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Abstract
The aim of this study is to investigate the effect of lncRNA DUXAP8 on proliferation and apoptosis of ovarian cancer cells, 
and to explore its potential mechanism. DUXAP8 interfering and overexpressing cell lines were constructed and the cell 
proliferation and apoptosis were tested. Hematoxylin–eosin, TdT-mediated dUTP nick end labeling, and immunohistochem-
istry were used to detect the effect of DUXAP8 on the ability of tumor formation. Quantitative real-time polymerase chain 
reaction and western blot were used to detect the mRNA and protein expression of miR-590-5p and YAP1, respectively. 
Dual luciferase assay was used to determine the target relationship between DUXAP8, miR-590-5p, and YAP1. DUXAP8 
interference and miR-590-5p down-regulated cell lines were further constructed. Compared with normal ovarian cells, 
the expression of DUXAP8 in ovarian cancer cells was significantly increased, while the expression of miR-590-5p was 
decreased (p < 0.05). After DUXAP8 interference, cell proliferation and colony formation were decreased, and apoptosis 
was increased. The results of in vivo experiment are consistent with the in vitro experiments. The expression of miR-590-5p 
was up-regulated and the expression of YAP1 was decreased after DUXAP8 interference. Moreover, miR590-5p inhibitor 
can attenuate the effect of DUXAP8 interference on ovarian cancer cells. Taken together, lncRNA DUXAP8 can regulate 
the proliferation and apoptosis of ovarian cancer cells, and its mechanism may be related to the regulation of YAP1 gene by 
targeting miR-590-5p.
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Introduction

Ovarian cancer has become the leading cause of death 
among gynecological cancers [1]. The incidence and mor-
tality of ovarian cancer increase with age, and most cases of 
ovarian cancer occur in women over the age of 50 [2]. Due 
to its asymptomatic development, ovarian cancer is often 
diagnosed at an advanced stage of incurability [3]. Although 
chemotherapy based on platinum compounds and taxanes 
is the standard treatment for ovarian cancer, majority of 
patients will experience recurrent disease and chemotherapy 

resistance [4]. Thus, new therapeutic targets are needed to 
improve outcomes for women with this disease.

Long noncoding RNAs (lncRNAs) are a class of RNAs 
more than 200 nucleotides in length and do not possess the 
protein-coding function. Previous studies have shown that 
the dysregulation of lncRNAs expression plays important 
role in tumorigenesis [5, 6]. lncRNAs exhibit multiple bio-
logical functions in various stages of cancer development, 
including cell development and immunity, cell proliferation 
and differentiation, modulation of apoptosis, function as 
markers of genomic imprinting, and act as competing endog-
enous RNAs (ceRNAs) that share micro RNAs (miRNA) 
biding sites [7–9]. Accumulating researches of ovarian can-
cer have focused on nonprotein coding genes, and shown that 
the dysregulation of lncRNA greatly contributes to malig-
nant phenotypical changes [10, 11]. Therefore, lncRNA may 
be used as a biomarker for the treatment of ovarian cancer.

DUXAP8, a pseudogene-derived lncRNA, was located 
on chromosome 20q11 with 2307 bp in length. The gene 
sequence of lncRNA DUXAP8 was detected in tumor cell 
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lines and has a regulatory role in cell cycle and reproduc-
tive development [12]. Numerous studies have revealed that 
DUXAP8 has participated in the development of many can-
cers. A study has demonstrated that DUXAP8 could promote 
gastric cancer cell proliferation and migration [13]. Another 
study also shown that DUXAP8 promotes growth of pancre-
atic carcinoma cells by epigenetically silencing CDKN1A 
and KLF2 [14]. However, the role and potential molecular 
mechanisms of DUXAP8 in ovarian cancer are still not elu-
cidated. Thus, it is significant to investigate the effects and 
potential underlying mechanisms of the DUXAP8 on the 
tumorigenesis and progression of ovarian cancer.

