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Abstract. – OBJECTIVE: Long noncoding 
RNAs (lncRNAs) are key regulatory RNAs which 
take(s) part in several biological processes. Re-
cently, a newly identified lncRNA, long noncod-
ing RNA DLX6-AS1 (DLX6-AS1), was reported 
to be involved in the progression of several tu-
mors. However, its expression and biological 
function in epithelial ovarian cancer (EOC) have 
not been investigated. The present study aimed 
to investigate the role of DLX6-AS1 in the devel-
opment and progression of EOC.

PATIENTS AND METHODS: The expression 
levels of DLX6-AS1 in EOC tissues and cells 
were detected by reverse transcriptase-poly-
merase chain reaction (RT-PCR). The associa-
tion between DLX6-AS1 expression and clini-
copathologic characteristics and prognosis in 
patients with EOC was statistically analyzed. 
Subsequently, loss-of-function assays were 
performed to explore alterations in a series of 
cells phenotypes, including cell viability, colony 
formation, cell cycle, apoptosis, colony forma-
tion, and migration and invasion capacities. The 
effect of DLX6-AS1 on the Notch signaling path-
way was evaluated by Western blot and RT-PCR. 

RESULTS: We first verified the increased 
expression of DLX6-AS1 in EOC patient sam-
ples and cell lines. Clinical assays indicated 
that high DLX6-AS1 was significantly associ-
ated with FIGO stage, lymph node metastasis 
and poor prognosis. Furthermore, multivariate 
Cox regression analysis confirmed DLX6-AS1 
as an independent prognostic factor in EOC 
patients. Functionally, the down-regulation of 
DLX6-AS1 decreased EOC cells proliferation, 
migration, invasion and induced cell cycle G1/S 
phase arrest and cell apoptosis. Mechanistic 
studies revealed that the knockdown of DLX6-
AS1 down-regulated Notch1, p21, and Hes1, in-
dicating that the activity of the Notch signaling 
pathway was inhibited. 

CONCLUSIONS: Our results demonstrated 
that DLX6-AS1 inhibited a tumor-promoting role 
in EOC and may be useful as a prognostic bio-
marker and/or a therapeutic avenue for EOC.
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Introduction

Ovarian cancer is the fifth most common can-
cer and the most malignant gynecological tumor 
which represents a major concern for women’s 
health worldwide with a high mortality rate1,2. 
Epithelial ovarian cancer (EOC) accounts for an 
estimated 90% of diagnosed ovarian cancers and 
is the most lethal gynecological cancer3. China has 
gradually entered the aging society and EOC inci-
dence increased year by year4. To date, because of 
lacking specific symptoms at early stages of EOC, 
metastasis has already occurred when patients 
with EOC are diagnosed. So, the large majority 
of EOC patients fail to achieve cure with a 5-year 
survival of 30%5,6. Therefore, it is urgently needed 
to identify novel prognostic markers and focus 
studies on the molecular mechanisms of EOC to 
develop a novel therapeutic method.

Long non-coding RNAs (lncRNAs) are de-
fined as endogenous RNAs larger than 200 nucle-
otides without evident protein coding functions7. 
Although lncRNAs lack protein-coding potential, 
the potential regulatory effects of lncRNAs make 
them the core of epigenetic modulation8. More-
over, lncRNAs have been reported to act as new 
players in diverse cellular processes such as cell 
growth, cell differentiation, cell cycle, apoptosis, 
and autophagy9,10. In recent years, the rapid devel-
opment of high-throughput RNA sequencing and 
cancer genomics revealed the biological signifi-
cance of lncRNAs which are distinctly associated 
with human tumors, acting as anti-oncogenes 
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or tumor promoters11,12. Thus, lncRNAs that are 
involved in the regulation of tumor progression 
are regarded as new therapeutic targets for var-
ious tumors. Previously, several lncRNAs such 
as lncRNA HMMR-AS1, lncRNA SNHG15, and 
lncRNA HOXA11-AS, had been well studied 
and served as oncogenes or tumor suppressors in 
EOC cells13-15. However, little was known about 
the expression pattern of lncRNA DLX6 anti-
sense RNA 1 (DLX6-AS1) in EOC and its clinical 
significance and biological function.

