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Abstract: Gastric cancer is a prevalent disease causing a high annual death rate worldwide. Recent studies suggest 
the pivotal regulatory role of microRNAs in gastric cancer and the aberrant expression of microRNA-141 (miR-141) 
in gastric cancer cells. This study aims to explore the role and possible mechanism of miR-141 in gastric cancer 
prognosis and cell proliferation. A total of 30 gastric cancer patients were recruited for miR-141 level detection and 
a follow up of 115 weeks. Human adenocarcinoma cell line AGS was transfected with miR-141 mimic or inhibitor for 
cell viability, colony formation and cell cycle assays. A gastric cancer mouse model was constructed by implantation 
of transfected AGS cells. Insulin-like growth factor 1 receptor (IGF1R) was overexpressed in AGS cells to investigate 
miR-141 mechanism. Results showed that miR-141 was significantly down-regulated in gastric cancer tissue (P 
< 0.001). The patients with lower miR-141 levels exhibited poorer prognosis. miR-141 inhibited AGS cell viability 
(P < 0.01), colony formation (P < 0.01) and cell cycle (P < 0.05), and the mice implanted with miR-141 mimic 
cells showed an obvious smaller tumor size (P < 0.01), suggesting the anti-proliferative role of miR-141. Both the 
phosphorylated and total IGF1R protein levels were inhibited by miR-141, while IGF1R overexpression reversed the 
effects of miR-141 in AGS cell proliferation. These results indicate the potential roles of miR-141 as a prognostic 
factor and as a therapeutic alternative for gastric cancer. Its mechanism may be associated with IGF1R, and further 
research is necessary for more detail information.
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Introduction

Gastric cancer is a prevalent public health 
problem with high incidence and mortality. It is 
the second cause of cancer death following 
lung cancer and leads to approximate 10% of 
annual cancer deaths [1, 2]. Gastric cancer 
may be attributed to obesity, tobacco and other 
unhealthy life habits [3]; besides, Epstein-Barr 
virus and Helicobacter pylori are causative 
microorganisms of gastric cancer, which ac- 
counts for a considerable proportion of newly 
detected cases every year [4, 5]. Surgery 
remains the only curative option for gastric can-
cer in the short term, and adjuvant chemother-
apy can improve the outcome [6], but the devel-
opment of new therapies seems to come to a 
halt. Despite the descending trend in gastric 
cancer mortality [7], more intensive efforts are 
still required to understand the biomechanism 
of this disease.

Unconstrained proliferation and invasion ability 
is the pivotal characteristic of cancer cells, 
which contributes to the initiation and progres-
sion of gastric cancer as well. According to 
recent findings, the cell proliferation ability of 
gastric cancer cells can be promoted by several 
pro-growth factors [8] including insulin-like 
growth factor 1 receptor (IGF1R) whose up-reg-
ulation has also been reported in other cancer 
cells [9, 10]. Both mRNA and protein levels 
including the phosphorylated forms of IGF1R 
are up-regulated in gastric cancer tissues [11, 
12], and IGF1R has become a potential target 
for controlling gastric cancer [13].

microRNAs are small non-coding RNAs that play 
fundamental roles in biological and pathologi-
cal processes of various disease via their post-
transcriptional regulation on key genes involved. 
The diagnostic and prognostic implications of 
several microRNAs have been revealed in gas-
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tric cancer [14, 15]. microRNA-141 (miR-141), a 
member of the miR-200 family, is down-regulat-
ed in primary gastric cancer tissues and sever-
al human gastric cancer cell lines, and its over-
expression with its precursors inhibits MGC-
803 cell growth [16]. However, more research 
is needed to elucidate detailed roles and mech-
anism of miR-141 in gastric cancer.

This study aims to explore the role of miR-141 
in gastric cancer prognosis and cell prolifera-
tion. A follow up of 115 weeks in 30 gastric  
cancer patients was performed to analyze the 
prognostic implications of higher and lower 
miR-141 level. Human gastric adenocarcinoma 
cell line AGS and implanted gastric cancer 
mouse model were employed to assess cell 
proliferation and tumor growth in vitro and in 
vivo. We also tried to analyze the possible 
mechanism of miR-141 regarding IGF1R in gas-
tric cancer cell proliferation. These findings 
may facilitate a better understanding of microR-
NAs in gastric cancer.