Materials and methods

Cell lines and culture conditions

Ovarian cancer cells, SKOV3 and OVCAR3, were purchased 
from ATCC (USA) and cultured in RPMI 1640 medium 
(Gibco, Rockville, MD, USA) at 37 ˚C in a cell culture incu-
bator (Thermo Fisher Scientific, Waltham, USA) with 5% 
of CO2 and saturated humidity. The RPMI 1640 medium 
was supplemented with 10% of fetal bovine serum (Sigma-
Aldrich, St. Louis, MO, USA), 100 U/ml of penicillin, and 
100 mg/ml of streptomycin. Cells in the logarithmic phase 
of growth were used in the experiments.

Cell transfections

DUXAP8 interference vector 1 and 2 (DUXAP8 siRNA-
1#: 5 ʹ-GGA​ACT​TCC​CAA​ACCT CCA​TGA​TTT-3 ʹ; 
siRNA-2#: 5ʹ-CAG​CAT​ACT​TCA​AAT​TCA​CAG​CAA​A-3ʹ) 
and control vector, overexpression vector and control vec-
tor were provided by Shanghai Gemma Gene Company 
(GenePharma, Shanghai). DUXAP8 siRNA sequence is 
UUU​AGA​CCC​AUU​CUC​GUA​UGG​AGG​U and siRNA-
NC sequence is UUC​UCC​GAA​CGU​GUC​ACG​UTT. miR-
590-5p mimic (5′-CAG​GCC​GAU​UGC​GAU​GCA​AUA-3′), 
mimic-NC (5′-GUC​CAG​UGA​AUU​ CCCAG-3′), miR-
590-5p inhibitor (5′-AAA​UAU​GCU​GUA​UGUCA UGU​
GUU​-3′), and inhibitor NC (5′-CAG​UAC​UUU​UGU​GUA​
GUA​CAA-3′) were purchased from Guangzhou Ruibo 
Biotechnology Co., Ltd. (Guangzhou, China). The cells 
were digested with 0.25% of trypsin (Invitrogen, Carlsbad, 
CA, USA) and 2 × 105 cells in logarithmic growth phase 
were seeded in 6-well plates. After 24 h, the cell growth 
was observed under inverted microscope until the cell 
density reached 30–50%. DUXAP8 overexpression vector 
(DUXAP8 mimic group) and empty vector control (mimic-
NC group), DUXAP8 interference vector (DUXAP8 
siRNA group) and control (siRNA-NC group) were used 
to analysis the effects of DUXAP8 on ovarian cancer cells. 

miR-590-5p mimic (miR-590-5p mimic group) and mimic 
NC (NC group) were used to analysis the effects of miR-
590-5p on ovarian cancer cells. DUXAP8 interference 
vector (DUXAP8 siRNA group) and control (siRNA-NC 
group), DUXAP8 interference + miR-590-5p inhibitor 
(DUXAP8 siRNA + miR inhibitor group), and DUXAP8 
interference + inhibitor NC (DUXAP8 siRNA + miR inhib-
itor NC group) were used to analysis whether DUXAP8 
works through miR-590-5p. The above plasmid or oligo-
nucleotide was transfected into ovarian cancer cell lines 
SKOV3 and OVCAR3 using Lipofectamine 2000 (Thermo 
Fisher Scientific, USA) according to the instructions.

Quantitative real‑time polymerase chain reaction 
(qRT‑PCR)

