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Abstract. The aim of the current study was to evaluate the 
expression of microRNA (miR)-17 in the endometrial tissues of 
patients with adenomyosis (AM) and determine its biological 
function in the occurrence and development of the disease. 
A total of 45 fresh endometrial tissues of AM patients and 
32 normal endometrial tissues were collected from healthy 
controls. The expression of miR-17 was evaluated using 
reverse transcription-quantitative polymerase chain reaction 
(RT-qPCR). The miR-17-targeting gene phosphatase and 
tensin homolog (PTEN) was predicted using bioinformatics 
and its expression was evaluated with RT-qPCR and western 
blot analysis. Endometrial cells were isolated from patients 
with AM and healthy controls. They were cultured in vitro 
and transfected with antagomiR-17 to downregulate miR-17 
expression, subsequently cell viability and apoptosis were 
measured using MTT and flow cytometry. The expression of 
PTEN and cell cycle- and apoptosis-related proteins were 
evaluated using western blot analysis. Endometrial cells that 
stably overexpressed PTEN were screened in vitro by co-culture 
with G418. A dual-luciferase reporter assay was conducted to 
verify whether miR-17 was directly bound to PTEN mRNA. 
The results demonstrated that expression of miR-17 was 
significantly increased in the endometrial tissues of patients 
with AM compared with control patients (P<0.05). PTEN 
mRNA and protein expression were significantly lower in the 
AM group compared with the control group (P<0.05). When 
the expression of miR-17 in the cells was downregulated, the 
expression of PTEN was significantly increased (P<0.05). In 
addition, expression of Bcl‑2 protein was significantly decreased 
and that of Bax protein significantly increased compared with 
the negative control (both P<0.05). The expression of cyclins E1 

and D1 were also significantly downregulated (P<0.05). When 
PTEN was overexpressed or miR-17 was downregulated, the 
viability of endometrial cells significantly decreased and cell 
apoptosis significantly increased (all P<0.05). A dual‑luciferase 
reporter assay indicated that miR-17 could directly bind to the 
PTEN mRNA 3'-untranslated region to regulate its expression. 
Thus the current study indicates that expression of miR-17 was 
increased in the endometrial tissues of patients with AM and 
may influence cell apoptosis and cyclin expression through the 
targeted regulation of PTEN. These results suggest that miR-17 
promotes the occurrence and development of AM.

Introduction

Adenomyosis (AM) is a pathological change caused by inva-
sion of the endometrium, which normally lines the uterus, into 
the myometrium (1), which is accompanied by compensatory 
hyperplasia of the surrounding muscle cells. When lesions 
in the myometrium exhibit limited nodules, the condition is 
also referred to as adenomyoma. The etiology and molecular 
mechanisms of AM remain unclear (2). AM usually occurs in 
mothers >40 years old, with an incidence of 15-70% among this 
population sub-group (3). The primary clinical manifestations 
of patients are excessive menstrual bleeding, menstrual exten-
sion, dysmenorrhea, dyspareunia and chronic pelvic pain. The 
incidence of dysmenorrhea in patients with AM is >70% (4). 
Thus, the health and daily activities of patients with severe AM 
may be greatly affected by the disease. Recent research has 
indicated that the incidence of AM is closely associated with 
ovarian hormone secretion (5,6). Under the influence of ovarian 
hormones, ectopic endometrial tissues undergo periodical 
changes and induce pathological changes of the metastatic sites, 
resulting in chronic pelvic pain and infertility (7,8). Therefore, 
studies investigating the molecular mechanism of the occur-
rence and development of AM are clinically significant.

