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Purpose: Hypoxia is a key stress that triggers apoptosis in various tumors, including epithelial
ovarian cancer (EOC). Previous researches identified a hypoxia-upregulated IncRNA named
“a natural antisense transcript of hypoxia-inducible factor 1 (aHIF)” in some tumors. However,
the contribution of aHIF to EOC remains unclear. Here, we aimed to investigate the expression,
function, and underlying mechanisms of aHIF in EOC progression under hypoxia.

Materials and methods: Expression levels of aHIF in EOC tissues were tested. In vitro and
in vivo assays were conducted to explore the function and mechanism of aHIF in hypoxia-
induced EOC progression.

Results: aHIF levels were increased in EOC tissues and were upregulated by hypoxia in EOC
cells. Functional data revealed that aHIF knockdown accelerated cell apoptosis under hypoxia
and inhibited EOC tumorigenesis and tumor growth in vivo. Additionally, aHIF overexpression
inhibited cell apoptosis and enhanced cell proliferation under hypoxia in EOC. Mechanistically,
the dysregulation of certain key mitochondrial apoptosis pathway-related genes, including
Bcl-2, Bax, Caspase-7, and Caspase-9, may partially explain aHIF-regulated EOC apoptosis
and growth under hypoxia.

Conclusion: These data provide the first convincing evidence that aHIF may inhibit EOC
apoptosis and thereby promote tumor growth through activation of the mitochondrial apoptosis
pathway under hypoxia. Our findings help clarify the role of IncRNA in hypoxia-induced EOC
progression.

Keywords: IncRNA, hypoxia, microenvironment, tumor growth

Introduction

Epithelial ovarian cancer (EOC) is an aggressive female reproductive tumor
characterized by uncontrollable proliferation and invasion and high mortality and
recurrence rates. Although therapeutic options have improved, the prognosis remains
uniformly poor.'* Recent evidence suggests that hypoxia is a pathophysiological
hallmark that commonly exists in solid tumors and plays a critical role in tumor
progression.** As a solid tumor, EOC occurrence and progression may be mediated
by hypoxia. Therefore, fully elucidating the contribution of hypoxia to EOC is of great
importance, which may help provide promising therapeutic options.

In hypoxic microenvironments, tumor cells must overcome certain obstacles
such as cell apoptosis, cell division, growth, and progression.” This process can be
accomplished by the activation of hypoxia-responsive target genes, which play key
roles in cancer progression. Previous studies have mainly focused on the roles of
hypoxia-responsive coding RNAs and miRNAs in cancer progression.®!* However, in
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addition to these coding RNAs and miRNAs, a limited num-
ber of IncRNAs (>200 nucleotides), such as H19,'' UCAL1,°
HOTAIR,"”NEAT]L," linc-RoR,"* EFNA3,"” IncRNA-LET,'®
and MALATI," have also been reported to be differentially
expressed in response to hypoxia and to critically impact
hypoxic tumor progression. Therefore, elucidating the roles
of hypoxia-responsive IncRNAs and IncRNA-related mecha-
nisms may help fully clarify the molecular biology underlying
hypoxia-induced cancer progression.

Recently, a natural antisense transcript of hypoxia-
inducible factor 1 (aHIF), which is complementary to the
3’-untranslated region of HIF-1o mRNA,'® has garnered a
substantial amount of attention. aHIF has been found in renal
cancer cells and lymphocytes'® and reportedly facilitates
cancer cell survival and adaptation under hypoxia.'®! In addi-
tion, aHIF overexpression was reported to be correlated with
aggressive proliferation and poor prognosis in breast cancer?
and with metastatic potential in paraganglioma.?! However,
despite these findings, the involvement of aHIF in EOC and
the relationship between hypoxia, aHIF, and EOC develop-
ment remain undetermined.

In this study, we found that aHIF was elevated in EOC
tissues and was induced by hypoxia in EOC cells. Functional
data revealed that aHIF knockdown accelerated cell apoptosis
under hypoxia and inhibited EOC tumorigenesis and tumor
growth in vivo. Additionally, aHIF overexpression inhibited
EOC cell apoptosis and enhanced cell proliferation under
hypoxia. Mechanistically, the dysregulation of certain key
mitochondrial apoptosis pathway-related genes, including
Bcl-2, Bax, Caspase-7, and Caspase-9, may partially explain
aHIF-regulated EOC apoptosis and growth under hypoxia.
These results provide strong evidence that aHIF may inhibit
EOC apoptosis and thereby promote tumor growth through
the activation of the mitochondrial apoptosis pathway under
hypoxia. Our findings help clarify the function of IncRNA
in hypoxia-induced EOC progression.

