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HIF-2o knockdown inhibits proliferation, arrests the cell cycle, and promotes apoptosis and autophagy under
hypoxic conditions in cervical cancer. However, the upstream regulatory mechanism of HIF-2o. expression is
unclear. MicroRNAs (miRNAs) degrade target mRNAs by binding to the 3’-untranslated region of mRNAs. In
this study, we investigated the role of miRNAs in the regulation of HIF-2a expression in cervical cancer under
hypoxic conditions. miRNAs regulating HIF-2c. expression were predicted using TargetScan and miRanda
and were determined in cervical cancer under hypoxic conditions by qRT-PCR. Additionally, the targeted
regulation of HIF-2or by miR-519d-3p was evaluated by Western blot and luciferase reporter assays. Effects
of miR-519d-3p and HIF-2a on cell proliferation, cell cycle, and apoptosis were analyzed by CCK-8 and
flow cytometry assays, respectively. miR-106a-5p, miR-17-5p, miR-519d-3p, miR-526b-3p, and miR-20b-5p
are potentially regulatory miRNAs that bound to the HIF-2o 3’-untranslated region as per TargetScan and
miRanda predictions. Expression of the five miRNAs was inhibited in HeLa cells under hypoxic conditions
compared to normoxic conditions, and the expression of miR-519d-3p was lower than that of other miRNAs.
Luciferase reporter assays showed that HIF-2o. was a target of miR-519d-3p. Additionally, miR-519d-3p over-
expression inhibited cell proliferation, arrested the cell cycle transition from the G, stage to the S stage, and
promoted cell apoptosis under hypoxic conditions in cervical cancer. HIF-20. overexpression partially reversed
the effect of miR-519d-3p. In conclusion, miR-519d-3p overexpression suppressed proliferation, inhibited the

cell cycle, and promoted apoptosis of HeLa cells by targeting HIF-20. under hypoxic conditions.
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INTRODUCTION

Cervical cancer is the second most commonly diag-
nosed cancer and third leading cause of mortality with an
estimated 527,600 new cervical cancer cases and 265,700
mortalities worldwide in 2012'. Although most patients
can be cured with treatments involving surgery and radio-
therapy, other patients show recurrence, leading to death.
Therefore, studies of the mechanism of the development
of cervical cancer contribute to the discovery of novel
targets. Hypoxia, a reduction in tissue oxygen tension due
to inadequate oxygen supply, is a common phenomenon
that occurs in most solid tumors in humans’. The pres-
ence of hypoxia is associated with aggressive tumor pro-
gression, resistance to chemotherapy and radiation, and
poor prognosis™*.

Hypoxia-inducible factor (HIF) is one of the principal
response factors under hypoxic conditions. It is a heterodi-
meric basic helix-loop-helix PAS domain-containing
transcription factor that consists of a constitutively
expressed B-subunit (HIF-B/ARNT) and one of the three
oxygen-regulated o-subunits (HIF-10, HIF-20, and HIF-
3a)’. HIF-20: is highly related to HIF-1o, but HIF-2o
can activate different target genes such as Cited-2, EPO,
and PAI-1 compared with HIF-10*’. In our previous
study, we found that HIF-2¢. expression was significantly
higher under hypoxic conditions than under normoxic
conditions and that HIF-2o knockdown inhibited cervi-
cal cancer proliferation, arrested cell cycle progression,
and promoted apoptosis and autophagy under hypoxic
conditions®. These results suggest that HIF-2¢, has as an
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oncogene role. However, the potentially upstream regula-
tory mechanism of HIF-2o. expression is unclear.

MicroRNAs (miRNAs) degrade their target mRNA
sequences or inhibit translation by binding to the 3’-
untranslated region (3’-UTR) of mRNAs*". In cervical
cancer, previous studies demonstrated that miRNAs regu-
late growth, cycle, apoptosis, migration, invasion, angio-
poiesis, and cell adhesion and play an important role in
cancer occurrence and progression'' ™. Thus, we specu-
lated that a special miRNA can regulate the expression of
HIF-2a in cervical cancer under hypoxic conditions by
binding the HIF-20. 3’-UTR.

In this study, we predicted the miRNAs that bind the
HIF-20. 3’-UTR using TargetScan and miRanda. Addi-
tionally, we analyzed the effect of the miRNAs on the
proliferation and apoptosis of cervical cancer cells and
targeting regulation of miRNA to HIF-2a. in cervical can-
cer under hypoxic conditions.