Total RNAs were extracted from tissues or cells using Mag-
MAX™ MiRVana™ Total RNA Isolation Kit (Thermo 
Fisher Scientific, Waltham, USA). Total RNAs were then 
reversely transcribed into cDNA using the reverse transcrip-
tion kit (Roche, Indianapolis, IN, USA). qRT-PCR was per-
formed using the SYBR Green PCR Master Mix (Applied 
Biosystems, Foster City, CA, USA). DUXAP8, miR-590-5p, 
and YAP1 primers were synthesized by Shanghai Sheng-
gong Bioengineering Co., Ltd. And the cycling conditions 
are as follows: 95 ˚C for 10 min, and then 40 cycles of 95 ˚C 
for 15 s, 60 ˚C for 60 s. Relative expression levels were 
calculated via the 2−ΔΔCt method. U6 is the internal refer-
ence of miR-590-5p, and GAPDH is the internal reference 
of DUXAP8 and YAP1. Primers sequences are as follow-
ing: miR-590-5p forward: 5′-TCC​ATT​GAA​ACG​CCT​AGG​
AGA​ATT​TGC-3′; miR-590-5p reverse: 5′-GCA​AAT​TCT​
CCT​AGG​CGT​TTC​AAT​GGA-3′; U6 forward: 5′-GCT​TCG​
GCA​GCA​CAT​ATA​CTA​AAA​T-3′; U6 reverse: 5′-CGC​TTC​
AGA​ATT​TGC​GTG​TCAT-3′; DUXAP8 forward: 5′-AGA​
CGC​CAT​GGA​ACAT-3′; DUXAP8 reverse: 5′-AAG​CGG​
AGA​CCT​GAG​GAG​-3′; YAP1 forward: 5′-TAG​CCC​TGC​
GTA​GCC​AGT​TA-3′; YAP1 reverse: 5′-TCA​TGC​TTA​GTC​
CAC​TGT​CTGT-3′; GAPDH forward: 5′-CGC​TCT​CTG​CTC​
CTC​CTG​TTC-3′; GAPDH reverse: 5′-ATC​CGT​TGA​CTC​
CGA​CCT​TCAC-3’.

Cell counting assay kit‑8 (CCK‑8) assay

Cells were planted into 96-well plates at a density of 
1 × 105 cells/ml with 100 ul per well, and set three parallel 
holes. Then, 10 ul CCK-8 solution (PA137267, Pierce) was 
added to each well after 24 h, 48 h, 72 h, and 96 h. After 
cultured for another 4 h, the absorbance (OD) value of each 
well was measured at 450 nm by enzyme-linked immuno-
sorbent assay.
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Clone formation

The logarithmic growth phase cells were digested with 
0.25% trypsin and blown into individual cells. Then, the 
cells were suspended in complete medium and diluted by a 
gradient. Each group of cells was inoculated separately into 
a 37 °C pre-warmed dish at a density of 200 cells. The cells 
were cultured in a 37 °C, 5% CO2 environment for 2 weeks. 
The cells were fixed with 4% paraformaldehyde for 15 min 
and stained by crystal violet solution for 30 min (RBG1019-
1, Roles-Bio), then washed twice in ultrapure water. After 
air drying, the picture was taken by a camera.

Cell apoptosis assay

The cell apoptosis was detected using the Annexin V-FITC/
PI kit (70-AP101-60, Multi Sciences, Hangzhou Lianke 
Biotechnology Co., Ltd.). After centrifuged at 1000 rpm 
for 5 min, the cells were resuspended in 1 × binding buffer. 
Among them, 400 ul of 1 × binding buffer was used for 
the control, and 100 ul of 1 × binding buffer was used for 
other groups. 100 ul above solution was taken to the flow 
tube, then incubated with Annexin V-FITC and propidium 
iodide (PI) at 37 °C. The control cells were divided into: 
non-stained group, single-stained Annexin V group, single-
stained PI group, and double-stained Annexin V PI group. 
After incubation in the dark for 15 min, the cells were 
diluted in 400 ul 1 × binding buffer and analyzed using a 
flow cytometry (BD FACSCanto II, Beijing Delica Biotech-
nology Co., Ltd.).

Experimental animals

Thirty male and female BALB/C nude mice (7–8 weeks, 
20 ± 2 g) were purchased from Jinan Pengyue Experimen-
tal Animal Breeding Co., Ltd., license number SCXK (Lu) 
2014-0007. The mice were kept in a specific pathogen-free 
(SPF) laboratory animal facility under room temperature 
with a relative humidity of 50–60%. Animal experiments 
were conducted following the National Institute of Health 
(NIH) guidelines (NIH Pub. No. 85-23, revised 1996). The 
experiments have been reviewed and approved by the Ani-
mal Protection and Use Committee of Jinan Maternity and 
Child Care Hospital.

