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Abstract. HOXA cluster antisense RNA 3 (HOXA‑AS3) is 
considered to be involved in several malignancies, however, 
its biological function in the progression of epithelial ovarian 
cancer (EOC) remains unclear. The present study compared 
the expression of HOXA‑AS3 in ovarian cancer and normal 
ovarian tissues and analyzed the association between the 
expression of HOXA‑AS3 and the survival outcomes of 
patients with ovarian cancer. RNA interference was used 
to suppress HOXA‑AS3 expression in ovarian cancer cell 
lines in order to demonstrate the function of HOXA‑AS3 
in ovarian cancer progression. The associations between 
HOXA‑AS3 and epithelial‑mesenchymal transition (EMT) 
markers were explored to verify the mechanism of action 
of HOXA‑AS3 in ovarian cancer. The results of the present 
study revealed that ovarian cancer tissues exhibited higher 
HOXA‑AS3 expression than normal ovarian tissues. Clinical 
data indicated that HOXA‑AS3 was a significant predictor of 
progression‑free survival and overall survival. Patients with 
high HOXA‑AS3 expression had a poorer prognosis than 

patients with low HOXA‑AS3 expression. In vitro experi‑
ments using HOXA‑AS3‑knockdown ovarian cancer cell 
lines demonstrated that HOXA‑AS3 knockdown inhibited cell 
proliferation and migration. HOXA‑AS3 was a potent inducer 
and modulator of the expression of EMT pathway‑related 
markers and interacted with both the mRNA and protein 
forms of HOXA3. Collectively, the findings of the present 
study demonstrated that HOXA‑AS3 expression is associated 
with ovarian cancer progression and thus, may be employed as 
a prognostic marker and therapeutic target in EOC.

Introduction

Ovarian cancer is generally diagnosed at an advanced stage, 
and is thus the leading cause of mortality in women diagnosed 
with gynecologic cancer (1). Despite the progress in systemic 
therapies in the past few years, the long‑term prognosis of 
patients with ovarian cancer remains poor. Understanding the 
molecular mechanisms that are involved in ovarian cancer 
progression may lead to the development of more effective 
cancer treatments.

Aberrant lncRNA expression has been identified in numerous 
types of diseases, including cancer  (2). Long noncoding 
RNAs (lncRNAs) are transcripts of >200 nucleotides without 
protein‑coding functions (2). LncRNAs play a role in regulating 
cancer cell proliferation, differentiation, invasion, and metas‑
tasis  (3,4). Additionally, epithelial‑mesenchymal transition 
(EMT) has been increasingly investigated in various types of 
cancer. Epithelial cells lose apical‑basal polarity, cell‑cell adhe‑
sion, and acquire migration properties to transform into invasive 
mesenchymal cells during EMT (5,6). However, it remains 
unclear whether EMT is involved in the lncRNA‑mediated 
progression of epithelial ovarian cancer (EOC). 

HOXA cluster antisense RNA 3 (HOXA‑AS3) belongs 
to the family of homeobox (HOX) genes characterized by 
the presence of highly conserved homeodomains, which 
are essential for embryonic development and tumorigenesis. 
Several studies have investigated the role of HOXA‑AS3 in the 
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carcinogenesis of gliomas and lung cancers (7‑9). Although 
HOXA‑AS3 has been demonstrated to be associated with the 
progression of other types of cancer, little is known about its 
involvement in the molecular pathways of ovarian cancer cells.

In the present study, the role and underlying mechanisms 
of lncRNAs in ovarian cancer were investigated with a focus 
on HOXA‑AS3, which is highly expressed in ovarian cancer. 

