
Am J Transl Res 2020;12(10):6136-6148
www.ajtr.org /ISSN:1943-8141/AJTR0117516

Original Article
Effect of miR-194-5p regulating STAT1/mTOR signaling 
pathway on the biological characteristics of ectopic  
endometrial cells from mice

Qian Zhao, Bing Han, Ying Zhang, Ke Su, Chunfang Wang, Panpan Hai, Aiping Bian, Ruixia Guo

Department of Gynecology, The First Affiliated Hospital of Zhengzhou University, Zhengzhou, Henan Province, 
China

Received July 3, 2020; Accepted August 31, 2020; Epub October 15, 2020; Published October 30, 2020

Abstract: Objective: This study aimed to find out the regulatory mechanism of miR-194-5p targeting STAT1/mTOR 
signaling pathway on the biological characteristics of endometrial epithelium cells from mice with endometriosis 
(EMs). Methods: Mouse model of EMs was constructed to observe the histopathological changes of endometrium 
via HE staining. The targeting relationship between miR-194-5p and STAT1 was verified by bioinformatics website 
as well as dual-luciferase reporter assay. The expressions of miR-194-5p and STAT1 in the cells were detected by 
qRT-PCR, then, the proliferative activity, invasion ability, apoptosis and cycle of cells were determined after over-
expression of miR-194-5p, or down-regulation of miR-194-5p and STAT1. Results: In the ectopic endometrial epi-
thelial cells, the expression of miR-194-5p was reduced, while the expression of STAT1 was significantly elevated. 
Overexpression of miR-194-5p or down-regulation of STAT1 significantly inhibited the proliferation and invasion 
and promoted apoptosis of ectopic endometrial cells. While down-regulation of miR-194-5p reversed the results, 
and inhibition of STAT1 partially reversed the effects partially. Conclusions: The miR-194-5p inhibits mTOR signal-
ing pathway by inhibiting the expression of STAT1 gene, so as to inhibit the proliferation and invasion, as well as to 
promote the apoptosis of ectopic endometrial epithelial cells in mice with EMs.
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Introduction

Endometriosis (EMs) refers to a common gyne-
cological disease in women of childbearing age, 
featured by endometrial cells locating in some-
where else other than the endometrium. The 
major pathological changes of EMs are periodic 
bleeding of ectopic endometrium, periodic tis-
sue fibrosis, and formation of ectopic nodule, 
causing chronic pelvic pain, dysmenorrhea or 
infertility [1, 2]. Proliferation of ectopic endo-
metrial cells has been confirmed to be an 
important factor for the angiogenesis and per-
sistence of ectopic lesions [3]. The pathogene-
sis of EMs involves the regulation of a variety of 
cytokines, and the coordination and transduc-
tion of multiple signaling pathways [4]. There- 
fore, it is of great significance to find out the 
regulatory factors and pathways involved in the 
pathogenesis of EMs.

Signal transducer and activator of transcription 
1 (STAT1) is widely expressed in various tissues 

and cells, and dimers from STAT1 (autophos-
phorylation) can go into the nucleus, and regu-
late the cell cycle, vascular endothelial factor, 
and proliferative or apoptosis-related factors 
[5]. Expression of STAT3 was significantly 
enhanced, and the mTOR pathway was activat-
ed in patients with meningioma, according to 
Johnson [6]. Furthermore, the excessive activa-
tion of STAT3 was also found in patients with 
EMs, which may relate to the dysregulation of 
decidualization of ectopic endometrial cells [7]. 
Both STAT1 and STAT3 are important members 
of the STAT family, but whether STAT1 affects 
the pathogenesis of EMs is not clear yet.

