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Abstract. Epithelial‑mesenchymal transition (EMT) has 
been shown to exert promoting effects on the progression of 
a number of cancer types, including endometrial carcinoma 
(EC). MicroRNA (miRNA or miR)‑195 has been shown to 
function as a tumor suppressor. This study aimed to explore the 
potential role of miR‑195 in the EMT process of EC. miR‑195 
overexpression (Mimics) and mimics control (Mock) vectors 
were constructed and transfected into human endometrial 
cancer cells (AN3‑CA and Hec1A) using Lipofectamine 2000, 
and cell viability was detected using the Cell Counting kit‑8 
(CCK‑8). The invasive and migratory capacities of the cells 
transfected with the Mimics or Mock vectors were assessed 
by Transwell and wound healing assays. Relative mRNA and 
protein levels were analyzed by reverse transcription‑quanti-
tative polymerase chain reaction (RT‑qPCR) and western blot 
analysis, respectively. Using TargetScan prediction, the poten-
tial target of miR‑195 was identified and was further verified 
by dual‑luciferase reporter assay. Following transfection with 
miR‑195 mimics, the viability of the AN3‑CA and Hec1A cells 
decreased in a time‑dependent manner, specifically at 24 h. 
The wound closure rate and the number of invaded cells in the 
Mimics group were much lower than those in the Control and 
Mock groups (P<0.01). miR‑195 overexpression significantly 
upregulated the mRNA and protein levels of tissue inhibitor 
of metalloproteinase 2 (TIMP‑2), while it downregulated the 
expression levels of matrix metalloproteinase (MMP)‑2 and 
MMP‑9. Moreover, the phosphorylation levels of PI3K and 
AKT were also notably decreased (P<0.01). G protein‑coupled 

estrogen receptor 1 (GPER) was identified as a target of 
miR‑195. On the whole, the findings of this study indicate that 
the inhibitory effects of miR195 on EC cell migration and 
invasion are associated with the PI3K/AKT signaling pathway 
and GPER expression.

Introduction

Endometrial carcinoma (EC) is one of three most common 
types of malignant tumors of the female reproductive tract 
worldwide, accounting for 20‑30% of the total number of 
female malignant tumors of the genital tract (1). Over the past 
few years, the incidence of EC has been increasing. In 2014, 
there were 52,630 new EC cases and 8,590 EC‑related deaths, 
while in 2017, an estimated number of 61,380 would be diag-
nosed with EC and more than one‑sixth of these would perhaps 
succumb to the disease (2,3). Currently, radical surgery is one 
of the most effective treatments for early‑stage EC; however, 
40% of cases receiving surgery still have a risk of recurrence 
and metastasis (4). Previous studies have indicated that the 
main cause of the high mortality rate among patients with EC 
is recurrence and metastasis (5,6). Epithelial‑mesenchymal 
transition (EMT) is closely associated with tumor invasion and 
metastasis; EMT promotes the disengagement of epithelial 
cells from cell‑cell adhesion and cell polarity, thus promoting 
cell migration and invasion, as well as the development of an 
aggressive phenotype (7‑9). Previous research has revealed the 
molecular mechanisms of common EMT in EC, including the 
downregulation of the E‑cadherin level, and other molecular 
alterations consistent with the mesenchymal phenotype (10). 
In addition, it has been indicated that EMT affects EC through 
estrogen signaling and microRNAs (miRNAs or miRs) (11).