DLX6-AS1, localized at the human chromo-
some 7q21.3, is a newly studied tumor-related 
lncRNA. Recently, its overexpression and tu-
mor-promotive roles have been reported in several 
tumors, such as pancreatic cancer16, glioma17

, and 
non-small cell lung cancer18. However, the effects 
of DLX6-AS1 in EOC remain largely unclear. In 
this study, in line with the previous findings, we 
also provided evidence that DLX6-AS1 may be 
an up-regulated lncRNA in EOC patients. Then, 
clinical assays and loss-of-function assays were 
performed to explore the clinical significance and 
potential biological function of DLX6-AS1 in the 
EOC progression.

Patients and Methods

Patients and Tissue Collection
A total of 128 EOC tissue specimens and 

matched adjacent normal tissue samples were 
obtained from EOC patients who underwent sur-
gery at the Second Hospital of Dalian Medical 
University from June 2008 to April 2012. Diag-
noses were based on pathological evidence. The 
tissue samples were frozen immediately in liq-
uid nitrogen after resection and stored at −80°C 
until use. No patient received radiotherapy or 
chemotherapy before surgery. Informed consent 
was obtained from all the EOC patients and this 
investigation was approved by the Ethical Com-
mittee of the Second Hospital of Dalian Medical 
University. All patients’ clinical information was 
listed in Table II.

Cell Lines and Cell Transfection
We purchased the four cell lines (IOSE80, 

HEY, SKOV3, and OVCAR-3) from Cobioer 
Biosciences Co., Ltd. (Nanjing, Jiangsu, China). 
The IOSE80 cells were normal ovarian epithelial 
cells. The other three cell lines (HEY, SKOV3, 
and OVCAR-3) were EOC cells. These cells were 
all cultured using Roswell Park Memorial Insti-

tute-1640 (RPMI-1640) medium (Yaji, Minhang, 
Shanghai, China) supplemented with 10% fetal 
bovine serum (FBS; AusGenex, Loganholme, 
QLD, Australia) at 37°C with 5% CO2. For cell 
transfection, we applied a siRNA transfection 
kit (Jiancheng Bioengineering Institute, Nanjing, 
Jiangsu, China) according to the protocols pro-
vided by the manufacturer. The small interfering 
RNAs (siRNAs) against DLX6-AS1 (si-DLX6-
AS1#1 and si-DLX6-AS1#2) or control siRNAs 
(si-control) were obtained from BoYi Biotechnol-
ogy Co., Ltd. (Xuhui, Shanghai, China). 

Quantitative Reverse Transcription-
Polymerase Chain Reaction (qRT-PCR)

 The Total RNA Extractor kit (Sangong, Song-
jiang, Shanghai, China) was applied to isolate 
the total RNAs from the related tissue samples 
or cell lines. Then, a cDNA Reverse Transcrip-
tion kit (ShengKe, Haidian, Beijing, China) was 
employed to transcribe 2 μg of total RNAs into 
cDNA. Next, qRT-PCR assays were conducted 
using a TransScript Green qRT-PCR SuperMix 
kit on an ABI 7900HT Real-Time PCR System 
(Oriental Tech, Chengdu, Sichuan, China). Rel-
ative expression levels of DLX6-AS1, Notch1, 
p21, and Hes1, were calculated and normalized 
to endogenous Glyceraldehyde-3-Phosphate De-
hydrogenase (GAPDH). The fold-changes in the 
expression of DLX6-AS1, Notch1, p21, and Hes1, 
were calculated using the 2-DDCT method. The rel-
evant primers were listed in Table I. 