Materials and methods

Patient specimens. Ovarian cancer tissue and matched benign 
tissue specimens were collected from 130 patients who under‑
went surgery at the Department of Obstetrics and Gynecology, 
Severance Hospital (Seoul, Korea), between January 2005 
and December 2017. The inclusion criteria was as follows: 
i) Aged ≥19 years; ii) pathologically confirmed EOC; and 
iii) underwent primary treatment, either primary debulking 
surgery followed by platinum‑based postoperative adjuvant 
chemotherapy or platinum‑based neoadjuvant chemotherapy 
followed by interval debulking surgery and postoperative 
adjuvant chemotherapy. In addition, patients were excluded 
from the present study, according to the following criteria: 
i) Were immunocompromised or pregnant; ii) did not receive 
platinum‑based combination chemotherapy; iii) had synchro‑
nous double primary cancers; and iv) were lost to follow‑up 
before reaching six months of progression‑free survival (PFS) 
without evidence of disease recurrence. The clinicopatho‑
logical characteristics of the patients (age range, 32‑78 years; 
mean age, 51±12.4 years) are presented in Table I. All tissue 
samples were immediately frozen in liquid nitrogen and trans‑
ferred to a ‑80˚C deep freezer. Patient follow‑up information 
and survival were determined based on the medical records. 
The study was approved (approval ethics code 4‑2021‑1394) by 
the Institutional Review Board of Severance Hospital, Yonsei 
University College of Medicine. Individual patient consent 
was waived for the present study because it was a retrospective 
study which involved no risk to the subjects.

Cell culture. Human Ovarian Surface Epithelial Cells 
(cat.  no.  7310; Sciencell Research Laboratories, Inc.) were 
cultured using OepiCM, which consisted of basal medium, 
5  ml of Ovarian Epithelial Cell Growth Supplement 
(OEpiCGS; cat.  no.  7352) and 1% penicillin/streptomycin 
solution (cat. no. 0503), and incubated at 37˚C in a humidified 
atmosphere containing 5% CO2. Human EOC cell line A2780 
(cat. no. 93112519) was purchased from the European Collection 
of Cell Cultures (ECACC; Sigma‑Aldrich; Merck KGaA) and 
cultured in RPMI‑1640 medium supplemented with 10% fetal 
bovine serum (FBS) and 1% penicillin/streptomycin (pen/strep; 
all from Gibco; Thermo Fisher Scientific, Inc.). OVCA429 and 
OVCA433 were provided by the Korea Gynecologic Cancer 
Bank through the Bio and Medical Technology Development 
Program of the Ministry of Science of Korea, Information and 
Communication Technology and Future Planning (10,11). These 
cell lines were cultured in Dulbecco's modified Eagle's medium 
(DMEM; Welgene, Inc.) containing 10% FBS and 1% pen/strep 
in an incubator at 37˚C with 5% CO2.

Small interfering RNA (siRNA) transfection. siRNAs targeting 
HOXA‑AS3 (si‑HOXA‑AS3‑651 sense, 5'‑UCU​AUU​CUC​

CAA​GGG​AAA​TT‑3' and antisense, 5'‑UUU​CCC​UUG​CGA​
GAA​UAG​ATT‑3'; si‑HOXA‑AS3‑728 sense, 5'‑GGG​CCG​
AAC​AAC​UCA​UAA​ATT‑3'and antisense, 5'‑UUU​AUG​AGU​
UGU​UCG​GCC​CTT‑3'; si‑HOXA‑AS3‑3507 sense, 5'‑GCA​
CAG​AAU​CUC​AAC​UUU​ATT‑3' and antisense, 5'‑UAA​AGU​
UGA​GAU​UCU​GUG​CTT‑3'; all from Bioneer Corporation), 
HOXA3 (sense, 5'‑GGU​AGA​UUC​AUA​GAA​UAU​AAC‑3' 
and antisense, 5'‑GUU​AUA​UUC​UAU​GAA​UCU​ACC‑3'; 
cat. no. sc‑38675; Santa Cruz Biotechnology, Inc.) and negative 
control siRNA (siNC; cat. no. SN‑1011; Bioneer Corporation) 
were used. The target sequence for HOXA‑AS3 was as follows: 
5'‑GGU​AGA​UUC​AUA​GAA​UAU​AAC‑3'. Both OVCA429 and 
OVCA433 cells were cultured to 80% confluency, and the trans‑
fection was performed at a concentration of 30 nM of siRNAs 
in 6‑well plates at 1x105 cells/well using Lipofectamine™ 3000 
Transfection Reagent (Invitrogen; Thermo Fisher Scientific, 
Inc.) in Opti‑MEM I Reduced Serum Medium (Gibco; Thermo 
Fisher Scientific, Inc.) according to the manufacturer's instruc‑
tions at 37˚C for 48 h. The time interval between transfection 
and subsequent experimentation was 48 h.

