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Aim: The purpose of our study was to investigate the effects of miR-1249 in gastric cancer.
Methods: By analyzing the data obtained from TCGA database, the expression and prog-
nosis of miR-1249 in gastric cancer patients were analyzed. Then, CCK8, colony forming 
and transwell assays were used to test cell proliferation and motility. The cell apoptosis was 
detected by flow cytometry. The Pearson correlation coefficient analyzed was applied to 
analyze the correlation between GNA11 and miR-1249. qRT-PCR and Western blotting 
assays were employed to detect the mRNA and protein levels.
Results: We discovered that miR-1249 was highly expressed and was associated with 
a worse prognosis in gastric cancer patients. Besides, miR-1249 was up-regulated in gastric 
cancer cell lines (AGS, MKN45 and SNU1). More interestingly, miR-1249 exerted facilitat-
ing impacts on gastric cancer cell proliferation and motility, whereas miR-1249 acted as 
a suppressing effect on gastric cancer apoptosis. G protein subunit alpha 11 (GNA11) was 
a target gene of miR-1249 and was negatively correlated with miR-1249. Furthermore, 
GNA11 was negatively regulated by miR-1249. Additionally, GNA11 was lowly expressed 
in gastric cancer tissues and cell lines, as well as low GNA11 expression, was related to poor 
overall survival results in gastric cancer patients. The promoting influences of miR-1249 
over-expression on AGS cell proliferation and motility was rescued by GNA11 over- 
expression, which might be achieved by regulating PI3K/AKT/mTOR signalling pathway.
Conclusion: Above all, we concluded that miR-1249 was concerned with the progression of 
gastric cancer through regulating GNA11, suggesting that miR-1249 and GNA11 might serve 
as predictive biomarkers for gastric cancer therapy.
Keywords: gastric cancer, miR-1249 mimic/inhibitor, G protein subunit alpha 11, target, 
proliferation, apoptosis, PI3K/AKT/mTOR pathway

Introduction
Gastric cancer is the fourth most common cancer in the world. According to its 
overall morbidity and mortality, it ranks second among all malignant tumors and is 
the leading cause of cancer-related death around the world.1–3 In 2018, there were 
approximately 1,033,701 new patients and 782,685 new deaths occurred around the 
whole world.4 Its clinical characteristics are usually proved for high recurrence rate, 
occult attacks, missed diagnosis, etc.5 Early clinical examination of gastric cancer is 
less than 15%, and advanced gastric cancer accounts for 85%.6 Currently, the main 
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treatments for this disease are surgery, chemotherapy, 
radiation therapy, targeted therapy and immune gene 
therapy.7 Although these treatments have made great pro-
gress, due to chemotherapy resistance, the survival rate of 
patients with advanced or relapse is low, and the 5-year 
survival rate is less than 30%.8–10 Therefore, early diag-
nosis of gastric cancer is a major challenge and there is an 
urgent need to find more early diagnostic markers and 
solve the problem of chemical resistance. In recent years, 
more and more reports have reported that many miRNAs 
are closely related to gastric cancer,11–13 but the specific 
molecular mechanism of their roles in gastric cancer cells 
is still under studying.

As a series of small non-coding RNAs, microRNAs 
(miRNAs), with 18–25 nt, act important influences in 
posttranscriptional genes by suppressing the translation 
of their target mRNAs.14 Growing evidence has verified 
that miRNAs are related to various pathological and phy-
siological processes including cell proliferation, differen-
tiation, migration, invasion, metabolism, apoptosis and so 
on.15 Previous studies have revealed that miRNAs can 
serve as agonist or antagonist in the progression of various 
cancers.16–18 Furthermore, studies also have affirmed that 
some miRNAs are associated with various biological pro-
cesses in gastric cancer.19,20 Utilizing bioinformatics ana-
lysis, we identified that miR-1249 was an agonist miRNA 
affecting gastric cancer development. Dang et al21 demon-
strated that miR-1249 exerted repressive impacts on colon 
adenocarcinoma cell proliferation and motility, which 
might be possibly achieved by regulating Four-Jointed 
Box Kinase 1 (FJX1). Furthermore, miR-1249 was 
reported to be involved in hepatocellular carcinoma cell 
invasion and migration through targeting PTCH1.22 These 
data aroused us lots of interest in probing the influences of 
miR-1249 on gastric cancer.