Materials and methods

Patients and tissue samples

Altogether 30 gastric cancer patients (15 males 
and 15 females) hospitalized from March 2012 
to March 2013 were enrolled in this study. The 
stage of these patients was evaluated accord-
ing to the TNM Classification of Malignant 
Tumors (7th edition) proposed in 2010: 5 
patients in stage I, 2 patients in stage II, 6 
patients in stage III, and 17 patients in stage IV. 
The gastric cancer tissue and the adjacent nor-
mal tissue of each patient were collected dur-
ing gastroscopy and stored immediately at 
-80°C for RNA extraction. The informed con-
sent was obtained from all the patients before 
the sampling procedure, and the protocol con-
formed to the guidelines of the ethics commit-
tee. A follow up of 115 weeks was carried out 
by looking up the records or telephone inquir-
ing. The 30 patients were divided according to 
the higher or lower miR-141 level in gastric can-
cer tissue, with no significant differences in the 
gender, age (60.73 ± 3.78 and 65.13 ± 2.59) or 
stage between groups (P > 0.05). Then the sur-
vival curve was drawn to analyze miR-141 in the 
prognosis of gastric cancer.

Cells

Poorly differentiated human gastric adenocar-
cinoma cell line AGS (ATCC, Manassas, VA) was 

cultured in Roswell Park Memorial Institute 
(RPMI)-1640 medium supplemented with 10% 
fetal bovine serum (FBS), 100 U/mL penicillin G 
and 100 μg/mL streptomycin (Gibco, Carlsbad, 
CA) and incubated in humidified atmosphere 
with 5% CO2 at 37°C. Cells were passaged 
every 4 days.

Cell transfection

The specific mimic, inhibitor and the corre-
sponding controls (miR controls) for hsa-miR- 
141 were synthesized by RiboBio (Guangzhou, 
China). For IGF1R overexpression, the complete 
coding sequence of human IGF1R (GenBank 
accession No. AY332722) was cloned into 
pcDNA3.1 vector (Thermo Scientific, Carlsbad, 
CA) and sequenced for verification. Blank vec-
tor were used as a control. Transfection was 
performed in antibiotic-free medium in 24-well 
plates (2 × 105 cells in each well) with Lipofecta- 
mine 2000 (Invitrogen, Carlsbad, CA) according 
to the manufacturer’s instruction. The final con-
centration of miR-141 mimic, miR-141 inhibitor, 
miR controls and vectors was 50 nM, 200 nM, 
100 nM and 2 μg/mL, respectively. At 48 h 
after transfection, the cells were used in the fol-
lowing experiments.

Cell viability assay

Cell viability was detected by the 3-(4,5-dimeth-
ylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 
(MTT) method using MTT Cell Proliferation 
Assay (ATCC) according to the manufacturer’s 
instructions. The assay was performed in 
96-well plates with 5 × 103 in each well. The 
absorbance at 570 nm was detected by a 
microplate reader iMark (Bio-Rad, Hercules, 
CA).

Cell proliferation assay

Cell proliferation was assessed by the colony 
formation experiment. Briefly, cells in the loga-
rithmic phase were digested by 0.25% Trypsin 
to single-cell suspension. A total of 200 cells 
were seeded in the pre-warmed culture medi-
um in each dish, which were then incubated at 
37°C for 2 to 3 weeks. When microscopic colo-
nies were observed, the culture medium was 
discarded and the cells were washed in phos-
phate-buffered saline (PBS) for 2 times, fixed in 
4% paraformaldehyde for 15 min and stained in 
Giemsa (Sigma-Aldrich, Shanghai, China) for 20 
min. Then the colony number was counted.
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Cell cycle assay

Cell cycle analysis was performed using the 
Cell Cycle Analysis Kit (GenScipt, Nanjing, 
China) according to the manufacturer’s instruc-
tion. Briefly, the cells were adjusted density to 1 
× 106/mL and fixed in 70% ethanol at 4°C over-
night. After incubated in RNase A at 37°C for 
30 min, the cells were stained with propidium 
iodide (PI) at 4°C in dark for 30 min. Then the 
cells were observed at 488 nm of excitation 
wavelength by a flow cytometry BD FACSCanto 
II (BD Biosciences, San Jose, CA).