RNA extraction and reverse transcription‑quantitative 
polymerase chain reaction (RT‑qPCR). Total RNA was 
extracted from cancerous and non‑cancerous specimens and 
cell lines using TRIzol® reagent (cat. no. 15596026; Invitrogen; 
Thermo Fisher Scientific, Inc.). RNA concentration and 
quality were determined using a NanoDrop ND‑2000 spec‑
trophotometer (cat. no. ND‑2000; NanoDrop Technologies; 
Thermo Fisher Scientific, Inc.). Total RNA (1 µg) was reverse 
transcribed into first‑strand cDNA using a reverse transcrip‑
tion reagent kit (TaqMan™ Reverse Transcription Reagents; 
cat.  no.  N8080234; Invitrogen; Thermo Fisher Scientific, 
Inc.) according to the manufacturer's protocol. RT‑qPCR 
was carried out in 96‑well blocks with the StepOnePlus™ 
Real‑Time PCR System (cat. no. 4376600; Applied Biosystems; 
Thermo Fisher Scientific, Inc.) using SensiFAST™ SYBR® 
Hi‑ROX (cat. no. BIO‑73001; Meridian Bioscience, Inc.) in a 
reaction volume of 20 µl. The following PCR program was 
used: An initial denaturation at 95˚C for 2 min, followed by 
40 cycles of 5 sec at 95˚C and 60˚C for 15 sec. 18S rRNA 
and GAPDH were used as internal controls. The PCR primer 
sequences were as follows: 18S rRNA sense, 5'‑GTA​ACC​CGT​
TGA​ACC​CCA​TT‑3' and antisense, 5'‑CCA​TCC​AAT​CGG​
TAG​TAG​CG‑3'; GAPDH sense, 5'‑ACC​CAC​TCC​TCC​ACC​
TTT​GA‑3' and antisense, 5'‑CTG​TTG​CTG​TAG​CCA​AAT​
TCG​T‑3'; HOXA‑AS3 sense, 5'‑TTC​ATC​CGC​TGC​ATC​CAA​
GG‑3' and antisense, 5'‑AGA​GAG​GTG​TCT​GAA​GCG​CT‑3'; 
HOXA3 sense, 5'‑CAG​CTC​ATG​AAA​CGG​TCT​GC‑3' and 
antisense, 5'‑GAG​CTG​TCG​TAG​TAG​GTC​GC‑3'; HOXA4 
sense, 5'‑ATA​ACG​GAG​GGG​AGC​CTAAG‑3' and antisense, 
5'‑GCT​CAG​ACA​AAC​AGA​GCG​TG‑3'; HOXA5 sense, 
5'‑CCA​GAT​CTA​CCC​CTG​GAT​GC‑3' and antisense, 5'‑ACT​
TCA​TTC​TCC​GGT​TTT​GGA​AC‑3'; HOXA6 sense, 5'‑AAG​
CAC​TCC​ATG​ACG​AAG​GC‑3' and antisense, 5'‑GTC​TGG​
TAG​CGC​GTG​TAG​GT‑3'. Changes in the expression levels 
were analyzed using the 2‑ΔΔCq method (12).

Cell viability assay. HOXA‑AS3 siRNA‑transfected cells 
were seeded into 96‑well flat‑bottomed plates at a density 
of 5x103  cells per well in 200 µl of culture medium. Cell 
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proliferation was evaluated using the Cell Counting Kit‑8 
(CCK‑8) assay (Dojindo Molecular Technologies, Inc.) in 
accordance with the manufacturer's instructions. The cells 
were incubated overnight to allow cell attachment and recovery. 
Subsequently, the cells were transfected with siHOXA‑AS3 for 
24, 48, or 72 h. A total of 20 µl of CCK‑8 solution was added to 
each well of the plate and incubated for an additional 1 h. The 
absorbance was measured at 450 nm using a microplate reader. 
Three independent experiments were performed in triplicate.