MicroRNAs (miRs) are a key post-transcriptional factor. 
They are small RNA molecules of 18-22 nucleotides in length 
that specifically bind to the 3'‑untranslated region (UTR) of 
mRNA to inhibit protein translation (9). Previous studies have 
determined that miRs serve important roles in tumors and 
various diseases, including cardiovascular disease and endocrine 
disease (10,11). Furthermore, miR-17 has been reported to serve 
important roles in the processes of tumor proliferation, invasion, 
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metastasis and apoptosis (12,13). However, there have been few 
studies investigating the roles of miRNA in the occurrence and 
development of AM. Although AM is a benign lesion, it exhibits 
similar biological behaviors to malignant tumor cells, namely 
invasion and distant metastasis (14). Therefore, it is speculated 
that miR-17, which serves important roles in the occurrence and 
development of many types of tumors (15), also participates in 
the occurrence and development of AM. In the current study, 
the expression of miR-17 in the endometrial tissues of AM 
patients was analyzed using reverse transcription-quantitative 
polymerase chain reaction (RT-qPCR). Expression of PTEN, 
apoptosis- and cell-cycle-related proteins were detected by 
immunohistochemistry and western blotting, and their asso-
ciation with miR-17 expression was analyzed. The biological 
function of miR-17 and associated molecular mechanisms were 
studied in primary endometrial tissue cells, with the aim of 
identifying novel targets for the diagnosis and treatment of AM.

Materials and methods

Collection of tissue samples. A total of 45 endometrial tissues 
were surgically collected from 45 patients clinically and patho-
logically diagnosed with AM between January 2013 and April 
2014 in the Department of Obstetrics and Gynecology, Zhujiang 
Hospital (Guangzhou, China). The patients were 21-49 years old 
(mean, 44.5 years; median, 41 years). The inclusion criteria were 
as follows: No preoperative chemotherapy, no chronic basic 
disease and no long history of medication. A further 32 endo-
metrial tissues were collected from 32 patients who underwent 
hysteroscopy surgery due to abnormal uterine mediastinum and 
used as normal controls (mean age, 35.6 years). Normal controls 
were not suffering from any other diseases. No patients received 
any hormone therapy 3 months prior to surgery and no serious 
complications arose during surgery. Prior written and informed 
consent was obtained from all participants and the current study 
was approved by the ethics review board of Southern Medical 
University (Guangzhou, China).

Cell culture. Endometrial stromal cells (ESCs) were cultured 
according to the method reported by Mei et al (16). Briefly, 
endometrial tissues were cut into small pieces and digested at 
37˚C for ~70 min and pipetted for 20 min to disperse the cells. 
Digested tissues were filtered and the filtrate was centrifuged 
at 1,000 x g for 5 min at room temperature. ESCs were seeded 
onto culture plates at a concentration of 105 cells/ml and allowed 
to adhere for 60 min. The cells were washed twice with PBS 
and then transferred into Dulbecco's modified Eagle's medium 
(DMEM)/F12K medium (BD Biosciences, Franklin Lakes, 
NJ, USA) supplemented with 10% fetal bovine serum (FBS, 
BD Biosciences). 293T cells (Cell Bank of Chinese Academy 
of Sciences, Shanghai, China) were cultured in RPMI-1640 
medium (BD Biosciences) supplemented with 10% FBS. Both 
cell types were cultured at 37˚C under a humid atmosphere with 
5% CO2.

Reagents. TRIzol for the extraction of total RNA from tissue 
cells was purchased from Invitrogen (Thermo Fisher Scientific, 
Inc., Waltham, MA, USA). The Takara PrimeScript RT Reagent 
kit and SYBR PrimeScript RT-PCR Reagent kit were purchased 
from Takara Biotechnology Co., Ltd. (Dalian, China). Rabbit 

anti-human PTEN polyclonal antibody (cat. no. ab31392) was 
obtained from Abcam (Cambridge, MA, USA). The FITC 
Annexin V Apoptosis Detection kit I was purchased from BD 
Biosciences and the dual-luciferase reporter assay system was 
purchased from Promega Corporation (Madison, WI, USA).

RT‑qPCR. Endometrial tissues were ground in liquid nitrogen 
and 1 ml/100 mg TRIzol was added for full lysis. Total RNA 
was extracted using the phenol chloroform method (17) and the 
integrity of RNA strands was assessed using gel electrophoresis. 
The purity of the RNA was measured using a spectrophotom-
eter (Nanodrop ND1000; Thermo Fisher Scientific Inc.) for 
the 260/280 ratio. Then, 1 µg total RNA underwent reverse 
transcription using the Takara PrimeScript RT Reagent kit, 
according to the manufacturer's instructions. The template 
cDNA was stored at ‑20˚C. The reaction system of RT‑qPCR 
was as follows: 10 µl RT-qPCR-Mix, 5 µl upstream primer, 5 µl 
downstream universal primers, 2 µl cDNA and 7 µl ddH2O. The 
reaction program was as follows: Pre‑denaturation at 95˚C for 
10 min followed by 40 cycles of 95˚C for 1 min and 6˚C for 
30 sec. The results were quantified using the 2-ΔΔCq method, and 
normalized to the level of GADPH (18). The experiment was 
repeated three times.