Materials and methods

Cell lines and hypoxic treatment

Human EOC SKOV3 and HO8910 cells were gifts from the
University of Texas MD Anderson Cancer Center (Houston,
TX, USA). Roswell Park Memorial Institute 1640 medium
(Thermo Fisher Scientific, Waltham, MA, USA) was used
to culture EOC cells in a humidified 5% CO, atmosphere at
37°C. For hypoxic treatment, cells were incubated with a gas
mixture (1% O,, 5% CO,, and 94% N,) in a three-chamber
air incubator for 2, 4, 6, or 12 hours.

Tissue samples

The study was approved by the research ethics committee
of Obstetrics and Gynecology Hospital, Fudan University,
China (Kyy2015-1). Written informed consent was obtained
from each patient. Forty EOC tissues, including 12 early-
stage EOC tissues (5 Federation of Gynecology and Obstet-
rics [FIGO] stage [ tumors and 7 FIGO stage II tumors) and
28 advanced-stage EOC tissues (24 FIGO stage III tumors
and 4 FIGO stage IV tumors), were obtained during surgical
operations from the Obstetrics and Gynecology Hospital
of Fudan University from January 2012 to December
2014. All tissues were pathologically confirmed and were
selected from patients with no history of any preoperative
therapies. Additionally, 20 normal ovarian epithelial tissues
were collected during hysterectomy and oophorectomy
from patients with uterine fibroids. Tissues were selected
from participants with no history of ovarian pathology or
ovarian surgery. All fresh tissues were immediately stored
at —80°C.

Quantitative reverse transcriptase-PCR
(qQRT-PCR)

RNA extraction and qRT-PCR were conducted as previously
described.” Primer sequences are listed in Table 1. All assays
were performed in triplicate.

Establishment of stable aHIF knockdown

or overexpression cell lines

The target sequences of the two aHIF-shRNAs were as fol-
lows: 5-GGCACTTCCTACATAATTT-3" (shRNA1) and
5-TCTGTTAATGGGAACAGAT-3" (shRNA2). Based
on these sequences, lentiviral vectors (aHIF-knockdown

Table | Primer sequences of the studied genes

Sequence (5’-3")
GGAAGCGAATCAATGGACTCTGG
GCATCGACATCTGTACCAGACC
GTTTGAGGACCTTCGACCAGCT
CAACGTACCAGGAGCCACTCTT
CGGAACAGACAAAGATGCCGAG
AGGCGGCATTTGTATGGTCCTC
TCAGGATGCGTCCACCAAGAAG
TGTGTCCACGGCGGCAATCATC

Primer of genes

Human Caspase-3-F
Human Caspase-3-R
Human Caspase-9-F
Human Caspase-9-R
Human Caspase-7-F
Human Caspase-7-R
Human Bax-F

Human Bax-R

Human Bcl-2-F ATGTGTGTGGAGAGCGTCAA
Human Bcl-2-R ACAGTTCCACAAAGGCATCC
Human AHIF-F TCAACATACATTAAGGTGATGGCAC
Human AHIF-R ATTTGCTTCAACACCTCCAACTC
GAPDH-F TGACTTCAACAGCGACACCCA
GAPDH-R CACCCTGTTGCTGTAGCCAAA
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[KD] 1 and aHIF-KD2) were designed by Hanyin Co.
(Shanghai, China). The negative control (NC) lentivirus was
also provided by Hanyin Co. To stably overexpress aHIF,
the full-length aHIF was synthesized by Hanyin Co. and
cloned into a lentiviral vector, named aHIF-overexpression
(OE); the control viruses (named LV-Vector) were also
provided by Hanyin Co. After infection with virus and poly-
brene, puromycin was used to select the positive clones for
14 days and the following stable cell lines were established:
SKOV3-NC, SKOV3-KD1, SKOV3-KD2, HO8910-NC,
HO8910-KD1,HO8910-KD2, SKOV3-Vector, SKOV3-OE,
HO8910-Vector, and HO8910-OE.