Western Blot Analysis
A mammalian protein extraction kit (Bey-

otime, Haimen, Jiangsu, China) was employed 
to lyse the cells. Then, twenty-five micrograms 
of the cell lysates mixed with 2 × SDS load-
ing buffer were loaded onto 10% of dodecyl 
sulfate, sodium salt (SDS)-polyacrylamide gel 
electrophoresis and subsequently transferred to 
polyvinylidene difluoride (PVDF) membranes. 
Before being incubated with primary antibodies, 
the membranes were blocked with 5% of bull se-
rum albumin in Tris-Buffered Saline and Tween 
(TBST) for 1 h. Thereafter, the membranes were 
probed overnight at 4°C with primary antibod-
ies targeting Notch1 (1:1000; Abcam, Pudong, 
Shanghai, China), p21 (1:800; Boster, Wuhan, 
Hubei, China), Hes1 (1:1000; Epitomics, Hang-
zhou, Zhejiang, China) and GAPDH (1:2000; 
Proteintech, Wuhan, Hubei, China). After rinsing 
with TBST three times on the second day, the 
membranes were incubated with matched sec-
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ondary antibodies. Finally, an enhanced chemilu-
minescence (ECL) Western blot detection kit (Aff 
Biotech, Changzhou, Jiangsu, China) was applied 
to visualize the indicated proteins. The relative 
optical density of the protein bands was analyzed 
by Image J software (NIH, Bethesda, MD, USA). 

Cell Counting Kit-8 (CCK-8) Assays
The cells after various treatment (at a density 

of 2000 cell/well) were placed into 96-well plates 
in triplicates. After attachment, 10 μl of CCK-8 
solution (10 μl; WeiAo, Qingpu, Shanghai, Chi-
na) was added into each well and incubated for 

another 2 h. Then, a microplate reader (NYW-
MB96; NYAW instrument, Fengtai, Beijing, Chi-
na) was utilized to determine the optical density 
(OD) absorbance at a wavelength of 450 nm. 

Colony Formation Assays
After transfecting with the indicated siRNAs, 

the SKOV3 and OVCAR-3 cells were separately 
planted into 12-well plates (at a density of 400 
cells per well) and continued to be maintained in 
RPMI-1640 medium with 10% FBS for about 15 
days. After rinsing with phosphate-buffer saline 
(PBS) twice, the cell colonies were stained with 

Table I. The relative sequences of used primers for RR-PCR.

Genes Sequences (5’-3’) 

DLX6-AS1: Forward AGTTTCTCTCTAGATTGCCTT
DLX6-AS1: Reverse ATTGACATGTTAGTGCCCTT
Notch1: Forward GAGGCGTGGCAGACTATGC
Notch1: Reverse CTTGTACTCCGTCAGCGTGA
P21: Forward GAATTTGCCGTTGGGTCAAG
P21: Reverse AGGAGAACACGGGATGAGGAG
Hes1: Forward TCAACACGACACCGGATAAAC
Hes1: Reverse GCCGCGAGCTATCTTTCTTCA
GAPDH: Forward CAATGACCCCTTCATTGACC
GAPDH: Reverse GACAAGCTTCCCGTTCTCAG

Table II. Correlation between DLX6-AS1 expression and clinicopathological features in ovarian cancer patients.

Parameters Total                   DLX6-AS1 expression p-value

  High Low 

Age (years)    NS
  <50 58 30 28 
  ≥50 70 33 37 
FIGO stage    0.024
  I-II 91 39 52 
  III-IV 37 24 13 
Histological grade    NS
  G1-G2 79 45 34 
  G3 49 28 31 
Residual tumor diameter (cm)    NS
  <1 104 52 52 
  ≥1 24 11 13 
Lymph node metastasis    0.029
  Absent 98 43 55 
  Present 30 20 10 
CA125 level (U/ml)    NS
  <600 57 31 26 
  ≥600 71 32 39 
Ascites    NS
  <100 58 25 33 
  ≥100 70 38 32 
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crystal violet solution (0.1%) and were counted 
using a microscope (XSP-63, Zhanjing, Ningbo, 
Zhejiang, China). 

