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Interference of long non-coding RNA HAGLROS
inhibits the proliferation and promotes the apoptosis
of ovarian cancer cells by targeting miR-26b-5p
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Abstract. Ovarian cancer (OV) is the fifth most common
type of cancer affecting women worldwide. Long non-coding
RNAs (IncRNAs) serve essential roles in the progression of
OV. As such, the present study aimed to investigate the specific
role of HAGLR opposite strand IncRNA (HAGLROS) in
OV and the underlying mechanism of action through which
HAGLROS exerts its effects on OV cells. In the present
study, the expression of HAGLROS in several OV cell lines
was first detected using reverse transcription-quantitative
PCR. HAGLROS was then silenced to evaluate cell viability,
proliferation and apoptosis, which were determined using
Cell Counting Kit-8, colony formation and TUNEL assays,
respectively. Additionally, immunofluorescence staining and
western blotting were used to confirm the expression profile of
proliferation- and apoptosis-related proteins. Moreover, a dual
luciferase reporter assay was used to verify the potential inter-
actions between HAGLROS and microRNA (miR)-26b-5p.
Subsequently, rescue assays were performed to investigate the
effects of HAGLROS and miR-26b-5p on OV progression.
The results indicated that HAGLROS was highly expressed
in OV cells. Interference of HAGLROS led to a decrease in
the proliferation, but an increase in the apoptosis of OV cells,
accompanied by downregulated expression levels of Ki67 and
Bcl-2, and upregulated expression levels of Bax and cleaved
caspase-3. Further study revealed that HAGLROS acted as
a sponge for miR-26b-5p and positively regulated its expres-
sion. miR-26b-5p inhibitor transfection partially reversed the
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effects of HAGLROS knockdown on the proliferation and
apoptosis of OV cells. In conclusion, the results of the present
study suggested that interference of HAGLROS suppressed the
proliferation and promoted the apoptosis of OV cells through
regulating miR-26b-5p, indicating that HAGLROS may be a
promising biomarker in OV diagnosis and treatment.

Introduction

Ovarian cancer (OV) is the fifth most common type of
cancer affecting women worldwide, particularly women
aged >65 years (1,2). OV is a type of gynecological cancer
that is associated with a high morbidity and mortality,
severely compromising women's health and quality of
life (3,4). Radical surgery and chemotherapy are consid-
ered as two important methods for treating OV, but these
methods do not appear to reduce the high recurrence rate of
OV or improve the prognosis of the patient with OV (5). The
specific pathogenesis behind OV has not been fully eluci-
dated and is incompletely understood. Moreover, patients
with OV are commonly diagnosed at an advanced stage,
whereby they have missed the opportunity for effective and
timely treatment (6). Therefore, the present study aimed to
identify potential biomarkers to improve the detection of
early stage OV.

Long non-coding RNAs (IncRNAs) are ncRNAs
>200 nucleotides in length (7-9), which serve important roles in
biological processes such as cell differentiation, proliferation,
migration and metastasis (10). HOXD antisense growth-
associated long non-coding RNA (HAGLR) opposite strand
IncRNA (HAGLROS) has been reported to sponge microRNA
(miRNA/miR)-15 to accelerate the development of lung cancer
and its expression is associated with tumor growth in patients
with lung cancer (11). Moreover, HAGLROS has been found
to be highly expressed in hepatocellular carcinoma cells,
where it promotes the proliferation and reduces the apop-
tosis of hepatocellular carcinoma cells through regulation of
miR-5095/autophagy related 12 signaling (12). Accumulating
evidence has indicated that HAGLROS is significantly upregu-
lated in OV and that it is closely associated with disease stage,
tumor size and a poor prognosis for patients with OV (13).
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However, the exact effects of HAGLROS on the progression of
OV remain to be elucidated.

miRNAs are RNAs without protein-coding abilities;
however, they have been demonstrated to be associated with the
proliferation, division, differentiation and apoptosis of various
types of cells (14,15). miRNAs are often associated with the
development of multiple diseases, including cancer (16). It has
been reported that, compared with normal tissues, miR-26b-5p
is downregulated in human papillary thyroid cancer
tissues (17). miR-26b-5p can inhibit the proliferation, invasion
and migration of papillary thyroid cancer cells (17). Emerging
evidence has also indicated that miR-26b-5p inhibits the
development of multiple myeloma by targeting the Hedgehog
signaling pathway (18). Therefore, the present study examined
whether HAGLROS exerted any effects on the development of
OV by regulating miR-26b-5p.

