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Abstract
Background:Ovarian cancer is one of the most widespread malignant diseases of the female reproductive system worldwide. The
plurality of ovarian cancer is diagnosed with metastasis in the abdominal cavity. Epithelial-mesenchymal transition (EMT) exerts a
vital role in tumor cell metastasis. However, it remains unclear whether long non-coding RNA (lncRNA) are implicated in EMT
and influence ovarian cancer cell invasion and metastasis. This study was designed to investigate the impacts of lncRNA
AC005224.4 on ovarian cancer.
Methods: LncRNA AC005224.4, miR-140-3p, and snail family transcriptional repressor 2 (SNAI2) expression levels in ovarian
cancer and normal ovarian tissues were determined using real-time quantitative polymerase chain reaction (qRT-PCR). Cell
Counting Kit-8 (CCK-8) and Transwell (migration and invasion) assays were conducted to measure SKOV3 and CAOV-3 cell
proliferation and metastasis. E-cadherin, N-cadherin, Snail, and Vimentin contents were detected usingWestern blot. Nude mouse
xenograft assay was utilized to validate AC005224.4 effects in vivo. Dual-luciferase reporter gene assay confirmed the targeted
relationship between miR-140-3p and AC005224.4 or SNAI2.
Results:AC005224.4 and SNAI2 upregulation andmiR-140-3p downregulation were observed in ovarian cancer tissues and cells.
Silencing of AC005224.4 observably moderated SKOV3 and CAOV-3 cell proliferation, migration, invasion, and EMT process
in vitro and impaired the tumorigenesis in vivo. miR-140-3p was a target of AC005224.4 and its reduced expression level was
mediated by AC005224.4. miR-140-3pmimics decreased the proliferation, migration, and invasion of ovarian cancer cells. SNAI2
was identified as a novel target of miR-140-3p and its expression level was promoted by either AC005224.4 overexpression or
miR-140-3p knockdown. Overexpression of SNAI2 also facilitated ovarian cancer cell viability and metastasis.
Conclusion:AC005224.4 was confirmed as an oncogene via sponging miR-140-3p and promoted SNAI2 expression, contributing
to better understanding of ovarian cancer pathogenesis and shedding light on exploiting the novel lncRNA-directed therapy against
ovarian cancer.
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Introduction

Ovarian cancer, as one of the most frequent gynecological
malignancies among women worldwide, possesses high
morbidity and mortality, and it is coupled with great
difficulty in early detection.[1-3] Approximately 80% of
the patients are first diagnosed with regional or distant
metastasis in the advanced stage.[4] Maximal cytoreduc-
tive surgery followed by platinum-taxane chemotherapy
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remains the standard first-line therapy for ovarian
cancer.[5,6] Despite the advancements in surgery and
chemotherapy, the prognosis of ovarian cancer is still
unsatisfactory, with an overall 5-year survival rate of
about 30% in the advanced stage.[7,8] High-grade serous
ovarian cancer, accepted as the most prevalent type of
ovarian cancer, is an aggressive disease with high relapse
and abdominal metastasis rates at late stages.[9] Therefore,
it is urgently needed to conduct more extensive research to
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better understand the molecular changes that induce
tumor cell metastasis in ovarian cancer.

Growing evidence has revealed that epithelial-mesenchy-
mal transition (EMT) plays a critical role in cancer cell
metastatic dissemination events, which endow cancer cells
with a more motile and invasive phenotype.[10-12] During
carcinoma progression, the occurrence of EMT makes
tumor cells more aggressive. Meanwhile, after EMT,
tumor cells gain more metastatic and invasion potential,
similar to embryonic mesenchymal cells, together with an
increased ability to invade adjacent stroma to form new
tumor foci.[13-15] Moreover, the emergence of new
evidence has suggested that ovarian cancer cell acquiring
invasive properties is accompanied by epithelial feature
loss and mesenchymal feature gain.[16,17] Furthermore, a
previous study has pointed out that EMT is regulated by a
cluster of zinc-finger transcription factors, including
ZEB1, ZEB2, snail family transcriptional repressor 1
(SNAI1), and SNAI2.[18] As has been evidenced previous-
ly, SNAI2 protein is closely involved in EMT, which is
implicated in the development of diverse tumors with its
antiapoptotic activity.[19] Li et al[20] have suggested that
SNAI2-30UTR promotes ovarian cancer cell invasion via
upregulating myristoylated alanine-rich C-kinase sub-
strate (MARCKS) expression. However, the effective
mechanism of SNAI2 in ovarian cancer, especially its
reciprocities with non-coding RNAs, remains vague.

