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Abstract: Objective: This study aimed to explore the role of miRNAs in pathogenesis of endometriosis. Methodology: 
Endometrial samples from 57 females with endometriosis and 44 non-endometriotic controls were compared for 
the expression of a selected group of miRNAs. The regulatory function on downstream target was also explored. 
Results: The expression of miR-93 and miR106a was significantly reduced in endometriotic samples compared 
to that in non-endometriotic samples. High levels of MMP3 and VEGFA were detected in more than 50% ectopic 
endometrium tissues. A negative association was found between the expression of miR-93 and the protein levels 
of MMP3 (Pearson correlation, r=-0.39, P=0.0025) or VEGFA (Pearson correlation, r=-0.37, P=0.0047) in samples 
from endometriosis patients. Mechanistically, miR-93 targeted MMP3 and VEGFA by directly binding to the 3’UTR of 
MMP3 and VEGFA mRNAs, and thereby inhibited the proliferation, migration and invasive capability of endometrial 
stromal cells (ESCs). Conclusion: The finding of this study suggests that deregulation of miR-93 contribute to endo-
metriosis by up-regulation of MMP3 and VEGFA and thus provide potential therapeutic targets for the treatment of 
endometriosis.
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Introduction

Endometriosis is a polygenic gynecological dis-
order that is commonly diagnosed in women 
[1]. It is defined as the retrograde passage of 
endometrial tissue outside the uterine and its 
subsequent proliferation in the ectopic loca-
tion. Endometriosis is associated with dysmen-
orrhea, dyspareunia, chronic pelvic pain, irregu-
lar uterine bleeding, and even ovarian cancer 
[2]. The development of new diagnostic or ther-
apeutic methods for endometriosis is ham-
pered due to the lack of knowledge regarding 
the etiology, pathogenesis and natural progres-
sion of endometriosis.

MicroRNAs (miRNAs) are short non-coding 
RNAs that repress gene expression by binding 
to the 3’UTR of mRNA directly and play crucial 
roles in various physiological processes. 
Abnormal expression of miRNAs has been 
found to be related to human diseases ranging 
from psychiatric disorders to malignant can-
cers [3-5]. It has been increasingly recognized 

that dysfunction of miRNAs is related to gyne-
cological disorders, including abortion, polycys-
tic ovary syndrome and premature ovarian fail-
ure [6-9]. Recently, it has been reported that 
disturbed expression of miRNAs is related to 
endometriosis. miRNAs play an important role 
in the pathogenesis of endometriosis. It has 
been found to be  aberrantly expressed in endo-
metriotic stromal cells. And altered plasma 
microRNAs can be used as novel biomarkers 
for diagnosis of endometriosis and endometrio-
sis-associated ovarian cancer [10-12]. However, 
how miRNAs regulate endometriosis is unclear. 
More clinical data are needed to confirm the 
role of miRNAs in the pathogenesis of endome-
triosis meanwhile more functional studies are 
required to unveil the complex roles of dysregu-
lated miRNAs. Therefore, the aim of this study 
was to explore the role of miRNAs in pathogen-
esis of endometriosis. To achieve this, in this 
study we examined the expression of the 11 
selected miRNAs in the endometrial samples 
from patients with or without endometriosis. 
Furthermore, the regulatory function on down-
stream target was also explored.

http://www.ajcr.us
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Materials and methods

Clinical samples

All the protocol of this study was approved by 
Ren Ji hospital ethics committee. All patients 
have been provided with written informed con-
sent prior to participation of this study. 

Fifty seven Chinese-Han women with endome-
triosis were included in this study (mean age: 
35.8, range: 22-47). All women underwent lap-
aroscopic surgical examination of the abdomi-
nal cavity and completed excision of endometri-
otic tissue. None of the patients had received 
pre-operative hormonal therapy. Endometriosis 
was diagnosed either by clinical examination or 
by ultrasonography and confirmed by postop-
erative pathological examination of the surgi-
cally removed samples. Laparoscopic examina-
tion of the abdominal cavity excluded the pres-
ence of any other pelvic disorders that could 
potentially confound the data observed. The 
main symptoms for surgery in this group of 
patients were abdominal pain (71.9%) and ste-
rility (28.1%). 