G protein‑coupled estrogen receptor (GPER or GPR30) is a 
member of the 7‑transmembrane spanning G protein‑coupled 
receptor (GPCR) superfamily, structurally unrelated to the 
nuclear estrogen receptors (nERs) (12). Currently, high levels 
of GPER have been detected and it exists at least 4 types of 
human tumor cells, including breast cancer  (13), thyroid 
cancer (14), ovarian cancer (15) and EC (16) cells. Moreover, 
increasing evidence has indicated that GPER is significantly 
associated with tumor progression, migration, infiltration and 
prognosis  (17,18). A previous study demonstrated that the 
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abnormal expression of GPER was mainly found in advanced 
tumors and that GPER was associated with a poor survival of 
patients with EC; in that study, only 65.2% of patients with 
EC with GPER overexpression survived, whereas a 100% 
survival rate was noted in patients with EC with normal GPER 
levels (19). These findings indicated GPER may be a promising 
biomarker for the progression of EC. Moreover, GPER has also 
been reported to be associated with the activation of several 
signaling pathways; for example, GPER binding to estradiol 
can rapidly activate the phosphatidylinositol 3‑kinase/protein 
kinase B (PI3K/AKT) pathway through non‑genomic effects, 
promoting cell proliferation (20,21).

miRNAs are a class of non‑coding short RNAs (21‑25 
bp in length), which can modulate the expression of a large 
number of genes by binding to the 3'‑UTR of their tran-
scripts (22). In 2014, by comparative analysis of endometrioid 
EC (EEC) tissue, normal endometrium (NE) tissue and blood 
cells of the same patient, miR‑195 was demonstrated as one 
of the key miRNAs of EC pathogenesis (23). In this study, 
we investigated the effects of miR‑195 on the EMT process 
in EC.

Materials and methods

Cells and cell culture. Human endometrial cancer cell lines 
(AN3‑CA and Hec1A) were obtained from the American 
Type Culture Collection (ATCC). The cells was curtured 
with Eagle's minimum essential medium (EMEM, #30‑2003, 
ATCC) with 10% (v/v) fetal bovine serum (FBS, #30‑2020, 
ATCC), and grown at 37˚C under 5% CO2 atmosphere.

Cell transfection. miR‑195 mimics (5'‑UAG​CAG​CAC​AGA​
AAU​AUU​GGC‑3') and negative control (5'‑UUC​UCC​GAA​
CGU​GUC​ACG​UTT‑3') were synthesized by GenePharma. 
The AN3‑CA or Hec1A cells were embedded in 6‑well plates 
(5x104  cells/well) containing serum‑free medium, and the 
cells were then cultured for 3 h at 37˚C. miR‑195 mimics or 
Mock vectors (50 nM) were added to 250 µl EMEM medium, 
supplemented with Lipofectamine 2000 reagent (Invitrogen), 
keeping the mixture at 37˚C in 5% CO2 for 6 h. The trans-
fected cells were harvested and cultured with new medium for 
24 h at 37˚C. After 24 h, transfected cells were collected using 
EDTA (0.25%)‑Trypsin (Sigma‑Aldrich; Merck KGaA), for 
the assessment of the transfection efficiencies.

Cell Counting Kit‑8 (CCK‑8) assay. The CCK‑8 assay 
(Dojindo Laboratories) was used for the analysis of cell 
viability. In brief, the AN3‑CA or Hec1A cells were embedded 
in 6‑well plates at a cell density of 1x105 per well and cultured 
in a 5% CO2 humidified atmosphere at 37˚C. The cells were 
harvested at 3 time points (12, 24 and 48 h), and the harvested 
cells were then cultured with 10% CCK‑8 reagent, respec-
tively. Following incubation for 1 h at 37˚C, the absorbance at 
450 nm was quantified using a Microplate Reader (Multiskan 
FC, Thermo Fisher Scientific).

Wound healing assay. The AN3‑CA or Hec1A cells were 
embedded in 6‑cm culture dishes and cultured at 37˚C in 
5% CO2 humidified atmosphere until the cells reached 90% 
confluence. A sterile pipette tip was used to create a cell‑free 

line. At 24 h after the scratch was made, the condition of 
wound healing was captured using a Nikon ECLIPSE Ts2 
light microscope (Nikon Corporation), and the migration rates 
were calculated by comparing the width of the wound.

