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MiR-202 promotes endometriosis by regulating SOX6 
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Abstract: Objectives: This study is to investigate the role and mechanism of microRNA-202 (miR-202) in endome-
triosis. Methods: Forty-five cases of ectopic endometrial tissues, 25 cases of eutopic endometrial tissues and 26 
cases of normal endometrial tissues were collected. MiR-202 expression was detected by quantitative RT-PCR. The 
protein expressions of SOX6 (sex determining region Y-box 6) and its downstream proteins (p21, cyclin D1 and pRb 
(retinoblastoma protein)) were detected by immunochemistry and western blot. MTT and transwell assays were 
used to examine cell proliferation and cell migration. The dual luciferase assay was applied to validate whether 
miR-202 can directly target SOX6 gene. Results: MiR-202 was highly expressed in eutopic and ectopic endometrial 
tissues than normal endometrial tissues (P < 0.05), and the expression was higher in tissues with III/IV stages than 
I/II stages (P < 0.05). The expression of SOX6 protein was lower in ectopic endometrial tissues than in normal endo-
metrial tissues. In ectopic endometrial tissues, the expression of p21 was decreased while cyclin D1 and pRb was 
up-regulated than in normal endometrial tissues (P < 0.05). In cultured endometrial cells, miR-202 down-regulation 
induced up-regulation of SOX6 and p21 whereas down-regulation of cyclin D1 and pRb. MiR-202 promoted the pro-
liferation and metastasis of endometrial cells. And, miR-202 could complementary bind to SOX6 3’UTR to regulate 
the expression of SOX6. Conclusion: MiR-202 was up-regulated in the endometriosis. Through targeting SOX6 and 
its downstream proteins (p21, cyclin D1 and pRb), miR-202 can promote the progression of endometriosis.
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Introduction

Endometriosis (EMs) is an inflammation related 
and hormone dependent disease, which means 
functional endometrial tissues appear outside 
the uterine mucous membrane (not including 
the myometrium) [1]. The ovarian endometrio-
sis is the main manifestations, and the dys-
menorrhea and infertility are the main clinical 
symptoms [2, 3]. EMs is usually regarded as 
benign in pathology, while ectopic EMs has 
malignant characters like infiltration, prolifera-
tion and metastasis [4, 5]. In recent years, EMs 
incidence increased gradually, which threatens 
the life quality and health of women [6].

The etiology of EMs is complex, which is highly 
related with the inflammatory factors and hor-
mone levels [7-9]. Recent studies indicate that 
microRNA (miRNA), as a new post-transcription-
al regulator, may play important roles in the pro-
gression of Ems [10-13]. Braza-Boïls et al 

showed that the expression of many miRNAs 
was dysregulated in EMs tissues, among which 
miRNA-202 (miR-202) expression significantly 
decreased compared with normal control [14]. 
On the contrary, Hawkins et al found that miR-
202 increased significantly in Ems [15]. 
Bioinformatics prediction indicated that miR-
202 could target SOX6 (sex determining region 
Y-box 6) whose expression was associated with 
the cell proliferation, invasion and metastasis 
[16]. 

In this study, quantitative real-time PCR (qRT-
PCR) was performed to detect the expression 
level of miR-202 in ectopic tissues. The protein 
changes of SOX6, p21, cyclin D1 and p-Rb were 
identified by Western blot and immunohisto-
chemistry. We further explored the biological 
functions and molecular mechanisms of miR-
202 on the primary cultured endometrial cells. 
The results may present novel diagnosis and 
treatment biomarkers for EMs. 

http://www.ijcem.com
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Materials and methods

Sample collection and cell culture

This study included 45 patients with ectopic 
EMs, 25 patients with eutopic EMs, and 26 
patients with abnormal uterine Obstetrics and 
Gynecology of the Huaihe Hospital from Jan, 
2013 to Apr, 2014. All the patients did not 
receive hormone treatment and did not have 
serious complication. Prior written and informed 
consent were obtained from every patient and 
the study was approved by the ethics review 
board of Henan University. Of the 45 ectopic 
patients (21-49 years old), the average age was 
35.7 and the median age was 31. According to 
the criteria of American Fertility Association 
[17], samples of EMs were classified into 16 
cases of I/II stage, and 29 cases of III/IV stage. 
Endometrial cells (ESC) were cultured accord-
ing to methods published by Li MQ [18]. 293T 
cells were cultured in 10% FBS-1640 medium.