BrdU Assays
The cell proliferation was also detected by 

5-Bromo-2-deoxyUridine (BrdU) assays using a 
BrdU Cell Proliferation enzyme-linked immu-
nosorbent assay (ELISA) kit (Abcam, Pudong, 
Shanghai, China). In brief, the DLX6-AS1 siR-
NAs or si-control-transfected SKOV3 or OV-
CAR-3 cells (1 × 104 cells/well) were seeded into 
96-well plates. Then, the 1× BrdU solution (20 μl) 
was added into each well and the plates were in-
cubated at 37°C with 5% CO2 for 2 h. After treat-
ment with Fixing Solution, the Primary detector 
antibody solution (100 μl/well) was added into 
each well. Then, the peroxidase Goat Anti-Mouse 
igG Conjugate, TMB Peroxidase Substrate, and 
Stop Solution were sequentially added into each 
well. Finally, a NYW-MB96 microplate reader 
(NYAW instrument, Fengtai, Beijing, China) was 
applied to measure the absorbance at 450 nm.

Flow Cytometry Analysis
We used flow cytometry methods to evaluate 

the cell cycle and cell apoptosis. For cell cycle 
determination, the DLX6-AS1 siRNAs or si-con-
trol-transfected SKOV3 or OVCAR-3 cells were 
harvested and resuspended in the binding buffer 
containing a proper concentration of propidium 
iodide (PI) and RNase. After incubation for 20 
min in the dark, the cells were washed and resus-
pended in ice-cold PBS buffer. The cell cycle was 
then determined by a BD LSRFortessa X-20 flow 
cytometer (BD Biosciences, Pudong, Shanghai, 
China). For cell apoptosis detection, the Annexin 
V-FITC, as well as PI, were added into the treated 
SKOV3 or OVCAR-3 cell suspension. The cell 
suspensions were incubated at 37°C away from 
light for 15-20 min, and then, the cell apoptosis 
was analyzed by the flow cytometer. The PI, 
Rnase, and Annexin V-FITC/PI apoptotic detec-
tion kit were all purchased from Beyotime Co., 
Ltd. (Haimen, Jiangsu, China). 

Wound Healing Assays
The cells were plated in 12-well plates and 

cultured to about 70-80% confluence. Then, the 
DLX6-AS1 siRNAs or si-control were separately 
transfected into the cells as described above. When 
the cells were grown to 100% confluence, they 
were scratched with a sterile pipette tip (200 μl). 
After removing the detached cells by washing with 

PBS, the wounded areas were photographed using 
a microscope (XSP-63, Zhanjing, Ningbo, Zheji-
ang, China). Furthermore, pictures of the wounded 
areas were taken after incubation for 48 h. 

Transwell Invasion Assays
The cell invasion was detected by the use 

of transwell invasion assays using BD Biosci-
ences 24-well transwell chambers (pore size: 8 
μm; YuboBio, Minhang, Shanghai, China) which 
were pre-treated with Matrigel (70 μl/well). The 
cells were trypsinized into single-cell suspen-
sions (without serum) and 1 × 105 cells (per well) 
were placed into the upper chambers. As a che-
moattractant, 15% FBS containing RPMI-1640 
medium was added in the lower chambers. Twen-
ty-four hours later, the cells invaded through the 
pores were fixed and stained with crystal violet 
solution (0.1%). After rinsing with PBS for three 
times, a microscope (XSP-63, Zhanjiang, Ningbo, 
Zhejiang, China) was utilized to take pictures of 
the invaded cells. 

Statistical Analysis
SPSS 20.0 statistics software (SPSS, Inc., Chi-

cago, IL, USA) was used to analyze all the results. 
The Student’s t-test was applied to analyze the dif-
ference between the two groups. The Chi-square 
test and Fisher’s exact tests were used to examine 
the associations between DLX6-AS1 expression 
and the clinicopathological characters. Survival 
analysis was performed using the Kaplan-Meier 
method with the log-rank test. Multivariate anal-
ysis of the prognostic factors was performed with 
the Cox regression model. A p-value<0.05 was 
regarded to be statistically significant.