Studies have indicated that various genes 
expressions are partially regulated by miRNAs.23,24 

Utilizing bioinformatics analysis, G protein subunit alpha 
11 (GNA11) was identified as one of the target genes of 
miR-1249 in our paper. Belongs to the family of hetero-
trimeric guanine nucleotide-binding protein G, GNA11 
encodes the subunit α11.25 In immunocompromised mice, 
the GNA11Q209L and GNA11R183C mutants were able to 
transform 3T3 cells and took shape into tumors.26 There is 
one study has shown that GNA11 can activate somatic 
mutations at high frequency in uveal melanoma.25 Based 
on bioinformatics analysis, GNA11 was identified as one 
of the molecular targets of Korean patients with 

gastrointestinal stromal tumors.27 However, the mechan-
ism of GNA11 on gastric cancer has not been fully eluci-
dated, and further researches are needed.

In the present study, we aimed to explore the impacts 
of miR-1249 and GNA11 on gastric cancer development. 
Besides, we focused on investigating the interaction 
between miR-1249 and GNA11 in gastric cancer cells. 
We discovered a novel regulatory axis composed of miR- 
1249/GNA11, which might be possibly associated with 
PI3K/AKT/mTOR pathway, offering novel therapeutic tar-
gets and potential biomarkers for gastric cancer diagnosis 
and treatment.

Methods
Analyses of the Expression of miR-1249 
and GNA11 Utilizing TCGA Database
First, the common miRNAs were obtained from the inter-
section miRNAs that had meaningful survival and differ-
ential expression miRNAs in gastric cancer, which were 
gained from TCGA database (https://cancergenome.nih. 
gov/). The miR-1249 expression data were also acquired 
from TCGA database. Moreover, the overall survival of 
miR-1249 on gastric cancer patients was analyzed based 
on TCGA dataset.

Next, we used the Veen diagram to identify the poten-
tial target genes of miR-1249. The common genes were 
obtained from the interaction among survival differences 
genes in TCGA database (ven_sur_allRNA), the expres-
sion difference genes in TCGA database 
(ven_dif_mRNA), the most related genes to hsa-miR 
-1249 by utilizing the pearson correlation analysis (ven_-
cor_best) and the predicted target genes from the 
TargetScan software (target_gene). Furthermore, accord-
ing to the data acquired from TCGA database, the expres-
sion level of GNA11 was explored. Then, the overall 
survival analysis of GNA11 was implemented for gastric 
cancer patients based on TCGA datasets. Pearson’s corre-
lation analysis was executed to analyze the relationship 
between miR-1249 and GNA11.

Culture of Gastric Cancer Cell Lines
Gastric cancer cell lines AGS, MKN45, SNU1, and the 
normal human gastric cell line GES-1 were acquired from 
Cell Bank of Chinese Academy of Medical Sciences 
(Shanghai, China). Then, these cells were cultivated in 
DMEM supplemented with 10% fetal bovine serum 

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                                           

OncoTargets and Therapy 2021:14 1250

Zhang et al                                                                                                                                                            Dovepress

https://cancergenome.nih.gov/
https://cancergenome.nih.gov/
http://www.dovepress.com
http://www.dovepress.com


(FBS), 100 mg streptomycin per mL and 100 units peni-
cillin per Ml under normal conditions.