Immunohistochemistry (IHC) 

The tissues were quickly frozen with liquid nitro-
gen after surgery resection, then preserved in 
-80°C. Tissues were fixed in 10% formalin and 
embedded in paraffin. Then, tissues were cut 
into 4 m sections. The sections were placed in 
xylene with serial dilutions and 100% ethanol 
for dewaxing and dehydration. Freshly prepared 
3% hydrogen peroxide was added and incubat-
ed at room temperature for 10 min to inactivate 
endogenous peroxidase. After washing with 
PBS and antigen retrieval, primary antibodies 
of SOX6 (Bioworld, Minnesota, USA), p21 
(Bioworld, Minnesota, USA), cyclin D1 (Bioworld, 
Minnesota, USA), and p-Rb (Bioworld, Min- 
nesota, USA) (rabbit anti-human) were added 
respectively. After extensive washing, the slides 
were incubated with biotinylated secondary 
antibody at 37°C for about 30 min. Then sec-
tions were developed with DAB chromogenic 
reagent. Finally, sections were counterstained 
with haematoxylin. After hydrochloric acid dif-
ferentiation and xylene transparency, sections 
were mounted with neutral gum.

Scoring of IHC

Under high-power field, the positive cells were 
selected if the brown or brown granules 
appeared in the cytoplasm or membrane. In 
each section, 5 fields of tumor cells were count-

ed randomly, and the scores were determined 
by combining the proportion of positively 
stained cells and the intensity of staining. The 
proportion of positively stained tumor cells was 
graded from 0 to 3 (0, < 5% positive cells; 1, 
5-25%; 2, 26-50%; 3, > 50%). The intensity of 
staining was recorded on a scale of 0 (no stain-
ing), 1 (weak staining, light blue or yellow), 2 
(moderate staining, blue or yellow), and 3 
(strong staining, dark blue or yellow). The stain-
ing index (SI) was calculated as follows: staining 
index = proportion of positively stained cells × 
staining intensity. The expression of target pro-
teins was evaluated by the SI and scored as 0, 
1, 2, 3, 4, 6, or 9. A score in 0-1 was regarded 
as negative, in 2-3 was weakly positive, in 4-6 
was middle positive, and more than 6 was 
strong positive.

RNA extraction and qRT-PCR

Total RNA was isolated from tissues using 1 ml 
Trizol reagent (Invitrogen, California, USA) per 
100 mg, according to the manufacture’s proto-
col. The RNA integrity was checked by gel elec-
trophoresis, and the purity of RNA was detect-
ed by Spectrophotometer 260/280. cDNA was 
synthesized from total RNA by the reverse tran-
scription with PrimeScript RT Regent Kit 
(TAKARA, Dalian, China) and stored in -20°C. 
The qRT-PCR was performed by the protocol of 
SYBR PrimeScript RT-PCR Kit (TAKARA, Dalian, 
China). The reaction system included 10 μl qRT-
PCR-Mix, 0.5 μl forward primer and 0.5 μl 
reverse primer, 2 μl cDNA and 7 μl ddH2O. The 
cycle conditions were the following: 95°C for 10 
min, and followed by 40 cycles at 95°C for 1 
min and 60°C for 30 s.