Tumor implantation in mice

BALB/c nu/nu mice (specific pathogen-free 
grade, 6 weeks old, Vital River Laboratories, 
Beijing, China) were kept with controlled tem-
perature at 22 ± 1°C, humidity of 65% and 
standard diet ad libitum. The experiments on 
mice were approved by the ethics committee. 
The implantation was performed based on 
existed studies [17, 18]. The transfected AGS 
cells in the logarithmic phase were digested in 
0.25% Trypsin (Gibco) and adjusted to a density 
of 1 × 109 cells/mL, after which 0.2 mL was 
intraperitoneally injected to 2 mouse individu-
als. When the mice showed obvious abdominal 
distention, about 0.2 mL of the ascites was col-

lected from each mouse and the ascites cells 
were cultured in RPMI-1640 medium supple-
mented with 10% FBS. The ascites cells post 
passage in the logarithmic phase were adjust-
ed to a density of 5 × 108 cells/mL, 0.2 mL of 
which was then subcutaneously implanted to 
the back of 5 mouse individuals. The same pro-
cedures were performed with the AGS cells 
transfected by miR-141 mimic or miR-141 inhib-
itor and the corresponding control. At 1 week 
after the implantation, the tumor size of each 
group was measured.

Western blot

Protein samples of cells were extracted by 
M-PER Mammalian Protein Extraction Reagent 
(Thermo Scientific, Carlsbad, CA) and quanti-
fied by BCA Protein Assay Kit (Beyotime, Shang- 
hai, China). The protein samples were separat-
ed by sodium dodecyl sulfate-polyacrylamide 
gel electrophoresis and transferred to a polyvi-
nylidene fluoride membrane. The membrane 
was first blocked in 5% skim milk at room tem-
perature for 2 h, and then incubated in the  
specific primary antibodies for total IGF1R 
(ab39675, Abcam, Cambridge, UK), phosphate-
IGF1R at Tyr-1161 (ab39398) and GAPDH 
(ab181602), which was used here as an inter-
nal control, overnight at 4°C. After washed in 

Figure 1. miR-141 is down-regulated in gastric cancer tissue and is associated with the prognosis of gastric cancer 
patients. A. Relative miR-141 level in gastric cancer tissue (cancer) and the adjacent normal tissue (normal) of 30 
gastric cancer patients. U6 is used as an internal control for qRT-PCR. B. Survival curves showing the survival per-
cent of the 30 patients. The patients are divided into two groups (high and low) based on the higher or lower miR-
141 level in their gastric cancer tissue. The follow up lasts for 115 weeks. +, a censored data represents a patient 
loss to follow-up.
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Figure 2. miR-141 inhibits cell proliferation in human gastric adenocarcinoma cell line AGS. AGS cells are transfect-
ed with miR-141 mimic, inhibitor or the corresponding control (mimic/inhibitor control). MTT assay, colony formation 
assay and flow cytometry are performed at 48 h post-transfection. A. qRT-PCT showing relative miR-141 levels in 
the transfected AGS cells, with U6 as an internal control. B. Relative cell viability in the transfected cells. C. Pictures 
of colony formation assay representing the four cell groups with 200 cells seeded in each dish. D. Colony number 
comparison based on the colony formation results. E. Cell cycle analyzed by flow cytometry. PI, propidium iodide. F. 
S-phase fraction (SPF) based on the flow cytometry results. *P < 0.05. **P < 0.01. ***P < 0.001.
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PBS, the membrane was incubated in the horse 
radish peroxidase-conjugated secondary anti-
bodies at room temperature for 1 h. ECL Plus 
Western Blotting Substrate (Pierce, Carlsbad, 
CA) was used to develop positive bands on the 
membrane, and the software ImageJ 1.49 
(National Institutes of Health, Bethesda, MD) 
was used to analyze the relative grey level of 
sample bands compared to that of GAPDH 
bands.

qRT-PCR

The miRNAs in gastric cancer tissue and the 
adjacent normal tissue were extracted by miR-
Neasy Mini Kit (Qiagen, Shenzhen, China). 
Reverse transcription was performed with the 
specific reverse transcription primer for hsa-
miR-141-3p (5’-CTC AAC TGG TGT CGT GGA GTC 
GGC AAT TCA GTT GAG CCA TCT TT-3’) under the 
catalysis of PrimeScript Reverse Transcriptase 
(Takara, Dalian, China). qRT-PCR was perform- 
ed on the QuantStudio 6 Flex Realtime PCR 

system (Applied Biosystems, Carlsbad, CA) with 
the specific primer for hsa-miR-141-3p (Fw: 
5’-ACA CTC CAG CTG GGT AAC ACT GTC TGG 
TAA-3’ and Rv: 5’-TGG TGT CGT GGA GTC G-3’). 
Human U6 (Fw: 5’-CTC GCT TCG GCA GCA CA-3’ 
and Rv: 5’-AAC GCT TCA CGA ATT TGC GT-3’) 
was used as an internal control. Data were ana-
lyzed with the 2-ΔΔCt method.