Transwell assay. The invasive ability of the AN3‑CA and 
Hec1A cells was assessed by Transwell chamber assay. Briefly, 
5x105 AN3‑CA or Hec1A cells or transfected cells were seeded 
into the 8‑µm pore size of 6‑well Matrigel invasion chambers 
(BD Biosciences). The top chamber was loaded with 200 µl 
serum‑free EMEM, while the bottom chamber was loaded 
with 600  µl EMEM medium containing 20% FBS. The 
chamber was maintained at 37˚C in a 5% CO2 humidified 
incubator for 24 h, and the cells on the upper surface of the 
membrane were removed using a cotton swab, and the cells 
that had invaded into the bottom chamber were fixed with 4% 
paraformaldehyde for 15 min, followed by staining with 0.1% 
crystal violet solution for 20 min at 37˚C. Five random field 
views were selected for counting.

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). miRNAs from each experimental group were 
isolated using the miRcute miRNA Isolation kit (Tiangen), and 
then reverse transcribed using the miScript II RT kit (Qiagen 
GmbH) according to the instructions of the manufacturer. All 
samples were reacted at 37˚C for 60 min, heated at 95˚C for 
5 min, finally held at 4˚C. The miRNA levels were analyzed 
using the miScript SYBR‑Green PCR kit (Qiagen GmbH). The 
20 µl volume of qPCR reaction consisted of 2 µl cDNA, 1X 
QuantiTect SYBR‑Green PCR Master Mix (Qiagen GmbH) 

Table I. Sequences of primers used for RT‑qPCR.

Gene name	 Primer sequences

miR‑195	 Forward: 5'‑GGGGAGCCAAAAGGGTCATC
	A TCT‑3'
	R everse: 5'‑GAGGGGCCATCCACAGTCT
	 TCT‑3'
TIMP‑2	 Forward: 5'‑CCAAAGCAGTGAGCGAGAA‑3'
	R everse: 5'‑CATCCAGAGGCACTCATCC‑3'
MMP‑2	 Forward: 5'‑GGAGGCACGATTGGTCTG‑3'
	R everse: 5'‑TTGGTTTCCGCATGGTCT‑3'
MMP‑9	 Forward: 5'‑TTGACAGCGACAAGAAG
	 TGG‑3'
	R everse: 5'‑GGCACAGTAGTGGCCGTAG‑3'
GPER	 Forward: 5'‑TCACGGGCCACATTGTCAAC
	C TC‑3'
	R everse: 5'‑GCTGAACCTCACATCTGACTG
	C TC‑3'
U6	 Forward: 5'‑CTCGCTTCGGCAGCACA‑3'
	R everse: 5'‑AACGCTTCACGAATTTGCGT‑3'
GAPDH	 Forward: 5'‑ACCACAGTCCATGAAATCAC‑3'
	R everse: 5'‑AGGTTTCTCCAGGCGGCATG‑3'

TIMP‑2, tissue inhibitor of metalloproteinase 2; MMP, matrix metal-
loproteinase.
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and 0.5 mM of each primer. The relative miR‑195 levels were 
normalized to U6. RNAs from AN3‑CA or Hec1A cells were 
extracted using TRIzol reagent (Invitrogen). A total of 2 µl 
total RNAs were used for cDNA generation using the Prime 
Script RT reagent kit (Takara). The reaction protocol was as 
follows: 5 min at 65˚C, then 6 min at 30˚C and 60 min at 50˚C. 
SYBR‑Green detection was used for the assessment of the rela-
tive mRNA levels. The ABI 7500 real‑time PCR system was 
used to carry out the miRNA and mRNA level analysis, using 
the following reaction parameters: Pre‑degeneration at 95˚C for 
15 min, followed by 40 cycles at 95˚C for 5 sec, and annealing 
at 60˚C for 30 sec. Fold changes were calculated using the rela-
tive quantification (2‑ΔΔCq) method (24) and normalized against 
GAPDH. All primers used are listed in Table I.