Western blot analysis

For protein isolation, each 100 mg tissue was 
ground into powder, and lysed with RIPA (con-
taining 1% PMSF) lysis buffer. After centrifuga-
tion at 4°C for 10 min, the supernatant was 
reserved. The isolated protein was loaded into 
SDS-PAGE and then transferred to PVDF mem-
brane. The primary antibody was rabbit anti-
human SOX6 (1:800) and mouse anti-human 
GAPDH antibody (1:3000). The second anti-
body was HRP-conjugated goat anti-mouse and 
goat anti-rabbit IgG (1:3000). All the antibodies 
were purchased from the Bioworld Company 
(Minnesota, USA). Finally, the membrane was 
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Figure 1. Expression of miR-202 in endometrial tissues. The expression of miR-202 was detected using qRT-PCR. A. 
miR-202 expression in eutopic, ectopic and normal endometrial tissues. Compared with endometrial tissues, *P < 
0.05. B. miR-202 increased in eutopic endometrial tissues of III tissues of etri/II stages. Compared with I/II stages, 
*P < 0.05.

developed by enhanced chemiluminescence 
plus reagent.

Transfection of ESC 

Logarithmic growth ESC cells were seeded in 
24-well plates (3 × 105) in medium without anti-
biotic. The antagomiR-202 were transfect- 
ed using LipofectamineTM 2000 reagent 
(Invitrogen, California, USA) according to the 
manufacturer’s instructions. After 48 h, the 
transfected cells were collected to detect the 
protein change of SOX6 and associated down-
stream proteins of p21, cyclin D1 and p-Rb. 
Cells without transfection were used as nega-
tive control (NC).

MTT assay to detect the proliferation

Three groups of cells were seeded in 96-well 
plates (2 × 103) respectively, and each group 
had 3 replicates. The MTT solution was added 
to each well at 0 h, 24 h, 48 h, and 72 h respec-
tively. In the last day, 150 ul DMSO was added 
to dissolve purple crystals. After incubation at 
37°C for 4 h, the absorbance of each well at 
490 nm wavelength was measured to generate 
cell growth curves.

Transwell migration and invasion assay

The migration and invasion assays were per-
formed using the Transwell chamber (Corning, 
Michigan, USA). The transfected cells were 
seeded into the upper chambers (1 × 105 cell/
well) that were incubated by Matrigel in 200 µl 

of serum free RPMI1640 medium, while the 
bottom of the chamber was incubated with 500 
µl of medium containing 10% fetal bovine 
serum. After culture for 48 h, cells were fixed by 
formaldehyde, washed by PBS, and stained by 
GIMSA (Beyotime Biotechnology Company, 
Beijing, China). Finally, pictures of the cells were 
taken under a microscope with 5 random views. 
The number of invaded cells was counted. All 
experimental operations were incubated on 
ice.

Dual luciferase assay

The wild-type 3’UTR and the mutant 3’UTR of 
SOX6 were synthesized in vitro and were cloned 
into the downstream of pMIR-REPORT lucifer-
ase vector by Spe-I and HindIII enzyme. 293 T 
cells were co-transfected with miR-202 mimic 
and wild-type SOX6 3’UTR or the mutant 3’UTR. 
After transfection for 24 h, cells were lysed and 
luciferase intensity was measured by GloMax 
20/20 luminometer (Promega, Wisconsin, 
USA). The intensity of Renilla was used as con-
trol, and all step followed by the protocol of the 
luciferase kit (Sigma, Saint Louis, USA). Cells 
without transfection were used as negative 
control (NC).

Statistical analysis

All the data were shown as the mean ± SD, and 
difference were determined by two-tailed 
Student’s t-test of SPSS. P < 0.05 was consid-
ered as statistically significant.
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Figure 2. Immunohistochemistry to detect the expression of SOX6 and its regulated proteins (200 ×). A. The expres-
sion of SOX6 protein; B. The expression of p21 protein; C. The expression of cyclin D1 protein; D. The expression of 
p-Rb protein.