Construction of nude mouse xenograft model

The mice were randomly divided into Model group, 
DUXAP8 mimic group, mimic-NC group, DUXAP8 siRNA 
group, and siRNA-NC group. Cells (SKOV3 and OVCAR3) 
in the logarithmic phase of growth were collected and trypsi-
nized into cell suspension with the concentration adjusted to 
1.0 × 107 cells/ml. To establish a subcutaneous nude mouse 

xenograft model, 100 ul of cell suspension was injected sub-
cutaneously into the right flank of each mouse.

The tumor size was measured every week with vernier 
caliper. The tumor volume (V) was calculated using the fol-
lowing equation: V = a*b2/2 (a: tumor longest diameter; b: 
tumor shortest diameter). Tumor was measured on a weekly 
basis for 5 weeks and the tumor growth curve was drawn. 
Six weeks later, nude mice were anesthetized with 2% 
sodium pentobarbital (50 mg/kg, New Asiatic Pharmaceu-
tical, China) and sacrificed by cervical dislocation.

Immunohistochemistry

The ovarian cancer tissues were deparaffinized with xylene, 
and then hydrated in an ethanol gradient solution. Follow-
ing incubate in 3% H2O2 at room temperature for 10 min 
to block endogenous peroxidase activity. The slices were 
blocked with 5% goat serum (Gibco, USA) for 20 min, and 
then incubated with rabbit anti-human anti-Ki67 antibody 
(1:1000, ab15580, Abcam, UK) overnight at 4 °C. Samples 
were then incubated with horseradish peroxidase-labeled 
goat anti-rabbit IgG antibody (11:1000, ab6721, Abcam, 
UK) at 37 °C for 40 min. 3,3′-Diaminobenzidine staining, 
hematoxylin counterstaining for 3 min, dehydration and 
sealed. The expression of Ki67 + in each group was observed 
under microscope (Olympus, Japan).

TUNEL staining

TUNEL staining was performed using In Situ Cell Death 
Detection Kit (Roche). Paraffin sections were dewaxed with 
xylene, dehydration with gradient ethanol, and treated with 
proteinase K for 15–30 min. Then, TUNEL reaction mixed 
droplets were prepared and added to the specimen, reacted 
in a dark humid chamber at 37 °C for 1 h. After stained 
with 3,3′-diaminobenzidine and hematoxylin, dehydration 
and sealed, the apoptotic cells were observed under light 
microscope (Olympus, Japan) and photographed.

Dual luciferase reporter assay

Target genes for DUXAP8 and miR-590-5p were pre-
dicted using the TargetScan, miRanda, and miRDB data-
bases. Full-length amplification of DUXAP8 and YAP1 
wild type and mutant using overlapPCR. pmirGIO vector 
was cleaved with XhoI and Xbal double enzymes. The 
DUXAP8 and YAP1 target fragments and the pmirGIO 
double-adhesive vector were constructed into pmirGIO-
DUXAP8 and pmirGIO-YAP1 recombinant vectors. 
SKOV3 cells were seeded at 2 × 105 cells/well in 24-well 
plates, the recombinant reporter vector was transfected 
into cells with LipofectamineTM2000 at cells grown to 
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about 70–80%. Luciferase activity was measured 24 h 
after transfection using the dual luciferase reporter system 
(Promega, Madison, WI, USA).

Western blot

The total proteins were extracted and protein concentra-
tion was measured using bicinchoninic acid (BCA) pro-
tein assay kit (23,225, Pierce™ BCA Protein Assay Kit, 
Thermo Fisher Scientific, Waltham, USA). 40 μg protein 
sample was separated on SDS-PAGE 10% gel (Mini-
Protean-3 type, Bio-Rad, Hercules, CA, USA) and then 
transferred to a PVDF membrane (Millipore, Massachu-
setts, USA). Membranes were blocked with 5% not-fat 
milk for 1 h and followed an incubation with primary 
antibodies overnight at 4 °C, including rabbit anti-human 
anti-YAP1 (1:1000, ab56701, Abcam) and anti-β-actin 
(1:2000, orb178392, Biorbyt, Cambridge, UK). Subse-
quently, the membranes were incubated with horseradish 
peroxidase-labeled goat anti-rabbit secondary antibody 
(1:2000, ab6721, Abcam) at room temperature for 2 h. 
The blots were detected use the ECL system (Thermo 
Fisher Scientific, Inc.), and the expression levels were 
quantified by ImageJ software (NIH). β-actin was used 
as an internal control.