Forty-four Chinese-Han asymptomatic women 
without endometriosis, who underwent surgery 
for laparoscopic tubal sterilization, were includ-
ed in the control group (mean age: 36.5, range: 
28-45). Absence of endometriosis was con-
firmed by surgical examination of the abdomi-
nal cavity. 

The menstrual phase was identified according 
to the day of the reproductive cycle and histo-
logical analysis of the endometrium. At the time 
of surgery, 32 (56%) women with endometriosis 
were in the proliferative phase, and 25 (44%) 
were in the secretory phase of the menstrual 
cycle. And 23 (52%) controls were in the prolif-
erative phase and 21 (48%) were in the secre-
tory phase of the menstrual cycle. Women in 
the menstrual phase were excluded from the 
study. Each sample was divided and used for 
total RNA extraction, protein extraction, as well 
as cell isolation.

RNA extraction and quality determination

Total RNA was extracted from both the endo-
metrial as well as endometriotic tissues and 
control endometrial tissues using the mirVana 
miRNA isolation kit (Ambion, Austin, TX, USA) 
according to the manufacturer’s protocol. The 
RNA concentration and purity were determined 
by NanoDrop ND-1000 spectrophotometer 

(Nanodrop Technologies, Wilmington, DE, USA). 
Following the manufacturer’s specifications, 
only samples with A260/A280 ratio of ~2.0 and 
A260/230 ratio in the range of 1.9-2.2 were 
considered for inclusion in this study. 

Quantification of selected miRNAs by quantita-
tive RT-PCR 

Quantitative RT-PCR analysis was used to 
determine the relative level of 11 selected miR-
NAs (miR-93, -Let-7i, -183, -106b, -125a, -21, 
-202, -199a, -138, -16, -133b). The levels of 
miRNAs were detected by TaqMan miRNA RT- 
Real Time PCR. Single-stranded cDNA was syn-
thesized by using TaqMan MicroRNA Reverse 
Transcription Kit (Applied Biosystems, Foster 
City, CA, USA) and then amplified by TaqMan 
Universal PCR Master Mix (Applied Biosystems, 
Foster City, CA, USA) together with miRNA-spe-
cific TaqMan MGB probes (Applied Biosystems, 
Foster City, CA, USA). The U6 snRNA was used 
for normalization. Each sample in each group 
was measured in triplicate, and the experiment 
was repeated at least three times.

Western blotting

Protein extracts were boiled in SDS/β-mer- 
captoethanol sample buffer, and 30 μg sam-
ples were loaded into each lane of 10% poly-
acrylamide gels. The proteins were separated 
by electrophoresis, and the proteins in the gels 
were blotted onto PVDF membranes (Amersham 
Pharmacia Biotech, St. Albans, Herts, UK) by 
electrophoretic transfer. The membrane was 
incubated with mouse anti-VEGFA or anti-
MMP3 monoclonal antibody (Abcam, Cambri- 
dge, MA, USA), and mouse anti-β-actin mono-
clonal antibody (Santa Cruz Biotechnology Inc., 
Santa Cruz, CA, USA) at 37°C for 1 h. The spe-
cific protein-antibody complex was detected by 
using horseradish peroxidase conjugated rab-
bit anti-mouse IgG. Chemiluminescence reac-
tion was carried out using the ECL kit (Pierce, 
Appleton, WI, USA) for detection. The β-actin 
signal was used as a loading control.