Results

DLX6-AS1 Levels Is Upregulated 
In EOC Tissues And Cell Lines

To explore the biological relevance of DLX6-
AS1, we analyzed the expression pattern of 
DLX6-AS1 in DLX6-AS1 tissues and different 
EOC cell lines using RT-qPCR. As shown in 
Figure 1A, we found that the expression levels 
of DLX6-AS1 were significantly increased in 
the EOC tissues compared to matched adjacent 
nontumor tissues (p<0.01). In addition, increased 
DLX6-AS1 expression was also observed in EOC 
tissues with advanced stages (Figure 1B). Over-
all, our data highlighted the oncogenic roles of 
DLX6-AS1 in the EOC progression. 
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Clinical And Prognostic Values 
of DLX6-AS1 Expression in EOC

Given the frequent up-regulation of DLX6-AS1 
in EOC, we further wondered whether DLX6-AS1 
may influence the clinical progress of EOC; we 
divided the 128 EOC patients into high expression 
group (n=63) and low expression group (n=65) ac-
cording to the median value of DLX6-AS1 expres-
sion levels in the EOC samples. As shown in Table 
II, results of the Chi-square analysis indicated 
that high expression of DLX6-AS1 was associated 
with advanced FIGO stage (p=0.024) and lymph 
node metastasis (p=0.029). However, there were 
no significant associations between DLX6-AS1 
expression and other clinical features (p>0.05). 
Moreover, the association between DLX6-AS1 
expression and survival of EOC patients was in-
vestigated by Kaplan-Meier analysis and log-rank 
test. As shown in Figure 1C, we found that patients 
with high DLX6-AS1 level survived significantly 
shorter than patients with low DLX6-AS1 levels 
(p=0.0301). Besides, the promotive roles of DLX6-
AS1 on disease-free survival were also showed  

in Figure 1D. More importantly, the multivari-
ate analysis validated that DLX6-AS1 expression 
was an independent prognostic indicator for both 
overall survival (HR=3.544, 95% CI: 1.437-4.872, 
p=0.003) and disease-free survival (HR=3.183, 
95% CI: 1.299-4.523, p=0.005) (Table III). Taken 
together, our findings revealed that DLX6-AS1 
may act as a potential diagnostic and prognostic 
biomarker for EOC patients.

Silencing DLX6-AS1 Suppressed 
the Proliferation And Promoted 
Apoptosis of EOC Cells

To investigate the effect of DLX6-AS1 on cel-
lular growth of EOC cells, the loss of function 
study was performed using EOC cell lines. First, 
qRT-PCR assays were conducted to detect the 
expression of DLX6-AS1 in all the cell lines 
used in this study: IOSE80, HEY, SKOV3, and 
OVCAR-3 cells. The data suggested that the ex-
pression of DLX6-AS1 in SKOV3 and OVCAR-3 
cells was higher than that of HEY cells (Figure 
2A). Hence, we selected SKOV3 and OVCAR-3 

Figure 1. Up-regulation of DLX6-AS1 was associated with poor prognosis. A, Relative expression levels of DLX6-AS1 in 128 
paired human EOC and normal ovarian tissues were measured by qRT-PCR. B, Expression of DLX6-AS1 was determined in 
EOC patients with different stages. C-D, Compared to those of low DLX6-AS1 level, DLX6-AS1 high-expressing patients had 
significantly reduced overall survival and disease-free survival. *p<0.05, **p<0.01.

A B C D

Table III. Multivariate analysis of parameters associated with overall survival and disease-free survival of EOC patients.