Colony formation assay. To assess clonogenic ability, cells 
(OVCA429 and OVCA433) were incubated for 3  days in 
12‑well plates at a low density (5x102  cells per well) in a 
complete medium for 14 days. The medium was changed to 
culture medium every 3 days. The plates were washed with 
phosphate‑buffered saline (PBS), fixed with ice‑cold methanol 
for 20 min at room temperature, and stained with 0.1% crystal 
violet (Sigma‑Aldrich; Merck KGaA) for 10 min at room 
temperature. The total number of colonies were counted 
manually using a light microscope (Olympus Corporation), 
and a colony was defined as 50 cells or more. Each experiment 
was performed on three independent occasions.

Wound healing assay. Cells (OVCA429 and OVCA433) were 
seeded into 6‑well culture plates with serum‑enriched medium 
and allowed to grow to 90% confluency. The serum‑containing 
medium was removed, and the cells were serum‑starved 
overnight. When the cells reached 100% confluence, artificial 
wounds were created by scratching the monolayer with a 

200‑µl pipette tip. After scratching, floating cells were washed 
with serum‑free medium and replenished with fresh medium. 
Wound healing was investigated at 0, 24, and 48 h, and images 
were captured using a light microscope (Olympus Corporation) 
and quantified using ImageJ software (version 1.8.0_172; 
National Institutes of Health). Each experiment was repeated 
three times.

Western blotting. Total protein was isolated from ovarian 
cancer cell lines (OVCA429 and OVCA433) using radioim‑
munoprecipitation assay lysis and extraction buffer (Thermo 
Fisher Scientific, Inc.), and protein concentrations were quanti‑
fied using the Pierce BCA Protein Assay Kit (Thermo Fisher 
Scientific, Inc.). Protein samples (20 µg) were separated on 
12% sodium dodecyl sulfate‑polyacrylamide gel electropho‑
resis gels and then transferred to polyvinylidene difluoride 
membranes (MilliporeSigma). The membranes were blocked 
with 5% skimmed milk in 1X Tris‑buffered saline and 0.1% 
Tween®‑20 (TBST) buffer for 1 h at room temperature and 
incubated with the primary antibody overnight at 4˚C with 
gentle rocking. The membrane was washed three times with 1X 
TBST buffer, followed by incubation with horseradish peroxi‑
dase‑conjugated secondary antibodies (1:5,000; cat. nos. 7074 
and 7076; Cell Signaling Technology, Inc.) for 2 h at room 
temperature. The primary antibodies used in this study were as 
follows: Anti‑HOXA3 (1:1,000; cat. no. sc‑374237; Santa Cruz 
Biotechnology, Inc.), anti‑β‑catenin (1:1,000; cat. no. 2698S), 
anti‑E‑cadherin (1:1,000; cat. no. 3195), anti‑AKT (1:1,000; 
cat. no. 9272), anti‑vimentin (1:1,000; cat. no. 5741; all Cell 

Table I. HOXA‑AS3 expression and clinicopathological characteristics of patients with ovarian cancer.

	 HOXA‑AS3 expression
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Parameters	 Total (n=100)	 Low (n=50)	 High (n=50)	 P‑value

Age (years), mean ± SD	 51.3±12.4	 52.1±10.1	 50.4±11.7	 0.617
Stage, n (%)				  
  I	 21 (21.0)	 16 (32.0)	 5 (10.0)	 0.05
  II	 16 (16.0)	 11 (22.0)	 5 (10.0)	
  III	 48 (48.0)	 18 (36.0)	 30 (60.0)	
  IV	 15 (15.0)	 5 (10.0)	 10 (20.0)	
Grade, n (%)				  
  1	 13 (13.0)	 9 (18.0)	 4 (8.0)	 0.323
  2	 35 (35.0)	 17 (34.0)	 18 (36.0)	
  3	 52 (52.0)	 24 (48.0)	 28 (56.0)	
Histological type, n (%)				  
  Serous	 64 (64.0)	 31 (62.0)	 33 (66.0)	 0.710
  Endometrioid	 15 (15.0)	 6 (12.0)	 9 (18.0)	
  Clear cell	 14 (14.0)	 9 (18.0)	 5 (10.0)	
  Mucinous	 4 (4.0)	 2 (4.0)	 2 (4.0)	
  Others	 3 (3.0)	 2 (4.0)	 1 (2.0)	
Lymph node metastasis, n (%)	 42 (42.0)	 15 (30.0)	 27 (54.0)	 0.015
Recurrence, n (%)	 58 (58.0)	 23 (46.0)	 35 (70.0)	 0.015
CA 125 ≥200, n (%)	 68 (68.0)	 31 (62.0)	 37 (74.0)	 0.198