Cell apoptosis analysis

SKOV3-NC, SKOV3-KD1, SKOV3-KD2, HO8910-NC,
HO8910-KD1, HO8910-KD2, SKOV3-Vector, SKOV3-OE,
HO8910-Vector, and HO8910-OE cells were maintained
under hypoxia for 12 hours. Cell apoptosis was tested using
Annexin V and a 7-aminoactinomycin D staining kit (BD
Pharmingen) following the manufacturer’s instructions.
The cell apoptosis rate was analyzed by flow cytometry.
All assays were performed in triplicate.

Cell viability assay

SKOV3-Vector, SKOV3-OE, HO8910-Vector, and
HO8910-0E cells were cultured. Cell viability assays were
conducted with a Cell Counting Kit-8 (Dojindo, Japan). The
cell numbers per well were measured by the absorbance
(450 nm) of reduced 2-(2-methoxy-4-nitrophenyl)-3-(4-
nitrophenyl)—5-(2,4-isulfophenyl)-2H-tetrazolium, mono-
sodium salt at 1, 2, 3, 4, and 5 days. Each experiment was
repeated thrice.
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Figure | aHIF was highly expressed in EOC tissues.

Western blot assay

The Western blot assay was conducted as previously
described.?? The primary antibodies were as follows: anti-
Bcl-2 (Santa Cruz), anti-Bax (Cell Signaling Technology),
anti-Caspase-9 (Abways), anti-Caspase-7 (Abways), and
B-actin (Proteintech). The loading control was B-actin.

Xenograft tumors in nude mice

Four- to six-week-old (weighing 20-22 g) female BALB/c
athymic nude mice were provided by Slac Laboratory Animal
Co. Ltd (Shanghai, China). The mice were subcutaneously
injected with SKOV3-KD1, SKOV3-KD2, and SKOV3-NC
cells (1x10°) and divided into three groups (n=6 in each
group). After all the mice were euthanized, the tumors were
weighed. The animal experiments were approved by the
Institutional Animal Care and Use Committee of Fudan
University (20150557A185).

Statistical analysis

Data were shown as the meantstandard error and analyzed
using SPSS version 16.0 (SPSS Inc., Chicago, IL, USA).
A Tukey’s test was used for multiple comparisons in con-
junction with one-way ANOVA. All results were considered
significant at two-sided P-values <0.05 (P<<0.05).

Results
aHIF is highly expressed in EOC tissues

To first investigate whether aHIF has any clinical implica-
tions in EOC, we performed qRT-PCR to test the expression
pattern of aHIF in EOC. We found that aHIF expression was
significantly elevated in 40 EOC tissues compared to that in
20 normal controls (Figure 1A). Moreover, aHIF levels were
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Notes: (A) Relative aHIF expression in 40 ovarian cancer tissues and 20 normal ovarian tissues. (B) Relative aHIF expression in 12 early stage EOC patient tissues (FIGO

stage | and Il) and 28 advanced-stage EOC tissues (FIGO stage Il and IV).

Abbreviations: aHIF, antisense transcript of hypoxia-inducible factor |; EOC, epithelial ovarian cancer; FIGO, Federation of Gynecology and Obstetrics.
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substantially increased in patients at advanced FIGO stages
compared with patients at early FIGO stages (Figure 1B).
These data suggest that increased aHIF expression may
contribute to EOC aggressiveness.

aHIF is upregulated by hypoxia in EOC
cell lines

Based on the above clinical observations and the common-
ness of hypoxia in solid tumors, it is logical to hypothesize
that increased aHIF expression may contribute to EOC
aggressiveness under hypoxic conditions. To confirm this
hypothesis, we initially performed qRT-PCR to examine the
expression pattern of aHIF in EOC SKOV3 and HO8910
cells under hypoxia. We observed that aHIF levels were
significantly increased after hypoxic culture for 2 hours and
was maintained over the next 12 hours in both SKOV3 and
HOB8910 cells (Figure 2). These data suggest that hypoxia
can induce aHIF upregulation in EOC cells.

