apoptosis-related proteins (Bax, Bcl-2 and caspase-3) was detected by Western blot in miR-141 mimics or 
miR-141 inhibitor transfected AGS cells

*P < 0.05.
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Figure 3. MACC1 was a target of miR-141 in GCA cells. A – The potential miR-141 binding sites of MACC1 3′-UTR 
and the Mut sequences. B – Western blot analysis of MACC1 expression in AGS cells after transfection with miR-
141 mimics or miR-141 inhibitor. C – AGS cells were co-transfected with miR-141 mimics or NC mimics with wild 
type or mutant MACC1 3′-UTR. Dual luciferase reporter assay was used

*P < 0.05.
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low expression of miR-141 was correlated with 
TNM stage and lymph node metastasis. Lu et al. 
observed that decreased miR-141 expression in 
gastric cancer was significantly associated with 
tumor differentiation, lymph node metastasis, 
distant metastasis, and TNM stage, which was in-
consistent with our findings [19]. 

To explore the possible mechanism of miR-
141 in GCA, we employed a  gastric cancer cell 
model. MiR-141 mimics significantly reduced cell 
proliferation and increased the apoptosis of AGS 
cells. Further studies showed that apoptosis-relat-
ed proteins were also changed. MiR-141 mimics 
increased protein levels of Bax and caspase-3. 
Conversely, Bcl-2 expression was depressed. 
Meanwhile, miR-141 inhibition reduced Bax and 
caspase-3 protein expression and increased Bcl-2  
protein expression. The results indicated that an 
imbalance of Bax, caspase-3 and Bcl-2 might con-
tribute to apoptosis of GCA cells, suggesting that 
miR-141 might serve as a  tumor suppressor in 
GCA progression.

MiRNA is a cluster of non-coding RNA combined 
with specific target genes which play critical bio-
logical functions in tumor progression. To explore 
the possible target of miR-141, we searched three 
publicly available algorithms (TargetScan, miRan-
da, miRwalk) and found that MACC1 was a poten-
tial target of miR-141. To confirm the prediction, 
we introduced exogenous miR-141 into AGS cells 
and found that miR-141 mimics down-regulated 
MACC1 expression, while inhibition of miR-141 in 
AGS cells significantly increased MACC1 expres-
sion. The luciferase reporter assay also proved 
that miR-141 could suppress MACC1 directly by 
binding to its 3′-UTR. Previous studies have shown 
that MACC1 plays important roles in the develop-
ment and progression of gastric cancer [20, 21]. 
Thus, we inferred that miR-141 might regulate 
GCA progression by regulating MACC1.

Metastasis-associated in colon cancer-1 
(MACC1) is an oncogene first discovered in colon 
cancer, where its main action was thought to be 
promotion of metastasis [22]. The MACC1 gene is 
located on human chromosome 7 (7p21.1), con-
tains seven exons and six introns, and the effec-
tive coding region of the gene consists of 2559 
nucleotides [23]. Recently, a  number of studies 
have shown that there is a close relationship be-
tween MACC1 and proliferation, metastasis and 
recurrence of a variety of tumors [24–26]. Zhang 
et al. demonstrated that MEK/ERK and p38 MAPK 
signaling mediated by MACC1 regulated cell pro-
liferation, migration, and invasion in ovarian can-
cer [27]. In the present study, we also observed 
the change of MEK/ERK and p38 MAPK. We found 
that miR-141 mimics significantly activated the 
p38 signaling pathway, whereas miR-497 mimics 

inhibited activation of MEK and ERK. These results 
suggested that restoration of the expression of 
miR-141 suppressed MACC1, which may modu-
late MEK/ERK and p38 MAPK signaling in GCA.

In conclusion, our data suggested that miR-141 
was downregulated in GCA tissues, and ectopic 
expression of miR-141 inhibited cell proliferation 
and induced cell apoptosis in vitro. MACC1 was 
identified as a target of miR-141 in GCA, and over-
expression of miR-141 inhibited MEK/ERK and ac-
tivated the p38 MAPK signaling pathway, indicat-
ing that miR-141 might be a potential therapeutic 
target for the treatment of GCA.
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