Western blot analysis. Subconfluent AN3‑CA or Hec1A cells 
were suspended in RIPA buffer (Beyotime). The concentra-
tion of the cell lysates was quantified by BCA protein assay 
(Pierce). Proteins (15 µg) were separated on sodium dodecyl 
sulfate‑polyacrylamide gels and electrophoretically transferred 
onto polyvinylidene fluoride (PVDF) membranes (Pall Inc.). 
After being blocked with 5% non‑fat milk overnight at 4˚C, 
the membranes were incubated with several types of primary 
antibodies at 4˚C overnight. All antibodies were obtained from 
Abcam, including anti‑GAPDH (rabbit, 1:1,000, cat. no. ab8245, 
37 kDa), anti‑tissue inhibitor of metalloproteinase 2 (TIMP‑2, 
rabbit, 1:1,000, cat. no. ab180630, 24 kDa), anti‑matrix metallo-
proteinase (MMP)‑2, (rabbit, 1:1,000, cat. no. ab37150, 72 kDa), 
anti‑MMP‑9 (rabbit, 1:1,000, cat. no. ab73734, 95 kDa), PI3K 
(mouse, 1:2,000, cat. no. ab140307, 127 kDa), phospho‑PI3K 

(p‑PI3K, rabbit, 1:1,000, cat.  no.  ab138364, 85 kDa), AKT 
(rabbit, 1:1,000, cat.  no.  ab18785, 55 kDa), p‑AKT (rabbit, 
1:1,000, cat. no. ab38449, 56 kDa) and GPER (rabbit, 1:1,000, 
cat. no. ab137479, 42 kDa). After washing with PBS, secondary 
antibodies, such as goat anti‑mouse IgG, HRP‑linked antibody 
(1:2,000, cat. no. ab205719, Abcam) and goat anti‑rabbit IgG 
H&L (HRP) (1:2,000, cat. no. ab205718) (both from Abcam) 
were incubated with the membranes at room temperature for 
2 h. The membranes were stained with enhanced chemilumi-
nescence solution (Pierce), visualized using a laser densitometer 
GeneGnome XRQ and analyzed using GeneSys image acquisi-
tion software version 3.0 (SynGene).

Luciferase reporter assay. GPER was a potential target of 
miR‑195 based on the prediction algorithm of TargetScan 
(http://www.targetscan.org/vert_72/). Dual‑luciferase reporter 
assay system (E1910; Promega) was performed to further verify 
this predicted target. In brief, miR‑195 was inserted into the 
GV272 plasmid (GV272‑miR‑195; Shanghai Genepharma Co., 
Ltd.), and the 3'‑UTR of GPER containing miR‑195‑binding site 
was inserted into the GV268 plasmid (GV268‑GPER‑3'UTR; 
Shanghai Genepharma Co., Ltd.). The QuikChangeH 
Site‑Directed Mutagenesis kit (Agilent Technologies) was used 
to create a mutant GPER 3'‑UTR containing a mutant sequence 
in the miR‑195 binding site, and the mutant was also cloned 
into GV268 (GV268‑GPER‑3'‑UTR mut). GV272‑miR‑195 
was co‑transfected with GV268‑GPER‑3'‑UTR or 
GV268‑GPER‑3'‑UTR mut into 293T cells (#CRL‑3216, 
ATCC) by Lipofectamine 2000, and the control was transfected 
with GV268‑GPER‑3'‑UTR alone. The cells were lysed and 

Figure 1. Overexpression of miR‑195 exerts an inhibitory effect on AN3‑CA and Hec1A cell viability. To examine the effects of miR‑195 on EC development, 
the miR‑195 mimics vector was transfected into human EC (AN3‑CA and Hec1A) cells. (A and C) The transfection efficiency was determined by RT‑qPCR. 
(B and D) Cell viabilities at 12, 24 and 48 h of each experimental group were detected using the CCK‑8 kit. Each value represents the mean ± SEM (n=3). U6 
was considered as an internal control. aP<0.05, aaP<0.01 vs. Control group; bP<0.05, bbP<0.01 vs. Mock group. EC, endometrial carcinoma.
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separated under a 5 min centrifugation at 15,000 x g at 4˚C. The 
prepared dual luciferase reporter mixture was added into the 
supernatant of lysed cells, and the relative Firefly and Renilla 
luciferase activity was then immediately detected using a 
Sinergy 2 luminometer (Biotek Instruments).