MiRNAs are a class of non-coding micro RNA 
with a length of about 22 bases, which could 
participate in the pathogenesis of EMs, includ-
ing hypoxia, inflammatory response, neovascu-
larization, apoptosis and tissue repair [8]. There 
were various miRNAs expressing differently in 
the endometrial tissues of patients with EMs 
and infertility, which may relate to the patho-
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genesis of EMs [9]. Through bioinformatics 
software, we found that STAT1 and miR-194-5p 
had targeted binding sites. The miR-194 is one 
of the non-coding miRNAs, and miR-194-3p 
has been found to participate in the pathogen-
esis of EMs by regulating the expression of pro-
gesterone receptors and decidualization [10]. 
The 5’UTR segment of miRNA has been proved 
to have the same function of inhibiting target 
miRNAs as the 3’UTR segment does [11]. 
Therefore, we speculated that miR-194-5p may 
target STAT1 and affect the progress of EMs.

In the present study, from the perspective of 
biological characteristics of ectopic endometri-
al cells on the pathogenesis of EMs, the target-
ing relationship between miR-194-5p and 
STAT1 was confirmed by reviewing the prede-
cessor literature and analyzing website. We 
aimed to find out the specific mechanism of 
miR-194-5p and STAT1 on regulating the bio-
logical characteristics of ectopic endometrial 
cells and participating the pathogenesis of 
EMs.

Materials and methods

Construction of mouse model

A total of 45 clean inbred BALB/c female mice, 
4-5 weeks old, weighing 20-25 g, were pur-
chased from the Experimental Animal Center of 
Guangzhou University of Chinese Medicine. 
With the use of a random method, 15 mice with 
two consecutive normal estrous cycles were 
selected from the 45 mice to construct mouse 
models of EMs (Model group), and 15 mice with 
two consecutive normal estrous cycles were 
included in the Normal group, and the other 15 
in the Sham group (sham-operated group). The 
construction of mouse model was referenced 
to literature about EMs [12]. In the third period 
of estrus, the mice were anesthetized, and 
ligated at the left side of the uterus with the use 
of No. 5 suture. Then, 3 pieces of 2*2 mm were 
removed from the isolated uterus of the mouse 
by a biopsy punch, and sutured on the mesen-
terium with well-perfused blood vessels. After 
the operation, we kept the mice warm, let them 
wake up naturally, and kept them clean. All 
mice were intramuscularly injected with genta-
micin to prevent infection (for 3 consecutive 
days). In the Sham group, same size of omental 
fat was used as the graft, and the rest of the 
measures were the same as the Model group. 

In the Normal group, mice received no treat-
ment. Four weeks after construction, the ecto-
pic endometrial growth of the model mice was 
observed after laparotomy. The successful EMs 
model was characterized by increased volume 
of the graft, neovascularization on the graft 
surface, and small sacs containing transparent 
liquid on the graft [13]. Two mice died during 
modeling, and the remaining mice were suc-
cessfully modeled, with a success rate of 
86.67%. All of the above experiment was 
approved by the Animal Care and Use Com- 
mittee of The First Affiliated Hospital of Zheng- 
zhou University (No. ZZU20190316).

Sample acquisition

After successful modeling, all mice were sacri-
ficed by decapitation. The abdominal cavity 
was opened layer by layer on the aseptic opera-
tion table, and the endometrial tissues were 
harvested. A part of tissues was immediately 
fixed with 4% paraformaldehyde solution, em- 
bedded in paraffin, and serially sliced in a thick-
ness of 4 μm. Other tissues were placed in liq-
uid nitrogen and then stored at -80°C for later 
use.

HE staining

Paraffin sections were dewaxed twice with 
xylene, 5 minutes for each time, then dehydrat-
ed with 100%, 95%, 80%, and 75% ethanol for 
1 min, respectively, rinsed with tap water for 2 
min, stained with hematoxylin for 2 min, and 
rinsed with tap water for another 10 s. Next, 
the sections were differentiated and washed 
with 1% hydrochloric acid alcohol, immersed in 
1% ammonium hydroxide for 30 s, washed in 
distilled water for 1 min, stained with eosin for 
2 min, and again washed in distilled water for 
10 s. Then, the slices were dehydrated twice 
with 95% and 100% ethanol, respectively, 1 
min for each time. After dewaxed with xylene, 
the slices were sealed with neutral gum. Finally, 
the sections were observed under a 400-fold 
ordinary light microscope for the pathological 
morphology of the ectopic lesions.