Results

MiR-202 is up-regulated in eutopic and ectopic 
endometrium tissues

To examine the roles of miR-202 in endometrio-
sis progression, the expression level of miR-
202 was detected by qRT-PCR. Compared with 
normal control, the expression of miR-202 was 
both increased significantly (P < 0.05), as 
shown in Figure 1A. And the expression of miR-
202 was significantly lower in tissues of I/II 
stages than III/IV stages (Figure 1B). The 
results indicate that miR-202 expression is 
increased ineutopic and ectopic endometrium 
tissues.

The expressions of SOX6, p21, cyclin D1 and 
p-Rb by IHC

To detect the expression of SOX6 and its asso-
ciated down-stream proteins, IHC method was 
applied. As shown in Figure 2A, the positive 
rate of SOX6 decreased in ectopic and eutopic 
tissues compared with normal tissues, and the 
expression of SOX6 was mainly weak positive in 
ectopic and eutopic tissues. The positive rate 
of p21 protein in ectopic and eutopic tissues 
was lower than normal tissues (Figure 2B). The 
expressions of cyclin D1 (Figure 2C) and p-Rb 
(Figure 2D) were strong positive in ectopic and 
eutopic tissues although no significant differ-
ent was found between the two groups.
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The expressions of SOX6, p21, cyclin D1 and 
p-Rb by Western-blot

To further validate the expression of SOX6 and 
associated downstream proteins, Western blot 
was applied in different endometrial tissues. 
The expression of SOX6 and p21 was obviously 
lower in ectopic and eutopic tissues than nor-
mal endometrium. On the contrary, the expres-
sion of cyclin D1 and p-Rb was increased sig-
nificantly (Figure 3A). Similarly, SOX6 and p21 
were decreased in ectopic tissues of III/IV stag-
es than I/II stages, while cyclin D1 and p-Rb 
increased significantly in III/IV stages than I/II 
stages (Figure 3B). Combined with the IHC 
results, we can speculate that SOX6 and asso-
ciated down-stream signals (p21, cyclin D1 and 
p-Rb) may participate in the progression of 
endometriosis.

MiR-202 promotes the proliferation and inva-
sion of ESC

To investigate whether miR-202 is related to 
tumor proliferation and metastasis, we detect-
ed the effect of miR-202 on cell proliferation, 
migration and invasion. After transfection with 
antagomiR-202, the proliferation of ESC cells 
was inhibited significantly, as detected by MTT 
assay (P < 0.05) (Figure 4A), which indicates 
that highly expressed miR-202 can promote the 
proliferation of ESC cells. From Transwell migra-

directly target SOX6. As shown in Figure 5A, the 
wild type and mutant binding sites of miR-202 
on SOX6 3’UTR were cloned. ESC cells were co-
transfected with miR-202 mimic and pMIR-
REPORT vectors with wild-type or mutant SOX6 
3’UTR, respectively. We found that miR-202 
reduced the GFP intensity of wild type SOX6 
3’UTR (Figure 5B). The results indicated that 
SOX6 can be directly regulated by miR-202.

In order to further explore whether miR-202 
participates in the proliferation and invasion of 
ESC through targeting SOX6 and its regulated 
down-stream proteins, we detected the expres-
sion of SOX6, p21, cyclin D1 and p-Rb after 
transfection of antagomiR-202 in ESC cells. As 
shown in Figure 5C, the ESC cells with trans-
fected antagomiR-202 increased expression of 
SOX6 and p21, while decreased the expression 
of cyclin D1 and p-Rb. The results indicated 
that miR-202 may participate in the prolifera-
tion and cell cycle of ESC cells through regulat-
ing SOX6 and its regulated down-stream 
proteins.

Discussion

Current studies reported that miRNA can play 
important roles in almost all pathophysiological 
processes, such as tumor cell proliferation, 
invasion and metastasis, hypertension, diabe-
tes, atherosclerosis [19-22]. Although the func-

Figure 3. The expression of SOX6 and its regulated proteins in endometrial 
tissues. Western Blot analysis was performed to detect SOX6 and its regu-
lated proteins expression.

tion and invasion analysis,  
we found that antagomiR-202 
transfection significantly redu- 
ced the migration and invasion 
of ESC cells (P < 0.05) (Figure 
4B and 4C). Overall, these 
results suggest that miR-202 
may promote the proliferation 
and invasion of ESC cells.