Western blot analysis. The endometrial tissues were ground 
in liquid nitrogen, then radioimmunoprecipitation (RIPA) 
lysis buffer containing 1% phenylmethane sulfonyl fluoride 
and protease inhibitors (Beyotime Institute of Biotechnology, 
Beijing, China) was added and mixed well by pipetting. Lysed 
tissues were stored at 4˚C overnight and subsequently centri-
fuged at 12,000 x g for 10 min at 4˚C. The supernatant was 
aliquoted and added to 5x loading buffer prior to electropho-
resis. Following mixing, the sample was denatured in a boiling 
water bath for 10 min.

For the cell samples (2x105 cells/well), the processing 
method was as follows: 200 µl RIPA lysis buffer and protease 
inhibitors were added to each well of the 24-well plate and 
placed on ice for 5 min, then 5x loading buffer was added and 
mixed well, then the samples were denatured in a boiling water 
bath for 10 min.

For each sample, 10 µl protein was loaded per lane prior 
to 12% SDS-PAGE. Protein bands were transferred to a 
PVDF membrane at a constant current of 300 mA for 1 h and 
blocked with 50 g/l skim milk at room temperature for 1 h. 
An appropriate concentration of primary antibody (PTEN 
1:800, ab31392; Bcl-2 1:800, ab59348; Bax 1:800, ab53154; 
cyclin D1 1:800, ab61758; cyclin E1 1:800, ab88259; GAPDH 
1:5,000, ab8245) was added and incubated at 4˚C overnight 
on a shaker. The next day, membranes were washed with PBS 
with Tween‑20 (PBST) five times for 5 min each time, then 
horseradish peroxidase-labeled secondary antibodies (goat 
anti-mouse 1:3,000, ab6789; goat anti-rabbit 1:3,000 ab6721) 
were added and incubated for 1 h at room temperature. The 
membrane was then washed with PBST five times for 5 min 
each time and developed using an enhanced chemilumines-
cence kit (Hanheng Biotechnology, Shanghai, China). The grey 
values of the protein bands were quantified with Quantity One 
4.1 software (Bio-Rad Laboratories, Inc., Hercules, CA, USA) 
and the results were the average of three independent experi-
ments.
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Transfection of ESCs with antagomiR‑17. ESCs at logarithmic 
growth phase were seeded in a 24-well plate at a concentration 
of 3x105 cells/well the day prior to transfection. Cells were 
cultured in antibiotic-free F12/DMEM medium containing 10% 
FBS. Cell adhesion and growth were observed under an optical 
microscope on the next day and transfected upon reaching 
70% confluence. A mixture consisting of 1.5 µl antagomiR‑17 
(25 nM; Hanheng Biotechnology), 1 µl Lipofectamine 2000 
(Invitrogen; Thermo Fisher Scientific, Inc.) and 50 µl Opti 
Memi medium (Thermo Fisher Scientific, Inc.) was prepared in 
an Eppendorf tube and added to the wells after they had been 
standing for 20 min at room temperature. Following 6 h culture 
at 37˚C, the medium was replaced with fresh F12/DMEM 
medium containing 10% FBS and cultured at 37˚C for a further 
48 h. Untreated cells were used as the blank control, while cells 
transfected with empty vectors were used as the negative control. 
The cell proteins were collected and the expression of the target 
PTEN protein, apoptosis and cell cycle-related proteins were 
evaluated by western blot analysis, as described above.

MTT assay. Three groups of ESC cells, including control, nega-
tive control and antagomiR-17, were seeded in a 96-well plate 
at a concentration of 2x103 cells/well, and each measurement 
was measured in triplicate. Following 24, 48 and 72 h culture, 
20 µl of 5 g/l MTT was added to the wells and incubated for 4 h 
at 37˚C. Subsequently, 150 µl dimethyl sulfoxide was added to 
each well to dissolve MTT. The absorbance at 490 nm for each 
well was measured with a plate reader and cell viability curves 
were plotted. Untreated cells were used as the blank control, 
while cells transfected with empty vectors were used as the 
negative control.