Dual-luciferase reporter assay

Target gene analysis of miR-194-5p was per-
formed with biological prediction site, tar-
getscan.org. Besides, dual-luciferase reporter 
assay was conducted to verify whether STAT1 is 
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a direct target gene of miR-194-5p. The 3’UTR 
segment of the STAT1 gene was cloned and 
amplified, and the PCR product was cloned into 
the downstream polyclonal site of pmirGLO 
(Promega, USA) Luciferase gene, named 
pSTAT1-Wt. Then, the binding site of miR-194-
5p and the target gene was predicted, specific 
to bioinformatics, for site-directed mutagene-
sis, and construction of pSTAT1-Mut vector. The 
pRL-and TK vector (Promega, USA) expressing 
Renilla luciferase was an internal reference to 
adjust the difference in cell number and trans-
fection efficiency. The miR-194-5p mimic and 
the negative control were co-transfected into 
ectopic endometrial epithelial cells with lucifer-
ase reporter vector, respectively, and the  
dual-luciferase reporter assay was performed 
according to the instruction provided by Pro- 
mega.

Culture, transfection and grouping of endome-
trial epithelium cells

The ectopic endometrial cells and normal endo-
metrial cells near the ectopic endometrium in 
the Model group were extracted, cut into tissue 
pieces in about 3 mm3, washed twice with PBS, 
inoculated in DMEM (Gibco, USA) containing 
10% fetal bovine serum (FBS, Excell Bio, 

Shanghai, China), and cultured in a 5% CO2 
incubator at 37°C. After a large number of epi-
thelial cells were exfoliated, the solution was 
changed every 3 days. The culture medium was 
discarded after 80%-90% cell fusion. The cells 
were then washed twice with PBS, digested 
with 0.25% trypsin, adjusted to a concentration 
of 1.0*106 cells/mL in DMEM containing 10% 
FBS, and seeded into the culture plate and 
petri dish for continuous culture. The cells were 
divided into 7 groups: Control group (normal 
endometrial cells), and other 6 groups of ecto-
pic endometrial cells: Blank group (no transfec-
tion), NC group (transfected with miR-194-5p 
negative control sequence), miR-194-5p mimic 
group (with miR-194-5p mimic), miR-194-5p 
inhibitor group (with miR-194-5p inhibitor), siR-
NA-STAT1 group (with siRNA-STAT1), and miR-
194-5p inhibitor + siRNA-STAT1 group (with 
miR-194-5p inhibitor and siRNA-STAT1). All the 
transfection plasmids were purchased from 
Sangon Biotech, Shanghai, China.

Cells in logarithmic growth phase were seeded 
in 96-well plates to a cell density of 50%. 
Transfection were performed according to the 
instructions of Lipofectamine 2000 (Invitrogen, 
USA). First, 250 μL of serum-free Opti-MEM 
(Gibco, USA) was used for diluting 100 pmol of 
miR-194-5p mimic, miR-194-5p inhibitor, siR-
NA-STAT1, miR-194-5p inhibitor + siRNA-STAT1, 
and negative control, respectively, and then 
incubated for 5 min at room temperature. 
Second, 250 μL of serum-free Opti-MEM was 
used for diluting 5 μL of lipofectamine 2000, 
also incubated for 5 min at room temperature. 
Third, the above two were mixed, incubated for 
20 min at room temperature, added in the cell 
culture wells, and cultured in 5% CO2 incubator 
at 37°C for 6-8 hours. Last, the medium was 
replaced by complete medium, and the cells 
were cultured for another 48 h before subse-
quent experiments.

qRT-PCR

Total RNA was extracted from the transfected 
cells using Trizol kit (Invitrogen, USA). Primer 5 
software was applied to design miR-194-5p, 
STAT1, mTOR, cyclinD1, MMP-2, MMP-9, Bax, 
Bcl-2 primers (Table 1). RNA template, Primer 
Mix, dNTP Mix, DTT, RT Buffer, HiFi-MMLV and 
RNase-free water were dissolved on ice for use. 
Reverse transcription system was in a volume 
of 20 μL, performed according to the instruc-