MATERIALS AND METHODS
Cell Culture and Hypoxic Exposure

The HeLa human cervical cancer cell line was pur-
chased from the American Type Culture Collection
(Manassas, VA, USA). HeLa cells were cultured in RPMI-
1640 medium (Gibco, Grand Island, NY, USA) supple-
mented with 10% fetal bovine serum (Gibco), 100 U/ml
penicillin G, and 100 pg/ml streptomycin (Sigma-Aldrich,
St. Louis, MO, USA). The cells were maintained at 37°C
in a humidified 5% CO, incubator. To expose cells to
hypoxic conditions, the cells were cultured in a Billups-
Rothenburg chamber with 94% N,, 1% O,, and 5% CO,
at 37°C.

RNA Extraction and Reverse Transcription Quantitative
Polymerase Chain Reaction (RT-gPCR) Analysis

Total RNA was extracted using TRIzol reagent
(Invitrogen, Carlsbad, CA, USA) and reverse transcribed
into cDNA using a miRcute miRNA first-strand cDNA
synthesis kit (TIANGEN Biotech, Beijing, P.R. China)
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and PrimeScript RT Reagent Kit with gDNA Eraser
(TTANGEN). miRNA expression was detected by gPCR
using a miRcute miRNA gPCR detection kit (SYBR®
Green; TTANGEN) with U6 as an internal reference.
HIF-2a expression was evaluated by qPCR using Power
SYBR® Green PCR Master Mix (Applied Biosystems,
Foster City, CA, USA), and glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) was used as an internal control.
qPCR was performed on a 7500 Real-Time PCR system
(Applied Biosystems) and conducted under the following
conditions: 95°C for 5 min followed by 40 cycles of 95°C
for 15 s and 60°C for 60 s. Gene expression was mea-
sured in triplicate, quantified using the 2™**CT method,
and normalized to an internal control. Primer sequences
used for RT-qPCR are presented in Table 1.

Transfection With miR-519d-3p Mimic and HIF-2 o

miR-519d-3p mimic (5-UUU GUU CGU UCG GCU
CGC GUG A-3’) and negative control (NC; 5-UCA CAA
CCU CCU AGA AAG AGU AGA-3") were purchased
from GenePharma Co., Ltd. (Shanghai, PR. China). Cells
were plated at 50% confluence and transfected with
300 nM NC or miR-519d-3p mimic using Lipofectamine®
2000 reagent (Invitrogen) according to the manufacturer’s
protocol. To examine the relationship between miR-519d-
3p and HIF-20., full-length HIF-200 was cloned and
inserted into the pcDNA3.1 expression plasmid (pcDNA-
HIF-20.; Promega, Madison, WI, USA). Cells were plated
at 50% confluence and cotransfected with 300 nM miR-
519d-3p mimic and 10 uM pcDNA3.1 (miR-519d-3p
mimic+pcDNA3.1) or pcDNA-HIF-20. (miR-519d-3p
mimic +pcDNA-HIF-20) using Lipofectamine® 2000
reagent (Invitrogen) according to the manufacturer’s
protocol.

Proliferation, Apoptosis, and Cell Cycle Assays

For the proliferation assay, a CCK-8 assay kit reagent
(Beyotime, Shanghai, PR. China) was used, and the
assay was performed according to the manufacturer’s
instructions. Absorbance was measured at 450 nm with

Table 1. Primer Sequences Used for RT-qPCR

miRNA 5-3
miR-106a-5p-F
miR-17-5p-F

miR-519d-3p-F
miR-526b-3p-F

ACACTCCAGCTGGGAAAAGTGCTTACAGTGCAGG
ACACTCCAGCTGGGCAAAGTGCTTACAGTGCAGG
ACACTCCAGCTGGGCAAAGTGCCTCCCTTTAGAG
ACACTCCAGCTGGGGAAAGTGCTTCCTTTTAGAG

miR-20b-5p-F ACACTCCAGCTGGGCAAAGTGCTCATAGTGCAG
miRNA-R* CTCAACTGGTGTCGTGGA

U6-F CTCGCTTCGGCAGCACA

U6-R AACGCTTCACGAATTTGCGT

*General downstream primer.
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a microplate reader. For the cell apoptosis assay, an
Annexin-V-allophycocyanin apoptosis detection kit (Nan-
jing KeyGen Biotech Co., Ltd., Nanjing, P.R. China) was
used to detect the apoptotic rate according to the manu-
facturer’s instructions. For cell cycle analysis, cell cycle
detection kits (Nanjing KeyGen Biotech Co., Ltd.) were
used to evaluate the cell cycle according to the manu-
facturer’s instructions, and the cell cycle distribution
was determined using the ModFit LT 3.0 program (BD
Biosciences, Franklin Lakes, NJ, USA). Cell apoptosis
and cell cycle were detected by flow cytometry (BD Bio-
sciences). Each experiment was repeated three times.