Detection of cell apoptosis. Each group of transfected cells was 
collected by 0.25% trypsin digestion, centrifuged at 800 x g for 
5 min at room temperature and washed twice with pre-cooled 
PBS. Cells were treated according to the manufacturer's instruc-
tions using the FITC Annexin V Apoptosis Detection kit I and 
cell apoptosis in each group was evaluated by BD FACSVerse™ 
flow cytometry (BD Biosciences, US). Annexin V positive alone 
was considered to indicate early apoptosis, propidium iodide 
(PI) positive alone was considered to indicate necrosis, and both 
Annexin V and PI positive were recognized to be indicative of 
late apoptosis. The results were analyzed by ModFit 2.3 soft-
ware (Verity Software House, Inc., Topsham, ME, USA).

Prediction of miR‑17 target genes. The online Targetscan soft-
ware (version 7.1, www.targetscan.com) was used for target gene 
prediction.

Screening of PTEN overexpression cells. The PTEN overex-
pression plasmid GV142-PTEN (Hanheng Biotechnology) was 
transfected into the endometrial cells using Lipofectamine® 2000. 
The cells were incubated at 37˚C in complete DMEM/F12 
medium containing 800 ng/ml G418 (Hanheng Biotechnology) 
for 7 days for selection of positive cells, then incubated for a 
further 14 days in complete medium containing 400 ng/ml G418. 
Cells were then seeded in a 96-well plate (3,000 cells/well) 
using the limiting dilution method (19) and cultured at 37˚C in 
DMEM/F12 medium containing 200 ng/ml G418. The trans-
fection efficiency and purity of positive cells were evaluated 

according to the presence of green fluorescence. Positive clones 
were selected and expanded to detect changes in cell viability 
and apoptosis.

Dual‑luciferase reporter assay. The miR-17 normal and 
mutated seed sequence in the 3'-UTR of the PTEN gene were 
chemically synthesized in vitro (Hanheng Biotechnology), and 
the restriction sites of Spe1 and HindIII were added to both 
ends, respectively. The two DNA fragments were cloned into 
a pMIR-REPORT luciferase reporter plasmid and the mutated 
3'-UTR seed sequence was used as the control. The plasmids 
containing 3'-UTR and mutated 3'-UTR sequences were 
transfected into 293T cells using the liposome method (20). 
miR-17 mimics (Hanheng Biotechnology) were transfected 
and cultured at 37˚C for 24 h, then cells from each group were 
lysed and fluorescence was measured with a GloMax 20/20 
luminometer (Promega Corporation) using Renilla luciferase 
as the internal standard. All procedures were operated 
strictly according to the manufacturer's instructions for the 
dual-luciferase reporter assay kit.

Statistical analysis. All data are expressed as the mean ± standard 
deviation. Data were processed using SPSS 11.0 statistical soft-
ware (SPSS, Inc., Chicago, IL, USA). Student's t-test was used 
to compare the groups and P<0.05 was considered to indicate a 
statistically significant difference.

Results

Expression of miR‑17 in the endometrial tissues of AM. To 
determine the expression of miR-17 in AM tissues, RT-qPCR 
was performed. The results indicated that expression of miR-17 
in the endometrial tissues of AM was 4.82±0.27, which was 
significantly higher compared with the control group (P<0.05; 
Fig. 1A). Levels of PTEN mRNA and protein in the AM tissues 
were 0.42±0.07 and 0.51±0.10, respectively, which were signifi-
cantly lower compared with the control levels (both P<0.05; 
Fig. 1A-C). This suggests that miR-17 in the endometrial tissues 
of AM is associated with decreased expression of PTEN.

Effect of miR‑17 on the viability of ESCs. To determine the effect 
of miR-17 on ESC viability, an MTT assay was conducted. It 
was demonstrated by western blot analysis that the expression 
of miR-17 in the endometrial cells was significantly down-
regulated following transfection with antagomiR-17 compared 
with controls (P<0.05; Fig. 2A). The results of the MTT assay 
indicated that cell viability significantly decreased following 
downregulation of miR-17 by antagomiR-17 compared with 
controls (P<0.05; Fig. 2B). This result suggests that miR-17 may 
promote the viability of ESCs.

