
Abstract. – OBJECTIVE: Hypoxia may play a
role in the survival of ectopic endometrial cells.
This study aimed to explore how hypoxia re-
sponsive miR-210 is involved in cell survival and
autophagic response of endometriotic cells. 

MATERIALS AND METHODS: The expression
of hypoxia-inducible factor 1-alpha (HIF-1α) and
miR-210 in eutopic and ectopic endometrial tis-
sues were measured. The expression changes
of HIF-1α and miR-210 in ovarian endometriotic
cell line CRL-7566 after hypoxic culture were fur-
ther explored. The influence of miR-210 on cell
viability and apoptosis was quantified using
CCK-8 assay and flow cytometry analysis. The
effect of miR-210 on Bcl-2 expression and the ef-
fect of miR-210/Bcl-2 axis on autophagy in the
cells were measured by Western blot analysis.

RESULTS: Ectopic lesion had stronger HIF-1α
positive signals, as well as more HIF-1α positive
cells per visual field than the eutopic endometri-
um. MiR-210 expression was also elevated in the
ectopic lesions. In in-vitro models, CRL-7566
cells had significantly higher expression of HIF-
1α and miR-210 after hypoxic treatment. MiR-210
overexpression partly preserved cell viability in
hypoxia, while miR-210 knockdown facilitated
the loss of cell viability. In addition, miR-210 sig-
nificantly attenuated hypoxia-induced apoptosis
in CRL-7566 cells. Enforced miR-210 overex-
pression significantly promoted autophagy in
hypoxia. Knockdown of endogenous Bcl-2 sig-
nificantly enhanced autophagy, the effect of
which was similar to that of miR-210. 

CONCLUSIONS: The hypoxia-induced higher
miR-210 expression may contribute to patholog-
ical development of endometriosis at least
through enhancing cell survival and promoting
autophagy via Bcl2/Beclin-1 axis.
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Introduction

Endometriosis is a common benign gyneco-
logical disease characterized as the migration and
proliferation of endometrial cells outside of the
uterus1,2. It affects about 10% to 15% of pre-
menopausal women3-5. The pathogenesis of en-
dometriosis is likely multifactorial6-8. Some hy-
potheses have been proposed to explain the mi-
gration, implantation and survival of ectopic en-
dometrial tissue and stroma, such as retrograde
menstrual reflux9, ectopic presence of endometri-
al stem cells10 and defects in immune system11.
However, the mechanisms underlying the capaci-
ty of ectopic endometrial cells to evade the over-
all control of the apoptotic program has not been
fully revealed. 

There are emerging studies suggesting that hy-
poxia may play a role in the survival and angio-
genesis of ectopic endometrial cells8,12,13. Since
miRNAs regulate a broad spectrum of normal
and pathological cellular functions, some recent
works also reported that miRNAs may play piv-
otal roles in the pathogenesis of endometriosis in
hypoxia14,15. For example, hypoxia-induced miR-
20a increases ERK phosphorylation and expres-
sion of angiogenic genes in endometriotic stro-
mal cells16. Enforced miR-199a expression in en-
dometrial stromal cells significantly attenuated
its angiogenic potential under hypoxia17. Hypox-
ia is a well-known inducer of autophagy18. The
autophagic response may also contribute to the
cell survival and lesion maintenance of en-
dometriosis19. One recent article19 observed that
autophagy is upregulated in ovarian endometrio-
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Cell Culture
Ovarian endometriotic cell line CRL-7566

was obtained from ATCC. The cells were cul-
tured in Roswell Park Memorial Institute (RP-
MI)-1640 medium supplemented with 10%
heat-inactivated FBS in an incubator with a hu-
midified air and 5% CO2 at 37°C. For hypoxia
induction, the cells were exposed to hypoxic
environment (2% O2) in a modulator chamber
for indicating duration.

Reagent and Cell Treatment
MiR-210 mimics, inhibitors (IH), Bcl-2 siR-

NA and the corresponding scrambled negative
controls were all purchased from Ribobio
(Shanghai, China). To overexpress or inhibit
miR-210 expression in CRL-7566 cells, the
cells were transfected with 100 nM miR-210
mimics or inhibitors using Lipofectamine 2000
(Invitrogen, Carlsbad, CA, USA). To knock-
down of endogenous Bcl-2, the cells were
transfected with 100 nM Bcl-2 siRNA using
Lipofectamine 2000 (Invitrogen). 3-methylade-
nine (3-MA), an autophagy inhibitor was pur-
chased from Sigma-Aldrich (St. Louis, MO,
USA). To inhibit autophagy, CRL-7566 cells
were treated with 3-MA (5 mM) 1 hour before
hypoxia, for 24 hours.