Western Blot Assay

HeLa cells were lysed in ice-cold RIPA buffer (Beyo-
time Institute of Biotechnology, Nantong, P.R. China)
containing 1 mM phenylmethylsulfonyl fluoride and a
cocktail of protease inhibitors (1:100; Beyotime Institute
of Biotechnology) and then centrifuged at 4°C for 15 min
at 800 g. The total protein in supernatants was quantified
using a BCA Protein Assay Kit (Pierce Biotechnology,
Waltham, MA, USA). Next, 30 ug of protein was loaded
and separated by 12% SDS-PAGE and transferred to
polyvinylidene difluoride membranes (EMD Millipore,
Billerica, MA, USA). The membranes were blocked for
1 h at room temperature with 5% milk in Tris-buffered
saline containing Tween 20 (TBST) and incubated at
37°C for 1 h with anti-HIF-200 mouse monoclonal anti-
body (dilution, 1:2,000; Cat. No. ab157249) and anti-
GAPDH mouse monoclonal antibody (dilution, 1:5,000;
Cat. No. ab8245) (both from Abcam, Cambridge, UK).
The membranes were washed three times with TBST and
incubated with horseradish peroxidase-conjugated mouse
anti-rabbit IgG (1:2,000; Cat. No. BM2006) or horserad-
ish peroxidase-conjugated goat anti-mouse IgG (1:3,000;
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Cat. No. BA1051) (both from Wuhan Boster Biological
Technology, Ltd., Wuhan, PR. China) for 40 min at
37°C. The membranes were then washed three times
with TBST and visualized using Immobilon Western
Chemilum horseradish peroxidase substrate (EMD Mil-
lipore). GAPDH served as an internal loading control.
Blot images were scanned, and densitometric analysis
was performed using Image Pro-Plus 6.0 software (Media
Cybernetics, Inc., Rockville, MD, USA). Each experi-
ment was repeated three times.

Reporter Vector Construction and Luciferase
Reporter Assay

TargetScan and miRanda were used to predict regu-
lated miRNAs of HIF-2a. To determine whether the
3’-UTR of HIF-20. mRNA was a direct target of miR-
519d-3p, the full-length wild-type (WT) 3’-UTR and
mutant (Mut) 3’-UTR of HIF-20. were amplified and
cloned into the psi-CHECK-2 vector (Promega). HelLa
cells were cotransfected with 100 ng of plasmid (WT-
3’-UTR-psi-CHECK-2 or Mut-3’-UTR-psi-CHECK-2)
and 200 nM miR-519d-3p mimic or NC in 24-well plates.
Cell lysates were harvested 48 h after transfection. The
firefly and Renilla luciferase fluorescence intensities
were measured using the Dual-Luciferase Reporter Assay
System (Promega), and experiments were performed in trip-
licate. The luciferase activity was normalized to Renilla
luciferase activity.

Statistical Analyses

All statistical analyses were performed using SPSS
software, version 19.0 (SPSS, Inc., Chicago, IL, USA).
Data are expressed as the meantstandard deviation.
Statistical comparisons were performed using one-
way analysis of variance, followed by Scheffe’s test.
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Figure 1. Expression of miR-106a-5p, miR-17-5p, miR-519d-3p, miR-526b-3p, and miR-20b-5p in HeLa cells under hypoxic or
normoxic conditions as measured by reverse transcription quantitative polymerase chain reaction (RT-gPCR). Data are presented as
the mean £ standard deviation. **p<0.01 and ***p<0.001 versus normoxic conditions.
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Differences between two groups were determined using
unpaired Student's 7-test. A value of p<0.05 was consid-
ered to indicate a statistically significant difference.