The non-coding RNAs, including long non-coding RNAs
(lncRNAs,>200 nt) andmicroRNAs (miRNAs, about 20–
22 nt), are important constituents of the mammalian
transcriptome, which has already been the hottest research
subject.[21] Multiple studies have previously manifested
that the abnormal expression of lncRNAs is closely related
to cancer progression, which leads to the dysregulation of
related gene products.[22,23] Liang et al[24] have evidenced
that lncRNAPTAR accelerates the invasion-metastasis and
EMT in serous ovarian cancer via targeting miR-101-3p.
Lin et al[25] have demonstrated that lncRNA DANCR
facilitates tumor angiogenesis and growth in ovarian
cancer via binding to miR-145. According to our micro-
array analysis and The Cancer Genome Atlas (TCGA)-
ovarian cancer database, five lncRNAs (AC005224.4,
AC009093.2, UG0898H09, AC015912.3, and
AL139081.1) associated with the EMT process and
prognosis of ovarian cancer patients were screened.
Furthermore, lncRNA AC005224.4 exhibited the most
upregulated expression inovarian tumor tissues. Therefore,
we speculated that lncRNAAC005224.4may exert pivotal
effects on ovarian cancer cell EMT and metastasis. The
mutual effects of miRNAs and lncRNAs resulted in the
reduction of targeted lncRNAs, playing significant roles in
target gene regulation. In the present study, bioinformatics
analysis (starBase v3.0, TargetScan v7.2, and HMDD v3.2
databases) was conducted to predict the targeted miRNAs
for lncRNA AC005224.4 or SNAI2. miR-140-3p was
found to show the most marked decrease in ovarian cancer
tissue samples relative to that in normal samples. Previous
research has also disclosed that miR-140-3p is tightly
implicated in multitudinous cancers. For instance, Jiang
et al[26] have reported that miR-140-3p inhibits cell
proliferation and promotes apoptosis in colorectal cancer.
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Huang et al[27] have verified thatmiR-140-3p functions as a
tumor suppressor in squamous cell lung cancer. Neverthe-
less, little is known about the biological function and
underlyingmolecularmechanismofmiR-140-3p inovarian
cancer, which need further clarification.

In the present study, through in-vivo and in-vitro experi-
ments,we attempted to reveal the biological function and the
underlying molecular mechanism of lncRNA AC005224.4
in ovarian cancer. It was observed that AC005224.4
knockdown inhibited ovarian cancer cell proliferation,
metastasis, and EMT via sponging miR-140-3p to suppress
SNAI2 expression level. Our experimental data provided
substantial evidence to reveal a novel lncRNA–miRNA–
mRNA signaling pathway regulatory network. The lncRNA
AC005224.4/miR-140-3p/SNAI2 axis was demonstrated to
play crucial roles in ovarian cancer, which offered an
important insight concerning the regulatory mechanism of
lncRNAs in ovarian cancer progression and new therapeutic
options for ovarian cancer.
Methods

Ethical approval

All procedures performed in studies involving human
participants were in accordance with the 1964 Helsinki
declaration. This study was approved by the Ethics
Committee of Affiliated Tumor Hospital, Xinjiang
Medical University (No. K-201813). Written informed
consent was obtained from all the participants.
Sample collection

Ovarian cancer specimens (>5 cm away from cancer edge)
were obtained from 47 ovarian cancer patients in Affiliated
Tumor Hospital, Xinjiang Medical University. The inclu-
sion criteria for ovarian cancer patients were: (1) diagnosed
as serous ovarian cancer by post-operative pathology; (2)
>18 years old; (3) received ovarian cancer resection; (4) did
not receive chemotherapy, radiotherapy, immunotherapy,
and other treatments before surgery; (5) no history of other
tumors or ovary-related diseases. The exclusion criteria for
ovarian cancer patientswere: (1) lesions invading the ovary;
(2) substandard RNA quality. On the other hand, normal
ovarian tissue specimens were obtained from 21 cases,
which were confirmed as benign lesions of the uterus by
post-operative pathology. Normal ovarian tissues were
harvested from patients with uterine fibroids and had
attained the age of menopause, who have undergone
surgery to remove the uterus, along with the removal of the
ovaries, and who provided consent for their organs to be
used in the study, at Affiliated Tumor Hospital, Xinjiang
Medical University. All tissue samples were directly
stockpiled in liquid nitrogen and kept at –80°C until use.
Cell lineages and cultures