Table 1. Primer sequence
Name Primer sequence (5’-3’)
miR-194-5p F: TCGACTGAAGCATAGCTGACAG

R: AGTCTCGACTAACAGTCAGTAC
STAT1 F: AGA CCA CCT CTC TTC CTG TCGT

R: AAA CTGCCA ACT CAA CAC CTCT
mTOR F: ATGCTTGGAACCGGACCTG

R: TCTTGACTCATCTCTCGGAGTT
Cyclin D1 F: TGGAGCCCCTGAAGAAGAG

R: AAGTGCGTTGTGCGGTAGC
MMP-2 F: CTATTCTGCCAGCACTTTGG

R: CAGACTTTGGTTCTCCAACTT
MMP-9 F: ACGGCAACGGAGAAGGCAAACC

R: AGACGAAGGGGAAGACGCACAGC
Bax F: AGCTGCAGAGGATGATTGCT

R: CTGATCAGCTCGGGCACTTTA
Bcl-2 F: GCCTCCTCACCTTTCAGCAT

R: CACTCGTAGCCCTCTGTGAC
U6 F: GCTTCGGCAGCACATATACTAAAAT

R: CGCTTCACGAATTTGCGTGTCAT
GAPDH F: CACGGCAAGTTCAACGGCACAGTCA

R: GTGAAGACGCCAGTAGACTCCACGAC
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tions of TaqMan MicroRNA Assays Reverse 
Transcription Primer (Thermo scientific, USA). 
The reaction conditions were set at 42°C for 
30-50 min (reverse transcription reaction), 
85°C for 5 s (inactivation of reverse transcrip-
tase enzyme). The reaction solution was sub-
jected to quantitative PCR. The 50 μL reaction 
system included 25 μL of SYBR® Premix Ex 
TaqTM II (2×), 2 μL of PCR forward primers, 2 μL 
of PCR reverse primers, 1 μL of ROX Reference 
Dye (50×), 4 μL of DNA template, and 16 μL of 
ddH2O.

Western blot

The transfected cells were collected, and 
extracted for total protein. The protein concen-
tration was determined by BCA kit (Abeam, UK). 
The protein was quantified according to con-
centrations, separated by polyacrylamide gel 
electrophoresis, transferred to PVDF mem-
brane, and sealed with 5% BSA at room tem-
perature for 1 h. Dilute primary antibodies (rab-
bit anti-mouse) were all from Abcam, UK, 
included STAT1 (ab109320, 1/1,000), p-STAT1 
(ab30645, 1/1,000), p-mTOR (ab109268, 1/ 
1,000), cyclinD1 (ab40754, 1/1,000), MMP-2 
(ab37150, 1/1,000), MMP-9 (ab38898, 1/ 
1,000), Bax (ab32503, 1/1,000), Bcl-2 (ab692, 
1/1,000), and GAPDH (ab181602, 1/5,000) 
were instilled and incubated over night at 4°C 
on a shaker. The membrane was washed 3 
times of 5 min with TBST. Then, horseradish 
peroxidase-labeled goat anti-rabbit IgG (ab- 
6721, 1/2,000, Abcam, UK) dilution was added 
and incubated for 1 h at room temperature. The 
membrane was again washed (same as above). 
ECL reagent (Pierce, USA) was added prior  
to protein quantitative analysis (ImageJ soft- 
ware).

MTT assay

The transfected cells were collected and pre-
pared as cell suspension of 3*103-5*103 cells/
mL with the use of RPMI 1640 medium contain-
ing 10% FBS, and seeded into 96-well tissue 
culture plates. Six duplicate wells were pre-
pared for each experiment group, with 100 μL 
per well. The cells were then cultured in a 5% 
CO2 incubator at 37°C. Each well was added 
with 20 μL of 5 mg/mL MTT solution (Gibco, 
USA) at the 24th h, 48th h, and 72th h, then 
continuously incubated at 37°C for another 4 h. 
After that, and the culture supernatant in the 

wells was discarded. The optical density value 
of each well was measured with an automatic 
microplate reader at 570 nm (BIO-RAD, USA).