AHIF knockdown promotes cell
apoptosis under hypoxia in EOC

Since tumor cells must overcome certain obstacles, such
as cell apoptosis,under hypoxia, we wondered whether
aHIF influenced EOC cell apoptosis to grow and develop
under hypoxic conditions. Initially, we constructed aHIF-
knockdown SKOV3 and HO8910 cell lines and found that
both aHIF-KD1 and aHIF-KD?2 efficiently silenced aHIF
expression (Figure 3A). Flow cytometry results revealed that
aHIF suppression enhanced the total number of apoptotic
cells in SKOV3 and HO8910 cells compared with their cor-
responding controls under hypoxia (Figure 3B), suggesting
that aHIF knockdown promoted EOC cell apoptosis under
hypoxia.
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Figure 2 Hypoxia upregulates aHIF expression in SKOV3 and HO8910 EOC cells.

aHIF regulates EOC cell apoptosis
under hypoxia partly through Bcl-2, Bax,
Caspase-7, and Caspase-9

To investigate the possible mechanisms through which aHIF
influences EOC cell apoptosis under hypoxia, we performed
qRT-PCR and Western blot to test the levels of certain key
mitochondrial apoptosis pathway-related genes, including
Bcl-2, Bax, Caspase-3, Caspase-7, and Caspase-9. qRT-PCR
results revealed that Bax, Caspase-7, and Caspase-9 mRNA
expression levels were upregulated, whereas Bcl-2 expres-
sion was downregulated after aHIF knockdown in hypoxic
SKOV3 and HO8910 cells (Figure 4A). Consistent with
the qRT-PCR results, upregulation of Bax, Caspase-7, and
Caspase-9 and downregulation of Bcl-2 protein levels were
observed in hypoxic SKOV3 and HO8910 cells following
aHIF knockdown (Figure 4B). These results indicate that
under hypoxia, the mitochondrial apoptosis pathway may be
activated by aHIF, and that aHIF regulates EOC cell apop-
tosis under hypoxia partly through Bcl-2, Bax, Caspase-7,
and Caspase-9.

AHIF knockdown inhibits EOC tumor

growth in vivo

To extend our in vitro findings, we established a mouse
xenograft model using SKOV3-KD1, SKOV3-KD2, and
SKOV3-NC cells. After the mice were sacrificed, we first
confirmed that aHIF expression was reduced in SKOV3-KD
cell tumors compared with SKOV3-NC cell tumors
(Figure 5A). Furthermore, we observed that aHIF knock-
down reduced tumor formation frequency (SKOV3-NC,
6/6; SKOV3-KDl1, 4/6; and SKOV3-KD2, 4/6), as shown
in Figure 5B. Additionally, the average tumor weight was
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Notes: (A) Relative expression of aHIF in EOC SKOV3 cells under hypoxia. (B) Relative expression of aHIF in EOC HO8910 cells under hypoxia. SKOV3 and HO8910 cells were
exposed to hypoxia (1% O,, 5% CO,, and 94% N,) for 2, 4, 6, or 12 hours. Data represent the mean+SE from three independent experiments. *P<<0.05 vs normoxia (time 0).
Abbreviations: aHIF, antisense transcript of hypoxia-inducible factor |; EOC, epithelial ovarian cancer; NC, negative control; SE, standard error.
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Figure 3 aHIF knockdown promotes EOC cell apoptosis under hypoxic conditions.

Notes: (A) Relative aHIF expression levels in SKOV3-NC, SKOV3-KD1, SKOV3-KD2, HO8910-NC, HO8910-KD |, HO8910-KD2 cells. (B) Flow cytometry results with
Annexin V and 7-AAD staining. Following hypoxia for 12 hours, SKOV3-KD and HO8910-KD cells and the corresponding control cells were harvested and the apoptosis rate
was analyzed by flow cytometry. The total apoptosis percentage was calculated as the percentage of early apoptosis plus that of late apoptosis. Data represent the meantSE

from three independent experiments. *P<<0.05.

Abbreviations: 7-AAD, 7-aminoactinomycin D; aHIF, antisense transcript of hypoxia-inducible factor |; EOC, epithelial ovarian cancer; KD, knockdown; NC, negative

control; SE, standard error; PE, phycoerythrin.

much lower in the SKOV3-KD1 and SKOV3-KD2 groups
than in the control group (Figure 5C). Collectively, these data
confirm that aHIF knockdown inhibits EOC growth in vivo
and imply that aHIF demonstrates oncogenic activities in
hypoxic ovarian tumors.