Statistical analysis

All experiments were repeated for 3 times and 
results were represented as the mean ± stan-
dard deviation. Data were analyzed by SPSS 20 
(IBM, New York, US). Specifically, the composi-
tion difference in the stage or gender between 
the two groups of patients was analyzed by 
Fisher’s exact test. The survival curve was 
assessed by the Kaplan-Meier method and the 
two groups were compared by the log-rank test. 
The statistical difference between groups in 
the other experiments was analyzed by F test 
for homogeneity of variance and then t test. P < 
0.05 indicates significant differences.

Results

miR-141 is down-regulated in gastric cancer 
tissue

In gastric cancer patients, the miR-141 level 
was significantly down-regulated in cancer tis-
sue compared to the adjacent normal tissue (P 
< 0.001, Figure 1A), which might imply the 
involvement of miR-141 in gastric cancer. The 
30 patients were divided into two groups, 
namely, high and low, based on the miR-141 
level in gastric cancer tissue, and survival 
curves were drawn after the 115-week follow 
up (Figure 1B). A total of 7 censored data were 
recorded, 6 in the high group and 1 in the low 
group. Log-rank test indicated the significant 
difference between the two survival curves (χ2 
= 5.844, P < 0.05). The median survival time of 
the high and low groups was 81 and 59 weeks, 
respectively. These results suggested that miR-
141 was aberrantly down-regulated in gastric 
cancer tissue and that the lower miR-141 level 
might be associated with poorer prognosis in 
gastric cancer patients.

miR-141 inhibits cell proliferation in AGS cells 
and tumor growth in implanted mice

miR-141 level was altered by transfection of its 
specific mimic and inhibitor in human gastric 
adenocarcinoma cell line AGS, and qRT-PCR 

Figure 3. miR-141 inhibits tumor growth in the gas-
tric cancer mouse model. A. Picture of tumors gener-
ated from the implanted mice. Bar = 5 mm. B. Histo-
gram showing the tumor size of the implanted mice. 
**P < 0.01.
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showed the successful transfection, with the 
mimic promoting miR-141 level and the inhibi-
tor inhibiting miR-141 level (P < 0.01, Figure 

2A). At 48 h post-transfection, MTT assay 
showed the decreased cell viability by the 
mimic (P < 0.01) and increased viability by the 
inhibitor (P < 0.001, Figure 2B). miR-141 mimic 
also decreased the colony number significantly 
(P < 0.01), and the inhibitor had the opposite 
effects (P < 0.01), as shown by colony forma-
tion assay (Figure 2C and 2D). Cell cycle chang-
es were then detected by flow cytometry and 
results showed that miR-141 mimic handi-
capped AGS cell cycle, significantly decreasing 
the S-phase fraction (SPF, P < 0.01, Figure 2E 
and 2F) that reflects cell proliferation activity 
[19, 20], and that the inhibitor possessed the 
opposite effects (P < 0.05). Taken together, 
miR-141 overexpression could inhibit AGS cell 
proliferation.

Then the transfected AGS cells were implanted 
subcutaneously to the back of nude mice to 
generate tumor. At 1 week post-implantation, 
the tumor was excised and the tumors with 
miR-141 mimic were obviously smaller than the 
control, while the inhibitor generated much 
larger tumors (Figure 3A). The measurement of 
tumor size showed significantly differences 
between groups (P < 0.01, Figure 3B). These 
results indicated that miR-141 had the poten-
tial of inhibiting tumor growth in the implanted 
gastric cancer mouse model.

Effects of miR-141 in AGS cells can be abro-
gated by IGF1R

Existed studies have reported the promotive 
role of IGF1R in gastric cancer, as aforemen-
tioned. In this study, we tried to determine 
whether the role of miR-141 in gastric cancer 
cells was related to this crucial tumor promoter. 
IGF1R overexpression vector was transfected 
in the AGS cells with miR-141 mimic, and then 
both p-IGF1R and total IGF1R protein levels 
were detected by Western blot. Results showed 
that miR-141 mimic could inhibit both phos-
phorylated and total levels of IGF1R protein, 
and the IGF1R overexpression vector promoted 
the suppressed IGF1R levels in miR-141 mimic-
transfected cells (Figure 4A). So next we exam-
ined whether IGF1R overexpression in the miR-
141 mimic-transfected cells could reverse the 
effect of miR-141 on AGS cell proliferation. 
Colony formation assay indicated that IGF1R 
overexpression could again abrogate the sup-
pressive effects of miR-141 on AGS cell prolif-
eration, inducing a significant increase in the 

