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miR-210, a modulator of hypoxia-induced  
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Abstract: miR-210 has been found consistently induced by hypoxia and implicated in cancer progression. Despite 
widespread exploration on miR-210 function, little is known about its action on invasion and metastasis of ovarian 
cancer. In this study, miR-210 was induced by hypoxia in SKOV3 ovarian cancer cells and then suppressed with 
its specific inhibitor. Repression of miR-210 in hypoxic cells led to upregulation of E-cadherin, downregulation of 
vimentin and Snail, and attenuation of wound healing capability. On the other hand, miR-210 was overexpressed in 
normoxic SKOV3 cells, which resulted in decrease of E-cadherin, increase of vimentin and Snail, and facilitation of 
wound healing capability. These results revealed that miR-210 promoted ovarian cancer cell mobility by acting as 
a modulator of epithelial-mesenchymal transition (EMT), highlighting the importance of miR-210 in ovarian cancer 
progression.
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Introduction

Ovarian cancer is the most lethal gynaecologic 
tumor [1]. The poor prognosis of patients with 
ovarian cancer closely relates to cancer cell 
invasion and metastasis that are profoundly 
affected by tumor microenvironment. Hypoxia 
is one of the critical contributors to the tumor 
microenvironment [2]. Hypoxia functions main-
ly by stabilizing the oxygen-sensitive α-subunit 
of hypoxia inducible factor (HIF) which heterodi-
merizes with the constitutively expressed 
β-subunit and gives rise to the transcription 
factor HIF. HIF then transcriptionally activates a 
complex set of intracellular molecules to pre-
pare cell metabolism and processes for adap-
tation to hypoxia condition. 

A wide array of protein-coding genes have been 
demonstrated as HIF-modulated molecules [3]. 
Besides, non-coding microRNA (miR) emerges 
as a new class of hypoxia-responsive element 
[4, 5]. Among the hypoxic miRs, miR-210 cap-
tures a great deal of attention since it is consis-
tently induced in a variety of tumor cells under 
hypoxic conditions [6].

In response to hypoxia, miR-210 is upregulated 
in epithelial ovarian cancer specimens as well 
as cell lines [7]. Of note, higher level of miR-210 
exists in ovarian cancer cells in the malignant 
effusions compared to their counterparts in pri-
mary tumor tissues [8], documenting its poten-
tial participation in the metastatic dissemina-
tion. However, the exact role that miR-210 plays 
and the mechanisms that miR-210 functions by 
in ovarian cancer metastasis remain largely 
undefined, although its biological functions 
have been linked to DNA repair [9], cell cycle 
regulation [10], apoptosis, stem cell survival 
[11], angiogenesis [12] and so on.

Epithelial-mesenchymal transition (EMT) is a 
crucial mechanism hijacked by hypoxic cancer 
cells for metastasis [13, 14]. The term EMT has 
been coined to define the conversion process 
of epithelial cells into migratory and invasive 
fibroblastoid cells, mostly characterized by loss 
of epithelial cell properties, acquisition of mes-
enchymal cell phenotypes, and enhancement 
of cell migration and invasion. E-cadherin is a 
classic epithelial cell marker and is the most 
studied target of EMT inducers [15]. Loss of 
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E-cadherin during EMT process is typically con-
nected with the action of certain transcription 
repressors including Snail, Slug and Twist that 
inhibit transcription of E-cadherin gene [16]. In 
tumor cells that reside in hypoxic niche, HIF 
encourages these EMT-inducing transcription 
factors to repress E-cadherin and trigger EMT 
[13, 17]. Since hypoxia is a significant EMT ini-
tiator and miR-210 is a master hypoxia-trans-
ducer, it is of interest to investigate the rele-
vance of miR-210 to hypoxia-triggered EMT 
process in cancer cells. 

In this study, we found miR-210 modulated 
hypoxia-induced EMT process by showing that 
suppression of hypoxia-upregulated miR-210 
could reverse hypoxia-induced EMT process, 
while forced expression of miR-210 could 
induce EMT in ovarian cancer cells. These 
results highlighted the regulatory role of miR-
210 in ovarian cancer progression. 