QRT-PCR Analysis of HIF-1α and 
miR-210 Expression

Total RNA and total miRNAs from tissue or
cell samples were extracted using Trizol reagent
(Invitrogen) the miRVana miRNA Isolation Kit
(Life Technologies, Carlsbad, CA, USA) accord-
ing to manufacturer’s instruction respectively. To
quantify HIF-1α mRNA, complementary DNA
(cDNA) was synthesized using the PrimeScript
RT reagent kit (TaKaRa, Dalian, China). Then
QRT-PCR was performed by using the gene spe-
cific primers (HIF-1α, forward, 5’-ACGAGAG-
GTTCCCTAATTTCCA-3’, reverse, 5’-ATGC-
CACCAGTACATTGGGAT-3’; GAPDH, for-
ward, 5’-GGGAAGCTTGTCATCAATGG-3’,
reverse, 5’-CATCGCCCCACTTGATTTTG-3’)
and SYBR Premix Ex Taq II (TaKaRa) in an
ABI 7500 Real-Time PCR system (Applied
Biosystems, Foster City, CA, USA). To quantify
miR-210 expression, cDNA for miRNA was syn-
thesized using the Taqman MicroRNA Reverse
Transcription Kit (Ambion, Carlsbad, CA, USA).
Mature miR-210 was detected using the Taq-
Man® microRNA assay for miR-210 (Ambion)
and TaqMan® universal PCR master mix (Ap-
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sis. However, the association between hypoxia
and autophagy in the pathogenesis of en-
dometriosis is not quite clear. 

MiR-210 is a hypoxia responsive miRNA in
multiple types of cancer, such as colon cancer20,
prostate cancer21 and renal cancer22 and also
contributes to pathogenesis of endometriosis
through activation of signal transducer and acti-
vator of transcription 323. In this study, we ex-
plored the association between hypoxia-in-
ducible factor 1-alpha (HIF-1α) and miR-210 in
eutopic and ectopic endometrial tissues and fur-
ther studied the involvement of miR-210 in cell
survival and autophagy of endometriotic cells in
hypoxia. 

Materials and Methods

Human Tissues Samples 
This study was approved by the Ethics Com-

mittee of Binzhou Medical University and the
patients of reproductive age (range 30-46 years)
were recruited from the Hospital Affiliated to the
University. Informed consent was obtained from
the patients before tissue collection. Ectopic en-
dometrial tissues were obtained from 10 patients
with ovarian endometriosis who underwent pri-
mary surgical laparoscopy. Eutopic endometrial
tissues were obtained from 10 sterile women
with normal menstrual cycle whose infertility
was due to tubal factor. Endometriosis was ex-
cluded by laparoscopy. All tissues samples were
histologically confirmed by pathologists.

Immunohistochemical Staining 
Tissues were prepared according to the meth-

ods introduced in one previous study24. The tis-
sues sections were incubated with primary anti-
bodies to HIF-1α (ab82832, 1:100, Abcam,
Cambridge, MA, USA) at 4°C mins in a humidi-
fied chamber overnight. Then the slides were in-
cubated with biotinylated anti-rabbit secondary
antibody for 30 minutes and then washed with
phosphate buffered saline (PBS) for 5 mins. Af-
ter that, the slides were incubated in streptavidin-
horseradish peroxidase (HRP) solution for anoth-
er 30 minutes. The HRP activity was detected us-
ing DAB as substrate. Counterstaining was per-
formed using Harris hematoxylin. Negative con-
trols were performed by incubation in PBS with-
out the presence of primary antibody. Then, the
slides were examined under a transmission light
microscope. 
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Results 

HIF-1α is Overexpressed in Ectopic 
Tissues and is Significantly Correlated
with miR-210 Expression