HOXA‑AS3, HOXA cluster antisense RNA 3; CA 125, cancer antigen 125.
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Signaling Technology, Inc.), and β‑actin antibody (1:5,000; 
cat. no. A5316; Sigma‑Aldrich; Merck KGaA). The bands were 
visualized using an enhanced chemiluminescence solution 
(Pierce™ ECL Western Blotting Substrate; cat. no. 32106; 
Thermo Scientific™, Inc.) and analyzed using ImageJ software 
(version 1.8.0_172; National Institutes of Health).

Immunofluorescence analysis. OVCA429 and OVCA433 cells 
were cultured at a density of 5x103 cells per confocal dish 
(SPL Life Sciences, Co., Ltd.). After incubation, the dishes were 
washed with PBS and fixed in 4% formaldehyde for 20 min at 
room temperature. The cells were then rinsed twice with PBS 
and blocked with blocking buffer (10% normal donkey serum; 
cat. no. 017‑000‑121; Jackson ImmunoResearch Laboratories, 
Inc.; and 0.3% Triton X‑100) for 45 min at room temperature. 
The dishes were incubated with a primary antibody, overnight 
at 4˚C, followed by incubation with the appropriate secondary 
fluorescence‑labeled antibody for 1 h at room temperature. 
Nuclei were counterstained with DAPI (cat.  no.  D1306; 
Invitrogen; Thermo Fisher Scientidic, Inc.) for 5 min at room 
temperature. The images were visualized using a confocal 
microscope (Zeiss AG). The primary antibodies used in this 
study were as follows: Anti‑HOXA3 (1:100; cat. no. ab230879; 
Abcam), anti‑tubulin (1:100; cat.  no. 2144; Cell Signaling 
Technology, Inc.). The secondary antibodies used in this 
study were as follows: Anti‑rabbit Alexa Fluor 488 (1:100; 
cat. no. A‑11008; Invitrogen; Thermo Fisher Scientific, Inc.) 
and Rhodamine Red anti‑mouse (1:200; cat. no. 715‑295‑151; 
Jackson ImmunoResearch Laboratories, Inc.).

Statistical analysis. Statistical analyses were performed 
using SPSS version 25 for Windows (IBM Corp.). The 
Kolmogorov‑Smirnov test was used to validate standard 
normal‑distributional assumptions. Data are expressed 
as the mean  ±  standard deviation. Multiple comparsions 
among groups was performed using one‑way ANOVA with 
Bonferroni correction and for comparisons between groups 
paired Student's t‑test was used. Two‑tailed P‑values of 
<0.05 were considered to indicate a statistically significant 
difference. PFS and overall survival (OS) were calculated by 
Kaplan‑Meier analysis using the log‑rank test to determine 
significance. Statistical significance was set at P<0.05.

Results

Upregulation of HOXA‑AS3 is associated with poor prognosis 
in EOC tissues and cells. To explore the function of HOXA‑AS3 
in ovarian cancer, HOXA‑AS3 expression in ovarian cancer 
cell tissues and cells (A2780, OVCA429, and OVCA433) was 
detected by RT‑qPCR. The results revealed that the expres‑
sion of HOXA‑AS3 was higher in ovarian cancer cells than in 
non‑cancerous cells (Fig. 1A). Among them, HOXA‑AS3 levels 
were higher in OVCA429 and OVCA433 cells and lowest in 
the A2780 cell line. For this reason, OVCA429 and OVCA433 
cells were selected for further experiments. In addition, benign 
tissues and human ovarian surface epithelial cells were used 
as controls. The results revealed that lncRNA HOXA‑AS3 
expression was significantly higher in ovarian cancer tissue 
(n=100) than in the control (n=30) (Fig. 1B). The median rela‑
tive expression levels of HOXA‑AS3 were used to determine 