Transwell

First, 200 μL of cells were seeded in the 
Transwell chamber, and 600 μL of RPMI 1640 
medium containing 20% FBS (Gibco, USA) was 
added in the plate. Second, the cells were 
placed in an incubator at 37°C for 24 h of incu-
bation. Third, cells on the internal surface of 
chamber were wiped with cotton swabs, and 
the chamber was rinsed with PBS for 3 min, 
immersed with formaldehyde for 10 min, then 
washed with water for 3 times of 3 min. Next, 
the cells were stained for 15 min with 0.5% 
crystal violet solution (Solarbio, Beijing, China), 
then washed with PBS for 3 times. Last, 5 fields 
of view were randomly selected and photo-
graphed with an inverted microscope for cell 
counting.

Flow cytometry

The cell cycle was detected as follows. The 
transfected cells of each group were digested 
with 0.25% trypsin (Thermo, USA), adjusted to a 
concentration of 1*105 cells/mL, fixed with 
-20°C pre-cooled ethanol solution with a vol-
ume fraction of 75%, and placed at 4°C over-
night. Next, 1 mL of cells was centrifuged at 
1,500 r/min for 5 min, and washed twice with 
PBS after the discard of cooled ethanol. Then, 
the supernatant was removed, and the cell sus-
pension was added with 1 mL of 50 mg/L prop-
idium iodide (containing RNase) (Sigma, USA), 
and placed in dark for 30 minutes at 4°C. Last, 
the red fluorescence was detected by flow 
cytometry (Beckman Coulter, USA) at an excita-
tion wavelength of 488 nm.

The apoptosis detection procedures were the 
as the detection of cell cycle until centrifuga-
tion. After that, the cells were washed twice 
with PBS, resuspended in 200 μL binding buf-
fer by centrifugation, added with 5 μL of Annexin 
V-FITC and 10 μL of propidium iodide (Sigma, 
USA), gently mixed, placed in dark for 15 min at 
room temperature, and then added with 300 
μL HEPES buffer. Annexin V-FITC fluorescence 
signal was detected at an excitation wave-
length of 488 nm and 530 nm, and propidium 
iodide fluorescence signal was detected at an 
excitation wavelength of over 575 nm by flow 
cytometry (Beckman Coulter, USA).
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Statistical analysis

Data were processed by SPSS 21.0. The quan-
titative data were expressed as mean ± stan-
dard deviation, compared among multiple 
groups by one-way analysis of variance, and 
compared between any two groups by post-hoc 
Bonferroni test. P<0.05 was considered statis-
tically prominent.

Results

Pathological changes of endometrial tissues

Two mice died during the modeling process, 
and the remaining mice were successfully mod-
eled with a success rate of 86.67%. Results of 
HE showed well growth of the endometrial epi-
thelial cells in the Normal group and the Sham 
group, with large and pleated glandular cavity. 
In the Model group, the endometrial lesions of 
the mice were polycystic, with obvious conges-
tion and decrescent glandular cavity, showing 
cell pyknosis and deep staining of cytoplasm. 
See Figure 1.

Targeted regulation of mir-194-5p on STAT1

Gene analysis of miR-194-5p was carried out 
using the predicted website http://www.tar-
getscan.org/vert_72/, and the binding sites of 
miR-194-5p to STAT1 are shown in Figure 2A.

We applied the dual-luciferase assay to verify 
the targeting relationship between miR-194-5p 
and STAT1. The co-transfected NC mimic and 
STAT1-WT plasmids had declined luciferase 
activity as compared with co-transfection of 
miR-194-5p mimic and STAT-WT plasmids 
(P<0.05). See Figure 2B.

The mRNA and protein levels of STAT1 changed 
when miR-194-5p was overexpressed or inhib-
ited (Figure 3). Compared with the Control 
group, the remaining groups showed decreased 
expression of miR-194-5p, and elevated levels 
of STAT1 and p-STAT1 (all P<0.05). There was 
no significant difference between Blank and NC 
groups.