The present study aimed to evaluate the specific role of
HAGLROS in OV and the underlying mechanism of action
through which HAGLROS exerts its effects on OV cells. These
findings may provide a novel insight into treatment strategies
for OV.

Materials and methods

Cell culture. The normal human ovarian epithelial cell line
(IOSE-80) and OV cell lines (ES-2, SKOV3, OVCAR3, HEY
and A2780) were purchased from the American Type Culture
Collection (ATCC). The information regarding the histotypes
of the cell lines is available from the ATCC (https:/www.
Igestandards-atcc.org/). The ES-2 cell line was established from
a surgical OV tumor specimen. The SKOV3 and OVCAR3 cell
lines were derived from a metastatic site: Ascites. The HEY
cell line was derived from a peritoneal sample from a patient
with moderately differentiated papillary cystadenocarcinoma
of the ovary. The A2780 cell line was established from an
ovarian endometroid adenocarcinoma tumor from an untreated
patient. Cells were cultured in RPMI-1640 medium (Gibco;
Thermo Fisher Scientific, Inc.) supplemented with 10% FBS
(Gibco; Thermo Fisher Scientific, Inc.) and incubated at 37°C
in an incubator containing 5% CO,.

Cell transfection. SKOV3 cells (1x10° cells per well) were
plated into 6-well plates and transfection was performed
when cells reached the logarithmic growth phase, with
85% confluence. Two short hairpin (sh)RNAs targeting
HAGLROS (shRNA-HAGLROS-1 or shRNA-HAGLROS-2;
1 pug), a scrambled shRNA [shRNA-negative control (NC);
1 pgl, miR-26b-5p inhibitor (5'-AAGUUCAUUAAG
UCCUAUCCA-3'; 50 nM) and miR-26b-5p inhibitor NC
(inhibitor-NC; 5'-CAGUACUUUUGUGUAGUACAA-3';
50 nM), miR-26b-5p mimic (5-UUCAAGUAAUUCAGG
AUAGGU-3"; 50 nM) and mimic-NC (5'-UUGUACUAC
ACAAAAGUACUG-3'; 50 nM) were designed and synthe-
sized by Shanghai GenePharma Co., Ltd. Transfection
experiments were performed using Lipofectamine® 2000
(Invitrogen; Thermo Fisher Scientific, Inc.) at 37°C for 48 h,
in accordance with the manufacturer's guidelines. Cells
were harvested at 48 h after transfection and the transfection
efficiency was determined using reverse transcription-
quantitative PCR (RT-qPCR).

Cell viability assay. A Cell Counting Kit-8 (CCK-8; Shanghai
YiSheng Biotechnology Co., Ltd., Shanghai, China) was
performed for the detection of cell viability. The transfected
SKOV3 cells were plated into 96-well plates (3,000 cells/well)
and incubated for 0, 24,48 and 72 h. Then, CCK-8 solution was
added to each well and incubated for another 4 h at 37°C. The
optical density was measured at 450 nm using a microplate
reader (Bio-Rad Laboratories, Inc.).

Colony formation assay. SKOV3 cells were seeded into 6-well
plates (500 cells per well) and incubated for 24 h to allow
for adherence. The medium was changed every 3 days. After
2 weeks, cells were fixed with methanol for 30 min at room
temperature and stained with 0.2% crystal violet solution for
5 min at room temperature. Images were captured using a light
microscope (magnification, x10; Olympus Corporation).

Immunofluorescence staining. The transfected SKOV3 cells
were fixed with 4% paraformaldehyde at room temperature for
20 min, followed by the addition of 0.1% Triton X-100 solution
at room temperature for 10 min. The cells were blocked with
3% BSA solution at 37°C for 90 min. Subsequently, a primary
antibody against Ki67 (cat. no. 11882S; 1:1,000; Cell Signaling
Technology; Boston, MA, USA) was incubated with the cells
at 4°C overnight, followed by incubation with DyLight™
488-conjugated secondary antibody (cat. no. 35553; 1:2,000;
Invitrogen; Thermo Fisher Scientific, Inc.) at 37°C for 1.5 h
in the dark. Subsequently, DAPI was used to stain the cells
for 5 min at room temperature. After mounting, the cells
were observed under a fluorescence microscope (magnifica-
tion, x200; Olympus Corporation).