Cell culture

The endometrial stromal cells (ESCs) from par-
ticipants without endometriosis were cultured 
as previously described [13]. Briefly, the minced 
eutopic endometrium was digested with colla-
genase type α (0.1%; Sigma, USA) for 30 min at 
37°C and then filtrated through a 200 µmol/l 
wire sieve to remove debris. Following gentle 
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centrifugation, the supernatant was discarded, 
and the cells were resuspended in 1:1 formula 
of DMEM (Dulbecco’s modified Eagle’s me- 
dium)/F-12 (Gibco, USA). ESCs were separated 
from epithelial cells by passing over a 400 
µmol/l wire sieve. The filtrated suspension was 
layered over Ficoll and centrifuged at 2000 rpm 
for 20 min to further remove leukocytes and 
erythrocytes. The middle layer of cells was col-
lected and washed with D-Hanks. The ESCs 
were placed in a culture flask and allowed to 
adhere for 20 min. The adherent stromal cells 
were cultured as monolayer in flasks with 
DMEM/F-12 containing 10% fetal calf serum 
(FCS; Hyclone, Logan, UT, USA), 20 mmol/l 
HEPES, 100 IU/ml penicillin and 100 µg/ml 
streptomycin.

Dual luciferase assays

To generate 3’-UTR luciferase reporter, full 
length of 3’-UTR from MMP3 and a 533 bp seg-
ment of 3’UTR from VEGFA were cloned into the 
downstream of the firefly luciferase gene in 
pmirGLO (Promega, Madison, WI USA). MiR-93 
mimic and miR-93 inhibitor were synthesized 
by GenePharma Co., Ltd (Shanghai, China). For 
luciferase reporter assays, HEK293T cells were 
seeded in 48-well plates. Luciferase reporter 
vectors were co-transfected with miR-93 mimic 
or miR-93 inhibitor by using lipofectamine 
2000 (Invitrogen, Carlsbad, CA USA). Two days 
later, cells were harvested and assayed with 
the Dual-Luciferase Assay kit (Promega, Ma- 
dison, WI USA). Each treatment was performed 
in triplicate in three independent experiments. 
The results were expressed as relative lucifer-
ase activity (Firefly LUC/Renilla LUC).

Cell proliferation assay

Cell proliferation was estimated by the MTT 
assay. ESCs were seeded in 96-well plates at 
low density (2×103) in DMEM-F12 culture and 
allowed to attach overnight. The cells were then 
transfected with miR-93 mimic or inhibitor, with 
scrambled sequence RNA as control. There 
were 3 wells in each group. Twenty microliters 
MTT (5 mg/ml) (Sigma, St. Louis, MO, USA) 
were added to each well 48 h after transfec-
tion, and the cells were incubated for further 4 
h. The absorbance was recorded at A570 nm 
with a 96-well plate reader after the addition of 
DMSO.

The EdU proliferation assays were also used for 
detecting the effect of miR-93 on ESCs prolif-

eration. ESCs were seeded in 12-well plates at 
low density (5×104) in DMEM culture. Cell prolif-
eration was examined by EdU Cell Proliferation 
assay kit (Cell-Light Edu Apollo DNA in vitro Kit 
(Guangzhou RiboBio Co., Ltd, Guangzhou, Ch- 
ina).

Cell migration and invasion assay

A typical Transwell assay (Costar, 6.5 mm diam-
eter, 8 µm pore size) was used. A number of 
3×104 cells in 200 µL serum-free medium were 
seeded to the top chamber, and 500 µL medi-
um with high concentration of serum was 
added to the bottom. After 12 h, filters were 
then submerged in 4% PFA for 15 min and cells 
on the upper surface were removed by cotton 
swabs. The cells on the lower surface were 
stained with hematoxylin. Ten random fields 
were selected to determine the average num-
ber of cells per view field.

For cell invasion assays, the procedure was 
similar to the cell migration assay, except that 
transwell membranes were pre-coated with 24 
µg/µl Matrigel (R&D Systems, USA),  and the 
cells were incubated at 37°C for 8 hr in 5% CO2 
atmosphere. Cells adhering to the lower sur-
face were determined in the same way as the 
cell migration assay.