Cell Transfection
Synthetic miR-1249 mimic/inhibitor and their correspond-
ing negative control (mimic NC/inhibitor NC), 
pcDNA3.1-GNA11, pcDNA3.1-, si-GNA11 (5ʹ- 
ATTGCAGGGGATTGCCTTGG-3ʹ) and si-control (5ʹ- 
CGAACUCACUGGUCUGACC-3ʹ) were acquired from 
Dharmacon (Boulder, CO). Then, they were transfected 
into gastric cancer cells utilizing Lipofectamine 3000 
reagent (Invitrogen). After 48 hours, the efficiency of 
transfection was determined by qRT-PCR.

qRT-PCR
Total RNA was extracted using TRIzol (Invitrogen). By 
employing Mir-X ™ miRNA First Strand Synthesis Kit or 
PrimeScript RT Reagent Kit, reverse transcription was con-
ducted. SYBR PrimeScriptTM miRNA RT-PCT Kit or 
SYBR Premix Ex Taq II were applied to detect miR-1249 
or GNA11 expression in an AB7300 real-time PCR machine. 
U6 served as a reference for miR-1249 detection. GAPDH 
was utilized as an internal control for GNA11 detection. 
2−ΔΔCt was used to analyze the levels of miR-1249 and 
GNA11. Table 1 displays the primers used for qPCR.

Western Blotting Assay
Total proteins were isolated by a lysis buffer (containing 
protease suppressor). The concentration of the proteins 
was tested by BCA method. Then, the protein lysates 
were separated by SDS-PAGE and transferred onto 
a PVDF membrane. After being blocked by 5% defatted 
milk, the membrane was incubated with primary 

antibodies overnight at 4°C. Subsequently, the membrane 
was incubated with peroxidase-conjugated secondary anti-
bodies at room temperature for 1 hour. The signals were 
tested utilizing an ECL detection kit (GE Healthcare). The 
quantitative analysis was normalized to GAPDH.

Cell Counting Kit-8 (CCK8)
Cell proliferation was evaluated by CCK8 assay 
(Beyotime, Shanghai, China) following the protocol. In 
brief, 1 × 103 cells/well were seeded in a 96-well plate. 
After transfection, 10 µL CCK8 reagent was added to each 
well and further cultured -. Finally, the OD450 was mea-
sured by a microplate reader (Biotech).

Colony Formation Assay
The transfected cells (500 cells/well) were plated into 
a 6-well plate and incubated for 14 days until a colony 
formed. After fixed with methanol for 15 min, the cells 
were stained with crystal violet. Finally, the number of 
colonies was counted under a microscope.

Transwell Assay
The transwell assay (Corning, New York, USA) was exe-
cuted to test the abilities of cell invasion and migration. 
Briefly, the invasion and migration of gastric cancer cells 
(2 × 105/well) were measured by transwell inserts pre- 
coated with or without Matrigel. Besides, the top side of 
the transwell chamber was filled with DMEM without 
serum. The low side was filled with a 10% FBS medium. 
Only the invasion assay needs to pre-coat Matrigel on the 
upper chamber. After being washed with PBS, the invasive 
and migratory cells were fixed with 4% paraformaldehyde 
for 30 minutes and stained with 0.1% crystal violet for 20 

Table 1 The Primers Used in qRT-PCR

Name Sequences

miR-1249 forward 5ʹ-GCCGAATTCGAGGGATGTGCTAGGGTCAC-3’

miR-1249 reverse 5ʹ-GCCACTAGTCCCCACTTCTAATCACGTTTG-3’

U6 forward 5ʹ-CTCGCTTCGGCAGCACA-3’

U6 reverse 5ʹ-AACGCTTCACGAATTTGCGT-3’

GNA11 forward 5ʹ-GATTGCAGATTGGGCCTTGG-3’

GNA11 reverse 5ʹ-CTTGGCAGGTGGGGAAGG-3’

GAPDH forward 5ʹ-TAGATGACACCCGTCCCTGA-3’

GAPDH reverse 5ʹ-ACCTCCACCTGTCCTTAGTG-3’
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minutes. Finally, the cells were photographed by an 
inverted microscope (Olympus) and the cell number was 
counted in five random fields.

Analysis of Apoptotic Cells
After 48 h transfection, the number of apoptotic gastric 
cancer cells was assessed by flow cytometry. In short, the 
transfected gastric cancer cells were washed with PBS. 
Then, the cells were dyed with 5 µL Annexin V-FITC 
for 10 minutes and stained with 10 µL PI for 5 minutes 
at room temperature under normal conditions devoid of 
light. Finally, the results were analyzed by a Flow 
cytometer.