Firstly, we detected the distribution and quan-
tified the number of cells with positive HIF-1α
protein by immunohistochemistry in eutopic en-
dometrium and ectopic lesion of ovarian en-
dometriosis. The results showed that the HIF-1α
mainly distributed in the glandular component in
eutopic endometrium (Figure 1A). However, in
the ectopic lesions, HIF-1α positive staining was
observed in both glandular component and stro-
mal cells (Figure 1A). In addition, ectopic lesion
had stronger HIF-1α positive signals, as well as
more HIF-1α positive cells per visual field than
eutopic endometrium (89 ± 9 vs. 24 ± 6) (Figure
1A-B). By performing qRT-PCR analysis based
on tissues of ectopic lesions and eutopic en-
dometrium, we also confirmed substantially in-
creased HIF-1α mRNA in the ectopic lesions
(Figure 1C). Previous studies reported that miR-
210 is a hypoxia responsive miRNA22 and might
be involved in the pathological development of
endometriosis23. Therefore, we decided to inves-
tigate its function in endometriosis. We con-
firmed that the expression of miR-210 was sig-
nificantly higher in the ectopic lesions than in the
eutopic endometrium (Figure 1D). In in-vitro
models, the ovarian endometriotic cell line CRL-
7566 had significantly higher expression of HIF-
1α expression at both mRNA and protein level
after hypoxic treatment (Figure 1D-E). Besides,
miR-210 expression was also increased after hy-
poxia treatment (Figure 1F). 

MiR-210 Increases Cell Viability and
Reduces Cell Apoptosis of Endometriotic
Cells in Hypoxia

Since miR-210 is a hypoxia responsive miR-
NA in endometriosis, we then investigated its
functions in hypoxia. CRL-7566 cells were first-
ly transfected with miR-210 mimics (Figure 2A)
or inhibitors (Figure 2C). By measuring cell via-
bility of the cells with miR-210 overexpression
or knockdown in hypoxia up to 48 hours, we ob-
served that miR-210 overexpression partly pre-
served cell viability in hypoxia (Figure 2B),
while miR-210 knockdown facilitated the loss of
cell viability (Figure 2D). Spontaneous apoptosis
is a natural cellular response under hypoxia18.
Then, we studied the function of miR-210 in cell
apoptosis. Flow cytometry analysis showed that

plied Biosystems) in an ABI 7500 Real-Time
PCR system (Applied Biosystems). The relative
amounts of mRNA and miRNA were calculated
using the 2-ΔΔCt methods.

Western Blot Analysis of HIF-1α and 
Autophagy Related Proteins

Tissue or cell samples were firstly lysed us-
ing a lysis buffer (Beyotime, Shanghai, China).
For the samples used for autophagy detection,
proteinase and phosphatase inhibitor cocktails
(Sigma-Aldrich, St. Louis, MO, USA) was
added. Then, the protein concentration was
quantified using a BCA protein assay kit (Bey-
otime). The samples were separated on 10%
SDS-PAGE gel and then transferred to PVDF
membranes. The membranes were then blocked
in 5% nonfat milk in TBST at room tempera-
ture for 1 hour and then incubated with anti-
HIF-1α (1:1000, #3716, Cell Signaling, Dan-
vers, MA, USA), anti-LC3B (1:3000, ab51520,
Abcam), anti-active caspase-3 (1:1000, ab2302,
Abcam) or anti-GAPDH (1:1000, Abcam,
ab181602) overnight at 4°C. After three con-
secutive washing using TBST, the membranes
were incubated with HRP conjugated sec-
ondary antibodies for another 1 hour at room
temperature. Then the proteins were visualized
using the ECL Western blotting substrate
(Promega, Madison, WI, USA). The signal in-
tensity was quantified using ImageQuant 5.2
(GE Healthcare, Piscataway, NJ, USA). The
relative gray-scale value of HIF-1α versus
GAPDH in normoxia group was set as 1.

Analysis of Cell Viability and 
Cell Apoptosis 

Viability of the cells after indicating treatment
was measured using the Cell Counting Kit-8
(CCK-8; CK04, Dojindo, Kumamoto, Japan) in
combination with a spectrophotometer. The ratio
of apoptotic cells with quantified using the An-
nexin V-FITC Apoptosis Detection Kit (V13241,
Invitrogen) with a FACSCalibur flow cytometer
(BD Biosciences, Franklin Lakes, NJ, USA).