Statistical analysis

All statistical analyses were performed using 
the SPSS v. 16.0 software (SPSS, Inc., Chicago, 
IL, USA). Student’s t-test was employed to ana-
lyze the expression of miRNAs, the relationship 
between the expression of miR-93 and MMP3 
or VEGFA protein level, and the luciferase activi-
ties and migrated or invaded cell numbers. The 
findings were considered to be significant at a 
P-value < 0.05. 

Results

MiR-93 and miR-106b are down-regulated in 
endometriotic tissues

MiRNAs play crucial roles in various physiologi-
cal activities. Microarray data suggests that the 
expression profile of miRNAs in endometriotic 
tissues is distinct from that in non-endometriot-
ic tissues, indicating abnormal expression of 
miRNAs is related to endometriosis. To further 
examine the role of miRNAs in endometriosis, 
we focused on the 11 selected miRNAs which 
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have been reported differentially expressed in 
endometriotic tissues and examined their 
expression in endometrium from Chinese-Han 
patients with or without endometriosis. As 
shown in Figure 1, the expression levels of miR-
93 or miR-106a were significantly reduced in 
endometriotic samples compared with the nor-
mal endometrium. Because miRNAs are well-
recognized as suppressors for gene expression 
by targeting the 3’UTR of mRNAs, we searched 
for the targets of miR-93 or miR-106a by using 
online bioinformatics tools: targetscan (http://
www.targetscan.org/) and miRanda (http://

www.microrna.org). To our surprise, VEGFA and 
MMP3, which play important roles in the devel-
opment of endometriosis, were the potential 
targets of miR-93 and miR-106b. 

MMP3 and VEGFA are down-regulated in ecto-
pic endometrium and inversely correlated with 
miR-93 level

We further examined the protein levels of 
MMP3 and VEGFA in the samples from endo-
metriosis patients and normal controls by west-
ern blot. The expression of MMP3 was up-regu-
lated in 36 ectopic tissue samples (63.1%), and 

Figure 1. miR-93 and miR-106 were down-regulated in ectopic endometrium. The expression levels of 11 selected 
miRNAs in ectopic and eutopic endometrium samples from endometriosis patients, as well as normal endometrium 
samples from general population were detected using stem-loop qRT-PCR. The results were analyzed using student 
t-test, and P < 0.05 was considered statistically significant. *P < 0.05, **P < 0.01.

Figure 2. The correlation between miR-93 expression and protein levels of MMP3 and VEGFA in endometriosis 
patients. A. The expressions of MMP3 and VEGFA in ectopic and eutopic endometrium samples were detected by 
western blot. To evaluate the relative expressions of MMP3 and VEGFA, the band intensities of western blot were 
semi-quantitatively calculated by Quantity One software. B. An inverse correlation was defined between miR-93 and 
MMP3 levels in 57 clinical samples of endometriosis patients (Pearson correlation, r=-0.39, P=0.0025). C. An in-
verse correlation was identified between miR-93 and VEGFA levels in 57 clinical samples of endometriosis patients 
(Pearson correlation, r=-0.37, P=0.0047).
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VEGFA was overexpressed in 30 ectopic tissue 
samples (52.4%) (Figure 2A and data not 
shown). 

To evaluate the relative expression of MMP3 
and VEGFA, the band intensity was determined 
by Quantity One software with β-actin as load-

Figure 3. The expression of MMP3 is suppressed by miR-93. (A) Schematic diagram for the predicted interaction 
between miR-93 and MMP3 mRNA. HEK293T cells were co-transfected with pmir-GLO-MMP3 and miR-93 mimic 
or miR-93 inhibitor for dual-luciferase assay. The miR-93 expression (B) and luciferase activities (C) were detected 
48 hours after transfection. (D) Reporter plasmid containing mutant MMP3 3’UTR were applied to determine the 
binding region of miR-93. HEK293T cells were co-transfected with pmir-GLO-MMP3-mu and miR93 mimic or miRNA 
control. The luciferase activities were detected 48 hours after transfection. The results were analyzed by student t-
test and P < 0.05 was considered as statistically significant. *P < 0.05, **P < 0.01. (E) ESCs were transfected with 
miR-93 mimic or inhibitor with scramble single strand or double strand RNA as control. MMP3 protein levels were 
detected by western blot after 48 hours.
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ing control. Interestingly, we found an inverse 
correlation between the expression levels of 
miR-93 and the protein levels of MMP3 or 
VEGFA in 57 clinical samples of endometriosis. 
Low levels of miR-93 were associated with high 