Luciferase Reporter Assay
After 48 h transfection, the gastric cancer cells (1×104/ 
well) were seeded into 96-well plates. After 24 hr incuba-
tion, the construction of dual fluorescein reporter vector 
was achieved by the 3ʹ-UTR of wild type (WT) and mutant 
(MUT) GNA11 being cloned into pGL3-RB-REPORTTM. 
MiR-1249 mimic/inhibitor and PGL3-3ʹUTR-WT or 
PGL3-3ʹUTR-MUT were co-transfected into cells utilizing 
LipofectamineTM 2000 (Invitrogen). Finally, the luciferase 
activity was evaluated by using the Dual-Luciferase 
Reporter Assay System (Promega, Corporation).

Statistics
All results were executed with GraphPad Prism 7.0 and 
SPSS 22.0 software. Comparisons were carried out utiliz-
ing Student’s t-test (for single comparisons) or ANOVA 
test with Dunnett post hot (for multiple comparisons). 
Error bars indicated SD in figure legends. P < 0.01 was 
regarded as statistically significant.

Results
To inquire about the effects of miRNA on gastric cancer, we 
first searched the appropriate miRNA through bioinformatics 
analysis. The 13 common miRNAs (Table 2) were obtained 
from the intersection miRNAs that had meaningful survival 
(3273) and differential expression miRNAs (294) in gastric 
cancer that were acquired based on TCGA database 
(Figure 1A). To explore the function of miR-1249 on gastric 
cancer, we first analyzed miR-1249 expression level in gas-
tric cancer tissues by using TCGA database. We discovered 
that the expression level of miR-1249 was highly expressed 
in gastric cancer tissues (Tumor, n=367) compared with that 
in paracancerous samples (Normal, n=13) (P=0.038, Figure 
1B). Then, based on the cutoff value (3.01) of miR-1249 

expression level, gastric cancer patients were divided into 
high (n=109) and low (n=109) expression groups. As pre-
sented in Figure 1C, high expression of miR-1249 was cor-
related with a worse prognosis in gastric cancer patients 
(P=0.016).

To further probe the impacts of miR-1249 on gastric 
cancer, we assessed the properties of miR-1249 in 
gastric cancer cell lines AGS, MKN45 and SNU1. 
Normal human gastric cell line GES-1 was applied as 
a control. Figure 1D illustrates that miR-1249 expres-
sion was higher in all detected gastric cancer cell lines 
than that in GES-1 cell line. Moreover, SNU1 cell line 
showed a higher and AGS cell line exhibited a lower 
level of miR-1249 compared with other gastric cancer 
cell lines. Hence, AGS cell line was employed to up- 
regulate miR-1249 expression, whilst SNU1 cell line 
was used to down-regulate miR-1249 expression in the 
subsequent assays. Thus, AGS cells were transfected 
with miR-1249 mimic/mimic NC and SNU1 cells were 
transfected with miR-1249 inhibitor/inhibitor NC. 
Compared with miR-1249 mimic NC group, miR- 
1249 expression was accelerated by miR-1249 mimic 
in AGS cells, whereas miR-1249 inhibitor receded the 
miR-1249 level in SNU1 cells (Figure 1E). These con-
sequences manifested that miR-1249 was highly 
expressed in gastric cancer tissues and cell lines, as 

Table 2 The 13 Predicted Common miRNAs

Number miRNAs

1 miR-5582

2 AC234917.1

3 miR-4525

4 miR-4326

5 miR-3176

6 miR-200C

7 miR-1249

8 AC079753.1

9 miR-595

10 miR-3170

11 miR-4427

12 miR-1245A

13 AC133555.1
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well as might be concerned with poor prognosis for 
patients with gastric cancer.