Statistical Analysis 
Data were reported as means ± standard devia-

tion (SD). Comparison between groups was per-
formed using Student’s t-test with SPSS 18.0 soft-
ware (SPSS, Chicago, IL, USA). p value of < 0.05
was considered as statistically significant.
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Figure 1. HIF-1α is overexpressed in ectopic tissues and is significantly correlated with miR-210 expression. A, Expression
of HIF-1α was examined by immunohistochemical (IHC) staining in eutopic tissues of tubal infertility and ectopic tissues of
patients with endometriosis. B, Quantification of the HIF-1α positive cells per visual field. C and D, QRT-PCR analysis of
HIF-1α (C) and miR-210 expression (D) in eutopic and ectopic endometrial tissues. E and F, QRT-PCR (E) and Western blot
(F) analysis of HIF-1α expression in CRL-7566 cells in hypoxic culture at indicating time points. G, QRT-PCR analysis of
miR-210 expression in CRL-7566 cells in hypoxic culture at indicating time points. *p < 0.05, **p < 0.01, ***p < 0.001.

Figure 2. MiR-210 increases cell viability and reduces cell apoptosis of endometriotic cells in hypoxia. A and C, QRT-PCR
analysis of miR-210 expression in CRL-7566 cells transfected with miR-210 mimics (A) or miR-210 inhibitor (IH) (C). B and
D, CCK-8 assay of cell viability of CRL-7566 cells in normoxic and the cells with miR-210 overexpression (B) or knockdown
(D) in hypoxic culture up to 48 hours. E, Flow cytometry analysis of apoptotic CRL-7566 cells with indicating treatments 24
hours after normoxic or hypoxic culture. F, Western blot analysis was further performed to detect active caspase-3 in the cells
24 hours after normoxic or hypoxic culture. G and H, Quantification of apoptotic cells (G) and relative expression of caspase-
3 (H) showed in figure E and F. H: hypoxia; N: normoxia. *p < 0.05, **p < 0.01, ***p < 0.001.



miR-210 significantly attenuated hypoxia-in-
duced apoptosis in CRL-7566 cells, while miR-
210 inhibitor enhanced the apoptosis (Figure 2E
and G). Following Western blot analysis also
confirmed that miR-210 significantly attenuated
hypoxia-induced activation of caspase-3, while
miR-210 inhibitor enhanced the activation (Fig-
ure 2F and H). These results suggest that miR-
210 increased cell viability and reduced cell
apoptosis of endometriotic cells in hypoxia. 

MiR-210 Enhances Autophagy of
Endometriotic Cells in hypoxia at 
Least Partly Through Bcl-2

Autophagy usually acts as a natural pro-sur-
vival mechanism of cells in hypoxia25. A recent
study19 suggest that autophagy is upregulated in
ovarian endometriosis and acts as an integral part
of endometriosis pathogenesis. Therefore, we
studied how miR-210 modulates autophagy of
endometriotic cells in hypoxia. By measuring

LC3I/II and p62 expression, we confirmed that
hypoxia-induced significantly higher level of au-
tophagy in CRL-7566 cells (Figure 3A). En-
forced miR-210 overexpression significantly pro-
moted autophagy in hypoxia, which was reflect-
ed by increased LC3II and reduced p62 (Figure
3A). In contrast, miR-210 inhibition resulted in
reduced autophagy in hypoxia (Figure 3A). 

One recent study26 reported that miR-210 can
directly bind to Bcl-2 and modulate hypoxia-in-
duced apoptosis of neuroblastoma cells. In fact,
besides the role in cell apoptosis, previous stud-
ies20 also reported that Bcl-2 is involved in regu-
lation of autophagy. Considering the verified role
of miR-210 in autophagy of endometriotic cells
in hypoxia, we further explored how miR-
210/Bcl-2 axis involved in the regulation. CRL-
7566 cells were firstly transfected with miR-210
mimics or Bcl-2 si-RNA (Figure 3B). Under hy-
poxic culture, knockdown of endogenous Bcl-2
significantly enhanced autophagy, the effect of
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Figure 3. MiR-210 enhances autophagy of endometriotic cells in hypoxia at least partly through BCL-2. A, Western blot
analysis of LC3-I/II and p62 expression in CRL-7566 cells in normoxia or in CRL-7566 cells with miR-210 overexpression or
knockdown after 24 hours of hypoxic culture. B, Western blot analysis of Bcl-2 expression in CRL-7566 cells after 48 hours
after transfection of miR-210 mimics or Bcl-2 siRNA. C, Western blot analysis of LC3-I/II and p62 expression in CRL-7566
cells with miR-210 overexpression or Bcl-2 knockdown 24 hours after hypoxic culture. H: hypoxia; N: normoxia. *p < 0.05,
**p < 0.01, ***p < 0.001.