Material and methods

Cell lines and culture

The human ovarian cancer cell line SKOV3 was 
obtained from the Shanghai Cell Bank of 
Chinese Academy of Sciences (Shanghai, 
China).Cells were grown in RPMI 1640 supple-
mented with 10% newborn bovine serum 
(GIBCO, Grand Island, NY, USA) under normoxic 
conditions (21% O2, 5% CO2, 37°C) for 24h prior 
to further treatment. For hypoxia induction, 
cells were incubated in 1% O2, 5% CO2, 94% N2, 
at 37°C in a HF100 hypoxia chamber (Heal 
Force, Hong Kong, China) for another 48 h.

miR mimic or inhibitor transfection

miR mimic and inhibitor were designed by Ribo-
Bio Co. Ltd. (Guangzhou, China). Both miR 
mimic and inhibitor were resuspended in nucle-
ase-free water (20 μM). Transfection of mimic 

or inhibitor specific for miR-210, or a negative 
control was performed with X-tremeGENE 
siRNA transfection reagent (Roche, Indiana- 
polis, IN, USA) following the manufacturer’s pro-
tocol. Briefly, the cells were seeded in 6-well 
plates at 40% confluence one day before trans-
fection. 5 μl of transfection reagent and a final 
concentration of 50 nM of mimic or 100 nM of 
inhibitor were used for each transfection. 

RNA isolation and reverse transcription

Total RNA was extracted from cultured cells 
using TRIzol reagent (Invitrogen, Carlsbad, CA, 
USA) according to the manufacturer’s instruc-
tions. Quality and concentration of total RNA 
were assessed on a UV spectrophotometer 
(BioRad Inc., Hercules, CA, USA) by 260/280 
nm absorbance ratio and the 260 nm absor-
bance, respectively. Total RNA was reverse-
transcribed using RevertAid first strand cDNA 
synthesis Kit (Thermo Fisher Scientific Inc., 
Waltham, MA, USA) according to the manufac-
turer’s instructions: 2 μg of RNA was mixed with 
1 μl of random hexamer primer or stem-loop 
reverse transcription primers for miR-210 and 
U6 in a total volume of 12 μl, and incubated at 
65℃ for 5 minutes followed by chilled on ice, 
then mixed with 4 μl of 5 × reaction buffer, 2 μl 
of dNTP mixture, 1 μl of RNase Inhibitor, and 1 
μl of M-MuLV reverse transcriptase in a final 
volume of 20 μl. The reactions were performed 
at 25°C for 5 min, followed by 42°C for 60 min 
and 70°C for 5 min. The cDNAs were stored at 
-80°C for later use.

Real-time PCR

Quantitative real-time RT-PCR was performed 
on a CFX-96 real-time PCR system (Bio Rad, 
Hercules, CA, USA) using SYBR Green Master 
Mix (Takara Biotechnology Co. Ltd., Dalian, 