Aberrant Expression of miR-1249 
Influences the Proliferation, Motility and 
Apoptosis of Gastric Cancer Cells
To determine the impacts of miR-1249 on gastric cancer cell 
proliferation, motility and apoptosis, CCK8, colony-formation, 
transwell and flow cytometry assays were employed. As 
shown in Figure 2A, the OD450 value of AGS cells fortified 
in miR-1249 mimic group relative to mimic NC group, proving 
that miR-1249 over-expressing facilitated AGS cell prolifera-
tion. On the contrary, the proliferation of SNU1 cells was 
reduced by miR-1249 down-regulation (Figure 2A). 
Moreover, the colony number of AGS cells was significantly 
increased by miR-1249 mimic compared with mimic NC 
group, while, the colony number of SNU1 cells was repressed 
by miR-1249 inhibitor when relative to inhibitor NC group 
(Figure 2B). Then, the transwell assay was used to seek the 
impacts of miR-1249 on the motility (migration and invasion) 
of gastric cancer cells. As presented in Figure 2C, miR-1249 
up-regulation elevated the number of crystal violet-stained 
AGS cells. Inversely, miR-1249 ablation decreased the number 
of crystal violet-stained SNU1 cells (Figure 2C). Furthermore, 
to further explore the role of miR-1249 in gastric cancer, flow 
cytometric detection was utilized. Compared with the 

corresponding NC group, miR-1249 mimic restrained the 
apoptosis of AGS cells, whilst miR-1249 inhibitor promoted 
the apoptosis of SNU1 cells (Figure 2D). Besides, we also 
determined the protein levels of apoptosis-related proteins. 
Compared to the mimic NC group, miR-1249 mimic inhibited 
the protein levels of p53, Bax and Cleaved Caspase-9, while 
miR-1249 mimic facilitated the level of Bcl-2 in AGS cells 
(Figure 2E). However, miR-1249 inhibitor exhibited the oppo-
site influences in SNU1 cells (Figure 2E). All the above find-
ings demonstrated that miR-1249 over-expression presented 
an accelerative influence and miR-1249 depletion had 
a suppressive effect on gastric cancer cell proliferation and 
motility, while displayed an opposite impact on the apoptosis 
of gastric cancer cells.

GNA11 is a Target of miR-1249 and is 
Lowly Expressed in Human Gastric 
Cancer Tissues and Cell Lines
To probe the mechanisms of how miR-1249 affects the pro-
liferation and motility of gastric cancer cells, we first predicted 
its potential target genes by bioinformatics analysis. There 
were three common genes (AIRE, VAMP2, GNA11) were 
obtained from the intersection of 3273 survival differences 
genes (ven_sur_allRNA), the 4428 expression difference 
genes (ven_dif_mRNA), the 4147 most related genes to hsa- 
miR-1249 through using the pearson correlation analysis 

Figure 1 Detection of the miR-1249 expression in gastric cancer specimens gained from TCGA database and cell lines. (A) There are 13 potential targets of common 
miRNAs were acquired from the intersection miRNAs that had meaningful survival (3273) and differential expression miRNAs (294) in gastric cancer on the basis of TCGA 
database. (B) The expression of miR-1249 in 367 gastric cancer tissues and 13 normal samples according to TCGA database. (C) Compared with low miR-1249 expression, 
Kaplan–Meier survival curves displayed that the overall survival was worse in gastric cancer patients with high miR-1249 expression. (D) The miR-1249 expression level was 
higher in all gastric cancer cell lines (AGS, MGC-803 and SNU1) compared to that of normal cell line GES-1. **p<0.01 vs GES-1 group. (E) The expression level of miR-1249 
in gastric cancer cells treated with miR-1249 mimic/inhibitor. **p<0.01 vs mimic NC group. ##p<0.01 vs inhibitor NC group.
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(ven_cor_best) and the 3136 predicted target genes from the 
TargetScan software (target_gene), which all obtained the data 
from TCGA database (Figure 3A). Based on the analysis 
results and comprehensive literature review, GNA11 was cho-
sen as one of the target genes of miR-1249 for further research. 
Then, we executed Pearson’s correlation analysis to ulteriorly 
analyze the relationship between miR-1249 and GNA11. As 
illustrated in Figure 3B, miR-1249 expression was negatively 
concerned with GNA11 expression (r=−0.170, P=0.006). 
Next, in order to further corroborate that GNA11 was a target 
gene of miR-1249, the luciferase assay was carried out. The 

seed region of GNA11 targeted by miR-1249 is displayed in 
Figure 3C. Besides, Figure 3D elucidates that the introduction 
of miR-1249 mimic weakened the luciferase activity of cells 
containing GNA11 3ʹ-UTR-WT instead of GNA11 3ʹ-UTR- 
MUT, compared with mimic NC group. qPCR and Western 
blotting analyses illustrated that miR-1249 over-expression 
resulted in a decrease in both mRNA and protein levels of 
GNA11, whereas miR-1249 depletion led to an increase in 
mRNA and protein levels of GNA11 (Figure 3E). Finally, we 
analyzed the expression of GNA11 in gastric cancer tissues and 
cell lines. As illustrated in Figure 3F, the expression level of 