levels of MMP3 (Pearson correlation, r-0.39; P 
< 0.01; Figure 2B) and VEGFA (Pearson correla-
tion, r-0.37; P < 0.01; Figure 2C) protein, indi-
cating a potential role of miR-93 in regulating 
the expression of MMP3 and VEGFA. 

Figure 4. The expression of VEGFA is suppressed by miR-93. (A) Schematic diagram for the predicted interaction 
between miR-93 and VEGFA mRNA. HEK293T cells were co-transfected with pmir-GLO-VEGFA and miR-93 mimic or 
miR-93 inhibitor for dual-luciferase assay. The miR-93 expression (B) and luciferase activities (C) were detected 48 
hours after transfection. (D) Reporter plasmid containing mutant VEGFA 3’UTR were used to determine the binding 
region of miR-93. HEK293T cells were co-transfected with pmir-GLO-VEGFA-mu and miR93 mimic or miRNA control. 
The luciferase activities were detected 48 hours after transfection. The results were analyzed by student t-test and 
P < 0.05 was considered as statistically significant. *P < 0.05, **P < 0.01. (E) ESCs were transfected with miR-93 
mimic or inhibitor with scramble single strand or double strand RNA as control. VEGFA protein levels were detected 
by western blot.
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MiR-93 represses MMP3 and VEGFA expres-
sion by targeting 3’UTR directly

To examine whether miR-93 directly targeted 
MMP3 or VEGFA mRNA, we generated pmir-
GLO-MMP3 and pmirGLO-VEGFA constructs in 
which full length of 329 bp 3’-UTR of MMP3 
mRNA or a 533 bp segment of 3’UTR from 

VEGFA mRNA were cloned downstream of the 
firefly luciferase coding region in pmirGLO vec-
tor respectively. We next transfected pmirGLO-
MMP3 or pmirGLO-VEGFA together with miR-93 
mimic or inhibitor into HEK293T cells followed 
by luciferase reporter assay. As shown in 
Figures 3B and 4B, the expression of miR-93 
was significantly up-regulated in cells transfect-

Figure 5. Down-regulated miR-93 is 
associated with enhanced ESCs pro-
liferation. A. ESCs were plated in 96-
well plates at low density (2×103) in 
DMEM-F12 medium, and allowed to 
attach overnight. The cells were then 
transfected with miR-93 mimic or 
inhibitor, with scrambled sequence 
short RNA as control. MTT assay was 
conducted 48 hours post transfec-
tion. The results were analyzed using 
student t-test and P < 0.05 was con-
sidered statistically significant. B. EdU 
cell proliferation assay was used to 
confirm the results of MTT assay. The 
EdU incorporation rate was expressed 
as the ratio of EdU-positive cells to the 
total number of Hoechst 33342-posi-
tive cells. The average values 6 field 
of three separate experiments were 
plotted. The results were analyzed by 
student t-test and P<0.05 was con-
sidered statistically significant. *P < 
0.05, **P < 0.01.
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ed with miR-93, up to 17.3 (P < 0.01) and 16.5 
fold (P < 0.01) respectively; whereas miR-93 
levels were significantly down regulated to 63% 
(P < 0.01) or 58% (P < 0.01) relative to corre-

sponding control. Meanwhile, the luciferase 
activity was significantly suppressed by miR-
93, about 31.2% (P < 0.05) for pmir-GLO-MMP3 
(Figure 3C) and 43.1% (P < 0.01) for pmirGLO-