TUNEL staining. The transfected SKOV3 cells were fixed with
4% paraformaldehyde at 4°C for 20 min. Cell apoptosis was
examined with a TUNEL Apoptosis Detection kit (Invitrogen;
Thermo Fisher Scientific, Inc.) at 37°C for 1 h, according to
the manufacturer's instructions. Subsequently, cells were
incubated with diaminobenzene for 10 min and counterstained
with hematoxylin (Beijing Solarbio Science & Technology
Co., Ltd.) for 30 sec at room temperature. The apoptosis of
TUNEL-positive cells was observed under an optical micro-
scope (magnification, x200; Olympus Corporation) and cells
were counted in five randomly selected microscopic fields.

RT-gPCR assay. Total RNA was extracted from cells utilizing
TRIzol® reagent (Invitrogen; Thermo Fisher Scientific,
Inc.). cDNA was then synthesized using a SuperScript IV
First-Strand Synthesis system (Invitrogen; Thermo Fisher
Scientific, Inc.) in accordance with the manufacturer's protocol.
Subsequently, using cDNA as the template, the gene expres-
sion levels were analyzed using qPCR, which was conducted
using iTaq™ Universal One-Step iTaq” Universal SYBR®
Green Supermix (Bio-Rad Laboratories, Inc.) on an ABI 7500
instrument (Applied Biosystems; Thermo Fisher Scientific,
Inc.). The following thermocycling conditions were used:
Initial denaturation at 95°C for 10 min; followed by 40 cycles
of denaturation at 95°C for 15 sec and annealing at 60°C for
1 min; and a final extension of 10 min at 72°C. Primers used
in this study were designed and synthesized by Shenggong
Biological Engineering (Shanghai) Co., Ltd. The following
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primers pairs were used: HAGLROS forward, 5-TCTACA
CCCAGAGAGGGACG-3' and reverse, 5'-GCCTACTTCCTC
CCACACAA-3"; GAPDH forward, 5-~ACAACTTTGGTA
TCGTGGAAGG-3' and reverse, 5'-GCCATCACGCCACAG
TTTC-3'; miR-26b-5p forward, 5“TTCAAGTAATTCAGG
ATAGGT-3' and reverse, 5'-GTGCGTGTCGTGGAGTC-3';
U6 forward, 5'-GGAACGATACAGAGAAGATTAGC-3' and
reverse, 5S"TGGAACGCTTCACGAATTTGCG-3'. GAPDH or
U6 were used as internal controls for normalization. The 2-44¢4
method was used to calculate relative RNA expression (19).

Western blot analysis. Cellular proteins were isolated
from cells using RIPA buffer (Beyotime Institute of
Biotechnology). The protein quantification was conducted
using a BCA kit. Subsequently, equal amounts of proteins
(40 pug/lane) were separated on 10% SDS-PAGE gels and
transferred to PVDF membranes (EMD Millipore), which
were then blocked with 5% skimmed milk for 2 h at 37°C.
Primary antibodies against Bcl-2 (1:1,000; cat. no. 15017,
Cell Signaling Technology, Inc.), Bax (1:1,000; cat. no. 14796;
Cell Signaling Technology, Inc.), cleaved-caspase3 (1:1,000;
cat. no. 9664; Cell Signaling Technology, Inc.) and GAPDH
(1:1,000; cat. no. 5174; Cell Signaling Technology, Inc.)
were incubated with the membranes at room temperature
overnight. Subsequently, the membranes were incubated
with the horseradish peroxidase-conjugated goat anti-rabbit
secondary antibody (1:5,000; cat. no. abs20002; Absin
Bioscience, Inc.) at 37°C for 1 h. The bands were detected
using an ECL reagent (EMD Millipore). The grayscale values
of the membranes were semi-quantified using ImageJ soft-
ware (version 1.52r; National Institutes of Health). GAPDH
was used as an internal control.