Overexpression of aHIF inhibits cell
apoptosis and enhances cell proliferation
under hypoxia in EOC

To further confirm the roles of aHIF in regulating EOC
proliferation and apoptosis under hypoxia, we conducted

gain-of-function experiments. As shown in Figure 6A, aHIF
overexpression was confirmed using qRT-PCR. Cell Count-
ing Kit-8 assays showed that SKOV3-OE and HO8910-OE
cells had increased cell viability compared with their controls
under hypoxia (Figure 6B). Apoptosis assays showed that
SKOV3-OE and HO8910-OE cells had decreased number of
apoptotic cells compared with their controls under hypoxia
(Figure 6C). Together, these results suggest that aHIF
overexpression inhibits cell apoptosis and enhances cell
proliferation under hypoxia in EOC and indicate that aHIF
promotes EOC progression under hypoxia.

OncoTargets and Therapy 2018:1 |

submit your manuscript

9105

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Qiuetal Dove
A SKOV3 (hypoxia) HO8910 (hypoxia)
3.0 3.0 5
1
2.5 1 * 2.5 1
* * « *
*
2.0 - I I : 2.0 - | , L
*
1.5 4 1.5 1
1.0 4 1.0 1
os54[ ]+ . 054 |z .
0.0 - 0.0 -
2 2 A ol v o 2 A ol
& 2 & & & & " & & &
00‘.9 ,bfoQ O,bfoQ 009 fo@Q O(brgQ
|coNC mmKD1 ==KD2
B SKOV3 HO8910
(hypoxia) (hypoxia)

Bcl-2

Bax
Caspase-9
Caspase-7
B-actin
T

Bcl-2

Bax

Caspase-9

Caspase-7

B-actin

N

&

{9‘b

Figure 4 Dysregulated Caspase-9, Caspase-7, Bax, and Bcl-2 expression following aHIF knockdown under hypoxic conditions.
Notes: (A) Caspase-9, Caspase-7, Bax, and Bcl-2 mRNA expression levels in SKOV3 and HO8910 cells under hypoxic conditions following aHIF knockdown. Data represent
the meantSE from three independent experiments. *P<<0.05. (B) Protein expression levels of Caspase-9, Caspase-7, Bax, and Bcl-2 in SKOV3 and HO8910 cells under

hypoxic conditions following aHIF knockdown.

Abbreviations: aHIF, antisense transcript of hypoxia-inducible factor |; KD, knockdown; NC, negative control; SE, standard error.

Discussion

Hypoxia is a pathophysiological hallmark that commonly
exists in tumor tissues, including EOC.¢ Hypoxia is known to
promote cancer progression by activating hypoxia-responsive
target genes. Numerous hypoxia-induced protein-coding
genes and miRNAs have been reported to contribute to
this property,®'° but the involvement of hypoxia-induced
IncRNAs in cancer progression remains limited. In this study,
we observed that aHIF is upregulated in EOC cells under
hypoxia, and that aHIF plays important roles in hypoxia-
induced EOC apoptosis and growth by regulating certain

mitochondrial apoptosis pathway-related genes. These
results help clarify the role of IncRNA in hypoxia-induced
EOC progression.

The IncRNAs have been a popular topic in cancer
research.??* The exploration of IncRNAs has greatly
expanded our understanding of cancer biology. Previous
studies discovered a hypoxia-upregulated IncRNA, aHIF,
and demonstrated that aHIF contributed to an aggressive
malignant phenotype in renal cancer, breast cancer, and
paraganglioma.'®2! However, the involvement of aHIF in
hypoxia-induced EOC progression remains unclear. Here, we
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Abbreviations: aHIF, antisense transcript of hypoxia-inducible factor |; EOC, epithelial ovarian cancer; KD, knockdown; NC, negative control.

found that aHIF is overexpressed in EOC tissues, especially
in the tissue at an advanced FIGO stage, and that high aHIF
expression is induced by hypoxia in SKOV3 and HO8910
EOC cells. These results imply that increased aHIF expres-
sion may contribute to hypoxia-induced EOC aggressiveness.