the cut‑off values of the high and low HOXA‑AS3 expression 
groups. Kaplan‑Meier analysis indicated that patients with 
high HOXA‑AS3 expression had worse OS and PFS compared 
to those with low HOXA‑AS3 expression (Fig. 1C and D). The 
clinical characteristics of patients who were in the low (n=50) 
and high (n=50) HOXA‑AS3 expression groups were also 
compared. Clinicopathological data, such as age, stage, grade, 
histological type, lymph node metastasis, recurrence, and 
cancer antigen (CA125) levels, were compared between the 
low and high expression groups (Table I). The results indicated 
that high expression of lncRNA HOXA‑AS3 was associated 
with poor prognostic factors including lymph node metastasis 
and recurrence in patients with ovarian cancer.

Knockdown of HOXA‑AS3 inhibits cell proliferation in 
ovarian cancer. To further investigate the biological func‑
tion of HOXA‑AS3 in ovarian cancer cell development and 
progression, the expression of HOXA‑AS3 was knocked down 
in OVCA429 and OVCA433 cells by transfecting siRNA. The 
CCK‑8 assay was performed to determine whether the knock‑
down of HOXA‑AS3 suppressed cell proliferation in ovarian 
cancer cells. The results revealed that HOXA‑AS3 knockdown 
significantly decreased the proliferation of OVCA429 and 
OVCA433 cells (Fig. 2A). In addition, the colony formation 
assay demonstrated that the cell proliferation rate decreased 
following HOXA‑AS3 knockdown (Fig. 2B). Taken together, 
these results revealed that the knockdown of HOXA‑AS3 
significantly hindered ovarian cancer cell proliferation.

HOXA‑AS3 promotes ovarian cancer cell migration. Wound 
healing assays were performed to investigate the effect of 
HOXA‑AS3 on ovarian cancer cell migration. The results 
showed that HOXA‑AS3 knockdown reduced the migration 
ability of OVCA429 and OVCA433 cells (Fig. 3A and B), 
indicating that HOXA‑AS3 promoted cell migration in ovarian 
cancer. Silencing of HOXA‑AS3 in OVCA429 and OVCA433 
cell lines reduced scratch closure by 50 and 60%, respec‑
tively, compared with control cell lines at 48 h. Collectively, 
these results revealed that the knockdown of HOXA‑AS3 
significantly hindered cell migration.

HOXA‑AS3 regulates the EMT signaling pathway in ovarian 
cancer cells. Numerous studies have revealed that the EMT 
signaling pathway plays a critical role in the modulation of 
cell proliferation and metastasis of cancers (5,6). To evaluate 
the role of HOXA‑AS3 in EMT signaling, western blotting and 
RT‑qPCR were performed (Fig. 4). The results of the western 
blot analysis demonstrated that HOXA‑AS3 knockdown caused 
significant upregulation of E‑cadherin and downregulation of 
β‑catenin, AKT and vimetin in OVCA429 and OVCA433 cells 
compared with the cells in the siNC group (Fig. 4A and B). 
The mRNA levels of β‑catenin, AKT, and vimentin were 
downregulated, and E‑cadherin was upregulated following the 
knockdown of HOXA‑AS3 in ovarian cancer (Fig. 4B). These 
results indicated that knockdown of HOXA‑AS3 suppressed 
ovarian cancer cell proliferation and migration by inhibiting 
EMT signaling.

HOXA‑AS3 regulates HOXA3 mRNA and protein. The 
knockdown of HOXA‑AS3 upregulated HOXA3 expression 
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at both the mRNA and protein levels, and HOXA‑AS3 inter‑
acted with HOXA3 in non‑small‑cell lung carcinoma cell 
lines  (9). To evaluate the association between HOXA‑AS3 
and HOXA3 in ovarian cancer, RT‑qPCR and western blot 
analyses were performed. The results revealed that knock‑
down of HOXA‑AS3 upregulated HOXA3 expression at the 
mRNA and protein levels in ovarian cancer (Fig. 5A‑C). In 
addition, immunofluorescence microscopy revealed increased 
HOXA3 expression in the HOXA‑AS3‑knockdown ovarian 
cancer cells (Fig. 5D). These results revealed that knockdown 
of HOXA‑AS3 upregulated HOXA3 expression in ovarian 
cancer cells.