Compared with Blank group, miR-194-5p mimic 
group had elevated expression of miR-194-5p, 
and reduced mRNA and protein expressions of 
STAT1 were (all P<0.05); siRNA-STAT1 group 
presented no significant difference in the level 
of miR-194-5p, but showed reduced levels of 
STAT1 and p-STAT1 (both P<0.05); miR-194-5p 
inhibitor group had declined level of miR-194-
5p, and elevated levels of STAT1 and p-STAT1 
(all P<0.05); miR-194-5p inhibitor + siRNA-
STAT1 group had declined level of miR-194-5p 
(P<0.05), and presented no significant differ-
ence in levels of STAT1 and p-STAT1 (both 
P>0.05).

The above experiments demonstrated that 
miR-194-5p negatively regulated the expres-
sion of STAT1.

Protein and mRNA levels of mTOR, cyclinD1, 
MMP-2, MMP-9, Bax and Bcl-2 after transfec-
tion (qRT-PCR and western blot)

Detection of mTOR signaling factors showed 
that compared with the Control group, the lev-
els of mTOR mRNA, and p-mTOR protein were 
elevated in the remaining groups; the miR-194-
5p mimic group and siRNA-STAT1 group show- 
ed opposite results as compared with Blank  
group; miR-194-5p inhibitor group had elevated 

Figure 1. Pathological changes of endometrial tissues in each group (200×). Results of HE showed well growth of 
the endometrial epithelial cells in the control group and the Sham group, with large and pleated glandular cavity. 
In the Model group, the endometrial lesions of the mice were polycystic, with obvious congestion and decrescent 
glandular cavity, showing cell pyknosis and deep staining of cytoplasm (indicated by arrows).
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expressions of mTOR mRNA and p-mTOR pro-
tein as compared with the Blank group (all 
P<0.05).

Detection factors related to invasion and 
metastasis showed that compared with the 
Control group, the mRNA and protein expres-
sions of cyclinD1, MMP-2, MMP-9 were elevat-
ed (all P<0.05). Compared with Blank group, 
miR-194-5p inhibitor group had showed similar 
results, while the miR-194-5p mimic group  
and siRNA-STAT1 group had the opposite (all 
P<0.05).

Detection of apoptosis-related factor showed 
that compared with Control group, the mRNA 
and protein levels of Bcl-2 were elevated, while 
of Bax were reduced (all P<0.05). Compared 
with Blank group, miR-194-5p inhibitor group 
presented similar results, while the miR-194-
5p mimic group and siRNA-STAT1 group had the 
opposite (all P<0.05). See Figure 4.

Proliferation activity of cells after transfection

Compared with Control group, the cell prolifera-
tion activity of the other groups was elevated 
(all P<0.05). Compared with the Blank group, 
the activity in miR-194-5p mimic and siRNA-
STAT1 groups was reduced, and in miR-194-5p 
inhibitor group was elevated (all P<0.05), while 
there were no significant difference presented 
in NC and the miR-194-5p inhibitor + siRNA-
STAT1 groups. The difference in cell prolifera-
tion between miR-194-5p mimic and siRNA-

STAT1 groups was also not significant. See 
Figure 5.

Invasion ability of cells after transfection

Compared with Control group, the invasion abil-
ity of the other groups was elevated (all P<0.05). 
Compared with the Blank group, the cell inva-
sion ability in miR-194-5p mimic and siRNA-
STAT1 groups was reduced, and inmiR-194-5p 
inhibitor group was elevated (all P<0.05), while 
there were no significant difference presented 
in NC and miR-194-5p inhibitor + siRNA-STAT1 
groups. The difference in cell invasion ability 
between miR-194-5p mimic group and siRNA-
STAT1 group was also not significant. See 
Figure 6.

Apoptosis and cell cycle after transfection

Compared with Control group, the apoptosis 
rate of the other groups was reduced (all 
P<0.05). Compared with the Blank group, the 
apoptosis rate in miR-194-5p mimic and siRNA-
STAT1 groups was elevated, and in miR-194-5p 
inhibitor group was reduced (all P<0.05), while 
there were no significant difference presented 
in NC and miR-194-5p inhibitor + siRNA-STAT1 
groups. The difference in apoptosis rate 
between miR-194-5p mimic and siRNA-STAT1 
groups also not significant. See Figure 7.