Parameter  Overall survival   Disease-free survival

 HR 95% CI p HR 95% CI p 

Age 1.634 0.462-2.142 0.332 1.378 0.568-1.998 0.288
FIGO stage 3.231 1.455-4.432 0.007 3.426 1.562-4.775 0.004
Histological grade 1.772 0.432-2.554 0.135 1.442 0.762-1.895 0.117
Residual tumor diameter 1.342 0.672-1.932 0.237 1.426 0.832-2.132 0.266
Lymph node metastasis 3.522 1.427-5.217 0.001 3.321 1.277-4.327 0.009
CA125 level 2.145 0.664-2.334 0.154 1.562 0.478-2.416 0.217
Ascites 1.376 0.558-1.984 0.428 1.448 0.682-2.339 0.183
DLX6-AS1 expression 3.544 1.437-4.872 0.003 3.183 1.299-4.523 0.005
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cells to conduct the following investigations. Sub-
sequently, DLX6-AS1 siRNAs (si-DLX6-AS1#1 
and si-DLX6-AS1#2) or control siRNAs (si-con-
trol) were separately transfected into SKOV3 
and OVCAR-3 cells, and qRT-PCR assays were 
performed to evaluate the knockdown efficien-
cy of DLX6-AS1 siRNAs. Results revealed that 
the expression of DLX6-AS1 was significantly 
decreased in SKOV3 and OVCAR-3 cells after 
DLX6-AS1 siRNAs transfection (Figure 2B). The 
CCK-8 assays demonstrated that the transfection 
of DLX6-AS1 siRNAs markedly reduced the cel-
lular growth curves of SKOV3 and OVCAR-3 
cells (Figure 2C). Furthermore, the cell colony 
formation assays showed that, after transfection of 
DLX6-AS1 siRNAs, the colony formation ability 
of SKOV3 and OVCAR-3 cells was significantly 

reduced (Figure 2D). Similarly, BrdU assays also 
indicated that DLX6-AS1 deficiency had a sig-
nificant repression on SKOV3 and OVCAR-3 cell 
proliferation (Figure 2E). For further investigation, 
we subsequently evaluated the effects of DLX6-
AS1 on cell cycle and cell apoptosis of EOC cells 
using the flow cytometry. Results from cell cycle 
analysis evidenced that the silence of DLX6-AS1 
notably induced the cell cycle of SKOV3 and 
OVCAR-3 cells at the G0/G1 phase (Figure 2F). 
Besides, the cell apoptosis analysis validated that 
the down-regulation of DLX6-AS1 in SKOV3 and 
OVCAR-3 cells markedly elevated the percentage 
of apoptotic cells (Figure 2G). To sum up, these 
data certified that DLX6-AS1 depletion was able 
to inhibit the proliferation of EOC cells and accel-
erated cell apoptosis. 

Figure 2.  DLX6-AS1 promoted the malignant progression of SKOV3 and OVCAR-3 cells. A, Expression of DLX6-AS1 was 
determined using qRT-PCR analysis in IOSE80, HEY, SKOV3, and OVCAR-3 cells. The IOSE80 cells were used as control cells. 
B, DLX6-AS1 relative levels were measured by qRT-PCR assays. C, CCK-8 assays detected the cellular growth curves of SKOV3 
and OVCAR-3 cells. D, Cell colony formation assays evaluated the colony formation ability of SKOV3 and OVCAR-3 cells (Mag-
nification: 10 ×). E, BrdU assays assessed the proliferation of corresponding siRNAs-transfected SKOV3 and OVCAR-3 cells. F, 
Cell cycle of SKOV3 and OVCAR-3 cells from different groups were analyzed by flow cytometry. G, Flow cytometry evaluated 
the apoptosis of siRNAs-transfected SKOV3 and OVCAR-3 cells. *p<0.05, **p<0.01.
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DLX6-AS1 Depletion Inhibited 
the Migration and Invasion of EOC Cells

We then aimed to explore whether DLX6-AS1 
had a role in facilitating the migration and invasion 
of EOC cells. Therefore, wound healing and tran-
swell invasion assays were separately conducted us-
ing SKOV3 and OVCAR-3 cells. After transfection 
of DLX6-AS1 siRNAs, a significant decrease in the 
ratio of wound closure of SKOV3 and OVCAR-3 
cells was observed, indicating that the silence of 
DLX6-AS1 was capable to impair the migratory 
ability of EOC cells (Figure 3A). Additionally, the 
results from the determination of transwell invasion 
assays detected that repressing the expression of 
DLX6-AS1 led to a notable decrease in the number 
of invasive cells, which suggested that knockdown 
of DLX6-AS1 reduced the invasion capacity of 
EOC cells (Figure 3B). Therefore, these data pro-
vided evidence that DLX6-AS1 was capable to 
modulate the metastatic potentials of EOC. 