Statistical analysis. All tests were carried out using SPSS 
15.0 software (SPSS Inc.). The values are reported as the 
means  ±  SEM. One‑way analysis of variance (ANOVA) 
followed by a post‑hoc Tukey's test was used for comparisons 
between various groups. Differences were considered statisti-
cally significant at P<0.05.

Results

Overexpression of miR‑195 exerts an inhibitory effect on 
AN3‑CA and Hec1A cell viability. To examine the effects 
of miR‑195 on EC development, a miR‑195 overexpression 
AN3‑CA and Hec1A cell model was constructed and the 
cell viability was detected using the CCK‑8 kit. As shown 
in Fig. 1A and C, miR‑195 was overexpressed in the Mimics 
group, indicating that the miR‑195 overexpression vector 
was stably expressed in the AN3‑CA and Hec1A cells. The 
results of CCK‑8 kit assay revealed that the viability of both 
the AN3‑CA and Hec1A cells gradually decreased with the 

Figure 2. Overexpression of miR‑195 exerts an inhibitory effect on the migration and invasion of AN3‑CA cells. Wound healing and Transwell assays 
were performed to determine whether the overexpression of miR‑195 affects the migratory and invasive capacities of AN3‑CA cells. (A and C) Effects of 
miR‑195 overexpression on the migration of AN3‑CA cells were assessed using wound healing assay, and the wound width was observed under a microscope 
(magnification, x10). (B and D) The invasive capacity of AN3‑CA cells was detected by Transwell assay, and the number of invaded cells was detected under 
an optical microscope (magnification, x20). Each value represents mean ± SEM (n=3). aP<0.05, aaP<0.01 vs. Control group; bP<0.05, bbP<0.01 vs. Mock group.
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increasing incubation time and from the 24‑h time point, the 
overexpression of miR‑195 significantly reduced the viability 
of the AN3‑CA and Hec1A cells (P<0.05, Fig. 1B and D). 
These findings suggested that miR‑195 overexpression notably 
inhibited AN3‑CA and Hec1A cell viability.

Overexpression of miR‑195 suppresses the migration and 
invasion of AN3‑CA and Hec1A cells. As shown in Fig. 2A 
and C, the wound closure rate in the AN3‑CA cells in the 
Mimics group significantly decreased to 70% (from 100%), 
compared with the Control and Mock groups (P<0.05). At 
the same time, the number of invaded cells in the Mimics 
group was also markedly decreased (50 vs. 100%, P<0.01; 
Fig. 2B and D). Similarly, in the Hec1A cells, the overex-
pression of miR‑195 significantly suppressed migration and 
invasion (P<0.05; Fig. 3). Taken together, the migratory and 
invasive capacities of the AN3‑CA or Hec1A EC cells were 

effectively suppressed in the cells in which miR‑195 was 
overexpressed.