RESULTS

Expression of miRNA Targeting HIF-2o Under
Hypoxic Exposure

To evaluate the upstream mechanism underlying
HIF-2o-mediated proliferation and apoptosis of HelLa
cells, the potential regulation of miRNAs was ident-
ified using the prediction algorithms of TargetScan
and miRanda. The results showed that miR-106a-5p,
miR-17-5p, miR-519d-3p, miR-526b-3p, and miR-20b-5p
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potentially regulate miRNAs by binding to the HIF-2a
3’-UTR. Additionally, the expressions of miR-106a-5p,
miR-17-5p, miR-519d-3p, miR-526b-3p, and miR-20b-
5p in HeLa cells under hypoxic or normoxic conditions
were measured by RT-qPCR. The results showed that
the expressions of miR-106a-5p, miR-17-5p, miR-519d-
3p, miR-526b-3p, and miR-20b-5p in HeLa cells were
significantly decreased under hypoxic conditions com-
pared to normoxic conditions (Fig. 1). The expression of
miR-519d-3p was lower than that of miR-106a-5p, miR-
17-5p, miR-526b-3p, and miR-20b-5p (Fig. 1). Based
on these results, miR-519d-3p was selected for further
analysis.
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Figure 2. miR-519d-3p overexpression inhibits proliferation and cell cycle and promotes apoptosis in HeLa cells under hypoxic
conditions. (A) Expression levels of miR-519d-3p were measured by RT-qPCR following transfection with a miR-519d-3p mimic or
negative control (NC) for 48 h under hypoxic conditions. (B) Inhibited proliferation of HeLa cells by miR-519d-3p overexpression by
CCK-8 analyzed under hypoxic conditions. (C) Promoted apoptosis of HeLa cells by miR-519d-3p overexpression by flow cytometry
analyzed under hypoxic conditions. (D) Inhibition of HeLa cell cycle by miR-519d-3p overexpression by flow cytometry analyzed
under hypoxic conditions. Data are presented as the mean+standard deviation. *p <0.05, **p<0.01, ***p<0.001, and ns (not signifi-

cant) versus NC.
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miR-519d-3p Overexpression Inhibits Proliferation
and Cell Cycle and Promotes Apoptosis in HeLa
Cells Under Hypoxic Conditions

To assess the role of miR-519d-3p in regulating cell
proliferation and apoptosis under hypoxic conditions,
miR-519d-3p mimic or NC was transfected into HeLa
cells. The RT-qPCR results showed that miR-519d-3p
expression was significantly enhanced in HeLa cells
transfected with miR-519d-3p mimic compared to HeLa
cells transfected with NC at 48 h posttransfection under
hypoxic conditions (Fig. 2A). Additionally, cell prolifera-
tion and the cell cycle were significantly inhibited, and
apoptosis was promoted in HeLa cells transfected with
the miR-519d-3p mimic compared to HeLa cells trans-
fected with NC under hypoxic conditions (Fig. 2B-D).

miR-519d-3p Regulates HIF-2 o Expression Levels
by Targeting its 3’-UTR

HIF-20. was a potential target of miR-519d-3p based
on the putative binding site at positions 170-176, 816—
822, and 1,500~1,506 of the HIF-20, 3’-UTR according to
the TargetScan and miRanda analyses (Fig. 3A). Results
of the luciferase reporter assays revealed a significantly
decreased level of luciferase activity in cells transfected
with the HIF-20-WT vector and miR-519d-3p, while no
significant change was observed in cells transfected with
HIF-20-Mut vector and miR-519d-3p (Fig. 3B). The
effects of miR-519d-3p overexpression on the HIF-2o
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mRNA and protein levels under hypoxic conditions were
examined. As expected, miR-519d-3p overexpression
did not change the mRNA level of HIF-2a. (Fig. 3C) but
significantly inhibited the protein level of HIF-20 under
hypoxic conditions (Fig. 3D).

HIF-20 Overexpression Partially Reverses
the miR-519d-3p-Induced Effects on the Proliferation
and Apoptosis of HeLa Cells Under Hypoxic Conditions

To determine whether miR-519d-3p contributes to the
proliferation and apoptosis of HeLa cells via HIF-2q.,
HeLa cells were cotransfected with the miR-519d-3p
mimic and pcDNA-HIF-2a vector. The expression of
HIF-20. was significantly increased in HeLa cells cotrans-
fected with the miR-519d-3p mimic and pcDNA-HIF-2o
vector compared to HeLa cells cotransfected with the
miR-519d-3p mimic and pcDNA vector under hypoxic
conditions (Fig. 4A). HIF-2a overexpression promoted
proliferation and the cell cycle from G, to S and inhib-
ited apoptosis of HeLa cells under hypoxic conditions
(Fig. 4B-D), partially reversing the effect of miR-519d-
3p on the proliferation, cell cycle, and apoptosis of HeLa
cells under hypoxic conditions.