Figure 1. miR-210 inhibitor blocked hypoxia-induced EMT in SKOV3 ovarian cancer cells. A. miR-210 level in SKOV3 
cells exposed to 21% O2 (normoxia), 1% O2 (hypoxia) or 1% O2 plus miR-210 inhibitor, respectively, was analyzed 
using real-time RT-PCR assay. Compared with normoxic cells, miR-210 level was significantly increased in hypoxic 
cells. Transfection of miR-210 inhibitor into hypoxic cells substantially reduced hypoxia-induced miR-210. B. mRNA 
level of E-cadherin and vimentin in cells cultured for 48h under normoxia, hypoxia or hypoxia plus miR-210 inhibi-
tor, respectively, were monitored by real-time RT-PCR. Hypoxia-induced E-cadherin decrease and vimentin increase 
were effectively reversed by miR-210 inhibitor. C. Protein levels of E-cadherin and vimentin in cells exposed to 
normoxia, hypoxia and hypoxia plus miR-210 inhibitor were examined by western blot, using β-actin as a loading 
control. Hypoxia decreased E-cadherin protein and increased vimentin protein, which was reversed by miR-210 
inhibitor co-treatment. D. Cell mobility was detected by wound healing assay. Cells were incubated under normoxic 
condition for 24 h followed by being scratched and exposed to normoxia, hypoxia or hypoxia plus miR-210 inhibitor 
for indicated period, respectively. The closure of the scratch was monitored and photographed (100 ×). All of the 
treatments in this figure were carried out in triplicate, and the results were displayed as the means ± SD. *P < 0.05, 
**P < 0.01, t-test.
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China). For normalization of miR-210, snRNA 
U6 was used. For normalization of E-cadherin, 
vimentin, Snail. Slug. Twist1 and Twist2, the 
gene β-actin was used. The 25 μl PCR reaction 
mixture included 12.5 μl of 2 × SYBR Premix Ex 
Taq, 1 μl of each primer (10 μM), and 1 μl of 
cDNA. The reactions were incubated at 95°C 
for 30 sec, followed by 40 cycles of 95°C, 5 sec 
and 60°C, 30 sec. Each measurement was per-
formed in triplicate, and no-template controls 
were included for each assay. After PCR, a dis-
sociation curve analysis was done. The relative 
quantity of gene expression was automatically 
calculated using the 2-ΔΔCt method. Primers for 
miR-210 and U6 were designed and synthe-
sized by Ribo-Bio Co. Ltd. (Guangzhou, China). 
Oligonucleotide primers were designed and 
synthesized by Shanghai Shenggong Biote- 
chnological Ltd. (Shanghai, China). The follow-
ing primer sequences were used: E-cadherin-
forward, 5’-GCTGCTCTTGCTGTTTCTTCG-3’; E- 
cadherin-reverse, 5’-CCGCCTCCTTCTTCATCAT- 
AG-3’; vimentin-forward, 5’-AAGTTTGCTGACC- 
TCTCTGAGGCT-3’; vimentin-reverse, 5’-CTTC- 
CATTTCACGCATCTGGCGTT-3’; Snail-forward, 5’- 
TCCAGAGTTTACCTTCCAGCA-3’; Snail-reverse, 
5’-CTTTCCCACTGTCCTCATCTG-3’; Slug-forward, 
5’-CTACAGCGAACTGGACACACA-3’; Slug-rever- 
se, 5’-GCCCCAAAGATGAGGAGTATC-3’; Twist1-
forward, 5’-GTCCGCAGTCTTACGAGGAG-3’; Tw- 
ist1-reverse, 5’-GTCTGAATCTTGCTCAGCTTGT-3’; 
Twist2-forward, 5’-ACAAGCTGAGCAAGATCCAG- 
AC-3’; Twist2-reverse, 5’-GCTGGTCATCTTATT- 
GTCCATC-3’; β-actin-forward, 5’-TCCCTGGAG- 
AAGAGCTACGA-3’; β-actin-reverse, 5’-AGCAC- 
TGTGTTGGCGTACAG-3’.

Western blot

Total protein was isolated from cells in RIPA 
lysis buffer on ice. Protein concentration was 
quantified using Bradford Protein Assay kit 
(Bio-Rad, Hercules, CA, USA). Proteins were 
boiled before being separated by electrophore-
sis on SDS-PAGE gels and transferred onto 

nitrocellulose membranes (Pall Life Science, 
NY, USA). The membranes were blocked with 
5% non-fat milk at room temperature for 1 h, 
probed overnight for E-cadherin, vimentin, 
Snail,and β-actin (Cell Signaling Technology, 
Beverly, MA, USA). Horse radish peroxidase 
(HRP) conjugated goat anti-rabbit immunoglob-
ulin (IgG) (Pierce, Rockford, IL, USA) was used 
to detect E-cadherin, vimentin and Snail. A goat 
anti-mouse IgG secondary antibody (Pierce, 
Rockford, IL, USA) conjugated with HRP was 
used to detect β-actin. Immunodetection was 
performed using ECL reagent (Santa Cruz 
Biotechnology, Santa Cruz, CA, USA). The pro-
tein amounts were semi-quantitatively quanti-
fied by analyzing blot intensity with BandScan 
software using β-actin as loading control.

Wound healing assay

When cells reached 90% confluence in 6-well 
plates, wounds were generated by scratching 
the monolayers with a 200 μl pipette tip. Cells 
were washed to remove the detached cells and 
then maintained in media without serum. The 
wounded areas were photographed after incu-
bation for an indicated period.

Statistical analysis

Statistical differences were determined by two-
tailed t-test. All statistical analyses were per-
formed using SPSS software (Chicago, IL, USA). 
Differences were considered significant (*) at P 
< 0.05 and highly significant (**) at P < 0.01 for 
all comparison. 