Overexpression of miR‑195 inhibits the expression of 
metastasis‑associated genes and the activation of the 
PI3K/AKT signaling pathway. To further investigate 
the mechanisms through which miR‑195 overexpression 
suppressed the migratory and invasive ability of the EC cells, 
RT‑qPCR and western blot analysis were performed to analyze 
the expression of several EMT‑associated genes. As shown in 
Fig. 4A, D and E, in the AN3‑CA cells, TIMP2 mRNA and 
protein expression markedly increased in the Mimics group 
compared with that in the Control and Mock groups. In addition, 
the MMP‑2 and MMP‑9 expression levels were also markedly 
decreased in the Mimics group compared with the Control 
and Mock groups (P<0.01; Fig. 4B‑E). Furthermore, we also 
examined the changes in the expression levels of MMPs and 

Figure 3. Overexpression of miR‑195 exerts an inhibitory effect on the migration and invasion of Hec1A cells. (A and C) Effects of miR‑195 overexpression 
on the migration of Hec1A cells were assessed using wound healing assay, and the wound width was observed under a microscope (magnification, x10). (B 
and D) The invasive capacity of Hec1A cells was detected by Transwell assay, and the number of invaded cells was detected under an optical microscope 
(magnification, x20). Each value represents mean ± SEM (n=3). aP<0.05 vs. Control group; bP<0.05 vs. Mock group.
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TIMP‑2 in the Hec1A cells, and the changes in the expression 
trends of these EMT‑related proteins in the Hec1A cells was 
basically consistent with that in the AN3‑CA cells (Fig. 5A‑E), 
indicating that miR‑195 overexpression suppressed the inva-
sion and metastasis of EC cells by inhibiting the expression of 
these EMT‑associated genes.

Furthermore, we also measured the phosphorylation levels 
of PI3K and AKT. As shown in Figs. 4F‑H and 5F‑H, the 
protein levels of p‑PI3K and p‑AKT were markedly decreased 
in both the AN3‑CA and Hec1A cells in which miR‑195 was 
overexpressed, compared with those in the Control and Mock 
groups (P<0.01), indicating that the overexpression of miR‑195 
exerted its functional effects partly through the regulation of 
the PI3K/AKT signaling pathway.

GPER is a predicted target of miR‑195. Following transfection 
with miR‑195 overexpression vector, GPER mRNA and protein 
expression was markedly decreased reduced in the AN3‑CA 
and Hec1A cells (P<0.01, Fig. 6A‑F). According to the results, 

we hypothesized that miR‑195 could specifically target GPER. 
To further verify the association between miR‑195 and GPER, 
luciferase plasmids were compared and transfected into 293T 
cells. Using TargetScan prediction software, the GPER 3'‑UTR 
was predicted to contain 7 nucleotides (5'‑UGCUGCU‑'3) that 
were completely paired with miR‑195 (Fig. 6G). As shown 
in Fig. 6H, in the Control + GPER‑3'‑UTR group, the lucif-
erase activity was significantly higher than that in the 293T 
cells co‑transfected with miR‑195 and GPER‑3'‑UTR plas-
mids. However, when miR‑195 was co‑transfected with the 
GPER‑3'‑UTR mut plasmid, the luciferase activity was notably 
enhanced, compared with that in the miR‑195 + GPER‑3'‑UTR 
group (P<0.01). Collectively, these data indicate that miR‑195 
can directly regulate GPER expression.

Discussion

In the present study, we observed miR‑195 overexpression 
exerted an inhibitory effect on the viability of AN3‑CA and 

Figure 4. Overexpression of miR‑195 inhibits the expression of metastasis‑associated gene and the activation of the PI3K/AKT signaling pathway in AN3‑CA 
cells. We further examined the effects of miR‑195 on the EMT process by measuring the expression of several EMT‑associated genes. (A‑C) Relative mRNA 
levels of TIMP‑2, MMP‑2 and MMP‑9 were detected by RT‑qPCR. (D and E) Relative protein levels were measured by western blot analysis. (F-H) The protein 
and phosphorylation levels of PI3K and AKT were detected by western blot analysis. Each value represents the mean ± SEM (n=3). GAPDH was detected 
as an internal control. aP<0.05, aaP<0.01 vs. Control group; bP<0.05, bbP<0.01 vs. Mock group. TIMP‑2, tissue inhibitor of metalloproteinase 2; MMP, matrix 
metalloproteinase.
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Hec1A cells, and induced the upregulation of TIMP‑2 and the 
downregulation of MMP‑2 and MMP‑9 expression. miR‑195 
overexpression also suppressed the migratory and invasive 
abilities of the AN3‑CA and Hec1A cells. Moreover, the 
suppression of the PI3K/AKT signaling pathway was found 
to contribute to the functional effects of miR‑195. It was also 
found that GPER was a predicted target of miR‑195. Hence, 
these findings suggest that the suppressive effects of miR‑195 
overexpression on the EMT process of EC cells are associated 
with the inhibition of PI3K/AKT signaling and GPER expres-
sion.