DLX6-AS1 Knockdown Suppressed 
Activity of Notch Signaling Pathway 
In EOC Cells

It is well known that lncRNAs might ex-
ert their functions via directly targeting tumori-
genesis-related signaling pathways. Thereby, we 
wondered whether the Notch signaling pathway, 

a critical signaling modulating tumor develop-
ment and progression, might involve in DLX6-
AS1 induced cellular growth and metastasis in 
EOC. First, we carried out qRT-PCR assays to 
determine the changes in mRNA expression in 
SKOV3 and OVCAR-3 cells when they were 
transfected with DLX6-AS1 siRNAs. The data 
demonstrated that depression of DLX6-AS1 re-
sulted in a significant decreased expression of 
the key components of this signaling: Notch1, 
p21, and Hes1 (Figure 4A and B). Afterwards, we 
performed Western blot analyses to measure the 
alternation of protein levels. According to the re-
sults, the protein levels of Notch1, p21, and Hes1 
were remarkably decreased in SKOV3 and OV-
CAR-3 cells after the transfection of DLX6-AS1 
siRNAs (Figure 4B and C). Hence, our molecular 
mechanism study revealed that DLX6-AS1 was 
able to modulate the activity of the Notch signal-
ing pathway in EOC cells.

Discussion

EOC causes more deaths than any other cancer 
of the female reproductive system, with estimated 
225,500 new cases diagnosed and about 142,000 
deaths annually19,20. Since many early-stage EOC 

A

B

Figure 3.  DLX6-AS1 affected migration and invasion of SKOV3 and OVCAR-3 cells. A, Wound healing assays determined the 
migratory ability of SKOV3 and OVCAR-3 cells when they were transfected with DLX6-AS1 siRNAs or si-control (Magnifica-
tion: 10 ×). B, Cell invasion of SKOV3 and OVCAR-3 cells after treatment was evaluated by transwell invasion assays (Magnifi-
cation: 40 ×). *p<0.05, **p<0.01.
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patients lack representative symptoms, this ma-
lignant tumor is usually advanced when primar-
ily diagnosed21,22. To date, the prognosis of EOC 
patients in advanced stages remains poor because 
many effective therapeutic tools are unavailable. 
The identification of new candidate molecules 
that take part in the progression of tumor is cru-
cial for the development of new diagnosis and 
treatment strategies23. In recent years, several 
studies have highlighted how regulatory RNAs 
such as lncRNAs and miRNAs play functional 
roles in the progression of tumor state, indicating 
that lncRNAs may be used as novel diagnostic 
and prognostic biomarkers for EOC patients24,25. 
In this study, we identified a new EOC-related 
lncRNA which was observed to be significantly 
up-regulated in both EOC tissues and cell lines 
using RT-PCR. Clinical assays with 128 EOC 
patients indicated that the higher expression of 
DLX6-AS1 was significantly associated with ad-
vanced FIGO stage, lymph node metastasis, and 
shorter overall survival and disease-free survival. 
Markedly, the multivariate analysis discovered 

that DLX6-AS1 expression was an independent 
prognostic biomarker for survival rates of EOC 
patients. Due to the frequent up-regulation of 
DLX6-AS1 and its important clinical significance 
in EOC, the detection of DLX6-AS1 expression 
could be further developed as novel and efficient 
markers for prognosis and diagnosis in patients 
with EOC.