SOX6 is a direct target gene of 
miR-202

To identify the target genes of 
miR-202, we predicted candi-
date targets of miR-202 by 
using bioinformatics method. 
After bioinformatic prediction, 
we selected SOX6 as our candi-
date target for further study. We 
detected the GFP intensity by 
dual luciferase assay to vali-
date whether miR-202 can 
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tions of miRNA was understood deeply, the 
roles of miRNA in endometriosis is still unclear. 
Several miRNAs such as miR-451, miR-29c, 
miR-210, miR-143/145 and miR-20a were 
reported to be associated with the endometrio-
sis [23-26]. Many miRNAs were found to pro-
mote tumor invasion and metastasis. Actually, 
the characters of invasion and metastasis also 
appear in the processes of endometriosis [27]. 
It is valuable to explore new endometriosis-
related miRNA in clinical practice. Some 
research demonstrates that there is abnormal 
expression of miR-202 in endometriosis [15]. 
But the mechanisms of how miR-202 partici-
pated in the processes are unclear.

ed the proliferation and invasion in ESC cells. 
The expression of SOX6 and p21 was up-regu-
lated and that of cyclin D1 and p-Rb was down-
regulated after the transfection of antago- 
miR-202 in ESC cells. Dual luciferase assay 
showed that miR-202 could directly target 
SOX6 gene.

In summary, we showed that miR-202 played 
important roles in the progression of endome-
triosis. The high expression of miR-202 in endo-
metriosis tissues promoted the cell prolifera-
tion and cell invasion through targeting a tran-
scription factor, SOX6. The change of SOX6 
stimulated downstream signaling proteins, 

Figure 4. MiR-202 promotes the proliferation and invasive behaviors of 
ESC cells. A. The proliferation of ESC cells was detected with MTT assay; 
Compared with NC, *P < 0.05. B. Microscope to detect the effect of an-
tagomiR-202 on the invasion of ESC cells. C. Statistical analysis of the ef-
fect of antagomiR-202 on the invasion of ESC cells. Compared with NC, *P 
< 0.05.

In this study, we found that the 
expression of miR-202 was 
higher in endometriosis tis-
sues than in normal control. 
The expression of miR-202 
was also higher in ectopic tis-
sues than in eutopic tissues, 
and higher in III/IV stages than 
in I/II stages. Bioinformatics 
prediction indicated that SOX6 
was a candidate target gene of 
miR-202. It is reported that 
the expression of SOX6 is high-
ly related to the expression of 
p21, cyclin D1 and p-Rb pro-
teins [16, 28]. So we applied 
IHC and western blot to detect 
the expression of SOX6 and its 
down-stream proteins in endo-
metrial tissues. The results 
demonstrated that the expres-
sion of SOX6 and p21 was 
lower in endometriosis tissues 
than in normal whereas 
expression of cyclin D1 and 
p-Rb was higher in endometri-
osis tissues. We hypothesize 
that miR-202 can impact the 
cell proliferation and other bio-
logical functions through tar-
geting SOX6, p21, cyclin D1, 
and p-Rb. For validating this 
hypothesis, we transfected 
antagomiR-202 into cultured 
ESC cells. Through MTT and 
transwell assay, we explored 
the proliferation and invasion 
of ESC cells. The results 
showed that miR-202 promot-



MiR-202 promotes endometriosis

17763 Int J Clin Exp Med 2015;8(10):17757-17764

such as p21, cyclin D1 and pRb. Our findings 
may have clinical value to identify miR-202 as 
the potential biomarker for the diagnosis and 
treatment of endometriosis.
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