Compared with Control group, the proportion of 
cells in the G0/G1 phase of the other groups 
was reduced, while that in S phase was promi-

Figure 2. Targeted regulation of miR-194-5p on STAT1. A. 
The sequence of the 3’UTR segment of miR-194-5p bind-
ing to STAT1; B. Luciferase activity detected by dual lucifer-
ase assay. Compared with the NC mimic group, *P<0.05.
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Figure 3. Expression of miR-194-5p on STAT1 in endometrial cells from mice. A. Expression of mRNA; B. Protein bands; C. Quantification of protein expressions. 
Compared with the Control group, *P<0.05; compared with the Blank group, #P<0.05; compared with the miR-194-5p mimic group, %P<0.05; compared with the 
miR-194-5p inhibitor group, &P<0.05; compared with the siRNA-STAT1 group, @P<0.05.
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Figure 4. Protein and mRNA expression levels of mTOR, cyclinD1, MMP-2, MMP-9, Bax and Bcl-2. A. Expression of mRNA; B. Protein bands; C. Quantification of 
protein expression. Compared with the Control group, *P<0.05; compared with the Blank group, #P<0.05; compared with the miR-194-5p mimic group, %P<0.05; 
compared with the miR-194-5p inhibitor group, &P<0.05; compared with the siRNA-STAT1 group, @P<0.05.
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nently increased (all P<0.05). Compared with 
the Blank group, the proportion in the G0/G1 
phase was elevated, and in S phase was re- 
duced in miR-194-5p mimic and siRNA-STAT1 
groups (all P<0.05); the miR-194-5p inhibitor 
group had the opposite results (both P<0.05), 
but no significant difference in NC and miR-
194-5p inhibitor + siRNA-STAT1 groups. The 
difference in cell cycle ratio between the miR-
194-5p mimic group and siRNA-STAT1 group 
was also not significant. The differences in cells 
in the G2 phase among each group were not 
significant. See Figure 8.

Discussion

The development of EMs is the result of a com-
bination of immune, estrogen, genetic, vascular 
and other factors [14, 15]. Epigenetic disorders 
caused by differential expression of miRNA 
may be associated with the pathogenesis of 
EMs [6]. In this study, we constructed mouse 
model of EMs and studied miRNA regulating 
genes and pathways that influence the patho-
genesis of EMs. The results confirmed that miR-
194-5p can inhibit the expression of STAT1 
gene, promote the activation of mTOR pathway, 
and thus inhibit the proliferation and invasion 
of ectopic endometrial epithelial cells in mice 
with EMs.

It has been reported that miRNAs affect the 
pathogenesis of EMs. For example, Nematian 
et al. reported that patients with EMs had ele-
vated miR-125b-5p expression and decreased 
miR-7b-5p expression in serum, and both miR-
125b-5p and miR-7b-5p played a regulatory 
role in the production of proinflammatory cells 
of EMs [16]. In addition, down-regulation of 
miR-183 can inhibit the apoptosis of endome-
trial stromal cells and promote proliferation 
and invasion of cells in patients with EMs [17]. 
This study further found that the expression of 
miR-194-5p was decreased; expression of 
STAT1 was increased in mouse model of EMs 
compared to the Control group. The STAT family 
is mainly composed of transcription factors, 
with a total of 7 members [18]. Currently, STAT3 
is extensively studied, and numerous studies 
have confirmed that STAT3 activation is involved 
in cell proliferation and neovascularization, and 
plays an important role in the pathogenesis of 
EMs [19, 20]. Besides, enhanced expression of 
miR-210 can activate STAT3 and promote the 
pathogenesis of EMs [21]. Based on previous 
studies, this study further confirmed that 
STAT1, an important member of the STATS fam-
ily, was significantly activated in ectopic lesions 
of EMs mice.