404

which was similar to that of miR-210 (Figure
3C). These results suggest that miR-210 en-
hanced autophagy of endometriotic cells in hy-
poxia at least partly through inhibiting Bcl-2.

Discussion

Although the etiology of endometriosis has
not been fully revealed, there are emerging evi-
dence showing that dysregulated of miRNA may
play a role in the pathological processes14,15. A
series of previous studies16,24,27 reported that HIF-
1±, the master transcription factor in response to
hypoxia, is significantly increased in ectopic en-
dometriotic tissue. HIF-1α can facilitate gene
transcription through binding to the hypoxia re-
sponse element (HRE) in the promoter regions of
some genes. Through this mechanism, HIF-1α
can modulate expression of multiple genes and
therefore affect their downstream regulations.
Previous studies reported that HIF-1α can bind
to the promoter region of miRNAs, thereby en-
hancing their transcription. For example, the ele-
vated HIF-1α expression in ectopic endometriot-
ic tissue induces significantly higher miR-20a
expression, which help maintenance of ectopic
endometriotic lesions through enhancing dual-
specificity phosphatase-2 controlled angiogene-
sis under the hypoxic environment16,27.

MiR-210 has been reported as a hypoxia re-
sponsive miRNA in multiple types of cancer and
can modulate their radiosensitivity20,28,29. In renal
tumor, miR-210 is a target of HIF-1 and 222. In
this study, we confirmed that elevated HIF-1α
expression in ectopic endometriotic tissue is as-
sociated with increased miR-210 expression. In
in-vitro model based on ovarian endometriotic
cell line, we also observed hypoxic culture in-
creased HIF-1α and miR-210. In endometriotic
cyst stromal cells, miR-210 transfection resulted
in increased cell proliferation, higher expression
of vascular endothelial cell growth factor
(VEGF) and reduced cell apoptosis via STAT3
activation23. Therefore, miR-210 overexpression
is involved in the pathogenesis of endometriosis-
specific cellular dysfunctions through epigenetic
mechanisms23. By performing CCK-8 assay and
flow cytometry analysis of apoptosis, we ob-
served that miR-210 enhanced cell viability and
reduced cell apoptosis under hypoxia. 

Autophagy acts as a spontaneous pro-survival
mechanism of cells in hypoxia25. Through de-
grading cytoplasmic organelles and macromole-

cules, the basic components resulting from lyso-
somal digestion are then reutilized for anabolic
metabolism25. This process plays a critical role in
maintaining cellular homeostasis in both normal
conditions or to overcome stress-induced condi-
tions25. One recent study19 reported that the au-
tophagic response may also contribute to the cell
survival and lesion maintenance of endometrio-
sis. In addition, upregulated autophagy was also
observed in ovarian endometriosis19. In this
study, we observed that in endometriotic cells,
miR-210 can promote autophagy in hypoxia.
Therefore, miR-210 mediated autophagy may
contribute to enhanced survival of endometriotic
cells in hypoxia. Then, we performed prelimi-
nary studies to investigate the downstream regu-
lator involved. Bcl-2, an anti-apoptotic protein, is
a verified target of miR-210 in multiple can-
cers20,26. Previous study30 found that Bcl-2 can
suppress autophagy through binding to Beclin-1.
Therefore, Bcl-2 may also act as an anti-au-
tophagy protein via its inhibitory interaction with
Beclin 130. In this study, we found that miR-210
significantly inhibited Bcl-2 expression in en-
dometriotic cells. In addition, Bcl-2 knockdown
presents similar effect as miR-210 in promoting
autophagy of endometriotic cells in hypoxia.
This finding is consistent with one recent study19,
which reported that Bcl-2 was significantly
downregulated in ectopic endometrial tissues
compared with eutopic endometrial tissues.
Therefore, it is conceivable that decreased ex-
pression of Bcl-2 due to elevated miR-210 in hy-
poxia disengage Beclin-1 to sustain the au-
tophagic process of endometriotic cells. 

Conclusions 

The hypoxia-induced higher miR-210 expression
may contribute to pathological development of en-
dometriosis at least through enhancing cell survival
and promoting autophagy via Bcl2/Beclin-1 axis. 
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