Luciferase reporter assay. The target miRNA of
HAGLROS was predicted using the DIANA database
(http://carolina.imis.athena-innovation.gr/diana_tools/web/index.
php?r=Incbasev2%?2Findex), a database that predicts the binding
of IncRNAs and miRNAs (20). A dual luciferase reporter assay
system (Promega Corporation) was used to verify the interaction
between the HAGLROS and miR-26b-5p. The full-length of the
wild-type (WT) HAGLROS 3'-untranslated region (3'-UTR)
(HAGLROS-WT) (Shanghai GenePharma Co., Ltd.) with the
putative binding sites of miR-26b-5p was inserted into firefly
luciferase reporter and then transfected into SKOV3 cells using
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific, Inc.).
Constructs containing the mutated putative binding sequence
of miR-26b-5p located within the 3'-UTR of HAGLROS
(HAGLROS-MUT) were considered as mutated control and
mutated controls were also cloned into SKOV3 cells. After incu-
bation for 48 h at 37°C, firefly and Renilla luciferase activities
were assessed.

Statistical analysis. GraphPad Prism version 8.0 (GraphPad
Software, Inc.) was used to analyze the experimental data. All
experiments were performed three times and the data were
presented as mean + SD. Comparisons between two groups
were conducted using unpaired student's t-tests and compari-
sons between multiple groups were performed using one-way
ANOVAs with Tukey's post hoc tests. P<0.05 was considered
to show statistically significant.

Results

Interference of IncRNA HAGLROS inhibits the proliferation
of OV cells. The expression levels of HAGLROS were detected
using RT-qPCR in normal human ovarian epithelial cells
(IOSE-80) and OV cell lines (ES-2, SKOV3, OVCAR3, HEY
and A2780). As presented in Fig. 1A, the expression levels of
HAGLROS were notably upregulated in OV cells, compared
withIOSE-80 cells. The highest expression levels of HAGLROS
were found in SKOV3 cells, thus SKOV?3 cells were selected for
further experiments. The aforementioned results also indicated
that HAGLROS may act as a tumor suppressor in OV. Therefore,
HAGLROS was knocked down through transfections with
shRNA-HAGLROS-1 and shRNA-HAGLROS-2. HAGLROS
expression was significantly decreased following transfection
and shRNA-HAGLROS-2, which displayed a lower expression
of HAGLROS, was selected for the following experiments
(Fig. 1B). Subsequently, it was observed that the cell viability
and colony formation abilities were markedly suppressed by
the knockdown of HAGLROS compared with the shRNA-NC
group in SKOV3 cells (Fig. 1C and D). Consistently, the
expression levels of Ki67, a proliferation-related protein, was
decreased in the HAGLROS-knockdown group, compared
with those in the sShRNA-NC group (Fig. 1E). Overall, these
data provided evidence that knockdown of HAGLROS
inhibited the proliferation of OV cells.

Interference of HAGLROS promotes the apoptosis of OV cells.
The apoptosis of OV cells was detected using a TUNEL assay
to confirm whether knockdown of HAGLROS could affect the
apoptosis of OV cells. The TUNEL assay results demonstrated
that the apoptosis of OV cells in the shRNA-HAGLROS
group was notably increased compared with OV cells in
the ShARNA-NC group (Fig. 2A and B). Furthermore, the
expression levels of the anti-apoptotic protein Bcl-2 were
downregulated, while those of the pro-apoptotic proteins
Bax and cleaved-caspase3 were upregulated after HAGLROS
knockdown, compared with the shRNA-NC group (Fig. 2C).
These results suggested that interference of HAGLROS
promoted the apoptosis of OV cells.