Figure 6. Down regulated miR-93 is related to enhanced esophageal cancer cells migration and invasion. ESCs 
were transfected with the miR-93 mimic or inhibitor with scramble RNA as control. The transfected cells were har-
vested and subjected to the following assays 48 hours after transfection. A. For migration assays, the transfected 
cells (3×104 cells/ml) were seeded in the top of an 8.0 mm-pore membrane chamber. Following a 12 hours incuba-
tion period, cells that passed through the membrane to attach to the bottom of membrane were fixed and stained 
with hematoxylin. Cells were scraped and removed from the top of chamber. Membranes were mounted on cover 
slides, and cells were counted. Cell migration was quantified by counting the amount of cells passing through the 
pores from five different fields per sample at 400× selected in a random manner. B. Cell invasion assays were 
carried out using matrigel pre-coated transwell chamber. 1×105 were seeded and incubated for 8 hours. All experi-
ments were performed in duplicate. The results were analyzed using student t-test and P < 0.05 was considered 
statistically significant. *P < 0.05, **P < 0.01.
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VEGFA (Figure 4C), respectively. In contrast, the 
luciferase activity was significantly up-regulat-
ed by the miR-93 antagonist compared with the 
miRNA inhibitor control, about 26.6% (P < 0.05) 
for pmirGLO-MMP3 (Figure 3C) and 28.4% (P < 
0.05) for pmirGLO-VEGFA (Figure 4C), respec-
tively. These results indicate that miR-93 tar-
gets the 3’-UTR of MMP3 and VEGFA mRNAs, 
leading to down-regulation of MMP3 and VEGFA 
protein.

We further determined the binding region of 
miR-93 on the 3’UTR of MMP3 or VEGFA 
mRNAs. The putative binding regions of miR-93 
in the 3’-UTR of MMP3 or VEGFA mRNAs were 
mutated with 4 non-related nucleotides (desig-
nated as pmirGLO-MMP3-mu or pmirGLO-VEG-
FA-mu) followed by luciferase reporter assay. 
As shown in Figures 3D and 4D, the luciferase 
activities were not significantly reduced in cells 
transfected with miR-93 mimic compared with 
miRNA-control (P > 0.05). These data indicate 
that miR-93 suppresses the expression of 
MMP3 and VEGFA through binding to seed 
sequence at the 3’-UTR of MMP3 and VEGFA 
mRNA.

To further examine whether the expression of 
endogenous MMP3 and VEGFA was suppressed 
by miR-93, endometrial stromal cells (ESCs) 
were transfected with miR-93 mimics or inhibi-
tor and the protein levels of MMP3 and VEGFA 
were detected by Western blot 48 hours after 
transfection. Compared with the corresponding 
controls, the levels of MMP3 and VEGFA protein 
were heavily suppressed by miR-93 mimics and 
slightly up-regulated by miR-93 inhibitor in 
ESCs (Figures 3E and 4E). These results indi-
cated that miR-93 repressed the expression of 
endogenous MMP3 and VEGFA in ESCs by 
directly targeting 3’UTR.

MiR-93 suppresses ESCs proliferation, migra-
tion and invasion

MMP3 and VEGFA critically regulate cell growth 
and migration. We thus examined whether miR-
93 regulated the proliferation or migration of 
ESCs. As shown in Figure 5A, the proliferation 
ability of ESCs was significantly reduced by 
miR-93 mimic, about 38.5% (P < 0.05) com-
pared to the controls. And the cell proliferation 
was significantly up-regulated by miR-93 inhibi-
tor, about 50.6% (P < 0.05) in MTT assays. In 
addition, similar results were obtained by EdU 

cell proliferation assay (Figure 5B). The results 
showed that the number of proliferating cells 
was reduced by 51.2% (P < 0.05) when miR-93 
was up-regulated, and increased by 46.2% (P < 
0.05) when miR-93 inhibitor was added, 
respectively. These data suggests that miR-93 
controls the proliferation of ESCs.