It is known that the EMT process is an essential step for the 
invasion and metastases formation of a tumor cell, as during 
this process, activated MMPs participate in the degradation of 
extracellular matrix elements, the reduction of cell adhesion 
and the promotion of neoplastic cell migration (25). TIMPs 
have been reported to function as natural inhibitors, of which 
TIMP‑2 is the most effective inhibitor of MMP‑2 than other 
TIMP members (26). miR‑195, a member of miR‑15, has been 

demonstrated to function as a tumor suppressor in a number 
of types of cancer (27‑29). In 2013, miR‑195 was reported to 
exert an inhibitory effect on the proliferation and development 
of endometrial stromal cells by blocking fractalkine expres-
sion (30). Moreover, Kong et al found that the restoration of 
miR‑195 expression by blocking plasmacytoma variant trans-
location 1 (PVT1) not only inhibited the upregulation of cell 
proliferation, migration and invasion‑associated proteins in 
both type I and II EC cell lines, but also induced EC tumor 
regression in vivo (31), which was consistent with the results 
of this study. It can thus be concluded that miR‑195 overex-
pression can rebalance the expression of TIMP‑2 and MMPs, 
which may protect the extracellular matrix from matrixins, 
and subsequently inhibit the migratory and invasive ability 
of AN3‑CA and Hec1A cells, and ultimately contribute to 
impeding the progression of EMT in EC.

Furthermore, we also observed the significant downregula-
tion of p‑PI3K and p‑AKT in the cells transfected with the 
miR‑195 mimics vector. The PI3K/AKT pathway has been 

Figure 5. Overexpression of miR‑195 inhibits the expression of metastasis‑associated gene and the activation of the PI3K/AKT signaling pathway in Hec1A 
cells. (A‑C) Relative mRNA levels of TIMP‑2, MMP‑2 and MMP‑9 were detected by RT‑qPCR. (D and E) Relative protein levels were measured by western 
blot analysis. (F-H) The protein and phosphorylation levels of PI3K and AKT were detected by western blot analysis. Each value represents the mean ± SEM 
(n=3). GAPDH was detected as an internal control. aaP<0.01 vs. Control group; bbP<0.01 vs. Mock group. TIMP‑2, tissue inhibitor of metalloproteinase 2; MMP, 
matrix metalloproteinase.
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reported to participate in the metastasis of numerous cancer 
types (32,33). Kong et al revealed that both acidic fibroblast 
growth factor receptor (FGFR1) and basic fibroblast growth 
factor (FGF2) were effective targets of miR‑195, and their 
inhibition by miR‑195 suppressed the activities of the 
PI3K/AKT and MAPK/ERK pathways, ultimately resulting in 
the inhibition of malignancy in EC (31). In this study, miR‑195 
also exerted significantly inhibitory effects on the phosphory-
lation of PI3K and AKT, which indicated that the involvement 
of the PI3K/AKT signaling pathway may be required for the 
anticancer effects of miR‑195 on EC development.