DISCUSSION

HIF-20. plays an important role in cancer occurrence
and progression. Previous studies showed that HIF-2a
expression is significantly increased in colon cancer, oral
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Figure 3. miR-519d-3p regulates HIF-20. expression levels via targeting of its 3’-untranslated region (3’-UTR). (A) The putative
binding site between HIF-2a 3’-UTR and miR-519d-3p was analyzed by TargetScan and miRanda. (B) Luciferase activity of wild-
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Figure 4. HIF-20 overexpression partially reverses the miR-519d-3p-induced effects on the proliferation and apoptosis of HeLa cells
under hypoxic conditions. (A) The expression of HIF-2a: was measured by Western blot assay after cotransfection with miR-519d-3p
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squamous cell carcinoma, pancreatic ductal adenocarci-
noma, and other cancers'*'°. High expression of HIF-20
promotes cancer proliferation, metastasis, and angio-
genesis, as well as regulating glutamine metabolism'®"®,
However, the potential upstream regulatory mechanism
of HIF-2a expression remains unclear. In this study, we
found that miR-519d-3p was downregulated in cervical
cancer cell under hypoxic conditions compared to nor-
moxic conditions, and inhibited proliferation and pro-
moted apoptosis under hypoxic conditions by targeting
HIF-2a in cervical cancer.

miRNAs degrade their target mRNA sequences by
binding to the 3-UTR of mRNA and play an impor-
tant role in the occurrence and progression of cervical

cancer'". In this study, miR-106a-5p, miR-17-5p, miR-
519d-3p, miR-526b-3p, and miR-20b-5p were implicated
as potential regulator miRNAs that bind the HIF-2c
3’-UTR based on the prediction algorithms of TargetScan
and miRanda. The expression of the five miRNAs was
inhibited in HeLa cells under hypoxic conditions com-
pared to normoxic conditions, and the expression of
miR-519d-3p was lower than the expressions of the other
miRNAs. A previous study demonstrated the obvious
downregulation of miR-519d-3p in human hepatocellular
carcinoma cells', ovarian cancer cells, and gastric can-
cer’', similar to the results of our study.

In hepatocellular carcinoma cells, miR-519d-3p sup-
presses cell growth by targeting MKi67'. In colorectal
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cancer, miR-519d-3p inhibits oncogenicity and promotes
apoptosis by targeting Cl4orf28%. In lung adenocar-
cinoma, overexpression of miR-519d-3p inhibits cell
proliferation by targeting eIF4H”. A previous study
demonstrated that miR-519d-3p is associated with can-
cer cell growth and apoptosis. Our results suggest that
overexpression of miR-519d-3p inhibits cell prolifera-
tion, arrests the cell cycle from the G, to S stage, and pro-
motes cell apoptosis under hypoxic conditions in cervical
cancer, which are similar to the results of previous stud-
ies. Additionally, luciferase reporter assays showed that
HIF-200 was a target of miR-519d-3p. Furthermore, miR-
519d-3p overexpression did not change the mRNA level
of HIF-2a but significantly inhibited the protein level of
HIF-20. under hypoxic conditions. The results suggest
that miR-519d-3p does not degrade the mRNA of HIF-2a.
but inhibits the translation of HIF-2ct by binding to the
3’-UTR of mRNA under hypoxic conditions. Finally,
HIF-2a. overexpression promoted proliferation and cell
cycle progression from G, to S, as well as inhibited apo-
ptosis in transfected miR-519d-3p mimic HeLa cells under
hypoxic conditions, partially reversing the effects of miR-
519d-3p on the proliferation, cell cycle, and apoptosis of
HeLa cells under hypoxic conditions. These results indi-
cate that miR-519d-3p suppresses cell proliferation and
the cell cycle and promotes the apoptosis of HeLa cells
by targeting HIF-200 under hypoxic conditions.

In conclusion, miR-519d-3p is expressed at a low
level in HeLa cells under hypoxic conditions. Its over-
expression suppresses cell proliferation and the cell cycle
and promotes the apoptosis of HeLa cells by targeting
HIF-20. under hypoxic conditions. These results impli-
cate miR-519d-3p as a potential target for the treatment
of cervical cancer.
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