Statistical analysis

Data processing was performed using SPSS 19.0 statisti-
cal analysis software, and the results of data analysis were 
expressed as mean ± standard deviation (mean ± SD). 
Data analysis was performed between the two groups by 
t test. One-way analysis of variance (ANOVA) was used 
for data analysis among multiple groups. Tukey’s test was 
used for subsequent analysis. The difference was statisti-
cally significant at p < 0.05.

Results

The expression of DUXAP8 in different ovarian 
cancer cell lines

The results in (Fig. 1) clearly showed that the expression of 
DUXAP8 was clearly decreased after transfection of siRNA-
1# and siRNA-2# (p < 0.05). Further, the interference effect 
of siRNA-2# on DUXAP8 in SKOV3 and OVCAR3 cells 
was significantly stronger than that of siRNA-1# (p < 0.05).

Effects of DUXAP8 on the proliferation 
and apoptosis of ovarian cancer cells

Figure 2a showed that the expression of DUXAP8 was 
significantly down-regulated in DUXAP8 siRNA-1# and 
siRNA-2#group, and the expression of DUXAP8 was sig-
nificantly up-regulated in DUXAP8 mimic group (p < 0.05). 
The cell proliferation ability and colony formation were sig-
nificantly decreased after DUXAP8 interference in SKOV3 
and OVCAR3 cells (Fig. 2b, c, p < 0.05). The flow cytometry 
results showed that DUXAP8 interference promoted apop-
tosis (Fig. 2d, p < 0.05). By contrast, the DUXAP8 mimic 
group showed diametrically opposite results. These results 
indicated that DUXAP8 could regulate the proliferation and 
apoptosis of ovarian cancer cells.

Effect of DUXAP8 on the proliferation and apoptosis 
of ovarian cancer cells in nude mice transplanted 
tumor model

Compared with the siRNA-NC group, the expression of 
miR-590-5p was significantly increased in the siRNA-
1# and siRNA-2# group, while the expression of YAP1 
has the opposite trend (p < 0.05, Fig. 3a, b). As shown 
in (Fig.  3c, d), compared with the siRNA-NC group, 
the growth rate, volume, and the weight of tumor were 
significantly reduced in siRNA-1# and siRNA-2#group 

Fig. 1   The expression of 
DUXAP8 in SKOV3 (a) and 
OCVAR3 (b) (n = 3). ^p < 0.05 
compared with siRNA-NC 
group; $p < 0.05 compared with 
siRNA-1# group
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Fig. 2   Effects of DUXAP8 on 
the proliferation and apopto-
sis of ovarian cancer cells in 
SKOV3 and OCVAR3 cells 
(n = 3). a qRT-PCR was used 
to detect the expression of 
DUXAP8; (b) CCK8 was used 
to detect the cell proliferation; 
(c) Cloning formation experi-
ment; (d) Flow cytometry was 
used to detect apoptosis. 
*p < 0.05 compared with control 
group; #p < 0.05 compared with 
mimic-NC group; ^p < 0.05 
compared with siRNA-NC 
group; &p < 0.05 compared with 
DUXAP8 mimic group
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Fig. 3   Effects of DUXAP8 on 
the proliferation and apopto-
sis of ovarian cancer cells in 
nude mice transplanted tumor 
model (n = 3). qRT-PCR was 
used to detect the expression of 
miR-590-5p (a) and YAP1 (b) 
in tumor (n = 3); Tumor weight 
(c), volume (d); (e) TUNEL 
staining was used to observe 
the apoptosis (n = 3, 400 ×); 
F Immunohistochemistry was 
used to detect Ki-67 positive 
cells (n = 3, 400 ×). *p < 0.05 
compared with control group; 
#p < 0.05 compared with 
mimic-NC group; ^p < 0.05 
compared with siRNA-NC 
group; &p < 0.05 compared with 
DUXAP8 mimic group
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(p < 0.05). Furthermore, TUNEL assay showed that 
DUXAP8 interference promoted apoptosis in cells 
(Fig. 3e). On the contrary, the DUXAP8 mimic group 
showed diametrically opposite results. Ki-67 detection 
showed that compared with the siRNA-NC group, the 
pathological damage was reduced and the ovarian cancer 
proliferation ability was diametrically decreased in the 
siRNA-1# and siRNA-2# group (Fig. 3f). These results 
indicated that DUXAP8 could regulate the proliferation 
and apoptosis of ovarian cancer cells in nude mice trans-
planted tumor model.