Figure 2 The influences of miR-1249 on gastric cancer cell proliferation, migration invasion and apoptosis. (A) Cell proliferation was detected by CCK8 assay in AGS and 
SNU1 cells. (B) The number of colonies in the expression of miR-1249 formed by AGS and SNU1 cells were tested by colony-forming assay. (C) The cell invasion and 
migration of AGS and SNU1 cells were tested by transwell assay. (D) The apoptosis of AGS and SNU1 cells were tested by flow cytometry assay. (E) The protein levels of 
p53, Bcl-2, Bax, Cleaved Caspase-9. **p<0.01 vs mimic NC group, ##p<0.01 vs inhibitor NC group.
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GNA11 was lessened in gastric cancer tissues (n=357), com-
pared to normal samples (n=23) (P=0.00011). According to the 
cutoff value (13.16) of GNA11 expression level, gastric cancer 
patients were fallen into high (n=106) and low (n=105) 

expression groups. Besides, low expression of GNA11 was 
concerned with worse survival (P=0.026), manifesting that 
GNA11 played a repressive effect in gastric cancer progression 
(Figure 3G). After that, we evaluated the impacts of GNA11 in 

Figure 3 GNA11 is negatively modulated by miR-1249 and is lowly expressed in gastric cancer tissues and cell lines. (A) There were three common genes were gained from 
the intersection of veen diagram. (B) In gastric cancer samples, GNA11 expression was negatively related to miR-1249 expression, which was analyzed by Pearson 
correlation coefficient. (C) The 3ʹUTR of GNA11 containing the wide type (WT) or mutant type (MUT) binding sites between GNA11 and miR-1249. (D) The relative 
luciferase activity of GNA11-WT was decreased in miR-1249 mimic group compared to mimic NC group. **p < 0.01 vs mimic NC group. (E) The mRNA and protein levels 
of GNA11 in miR-1249-overexpressing or miR-1249-depletion in gastric cancer cells. **p < 0.01 vs mimic NC group. ##p < 0.01 vs inhibitor NC group. (F) GNA11 was 
lowly expressed in gastric cancer tissues relative to normal samples. (G) Kaplan–Meier analyzed the association of high and low GNA11 expression with the overall survival 
in gastric cancer patients. (H) GNA11 was down-regulated in all gastric cancer cell lines (AGS, MGC-803 and SNU1) relative to that in normal cell line GES-1. **p<0.01 vs 
GES-1 group.
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gastric cancer cell lines AGS, MGC-803 and SNU1, GES-1 as 
a normal control. As shown in Figure 3H, GNA11 expression 
was lower in all detected gastric cancer cell lines than that in 
GES-1 cell line. The results in this chapter implied that miR- 
1249 directly targeted GNA11 to affect its expression on 
gastric cancer.

GNA11 is Involved in the Regulation of 
miR-1249 on Cell Growth, Migration and 
Invasion in Gastric Cancer
Moreover, rescue assays were performed to further probe 
whether GNA11 was associated with the regulation of 
miR-1249 on gastric cancer cell proliferation, motility 
and apoptosis. Through CCK8 and colony formation 

assays, we discovered that the promotive influence of 
miR-1249 over-expression on AGS cell proliferation was 
partly reversed by GNA11 over-expression (Figure 4A and 
B). Nevertheless, the introduction of GNA11 deficiency 
partially overcomes the repressive effect of the miR-1249 
inhibitor on SNU1 cell proliferation (Figure 4A and B). 
Moreover, by transwell assays, we observed that the facil-
itative impact of miR-1249 mimic on AGS cell motility 
was counteracted by over-expression of GNA11 (Figure 
4C). On the contrary, GNA11 silencing rescued the sup-
pressive effect of miR-1249 down-regulation on SNU1 
cell motility (Figure 4C). Additionally, through flow cyto-
metry, we found that the restrained impact of miR-1249 
high-expression on AGS cell apoptosis was inversed by 
GNA11 up-regulation (Figure 4D). However, the fortified 