Results

Repression of miR-210 blocked hypoxia-driven 
EMT

As shown by real-time PCR results, miR-210 
was expressed at rather low level in normoxi-
cally cultured SKOV3 cells. Compared with nor-

Figure 2. miR-210 mimic induced EMT in SKOV3 ovarian cancer cells. A. miR-210 level in SKOV3 cells transfected 
with miR-210 mimic or negative control, respectively, was analyzed using real-time RT-PCR assay. Compared with 
negative control cells, miR-210 level was significantly increased in cells transfected with miR-210 mimic. B. mRNA 
level of E-cadherin and vimentin in cells transfected with miR-210 mimic or negative control, respectively, was moni-
tored by real-time RT-PCR. Compared with negative control cells, E-cadherin decreased and vimentin increased in 
cells transfected with miR-210 mimic. C. E-cadherin and vimentin protein levels in cells transfected with miR-210 
mimic or negative control were examined by western blot. E-cadherin protein was decreased and vimentin protein 
was increased when miR-210 was overexpressed. D. Cell mobility was detected by wound healing assay. miR-210 
mimic promoted the closure of the scratch. The photographs were captured using a phase contrast microscopy (100 
×). All of the treatments in this figure were carried out in triplicate, and the results were displayed as the means ± 
SD. *P < 0.05, **P < 0.01, t-test.
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Figure 3. Effect of miR-210 on Snail expression. A. SKOV3 cells were cultured in normal condition for 24 h, and then maintained in normoxia, hypoxia or hypoxia 
plus miR-210 inhibitor for another 48 h. Snail, Slug, Twist1 and Twist2 mRNA was determined by real time RT-PCR with β-actin as an inner control, and standard-
ized against the level present in normoxically cultured cells. Snail and slug were increased at mRNA level in SKOV3 cells after hypoxia stimulation. Transfection 
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moxic cells, miR-210 level was significantly 
increased in cells exposed to 1% O2 (P < 0.01, 
t-test). Meanwhile, the epithelial marker E- 
cadherin was significantly down-regulated and 
the mesenchymal marker vimentin was up-reg-
ulated in hypoxic cells, as revealed by real-time 
PCR and western blot analysis. 

To examine the role that miR-210 plays in 
hypoxia-driven EMT process, miR-210 was 
induced by hypoxia and then inhibited by spe-
cific inhibitor. Repression of miR-210 with its 
specific inhibitor decreased hypoxia-induced 
miR-210 expression (Figure 1A). Hypoxia trig-
gered E-cadherin reduction and vimentin eleva-
tion in SKOV3 cells, which were reversed by 
treatment of miR-210 inhibitor (Figure 1B and 
1C). In parallel, hypoxia-induced enhancement 
of wound healing capability was impeded by 
simultaneous miR-210 inhibitor treatment in a 
time-dependent manner (Figure 1D).

Over-expression of miR-210 induced EMT

To verify the effect of miR-210 on EMT, miR-210 
mimic was transfected into normoxic SKOV3 
cells. Compared with control cells, more than 
106-fold increase of miR-210 expression was 
observed in cells transfected with miR-210 
mimic (Figure 2A). With the overexpression of 
miR-210, E-cadherin was substantially dimin-
ished at both mRNA and protein level, while 
vimentin was aggrandized (Figure 2B). Sim- 
ultaneously, accelerated wound healing ability 
was observed over 72 h of miR-210 mimic 
transfection (Figure 2C).

miR-210 modulated EMT by regulating Snail 
expression

To examine the mechanism of miR-210 in 
downregulating E-cadherin, transcription re- 
pressors of E-cadherin were detected both in 
miR-210-suppressed hypoxic SKOV3 cells and 
miR-210-overexpressed normoxic SKOV3 cells. 
mRNA level of Snail, Slug, Twist1 and Twist2 
was increased under hypoxia condition, but 

only Snail mRNA was slightly decreased by miR-
210 inhibitor in hypoxic cells (Figure 3A). 
Additionally, 1.8-fold increase of Snail mRNA 
level was observed in normoxic cells transfect-
ed with miR-210 mimic, while other transcrip-
tional repressors of E-cadherin including Slug, 
Twist1 and Twist2 showed insignificant change 
(Figure 3B). Consistently, Snail protein level 
was elevated in hypoxic cells, which was 
opposed by miR-210 inhibitor (Figure 3C). And 
overexpression of miR-210 increased Snail pro-
tein in normoxic cells (Figure 3D). 