Effect of miR‑17 on apoptosis of ESCs. To determine whether 
miR‑17 affected ESC apoptosis, flow cytometry was performed 
to determine the apoptotic rate of ESCs following downregu-
lation of miR-17 by antagomiR-17. The results indicated that 
the apoptotic rate of ESCs increased significantly following 
downregulation of miR-17 (P<0.05; Fig. 3). This suggests that 
inhibition of miR-17 in the endometrial tissues of AM patients 
may induce apoptosis of endometrial cells and thus inhibit their 
metastasis.
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Effect of miR‑17 on the expression of PTEN and related proteins. 
To further study the molecular biological mechanism of miR-17, 
the expression of its potential target gene PTEN was evaluated, 
as well as the expression of the apoptosis-related proteins BAX 
and Bcl-2, and the cell cycle-related proteins, cyclins D1 and E1. 
When the expression of miR-17 in ESCs was downregulated, 
the expression of PTEN protein was significantly increased 
compared with the negative control group (P<0.05; Fig. 4). No 
significant differences were found between the control and 
negative control groups. When miR-17 was downregulated, 
the expression of Bcl‑2 protein, cyclins D1 and E1 significantly 
declined, whereas expression of Bax significantly increased 
compared with the negative control group (all P<0.05; Fig. 4). 
There were no significant differences in the expression of these 
proteins between the control and negative control groups. These 
results suggest that miR-17 is closely associated with the cell 
cycle and apoptosis of endometrial cells.

Effect of PTEN overexpression on the viability and apoptosis 
of ESCs. To confirm that miR‑17 exerts its biological activity 

through regulation of PTEN, the effects of PTEN on the viability 
and apoptosis of ESCs were investigated. Endometrial cells 
that stably overexpressed PTEN and could stably display green 
fluorescence, was successfully screened (Fig. 5A). When PTEN 
was overexpressed, the viability of ESCs significantly decreased 
(P<0.05; Fig. 5B) and apoptosis significantly increased (P<0.05; 
Fig. 5C) compared with the control group. There were no 
significant differences between the control and negative control 
groups. These results were similar to the effects of miR-17, 
further suggesting that miR-17 may exert its biological function 
by regulating PTEN.

MiR‑17 may bind to the 3'‑UTR of PTEN mRNA. To demon-
strate that miR-17 directly binds to the 3'-UTR of PTEN 
mRNA, a dual-luciferase reporter assay was performed. The 
results indicated that co-transfection of miR-17 mimics and 
pMIR-REPORT luciferase reporter plasmid resulted in a 
significant decrease in fluorescence (P<0.05; Fig. 6), indicating 
a decrease in PTEN expression. There was no statistical differ-
ence between the mutant 3'-UTR group and control group. 

Figure 1. Expression of miR-17 and PTEN in the endometrial tissues of AM patients. (A) Expression of miR-17 and PTEN mRNA in AM and control tissues. 
(B) Western blot analysis and (C) quantification of PTEN protein expression in AM and control tissues. The mRNA and protein levels were normalized to 
GADPH. *P<0.05 vs. control group. AM, adenomyosis; miR-17, microRNA-17; PTEN, phosphatase and tensin homolog.

Figure 2. Effect of miR-17 on the viability of endometrial cells. (A) Expression of miR-17 following transfection with antagomiR-17. The miRNA levels were 
normalized to GADPH. (B) Cell viability following downregulation of miR-17 with antagomiR-17, evaluated using an MTT assay. *P<0.05 vs. control group. 
miR-17, microRNA-17; NC, negative control; OD, optical density.
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These results indicate that miR-17 may bind to the 3'-UTR of 
PTEN, thus regulating its expression.