Figure 4. IGF1R is influenced by miR-141 and is in-
volved in the anti-proliferative role of miR-141 in AGS 
cells. IGF1R overexpression vector is transfected to 
the AGS cells with miR-141 mimic. A. Western blot 
showing the levels of phosphorylated IGF1R (p-IG-
F1R) and total IGF1R. GAPDH is used as an internal 
control. B. Pictures of colony formation assay. C. Col-
ony number comparison. **P < 0.01. IGF1R, insulin-
like growth factor 1 receptor.
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number of cell colonies (Figure 4B and 4C). 
These results implied that IGF1R might be 
involved in the anti-proliferative role of miR-141 
in gastric cancer cells.

Discussion

In this study, miR-141 is found down-regulated 
in gastric cancer tissue and its lower level is 
associated with poorer diagnosis of gastric 
cancer patients. Its overexpression inhibits cell 
proliferation in gastric adenocarcinoma cell line 
AGS and represses tumor growth in gastric can-
cer mouse model induced by AGS implantation. 
IGF1R expression is influenced by miR-141 and 
IGF1R overexpression recovers the cell prolif-
erative ability inhibited by miR-141.

This study followed up a total of 30 gastric can-
cer patients, 15 of which with relatively lower 
miR-141 levels showed poorer prognosis during 
the 115-week follow up, which implies that miR-
141 may be associated with the prognosis of 
gastric cancer. In existed studies, circulating 
miR-141 is shown to be a reliable prognostic 
factor in colon cancer, breast cancer and bone 
lesions of prostate cancer [21-23]. Besides, its 
sibling miR-200c is elevated in the blood of 
gastric cancer patients and is a potential pre-
dictor of gastric cancer progression [24], while 
reports on miR-141 only refer to its negative 
correlation with different TNM stages [25]. In 
this study, we discovered the underlying asso-
ciation of miR-141 and the prognosis of gastric 
cancer patients, suggesting that miR-141 is a 
promising prognostic factor for this disease.

The down-regulated miR-141 has been report-
ed in gastric cancer before, which is related to 
the regulation on cancer cell abilities. When 
overexpressing miR-141 in gastric cancer cell 
lines, researchers observed consistent results 
that the in vitro gastric cancer cell proliferation, 
migration and invasion are suppressed, and 
the underlying mechanisms involve diverse 
growth-related factors and non-coding RNAs 
[26-28]. Similar results are also found in renal 
neoplasm [29], hepatocellular carcinoma [30], 
among others. Together with the anti-prolifera-
tive role of miR-141 in this study, it is deduced 
that the roles of miR-141 in cancers are gener-
ally conserved, implying the potential of miR-
141 in gastric cancer treatment.

The miR-141 regulatory network has been 
depicted by several studies regarding its meth-

ylation and target mRNAs, among which, how-
ever, IGF1R has not been mentioned [31, 32]. 
Being a predictor of poor outcomes in gastric 
cancer patients, IGF1R promotes gastric can-
cer cell growth and invasion [33, 34] and can 
be regulated by miR-7 and miR-143 in gastric 
cancer [35, 36]. Its full activation is achieved 
when three tyrosines (Tyr-1135, 1131 and 
1136) are in turn phosphorylated [37]. This 
study detected the inhibited p-IGF1R and total 
IGF1R protein levels when miR-141 was over- 
expressed, suggesting miR-141 may regulate 
IGF1R in AGS cells. Besides, IGF1R overexpres-
sion could reverse the effects of miR-141 on 
AGS cell proliferation, indicating the involve-
ment of IGF1R in miR-141 mechanisms. 
Through the online database TargetScanHuman 
(v7.0, targetscan.org) [38], IGF1R mRNA was 
predicted to be a target for miR-141, which is 
worth the effort to be verified in our future 
studies.

In summary, miR-141 is a potential prognostic 
factor for gastric cancer. miR-141 inhibits gas-
tric cancer cell proliferation and tumor growth, 
and the regulatory mechanism may be associ-
ated with IGF1R. So miR-141 provides a thera-
peutic strategy for gastric cancer treatment. 
Further investigation is necessary for the 
understanding of its mechanism.
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