Discussion

miR-210 is upregulated in multiple tumors and 
associated with poor patients prognosis [18-
20]. However, inconsistency exists about tran-
script level of mature miR-210 in clinical ovari-
an cancer tissues. miR-210 has been reported 
diminished resulting from gene copy number 
loss in more than 50% of ovarian cancer tis-
sues [21]. Contrarily, Li et al found miR-210 was 
upregulated in epithelial ovarian cancer speci-
mens [7]. Nevertheless, elevated level of miR-
210 existed in effusion-derived ovarian cancer 
cells compared to their counterparts in primary 
tumor tissues [8], suggesting its potential role 
in ovarian cancer metastasis. In view of the 
inconsistency, laboratory evidence is needed to 
define the exact role that miR-210 plays in ovar-
ian cancer metastasis.

Little focus has been placed on the regulatory 
action of miR-210 on cancer cell invasion and 
metastasis until recently its mediation of hy- 
poxia-induced hepatocellular carcinoma cell 
metastasis by direct downregulation of vacuole 
membrane protein 1 (VMP1) has been found 
[22]. The result has been later verified in 
colorectal cancer that miR-210 contributes to 
cell migration and invasion by directly inhibiting 
VMP1 [23]. These findings added a previously 
unexplored dimension to miR-210’s circle of 
influence on cancer cell biology, highlighting 
the detailed mechanism worth further inves- 
tigation. 

of miR-210 inhibitor abrogated Snail upregulation caused by hypoxia. B. Real time RT-PCR showed Snail and Slug 
were increased at mRNA level in SKOV3 cells after miR-210 mimic transfection. C. Cell extracts were subjected 
to immunoblot analysis to detect Snail protein level, and β-actin was used as a loading control. Snail protein was 
increased in hypoxic cells, while miR-210 inhibitor decreased hypoxia-induced Snail expression. D. After miR-210 
mimic transfection, protein level of Snail was examined by western blot with β-actin as an inner control, and stan-
dardized against the level present in negative control cells. Snail expression was increased in SKOV3 cells after miR-
210 mimic transfection. All of the treatments in this figure were carried out in triplicate, and values are presented 
as the means ± SD of three experiments. *P < 0.05, **P < 0.01, for t-test.
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miR-210 is proposed as a master hypoxia sen-
sor. As a crucial feature of tumor microenviron-
ment, hypoxia sustains cancer progression and 
aids cancer metastasis by modulating different 
processes among which EMT is the one receiv-
ing intensive inquiry and wide acceptance. We 
therefore investigate the possibility of miR-210 
as a transducer in hypoxia-triggered EMT pro-
cess in ovarian cancer cells. Our results showed 
that miR-210 mediated hypoxia-induced EMT 
by promoting Snail expression to inhibit E- 
cadherin transcription. Moreover, miR-210 
itself could induce EMT under normoxic condi-
tion, indicating the involvement of miR-210 in 
migration and invasion of ovarian cancer cells. 
In parallel with these results, hypoxia-induced 
miR-210 was able to convert fibroblasts into 
cancer associated fibroblast-like cells and pro-
mote prostate cancer cells EMT [24]. Add- 
itionally, miR-210 was found to result in an 
increase in transcriptional activity of HIF, sug-
gesting a positive feedback may exist between 
miR-210 and HIF that reciprocally modulates 
miR-210 release [25] and thus sustains miR-
210 function under hypoxia. These results 
underscored the mechanistic complexity and 
multiplicity of miR-210 in the context of can- 
cer.

The present study provides a better insight into 
the mechanisms underlying the role that miR-
210 plays in ovarian cancer progression. It is 
necessary to determine whether miR-210 dir- 
ectly targets Snail or other molecules to modu-
late EMT. Further functional analysis of miR-
210 and identification its target molecules in 
EMT are essential to understand the adaptive 
mechanism triggered by miR-210, and may ulti-
mately yield information on novel prognostic 
markers or targets for treatment.
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