The mTOR pathway is important in promoting 
cell proliferation and neovascularization [22-
24]. Study found that the proliferation of ecto-
pic endometrial cells was increased in patients 
with EMs, and was associated with over-activa-
tion of the mTOR pathway, while mTOR signaling 
pathway inhibitors were effective in inhibiting 
the proliferation of ectopic endometrial cells 
[25]. Additionally, the activation of mTOR in 
lesions of EMs can promote the increase of 
Bcl-2/Bax ratio, and inhibit autophagy and 
apoptosis of endometrial cells [26]. This study 
also found that the mTOR pathway was activat-
ed in EMs mice, and overexpression of miR-
194-5p or silencing of STAT1 can inhibit mTOR 
expression. MMP-2 and MMP-9 are proteolytic 
enzymes that play important roles in organ-
isms, and are involved in the invasion and 
metastasis of various tumor cells [27, 28]. In 
recent years, increasing studies have con-
firmed that the enhancement of MMP-2 and 
MMP-9 expression is closely related to the inva-
sion and metastasis of EMs [29, 30]. This study 
found that compared with the Control group, 
the expressions of cyclinD1, MMP-2, MMP-9 

Figure 5. Proliferation of cells after transfection. 
Compared with the Control group, *P<0.05; com-
pared with the Blank group, #P<0.05; compared with 
the miR-194-5p mimic group, %P<0.05; compared 
with the miR-194-5p inhibitor group, &P<0.05; com-
pared with the siRNA-STAT1 group, @P<0.05.
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Figure 6. Invasion ability of cells after transfection. A. Cell invasion in each group after transfection (200×); 
B. Invasion number of cells in each group after transfection. Compared with the Control group, *P<0.05; 
compared with the Blank group, #P<0.05; compared with the miR-194-5p mimic group, %P<0.05; com-
pared with the miR-194-5p inhibitor group, &P<0.05; compared with the siRNA-STAT1 group, @P<0.05.
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Figure 7. Apoptosis after transfection detected by flow cytometry. A. Apoptosis of each group after transfection; B. Apoptosis rate of each group after transfection. 
Compared with the Control group, *P<0.05; compared with the Blank group, #P<0.05; compared with the miR-194-5p mimic group, %P<0.05; compared with the 
miR-194-5p inhibitor group, &P<0.05; compared with the siRNA-STAT1 group, @P<0.05.

Figure 8. Cell cycle after transfection detected by flow cytometry. A. Cell cycle of each group after transfection; B. Proportion of cell cycle in each group after  
transfection. Compared with the Control group, *P<0.05; compared with the Blank group, #P<0.05; compared with the miR-194-5p mimic group, %P<0.05; compared 
with the miR-194-5p inhibitor group, &P<0.05; compared with the siRNA-STAT1 group, @P<0.05.
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and pro-apoptotic protein Bcl-2 in the ectopic 
endometrial cells of EMs mice were enhanced, 
while the expression of anti-apoptosis protein 
Bax was reduced. Overexpression of miR-194-
5p or inhibition of STAT1 can reverse the above 
changes. Moreover, MTT and Transwell experi-
ments showed that overexpression of miR-194-
5p or silencing of STAT1 can inhibit invasion 
and viability of ectopic endometrial cells, while 
miR-194-5p inhibitor can counteract the effect 
of STAT1 silencing on ectopic endometrial cells. 
The results of flow cytometry showed that the 
apoptosis of the miR-194-5p overexpression 
group and the siRNA-STAT1 group were in- 
creased compared with Blank and NC groups, 
and more cells were retarded in the G0/G1 
phase, suggesting that overexpression of miR-
194-5p can inhibit STAT1 and promote 
apoptosis.

In this study, we investigated the effects of miR-
194-5p regulating STAT1/mTOR pathway on the 
biological characteristics of ectopic endometri-
al cells from the perspective of molecular 
mechanism of pathogenesis in mouse model of 
EMs, but other aspects of EMs such as ectopic 
endometrial adhesion were not explored, and 
corresponding in vitro tissue and animal experi-
ments were not carried out because of the limi-
tation of time and research grant. So, further 
study of this topic will be performed in the 
future. In conclusion, miR-194-5p can target-
edly inhibit the STAT1 gene, the mTOR signaling 
pathway, the proliferation and invasion of ecto-
pic endometrial cells in EMs mice, as well as 
promote cell apoptosis.
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