HAGLROS is directly targeted by miR-26b-5p. The DIANA
database (http://carolina.imis.athenainnovation.gr/diana_
tools/web/index.php?r=Incbasev2%2Findex) predicted that
HAGLROS could target miR-26b-5p. The expression of
miR-26b-5p was determined using RT-qPCR in a normal
human ovarian epithelial cell line and OV cell lines. It
was found that miR-26b-5p was downregulated in OV
cell lines compared with normal human ovarian epithelial
cells (Fig. 3A). The binding sites between HAGLROS and
miR-26b-5p are presented in Fig. 3B. Significantly upregu-
lated miR-26b-5p expression levels were observed after
transfection with miR-26b-5p mimic as compared to the
mimic-NC group (Fig. 3C). Dual luciferase reporter assay
results suggested that the luciferase activity in the miR-26b-5p
mimic + HAGLROS-WT group was weaker compared
with other groups, indicating the regulatory relationship
between HAGLROS and miR-26b-5p (Fig. 3D). Additionally,
HAGLROS-knockdown markedly increased the expression
levels of miR-26b-5p in SKOV3 cells as compared with the
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Figure 1. Interference of HAGLROS inhibits the proliferation of OV cells. (A) RT-qPCR was used to detect the expression levels of HAGLROS in several
OV cell lines (ES-2, SKOV3, OVCAR3, HEY and A2780) and the normal human ovarian epithelial cell line IOSE-80. *“P<0.001. (B) RT-qPCR was used
to evaluate the transfection efficiency of HAGLROS knockdown plasmids. ~P<0.001. (C) Cell viability was examined using a Cell Counting Kit-8 assay.
“"P<0.001 vs. shRNA-NC. (D) Cell proliferation was assessed using a colony formation assay. (E) Ki67 expression was determined using immunofluorescence
staining (magnification, x200). HAGLROS, HOXD antisense growth-associated long non-coding RNA opposite strand IncRNA; IncRNA, long non-coding
RNA; NC, negative control; OV, ovarian cancer; RT-qPCR, reverse transcription-quantitative PCR; shRNA, short hairpin RNA.

shRNA-NC group (Fig. 3E). Thus, these results suggested
that HAGLROS may bind directly to miR-26b-5p.

Interference of HAGLROS suppresses the proliferation and
promotes the apoptosis of OV cells by regulating miR-26b-5p.
As the regulatory relationship between HAGLROS and
miR-26b-5p was identified, it was subsequently investigated
whether interference of HAGLROS could inhibit the prolif-
eration and promote the apoptosis of OV cells by targeting

miR-26b-5p. First, the miR-26b-5p inhibitor was used to
decrease the expression levels of miR-26b-5p (Fig. 4A). The
proliferative (Fig. 4B) and colony formation (Fig. 4C) abilities
of SKOV3 cells transfected with siIRNA-HAGLROS were
found to be markedly decreased, which was reversed by the
miR-26b-5p inhibitor. Consistently, the expression of Ki67 was
notably downregulated in the sShRNA-HAGLROS compared
with the shRNA-NC group, whereas miR-26b-5p-knockdown
attenuated this effect (Fig. 4D). Additionally, the TUNEL
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Figure 2. HAGLROS silencing promotes the apoptosis of ovarian cancer cells. (A and B) Apoptosis of SKOV3 cells was detected using TUNEL staining after
knocking down HAGLROS (magnification, x200). (C) Western blot analysis was used to detect the expression levels of apoptosis-related proteins in SKOV3

cells after HAGLROS silencing.
shRNA, short hairpin RNA.

staining (Fig. 4E and F) results indicated that the impact
of HAGLROS knockdown on the apoptosis of SKOV3 cells
was partially counteracted by the miR-26b-5p inhibitor.
Meanwhile, co-transfection with shRNA-HAGLROS and
miR-26b-5p inhibitor led to a significant upregulation of
Bcl-2 protein expression levels, as well as a downregula-
tion of Bax and cleaved caspase-3 protein expression levels
(Fig. 4G). Collectively, these findings demonstrate that inter-
ference of HAGLROS inhibits the proliferation and promotes
the apoptosis of SKOV3 cells by regulating miR-26b-5p.

Discussion
Accumulating evidence has indicated that IncRNAs are

involved in tumorigenesis and have the potential to be used
as diagnostic and prognostic biomarkers in a wide range of

“"P<0.001. HAGLROS, HOXD antisense growth-associated long non-coding RNA opposite strand long non-coding RNA;

cancer types (21,22). The major finding of the present study
was that HAGLROS was notably upregulated in OV tissues
and cells, and that HAGLROS-knockdown inhibited the
proliferation and promoted the apoptosis of OV cells by
sponging miR-26b-5p.