Hypoxia is an essential feature of tumor microen-
vironment.*” Under hypoxic conditions, cancer cells must
overcome certain obstacles in order to divide, spread, and
grow. One of the most important obstacles is to overcome
apoptosis.” Once apoptosis is suppressed, cancer cell and tis-
sue growth increases. Therefore, determining how apoptosis
is regulated in hypoxic EOC is important for understanding
how this tumor grows and develops. Inspired by this need
and based on our findings that aHIF expression is upregulated
in EOC tissues and induced by hypoxia, we speculated that
aHIF may play certain roles in regulating EOC cell apoptosis

under hypoxia. For this, we conducted flow cytometry assays
and found that aHIF knockdown promoted cell apoptosis in
both hypoxic SKOV3 and HO8910 EOC cells. To extend the
in vitro findings, we established a mouse xenograft model and
observed that aHIF knockdown inhibited EOC tumorigenesis
and tumor growth in vivo. Moreover, to further confirm
the effects of aHIF on EOC progression under hypoxia, we
performed the gain-of-function experiments and observed
that aHIF overexpression inhibited EOC cell apoptosis and
enhanced cell proliferation under hypoxia. Collectively,
these data indicated that aHIF suppressed EOC cell apop-
tosis, thereby promoting EOC growth, and highlighted that
aHIF exhibits oncogenic activity during hypoxia-induced
EOC growth.

Furthermore, to investigate the preliminary mechanism
underlying aHIF-mediated EOC apoptosis under hypoxic

OncoTargets and Therapy 2018:1 |
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viability of SKOV3-OE cells, HO8910-OE cells, and their corresponding control cells. (C) Flow cytometry results with Annexin V and 7-AAD staining. Following hypoxia for
12 hours, SKOV3-OE and HO8910-OE cells and the corresponding control cells were harvested and the apoptosis rate was analyzed by flow cytometry. Data represent the
meanzSE from three independent experiments. *P<<0.05.
Abbreviations: 7-AAD, 7-aminoactinomycin D; aHIF, antisense transcript of hypoxia-inducible factor |; CCK-8, Cell Counting Kit-8; EOC, epithelial ovarian cancer;
OFE, overexpression; SE, standard error; PE, phycoerythrin.
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conditions, we detected the expression levels of the key
pro-(Caspase-9, Caspase-7, Caspase-3, Bax) and antiapop-
totic genes (Bcl-2).22® The qRT-PCR and Western blot
assay results both showed that upregulation of Caspase-9,
Caspase-7, and Bax and downregulation of Bcl-2 expres-
sion were observed in hypoxic SKOV3 and HO8910 cells
following aHIF knockdown. These results indicated that
under hypoxic conditions, the mitochondrial apoptosis
pathway may be activated by aHIF, and aHIF-induced Bcl-2,
Bax, Caspase-7, and Caspase-9 dysregulation may partially
explain aHIF-mediated EOC apoptosis and proliferation
under hypoxia.

A limitation of the present study is that the exact mecha-
nism through which aHIF regulates Bcl-2, Bax, Caspase-7,
and Caspase-9 expression was not explored. Future studies
should focus on exploring the exact molecular biology of the
“hypoxia—aHIF—Caspase-9/Caspase-7/Bax/Bc¢l-2” pathway.

Conclusion

Our data demonstrated that aHIF was elevated in EOC tis-
sues, and that aHIF was upregulated by hypoxia in EOC cells.
Functional data showed that aHIF knockdown accelerated
cell apoptosis under hypoxia and inhibited EOC tumorigen-
esis and tumor growth in vivo. Moreover, aHIF overexpres-
sion inhibited cell apoptosis and enhanced cell proliferation
under hypoxia in EOC. Mechanistically, the dysregulation
of mitochondrial apoptosis pathway-related genes, including
Bcl-2, Bax, Caspase-7, and Caspase-9, may partially explain
aHIF-mediated EOC apoptosis and growth under hypoxia.
These findings provide strong evidence that under hypoxia,
aHIF may inhibit EOC apoptosis and thereby promote tumor
growth through the activation of the mitochondrial apoptosis
pathway. These results help clarify the function of IncRNA
in hypoxia-induced EOC malignant development.
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