Effect of DUXAP8 on miR‑590‑5p

The ovarian cancer cell lines, SKOV3 and OVCAR3, with 
high expression of DUXAP8 were selected to construct a 
DUXAP8 interfering cell line. qRT-PCR showed that com-
pared with the siRNA-NC group, the expression of miR-
590-5p was significantly increased in the DUXAP8 siRNA 
group (p < 0.05), indicating that DUXAP8 negatively 
regulates miR-590-5p expression (Fig.  4a). Targetscan, 
miRanda, miRDB software showed that miR-590-5p was 
a potential target of DUXAP8 (Fig. 4b). To further verify 
whether DUXAP8 targeted miR-590-5p, a dual luciferase 

Fig. 4   Effect of DUXAP8 on miR-590-5p (n = 3). a qRT-PCR was used to detect the expression of miR-590-5p; (b) DUXAP8 and miR-590-5p 
binding sites and dual luciferase report. ^p < 0.05 compared with siRNA-NC group; @p < 0.05 compared with NC group
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reporter system was used. The results showed that miR-
590-5p reduced luciferase activity of DUXAP8 containing 
WT 3′UTR (p < 0.05), but did not decrease luciferase activ-
ity of DUXAP8 containing Mut 3′UTR (p > 0.05), which 
demonstrating that miR-590-5p is a target gene of DUXAP8 
in cells (Fig. 4b).

DUXAP8 regulates the proliferation and apoptosis 
of ovarian cancer cells via regulating miR‑590‑5p

DUXAP8 siRNA group, siRNA-NC group, DUXAP8 
siRNA + miR inhibitor group, and DUXAP8 siRNA + miR 
inhibitor NC group were constructed by siRNA2#, and the 
biological behaviors such as proliferation ability (Fig. 5a), 
colony formation (Fig. 5b) and apoptosis (Fig. 5c) were 
detected. The results showed that after DUXAP interfer-
ence, the cell proliferation ability and colony formation were 
inhibited, and apoptosis rate was increased. Those biological 
behaviors in DUXAP8 + miR inhibitor NC group were simi-
lar with DUXAP8 siRNA group. However, the treatment of 
miR inhibitor can attenuate the above effects of DUXAP8 on 
cells. All these findings suggested that DUXAP8 regulates 
the proliferation and apoptosis of ovarian cancer cells by 
regulating miR-590-5p.

DUXAP8 promotes the expression of YAP1 
via regulating miR‑590‑5p in ovarian cancer cells

Targetscan, miRanda, and miRDB software showed that 
YAP1 was a target of miR-590-5p (Fig. 6a). Dual luciferase 
reported that miR-590-5p reduced luciferase activity of 
YAP1 containing WT 3′UTR, but did not reduce the lucif-
erase activity of YAP1 containing Mut 3′UTR (p < 0.05), 
which demonstrating that YAP1 is a target gene of miR-
590-5p in cells (Fig. 6a). qRT-PCR result showed that the 
expression of miR-590-5p was significantly up-regulated 
after miR-590-5p mimic transfection (p < 0.05, Fig. 6b). 
Meanwhile, the mRNA and protein expression of the YAP1 
were significantly down-regulated after miR-590-5p mimic 
transfection (p < 0.05, Fig. 6c, d). Further studies showed 
that DUXAP8 interference reduced the expression of YAP1, 
while the treatment of miR inhibitor could attenuate the 
effects of DUXAP8 on the expression of YAP1 (p < 0.05, 
Fig. 6e, f). All these results indicated that DUXAP8 pro-
motes the expression of the YAP1 via inhibiting the expres-
sion of miR-590-5p in ovarian cancer cells.