IncRNAs, which can serve as critical tumor promoters
or suppressors, can affect the occurrence and progression of
multiple types of diseases (23,24). HAGLROS is abnormally
expressed in the serum of patients with pneumonia and
it has been found to decrease apoptosis and autophagy in
lipopolysaccharide-induced WI-38 cells (25). Previous studies
have also reported the importance of HAGLROS in the
development of various types of cancer (11,26). For instance,
HAGLROS, which was found to be upregulated in gastric
cancer, is an indicator for the overall survival of patients with
gastric cancer (27). High expression levels of HAGLROS has
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Figure 4. HAGLROS silencing inhibits the proliferation and promotes the apoptosis of OV cells by regulating miR-26b-5p. (A) Reverse transcription-
quantitative PCR was used to detect the expression levels of miR-26b-5p after transfection with miR-26b-5p inhibitor. ““P<0.001. OV cell (B) viability and
(C) colony formation abilities were detected with Cell Counting Kit-8 and colony formation assays, respectively. ““P<0.001 vs. shRNA-NC; “P<0.01 vs.
shRNA-HAGLROS + inhibitor-NC. (D) Ki67 expression was evaluated with immunofluorescence staining (magnification, x200). (E and F) Apoptosis of
SKOV3 cells was determined using TUNEL staining. (G) Western blot analysis was used to detect the expression levels of apoptosis-related proteins in OV
cells. “P<0.01, "“P<0.001. HAGLROS, HOXD antisense growth-associated long non-coding RNA opposite strand long non-coding RNA; miR, microRNA;
NC, negative control; OV, ovarian cancer; sShRNA, short hairpin RNA.
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also been closely associated with the short overall survival
time of patients with non-small cell lung cancer (28). Moreover,
HAGLROS has been found to be elevated in patients with
OV at advanced stages and its expression is considered to be
associated with a poor prognosis for patients with OV (13).
Therefore, HAGLROS is of great clinical significance for the
diagnosis and treatment of OV. In the present study, HAGLROS
was highly expressed in OV cells, which was in line with the
findings of the previous study (13). Furthermore, OV cells had
presented with reduced proliferation and enhanced apoptosis
after knockdown of HAGLROS.

Mechanically, it is known that IncRNAs function as
competing endogenous RNAs to regulate tumor progres-
sion by sponging specific miRNAs (29,30). miRNAs are
important in gene regulation and cellular processes in various
types of diseases (31). In the present study, a binding site for
miR-26b-5p was identified in the sequence of HAGLROS and
the dual-luciferase reporter assay confirmed that HAGLROS
could directly target miR-26b-5p.

miR-26 consists of four highly conserved small non-coding
RNAs that share similarity in structures and sequences (32).
miR-26b, a member of the miR-26 family, has been considered
as an effective marker in the diagnosis and treatment of breast
cancer, gastric cancer and OV (33,34). With regards to the
functions of miR-26b-5p in cancer, accumulating evidence has
suggested that miR-26b-5p may inhibit cancer progression in
prostate cancer, thyroid cancer and head and neck squamous
cell carcinoma (35,36). Moreover, a previous study revealed
that the expression of miR-26b-5p was reduced in bladder
cancer tissues and cells compared with that in adjacent bladder
tissues, and that miR-26b-5p acted as a tumor suppressor in
bladder cancer (31). Additionally, miR-26b-5p has been
reported to play a protective effect on cis-diamine dichloro-
platinum-induced ovarian granulosa cells through targeting
mitogen-activated protein kinase kinase kinase 9 (37). In the
present study, a series of functional experiments indicated a
regulatory association between HAGLROS and miR-26b-5p.
The results suggested that HAGLROS was inversely associ-
ated with the expression of miR-26b-5p. It was also identified
that the miR-26b-5p inhibitor abolished the anti-proliferative
and pro-apoptotic effects of HAGLROS in OV cells.

In conclusion, to the best of our knowledge, the present
results provided the first evidence that HAGLROS is notably
upregulated in OV cells and that interference of HAGLROS
inhibited the proliferation and promoted the apoptosis of OV
cells through regulating miR-26b-5p. As such, these findings
may provide researchers with valuable additional insights into
an in-depth understanding of the underlying mechanisms of
action for the HAGLROS/miR-26b-5p axis in OV and indicate
the potential value of HAGLROS as a promising biomarker
for the diagnosis and treatment of OV. The specific signaling
pathway or specific signaling proteins regulated by HAGLROS
and miR-26b-5p, the expression levels of HAGLROS in the
different histotypes of OV and different OV cell lines should
be investigated in further experiments, the lack of which are
limitations of the present study.
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