To further explore the effect of miR-93 on cell 
migratory and invasive behavior, typical tran-
swell assay was performed. As shown in Figure 
6A, the number of migrated ESCs was signifi-
cantly reduced by 31.2% when miR-93 mimics 
was transfected, and it was increased by 30.5% 
when miR-93 inhibitor was transfected. Mean- 
while, the number of invaded ESCs was reduce 
by 35.8% (P < 0.05) when miR-93 was up-regu-
lated. In contrast, the numbers of invasive cells 
was comparable between the miR-93 inhibitor 
and control groups (Figure 6B). Together, these 
data suggest that miR-93 critically regulates 
the proliferation and migration by inhibiting the 
expression of MMP3 and VEGFA.

Discussion

Endometriosis is a commonly diagnosed dis-
ease in women, the pathogenesis of which is 
unclear. Recently, several studies have exam-
ined the expression of miRNAs of eutopic and 
ectopic endometrium from women with endo-
metriosis [11, 14-16], in which several miRNAs 
have simultaneously been identified as dys-
function miRNAs in endometriosis. In this study, 
we chose 11 miRNAs according to the reported 
data, and detected their expression pattern in 
Chinese-Han endometriosis population. We 
found that the expression of miR-93 was signifi-
cantly down-regulated in human ectopic endo-
metrium samples compared with the normal 
endometrium samples (P=0.006). Meanwhile, 
high levels of MMP3 and VEGFA were detected 
in more than 50% ectopic endometrium sam-
ples, indicating that a negative association 
exists between the expression of miR-93 and 
the expression of MMP3 (Pearson correlation, 
r=-0.39, P=0.0025) or VEGFA (Pearson correla-
tion, r=-0.37, P=0.0047) in endometriotic tis-
sues. Furthermore, miR-93 targeted the 3’UTR 
of MMP3 and VEGFA, thus inhibited the expres-
sion of MMP3 and VEGFA. These findings sug-
gest that the down-regulation of miR-93 corre-
lates with the pathogenesis of endometriosis 
which is probably due to reduced repression of 
the expression of MMP3 and VEGFA protein. To 
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our knowledge, we provided the first evidence 
about the correlation between miR-93 and 
MMP3 or VEGFA in endometriotic clinical 
samples.

Matrix metalloproteinase (MMP) family proteins 
are involved in the breakdown of extracellular 
matrix during tissue remodeling in normal phys-
iological as well as disease processes by lysing 
the basal membrane collagen and inducing fur-
ther synthesis of MMPs [17, 18]. It is now widely 
accepted that the overexpression of MMPs 
especially MMP3 may accelerate the process 
of invasion and tissue remodeling, which is 
hypothesized to contribute to the pathogenesis 
of endometriosis. VEGFA, a 35-45 kD heparin-
binding glycoprotein, stimulates the mitogene-
sis of endothelial cells and its overexpression is 
often related to tumorigenesis. There are re- 
ports indicating that overexpressed VEGFA 
exists in the eutopic endometrium samples and 
in the serum or peritoneal fluid of endometrio-
sis patients [19, 20]. In the present study, we 
demonstrated that down-regulated miR-93 
resulted in excessive proliferation, migration 
and invasion of ESCs. Considering that miR-93 
directly targets MMP3 and VEGFA, it is conceiv-
able that miR-93 inhibits endometriosis. In 
addition, it is also predicted that miR-93 tar-
gets integrin-β8 and TGFβR2 [21, 22]. Further 
investigations are needed to examine whether 
other targets of miR-93 regulate endometri- 
osis.

In conclusion, the present study identified that 
low miR-93 is related to elevated expression of 
MMP3 and VEGFA, which contribute to the 
pathogenesis of endometriosis. These findings 
provided new potential therapeutic target for 
treatment of endometriosis. 
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