Discussion

The signaling network of lncRNAs regulated cancer devel-
opment is complex and needs thorough investigations. 
Previous studies have shown that lncRNAs can regulate 

gene expression by complementary binding with miRNAs 
[15–18]. In this study, through predicted by databases and 
dual luciferase assay, we found that DUXAP8 could com-
plement binding with miR-590-5p, and YAP1 is a miR-
590-5p target gene. Previous study shown that YAP1 can 
promote the occurrence and development of ovarian can-
cer [19]. In view of this, we examined the expression of 
DUXAP8 in different ovarian cancer cells and analyzed 
whether DUXAP8 involved in ovarian cancer cell pro-
liferation and apoptosis by in vivo and in vitro experi-
ments, and further explored the molecular mechanism of 
DUXAP8 exerting its biological function.

lncRNA DUXAP8 is a newly discovered cancer-pro-
moting lncRNA, which have participated in the develop-
ment of lots cancers [13, 14, 20]. We focused on several 
fundamental characteristics of ovarian cancer and found 
that DUXAP8 could regulate the proliferation and apopto-
sis of ovarian cancer cells in vivo and in vitro. MiR-590-5p 
is belongs to the miR-590 family and used as a tumor sup-
pressor gene in some cancers such as lung cancer and gas-
tric cancer [21–23]. Databases analysis and dual luciferase 
assay shown that DUXAP8 could complement binding 
with miR-590-5p. In vitro and in vivo experiments further 
shown that DUXAP8 regulates the proliferation and apop-
tosis of ovarian cancer cells by regulating miR-590-5p.

YAP1 gene was also investigated in this study to fur-
ther understand the mechanisms of regulations between 
DUXAP8 and miR-590-5p in suppression of ovarian can-
cer. YAP1 gene encodes a downstream nuclear effector of 
the Hippo signaling pathway which is involved in devel-
opment, growth, repair, and homeostasis [24]. Previous 
studies have reported that YAP1 acts as a transcriptional 
regulator of this signaling pathway in the development 
and progression of many cancers and may function as a 
potential target for cancer therapy [25–27]. miR-590-5p 
could inhibit tumor cell invasion and migration by tar-
geting YAP1 [28, 29]. In the present study, the mRNA 
and protein expression of the YAP1 were significantly 
down-regulated after miR-590-5p mimic transfection, 
and expression of YAP1 was reduced after the treatment 
of DUXAP8 siRNA, while miR inhibitor could attenuate 
the effects of DUXAP8 on the expression of YAP1. The 
results demonstrated that DUXAP8 promotes the expres-
sion of the YAP1 via inhibiting the expression of miR-
590-5p in ovarian cancer.

In conclusion, the interference of DUXAP8 could inhibit 
the proliferation of ovarian cancer cells and promote apop-
tosis of ovarian cancer cells in vivo and in vitro. Further 
study shown that the mechanism of DUXAP8 on ovarian 
cancer cells is related to the regulation of YAP1 gene by 
targeting miR-590-5p. The regulation of DUXAP8 maybe 
an effective potential therapeutic and preventive approach 
for ovarian cancer.
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Fig. 5   DUXAP8 regulates the 
proliferation and apoptosis 
of ovarian cancer cells via 
regulating miR-590-5p (n = 3). 
a CCK8 was used to detect the 
cell proliferation; (b) Clon-
ing formation experiment; 
(c) Flow cytometry was used 
to detect apoptosis. ^p < 0.05 
compared with siRNA-NC 
group; %p < 0.05 compared with 
DUXAP8 siRNA + miR inhibi-
tor NC group
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