Figure 4 GNA11 reverses the properties of miR-1249 in gastric cancer cells. (A) Cell proliferation was detected by CCK8 assay in AGS and SNU1 cells. (B) The number of 
colonies in the expression of miR-1249 formed by AGS and SNU1 cells were tested by colony-forming assay. (C) The cell invasion and migration of AGS and SNU1 cells 
were tested by transwell assay. (D) The apoptosis of AGS and SNU1 cells were tested by flow cytometry assay. **p<0.01 vs mimic NC group. ##p<0.01 vs miR-1249 mimic 
group. &&p<0.01 vs miR-1249 mimic+pcDNA3.1 group.
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effect of the miR-1249 inhibitor on the apoptosis of SNU1 
cells was partially overcome by the stimulation of GNA11 
depletion (Figure 4D). In summary, all the above data 
showed that miR-1249 could affect gastric cancer cell 
proliferation, motility and apoptosis through targeting 
GNA11.

The Influences of miR-1249/GNA11 on 
Gastric Cancer Cells is Partially Achieved 
by PI3K/AKT/mTOR Pathway
For the purpose of further examining the mechanisms of 
miR-1249/GNA11 on gastric cancer cell, we analyzed the 
expression changes of key factors in PI3K/AKT/mTOR 
signalling pathway through Western blotting. As displayed 
in Figure 5A, GNA11 over-expression reversed the 
acceerative impacts of miR-1249 up-regulation on the 
protein levels of p-PI3K/PI3K, p-AKT/AKT and 
p-mTOR/mTOR in AGS cells. However, the inhibitory 
influences of miR-1249 ablation on p-PI3K/PI3K, 
p-AKT/AKT and p-mTOR/mTOR protein levels expres-
sion levels were inversed by GNA11 knockdown in SNU1 
cells (Figure 5B). These outcomes hinted that the proper-
ties of miR-1249/GNA11 on gastric cancer cells might be 
partially through PI3K/AKT/mTOR signalling pathway.

Discussion
In our study, we identified miR-1249 as an oncogene in 
gastric cancer for the first time. Besides, GNA11 was verified 
as one of the target genes of miR-1249 and was negatively 
regulated by miR-1249. Most importantly, the participation 
of miR-1249/GNA11 was proofed to be crucial in gastric 
cancer proliferation, motility and apoptosis, which was pos-
sibly achieved through regulating PI3K/AKT/mTOR path-
way. Our findings highlighted miR-1249 as an oncogenic 
miRNA and GNA11 as a tumor suppressor in gastric cancer. 
Hence, miR-1249 and GNA11 might be defined as novel 
candidates for gastric cancer therapy.

MiRNAs were proved to participate in the progression of 
almost all vertebrate tissues, such as homeostasis, prolifera-
tion, cell cycle, motility, apoptosis and various pathological 
states.28 More importantly, abnormal miRNAs expression 
levels have facilitated or inhibited tumorigenesis through 
their ability to manage the expression of various non- 
coding and protein-coding genes.29 Recently, miR-1249 
was recognized as a tumor-associated miRNA.30,31 As the 
study revealed by Fang et al,32 miR-1249 promoted the 
proliferation of glioblastoma cells by downregulating adeno-
matous polyposis coli 2 (APC2) expression. It has demon-
strated that P53-induced miR-1249 repressed colorectal 
cancer cell growth, metastasis, and angiogenesis through 