Discussion

The present study aimed to explore the functional role of 
HOXA‑AS3 in ovarian cancer cell lines and its effect on 
the clinical characteristics of patients. In the present study, 
the knockdown of HOXA‑AS3 expression was associated 
with decreased cell growth and migration in ovarian cancer 
cells. The effect of HOXA‑AS3 on tumor progression may 
be mediated by genes involved in cell migration, invasion, 
and the EMT signaling pathway. The findings suggest that 

HOXA‑AS3 may be utilized as a biomarker and therapeutic 
target for ovarian cancer. 

Notably, lncRNAs have been receiving increasing attention 
for their possible role in cancer progression, including tumori‑
genesis, metastasis, and drug resistance (3,13,14). In particular, 
lncRNA HOXA‑AS3, located on chromosome 7p15.2, was 
revealed to be correlated with the progression of several types 
of cancer, including glioma and lung cancer (7,9). HOXA‑AS3 
was highly expressed in glioma tissues and cell lines, and 
upregulated HOXA‑AS3 expression was correlated with a 
poor prognosis in patients with glioma (7). 

In addition, HOXA‑AS3 was revealed to act as an onco‑
gene in glioma by increasing cell proliferation, promoting cell 
migration, and inhibiting apoptosis (15). HOXA‑AS3 was also 
significantly overexpressed in lung adenocarcinoma tissues 
and A549 cells. Knockdown of HOXA‑AS3 was demonstrated 
to inhibit cancer cell proliferation, migration, and invasion (8). 
A previous study on lung cancer suggested that HOXA‑AS3 
was associated with cisplatin resistance in vitro and in vivo. In 
particular, HOXA‑AS3 induced cisplatin resistance by inter‑
acting with HOXA3 in non‑small cell lung carcinoma cells (9). 
Another interesting study on the underlying mechanism of 
HOXA‑AS3 indicated that HOXA‑AS3 acts as an epigenetic 

Figure 1. lncRNA HOXA‑AS3 is upregulated in ovarian cancer tissues and associated with the poor prognosis of patients with ovarian cancer. (A) HOXA‑AS3 
expression level in ovarian cancer cell lines. (B) lncRNA HOXA‑AS3 expression was assessed in ovarian cancer tissues (n=100) and adjacent normal tissues 
(n=30) using reverse transcription‑quantitative polymerase chain reaction. (C and D) Kaplan‑Meier survival analysis and log‑rank testing were performed to 
analyze the (C) overall survical and (D) progression‑free survival of patients with ovarian cancer in high and low lncRNA HOXA‑AS3 expression groups. 
**P<0.01 and ***P<0.001. HOXA‑AS3, HOXA cluster antisense RNA 3.
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switch that determines the lineage specification of mesen‑
chymal stem cells interacting with EZH2 and is involved in 
H3K27me3 deposition on RUNX2, which is a key osteogenic 
transcription factor gene (16). 

lncRNAs potentially regulate target genes through various 
mechanisms, including transcriptional and post‑transcriptional 
processing, chromatin remodeling, protein functioning and 
localization, and intercellular signaling (17‑19). 

In the present study, HOXA3, which encodes for highly 
conserved transcription factors that are important for physi‑
ological functions, including early embryonic development, and 
thymus and parathyroid differentiation, was investigated (20,21). 
HOXA3 has various functions in the immune and nervous 
systems, such as promoting the differentiation of hematopoietic 

precursor cells into myeloid cells, regulation of macrophage 
activation, and prevention of aberrant neuronal identity and 
behavior  (22‑24). Particularly in tumors, HOXA3 has been 
reported to promote colon cancer formation by regulating the 
EGFR/Ras/Raf/MEK/ERK signaling pathway (25). In addi‑
tion, DNA hypermethylation of HOXA3 has been identified 
as a potent biomarker for lung cancer (26). However, the role 
of HOXA3 in ovarian cancer has yet to be elucidated. In the 
present study, the association between HOXA‑AS3 and HOXA3 
was determined in ovarian cancer cell lines for the first time, 
to the best of our knowledge, and it was demonstrated that 
HOXA‑AS3 is associated with cancer progression.