Previous studies have suggested that EC can be separated 
into two types (34); type I EC represents mostly low‑grade 
endometrioid tumors driven by estrogen, and type II EC is 
categorized as estrogen non‑dependent due to a lack of ER 
expression (35). However, Petrie et al revealed that Hec50 
cells, a typical type II EC cell line, did not express the clas-
sical nERs, but GPER (17), indicating type II EC also strongly 

depended on estrogen in vivo that was attributed to GPER (17). 
In 2016, GPER was reported to promote ovarian cancer cell 
migration and invasion by upregulating the protein abundancy 
and functional activities of MMP‑2 and MMP‑9 (33). More 
importantly, it was also reported that GPER was involved in 
the regulation of several signaling pathways, including the 
MEK/ERK mitogen‑activated protein kinase (MAPK) (36) 
and PI3K/AKT pathways (37). A previous study indicated that 
the activation of GPER notably enhanced the expression levels 
of MMPs and promoted cell migration and invasion in renal 
cell carcinoma (RCC) by regulating MAPK and PI3K/AKT; 
however, only the inhibitor of the PI3K/AKT pathway could 
effectively counteract the effects of GPER by downregulating 
the expression of MMPs and inhibiting the migratory and 
invasion ability of RCC cells (38,39). Therefore, miR‑195 binds 
to the 3'‑UTR of GPER and markedly reduces GPER protein 
levels and subsequently inhibits the positive effects of GPER 
on PI3K/AKT activation, leading to a significantly reduction 

Figure 6. GPER was a predicted target of miR‑195. In order to investigate mechanisms underlying the inhibition of EC progression by miR‑195, we identified 
the potential target gene of miR‑195 in EC cells. (A‑C) The transcriptional and translational levels of GPER in AN3‑CA cells were detected when cells were 
transfected with miR‑195 mimics. (D‑F) The changes in GPER mRNA and protein levels were detected in miR‑195 overexpressed Hec1A cells. (G) The 
fragment of GPER 3'‑UTR contains a binding site of miR‑195. (H) Dual‑luciferase reporter assay was used to reveal whether GPER was a potential target of 
miR‑195. Each value represents the mean ± SEM (n=3). GAPDH was detected as an internal control. aaP<0.01 vs. Control or miR‑195 + GPER‑3'‑UTR group; 
bbP<0.01 vs. Mock or miR‑195 + GPER‑3'‑UTR mut group. GPER, G protein‑coupled estrogen receptor 1.
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in the levels of p‑PI3K and p‑AKT. Taken together, the results 
of this study indicate that the suppressive effects of miR‑195 
on EC cell migration and invasion are closely associated with 
the PI3K/AKT signaling pathway and GPER expression.

There are some limitations to this study. For example, 
although we have demonstrated miR‑195 is able to directly 
target GPER, whether the negative correlation of miR‑195 
with GPER also applies to clinical EC samples remains to 
be investigated. This study found that the inhibitory effects 
of miR‑195 on EC progression by targeting GPER involved 
the regulation of PI3K/AKT signaling; however, the detailed 
underlying mechanisms remain unclear. In addition, our data 
suggested that miR‑195 overexpression notably suppressed the 
migration and invasion of EC cells through GPER; however, 
whether the knockdown or overexpression of GPER could 
cancel or enhance the suppressive effects of miR‑195 on EC 
cells warrants further investigation.

In additions, some other limitations are that, for instance, 
although we have explored the association of miR‑195 and 
the EMT process through the expression levels of MMPs and 
TIMPs, the effects of miR‑195 on the expression levels of key 
EMT‑related markers, including E‑cadherin, Vimentin, FN 
and Slug need to be investigated.

In conclusion, this study found that the overexpression of 
miR‑195 significantly suppressed cell migration and invasion, 
which may subsequently impede the EMT progress of EC 
cells, and that the PI3K/AKT signaling pathway was involved 
in this process. In addition, GPER was identified as a target 
of miR‑195. Based on the essential role of GPER in type II 
EC cell development, we hypothesized that it also played an 
important role in the suppressive effects of miR‑195 on EC 
progression; however, the underlying molecular mechanisms 
remain to be further elucidated. This study suggests that 
miR‑195 may prove to be a promising therapeutic target for 
the treatment of EC.
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