Recently, the expression pattern and biological 
function of DLX6-AS1 have been reported in sev-
eral tumors. For instance, Li et al17 reported that 
the overexpression of DLX6-AS1 was found in 
glioma patients and associated with poor progno-
sis. Further cellular function assays indicated that 
the inhibition of DLX6-AS1 distinctly suppressed 
the proliferation and metastasis of glioma cells 
via competing endogenous sponging miR-197-5p. 
An et al16 showed that DLX6-AS1 expression was 
up-regulated in pancreatic cancer and its suppres-
sion inhibited cancer cells proliferation and inva-
sion by down-regulating miR-181b, suggesting the 
effect of DLX6-AS1/miR-181b axis on pancreatic 
cancer tumorigenesis. Moreover, the overexpres-

Figure 4. Influence of DLX6-AS1 knockdown on Notch signaling pathway in SKOV3 and OVCAR-3 cells. A-B,  QRT-PCR 
assays measured the mRNA levels of Notch1, p21, and Hes1 in indicated siRNAs-transfected SKOV3 and OVCAR-3 cells. C-D, 
Protein levels of Notch1, p21, and Hes1 in SKOV3 and OVCAR-3 cells after transfection with DLX6-AS1 siRNAs or si-control 
were determined by Western blot analysis. *p<0.05, **p<0.01.
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sion of DLX6-AS1 and its tumor-promoting roles 
were also reported in hepatocellular carcinoma26 
and renal cell carcinoma27. However, the potential 
tumor-related functions of this lncRNA have not 
been investigated. In this study, we first studied 
the biological functions of DLX6-AS1 through 
loss-of-function experiments in SKOV3 and OV-
CAR-3 cells. Notably, the data from our results 
illustrated that the down-regulation of DLX6-AS1 
had an inhibitory effect on SKOV3 and OVCAR-3 
cells growth through inhibition of cell proliferation 
and therefore inducing apoptosis. On the other 
hand, we also demonstrated that the suppression 
of DLX6-AS1 using si-DLX6-AS1 displayed tu-
mor-suppressive roles in the ability of migration 
and invasion of SKOV3 and OVCAR-3 cells. The 
above findings highlighted the potential of DLX6-
AS1 as a new tumor-promoting lncRNA in EOC, 
suggesting this lncRNA could serve as a novel 
therapeutic target in EOC.

Notch signaling is an extensively recognized 
biological mechanism to generate cell diversity 
and maintain tissue integrity. Great attention has 
been given to its role in the transformed cell28,29. 
Notch signaling has been found to be involved 
in various pathologic processes, including can-
cer initiation and progression, with many re-
ports demonstrating its potential regulatory roles 
in the regulation of EOC progression30,31. Sev-
eral studies32 reported that lncRNAs exhibited 
their regulatory effects in tumors by modulating 
Notch signaling. For instance, lncRNA ZFAS1, 
a tumor-related lncRNA, was found to promote 
glioma cell proliferation and metastasis via acti-
vation of the Notch signaling pathway33. LncRNA 
FAM83H-AS1 was reported to be highly ex-
pressed in colorectal carcinoma and promote cells 
growth and migration by targeting the Notch sig-
naling pathway34. However, whether some critical 
lncRNAs displayed functional effects in EOC via 
modulation of Notch signaling pathway remains 
largely unclear. In this study, we first studied 
whether DLX6-AS1 could influence the activity 
of the Notch signaling pathway to explore the mo-
lecular mechanisms of DLX6-AS1-knockdown 
EOC cells. Results showed that the knockdown 
of DLX6-AS1 suppressed the expression levels 
of the related genes of the Notch signaling path-
way (Notch1, p21, and Hes1) at both protein and 
mRNA levels, which suggested that DLX6-AS1 
acted as tumor promoter in the progression of 
EOC via inhibiting the Notch signaling pathway. 
However, the detailed mechanism remains to be 
illustrated in a further study.

Conclusions

We showed that DLX6-AS1 was distinctly 
overexpressed in EOC tissues and cells and pre-
dicted poor prognosis. The functional investiga-
tion confirmed that DLX6-AS1 served as a tumor 
promoter via promoting cells proliferation and 
metastasis by modulating the Notch signaling 
pathway. Our findings revealed that DLX6-AS1 
might be a candidate prognostic biomarker and 
a new strategy for treating metastasis of EOC.
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