Figure 5 The influences of miR-1249/GNA11 on gastric cancer cell properties may be regulated by PI3K/AKT/mTOR pathway. Through qRT-PCR and Western blotting, the 
mRNA and protein levels of p-PI3K, p-AKT, p-mTOR in (A) AGS and (B) SNU1 cells were determined. **p<0.01 vs control group. ##p<0.01 vs mimic NC group. &&p<0.01 
vs miR-1249 mimic+GNA11 group.
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targeting VEGFA and HMGA2.30 Kumar et al33 reported that 
circulating serum miR-1249-3p was differentially expressed 
in non-small cell lung cancer. Through regulating HNRNPK, 
miR-1249-3p knockdown inhibited the proliferation, colony 
formation, and invasion of hepatocellular carcinoma cells 
in vitro.20 In line with the above outcomes, our study dis-
played that miR-1249 was highly expressed in gastric cancer 
tissues and cell lines, and the participation of miR-1249 was 
testified to be crucial in gastric cancer proliferation, motility 
and apoptosis. Our findings offered a novel regulatory study 
on employing miR-1249 to modulate the cellular phenotypes 
of gastric cancer. Nevertheless, the mechanisms about the 
influences of miR-1249 in gastric cancer have rarely been 
studied and need further expound.

Herein, we uncovered GNA11 as a novel target gene of 
miR-1249 in gastric cancer. Furthermore, we proved that 
GNA11 was negatively regulated by miR-1249. It has 
been reported that activating Q209L/P mutations in 
GNA11 are present in various tumors.34 Studies have 
demonstrated that the impacts of GNA11 might be related 
to some cancers, such as thyroid cancer,35 melanoma,36 

triple-negative breast cancer,34 and gastrointestinal stromal 
cancer27 etc. Murugan et al35 indicated the mutation status 
of GNA11 gene in thyroid cancer. By using bioinformatics 
analysis, GNA11 was identified as one of the molecular 
targets of triple-negative breast cancer34 or gastrointestinal 
stromal tumor.27 However, the impacts of GNA11 on 
gastric cancer have been really reported. Besides, the 
involved mechanisms of the effects of GNA11 on gastric 
cancer have not been well expounded. In our study, we 
discovered that GNA11 was lowly expressed in gastric 
cancer tissues and cell lines. Meanwhile, low expression 
of GNA11 was associated with a worse prognosis in 
gastric cancer patients. Especially, we also found that 
GNA11 suppressed the proliferation, motility but facili-
tated apoptosis of gastric cancer cells for the first time, 
implying that GNA11 is regarded as a tumor repressor in 
gastric cancer.

Moreover, the outcomes of the Western blotting analy-
sis indicated that the influences of miR-1249/GNA11 on 
gastric cancer cell proliferation, motility and apoptosis 
might be partially through PI3K/AKT/mTOR pathway. 
Apoptosis is a key anti-tumour mechanism and several 
factors served as important effects in tumors by inducing 
apoptosis.37,38 Multiple signalling pathways are regulated 
to the activation of apoptosis, of which PI3K/AKT/mTOR 
is one of the most important signalling pathways.39,40 The 
PI3K/AKT/mTOR pathway regulates a number of 

malignant phenotypes, including anti-apoptotic, cell pro-
liferation, growth, motility phenotypes, etc.41,42 miR-1249 
was indicated to repress the growth and metastasis through 
regulating Akt/mTOR pathway in colorectal cancer.30 In 
a mutant GNA11-dependent manner, small molecules that 
repressing PI3K enhanced cell death of uveal melanoma.34 

PI3K was regarded as one of the major pathways that 
influences the tumor suppressor gene GNA11 in colorectal 
cancer tissues.43 Consistent with the above studies, we 
discovered that the influences of miR-1249/GNA11 on 
gastric cancer cell properties might be partially through 
PI3K/AKT/mTOR pathway.

In summary, our findings manifested that miR-1249 
was highly expressed and GNA11 was lowly expressed 
in gastric cancer tissues and cells. Meanwhile, the roles of 
miR-1249/GNA11 on gastric cancer cell proliferation, 
motility and apoptosis might be partially through PI3K/ 
AKT/mTOR pathway, disclosing that miR-1249/GNA11 
could serve as potential therapeutic targets for gastric 
cancer. The focus of our future work will use the in vivo 
experiments to further explore the biological effects of 
miR-1249 and GNA11 in gastric cancer.
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