Discussion

miRs are gene regulation factors involved in numerous patho-
physiological processes, including the proliferation, invasion 
and metastasis of tumor cells, hypertension, diabetes and 
atherosclerosis (21,22). Studies are currently investigating 
the functions of an increasing number of miRs. However, the 

expression and acting mechanisms of miRs in AM remain 
unclear. It has been reported that certain miRs, including 
miR-191, miR-142-3p, miR-29c and miR-210, serve important 
roles in endometriosis (23,24). The pathogenesis of AM and 
endometriosis are similar as they both result from the invasion 
and metastasis of endometrial cells (25-27). Therefore, it was 
speculated that miRs may also be involved in AM.

miR-17 is a tumor-related miRNA that serves important 
roles in the proliferation, invasion and metastasis of tumor 
cells (28). In AM, the invasion and metastastic abilities of 

Figure 3. Effect of miR‑17 on the apoptosis of endometrial cells. (A) Cell apoptosis rates were analyzed by flow cytometry. (B) Percentage of apoptotic cells 
following downregulation of miR-17. *P<0.05 vs. control group. miR-17, microRNA-17; NC, negative control; PI, propidium iodide.

Figure 4. Effect of miR-17 on the expression of PTEN, cell cycle-related and apoptosis-related proteins. (A) Expression of PTEN, Bcl-2, Bax, cyclins D1 and 
E1 proteins was evaluated by western blot analysis. (B) Quantification of western blot results. The protein levels were normalized to GADPH. *P<0.05 vs. NC. 
miR-17, microRNA-17; NC, negative control.
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endometrial cells are enhanced, which is an important cause 
of the disease (29). To the best of our knowledge, the present 
study was the first to investigate whether miR‑17 is involved in 
altering the biological functions of endometrial cells. The results 
indicated that miR-17 expression in the endometrial tissues of 
AM patients was significantly increased compared with control 
patients. It was predicted by online bioinformatics analysis that 
miR-17 may be involved in the regulation of PTEN gene expres-
sion. Previous results indicated that the PTEN gene is closely 
related to the proliferation, apoptosis, invasion and metastasis of 
cells (30). Therefore, it was speculated that the upregulation of 
miR-17 in AM endometrial cells resulted in the downregulation 
of PTEN, thus influencing the biological properties of endo-
metrial cells. Results from RT-qPCR and western blot analysis 

Figure 6. Identification of the microRNA‑17 target gene by dual‑luciferase 
reporter assay. Cells were transfected with a reporter plasmid containing 
wild type or mutant 3'-untranslated region of the PTEN gene. NC, negative 
control.

Figure 5. Effect of PTEN overexpression on endometrial cells. (A) Images of endometrial cells screened by G418 for PTEN overexpression: (a) Monoclonal 
cell group with GFP fluorescence; (b) bright light image of the same cell group under the same view as (a); (c) monoclonal cell group with GFP fluorescence 
following expending culture; (d) bright light image of the same cell group under the same view as (c). Scale bar=100 µm. Magnification, x100. (B) Effect 
of PTEN overexpression on the viability of endometrial cells, as determined by MTT assay. (C) Effect of PTEN on the apoptosis rate of endometrial cells, 
detected by flow cytometry. *P<0.05 vs. control group. GFP, green fluorescent protein; NC, negative control; PTEN, phosphatase and tensin homolog.
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indicated that the expression of PTEN mRNA and protein in 
AM endometrial tissues was significantly lower compared with 
the control group. To further study the molecular mechanism 
of miR-17, ESCs were cultured in vitro and transfected with 
antagomiR-17 using the liposome method. ESC viability was 
measured using an MTT assay, and it was found that miR-17 
could promote cell viability. Results from western blotting 
indicated that the expression of PTEN protein increased when 
miR-17 expression was downregulated, whereas the expression 
of Bcl‑2 decreased and that of Bax increased. Results from flow 
cytometry indicated that miR-17 may inhibit endometrial cell 
apoptosis. In addition, a PTEN stably expressed endometrial 
cell line was constructed in vitro and functional changes were 
investigated. The results indicated that when PTEN protein was 
overexpressed, cell viability significantly decreased and cell 
apoptosis significantly increased. In order to verify the direct 
binding of miR-17 and PTEN mRNA, a dual-luciferase reporter 
assay was performed and indicated that miR-17 could bind to 
the 3'-UTR seed sequence of PTEN mRNA and regulate its 
expression.

In conclusion, the expression of miR-17 was increased in the 
endometrial tissues of AM. miR-17 expression may regulate the 
expression of PTEN and affect the expression of apoptosis- and 
cell cycle-related proteins. This suggests that miR-17 may serve 
a role in promoting cell viability, invasion and metastasis in the 
development of AM.
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