A previous study reported that HOXA3 induces 
migration and angiogenesis of endothelial and epithelial 

Figure 2. Knockdown of HOXA‑AS3 inhibits proliferation in ovarian cancer cell lines. (A) Cell proliferation assays were performed in OVCA429 and 
OVCA433 cells in response to HOXA‑AS3 siRNA or negative control siRNA. (B) Colony formation assays revealed that HOXA‑AS3 knockdown inhibited 
ovarian cancer cell proliferation. Scale bar, 500 µm. ***P<0.001. HOXA‑AS3, HOXA cluster antisense RNA 3; siRNA or si, small interfering RNA; NC, nega‑
tive control.
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cells in response to injury (27). In addition, HOXA3 was 
reported to be an important modulator of EMT in a mouse 
model of idiopathic pulmonary fibrosis (7). EMT has been 
revealed to play an important role in tumor progression in 
numerous types of malignancies, including breast, lung, 
colon, pancreatic, and ovarian cancers (28‑30). Therefore, 
the EMT pathway is a possible target for anticancer treat‑
ment  (31,32). Furthermore, suppression of HOXA‑AS3 
downregulated β‑catenin, AKT, vimentin, and upregulated 

E‑cadherin expression levels, indicating that HOXA‑AS3 
knockdown advanced the progression of ovarian cancer 
cells by inducing EMT.

The present study has some limitations. Further 
research is required to fully elucidate the mechanism of 
HOXA‑AS3‑mediated ovarian cancer cell proliferation and 
migration. First, additional studies are needed to investigate 
other possible mechanisms and signaling pathways that may be 
involved in the process by which HOXA‑AS3 induces cancer 

Figure 4. Knockdown of lncRNA HOXA‑AS3 suppresses the epithelial‑mesenchymal transition in ovarian cancer cell lines. The mRNA expression levels of 
E‑cadherin, N‑cadherin and β‑catenin were analyzed using reverse transcription‑quantitative polymerase chain reaction, following knockdown of lncRNA 
HOXA‑AS3 in (A) OVCA429 or OVCA433 cells, compared with negative control siRNA. (B) Quantitative analysis of western blots of three independent 
experiments for OVCA429 and OVCA433 cell lines, using ImageJ software. **P<0.01, ***P<0.001 and ****P<0.0001. HOXA‑AS3, HOXA cluster antisense 
RNA 3; siRNA or si, small interfering RNA; NC, negative control.

Figure 3. Knockdown of HOXA‑AS3 inhibits migration in ovarian cancer cell lines. (A) Cell migration under HOXA‑AS3 knockdown was evaluated by 
wound healing assays. (B) Quantitative analysis of wound healing rate of three independent experiments for OVCA429 and OVCA433 cell lines, using ImageJ 
software. Scale bar, 500 µm. ***P<0.001. HOXA‑AS3, HOXA cluster antisense RNA 3; si, small interfering RNA; NC, negative control.
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cell proliferation and migration to ovarian cancer cells. In addi‑
tion, correlations between HOXA‑AS3/HOXA3 expression 
and detailed clinical variables, including oncologic outcomes 
in ovarian cancer patients, should be explored. Lastly, the 
mechanism by which HOXA‑AS3 affects the EMT pathway 
should be studied in detail to provide a deeper understanding 
of the underlying molecular process of HOXA‑AS3‑mediated 
cancer progression. 

Collectively, the results of the present study revealed 
that lncRNA HOXA‑AS3 is associated with the motility and 
invasiveness of ovarian cancer cells. Specifically, lncRNA 
HOXA‑AS3 promoted ovarian cancer progression by 
inducing cell migration and invasion via upregulation of EMT 
signaling pathway‑related genes. Thus, lncRNA HOXA‑AS3 
may be a potential therapeutic target and prognostic marker 
for ovarian cancer.
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