Human ovarian cancer cell lines (SNU119, SKOV3,
CAOV-3, and HO8910 cells) and human ovarian
epithelial cells (HOSEpiC) were purchased from BeNa
Culture Collection (Beijing, China). SNU119 and CAOV-
3 cells were cultivated in high-glucose Dulbecco’s
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Modified Eagle Medium (DMEM) (GIBCO BRL, Grand
Island, NY, USA) supplemented with 10% fetal bovine
serum (FBS) (Thermo Fisher Scientific, Waltham, MA,
USA). SKOV3, HO8910, and HOSEpiC cells were
cultured in RPMI-1640 medium appended with 2
mmol/L L-glutamine and 10% FBS. All cells were
cultivated in a humidified environment (5% CO2, 37°C).
RNA extraction and quantitative real-time polymerase chain
reaction (qRT-PCR)

Total RNA of tissues and cells was extracted using
TRIZOLTM (Invitrogen, Carlsbad, CA, USA). Next, 2.0
mg of total RNA was used for reverse transcription using
PrimeScript® Stra Strand Synthesis Kit (TaKaRa, Tokyo,
Japan). Quantitative PCR was performed using Quanti-
Tect® SYBR® Green RT-PCR Kit (QIAGEN, Dusseldorf,
Germany). Glyceraldehyde-3-phosphate dehydrogenase
(for lncRNA and mRNA) and U6 (for miRNA) served
as endogenous controls. The primer sequences are listed in
[Supplementary Table 1, http://links.lww.com/CM9/
B512]. The relative fold changes were detected using
the 2–DDCT method.

RNA sequencing analysis

Sample sequencing of this experimental project was
conducted with the help of Guanglian Biomedical Tech-
nology Co., Ltd. (Tianjin, China). LncRNAs’ andmRNAs’
expression differences in non-neoplastic ovarian tissue
specimens and ovarian cancer tissue samples (n = 5) were
analyzed using Significant Analysis ofMicroarray software
(Stanford University, Stanford, CA, USA). Total RNA
of ovarian cancer tissues and normal ovarian tissue
samples were extracted and RNA purity and integrity
were detected. After hybridization, different intensity
fluorescence values of lncRNAs andmRNAswere obtained
by chip hybridization. The fluorescence intensity values
were obtained through image scanning. The aberrantly
expressed lncRNAs were screened using R software
(version 3.6.3; R Foundation, Vienna, Austria), with fold
change-values >2 and P values <0.05 as the screening
standard. Differentially expressed lncRNAs and mRNAs
were displayed using a volcano plot and heat-map.
Cell transfection

The interference sequence of AC005224.4 was designed by
BLOCK-iTTM RNAi Designer (Invitrogen). pcDNA3.1-
AC005224.4, pcDNA3.1-SNAI2, pcDNA3.1 plasmid vec-
tor, siRNA-AC005224.4-#1, siRNA-AC005224.4-#2,
siRNA-AC005224.4-#3, scrambled siRNA, miR-140-3p
mimics, mimics control, miR-140-3p inhibitor, and inhibi-
tor control were commercially obtained from GenePharma
Technology Co., Ltd. (Shanghai, China). SKOV3 and
CAOV-3 cells (1 � 106 cells/well) were plated in six-well
plates and underwent 24-h culturing in an incubator (37 °C,
5%CO2) until the cells grew to80%to90%confluence.All
the transfection was performed using LipofectamineTM

3000 (Life Technologies Corporation, Gaithersburg, MD,
USA) following the manufacturer’s instructions. Cells
were allocated into 10 groups: pcDNA3.1 plasmid vector
group, pcDNA3.1-AC005224.4 group, si-NCgroup (trans-
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fected with scrambled siRNA), si-AC005224.4-#1 group,
si-AC005224.4-#2 group, si-AC005224.4-#3 group,
mimics-NC+ vector group (transfected with blank vector
of inhibitor), miR-140-3p mimics group, pcDNA3.1-
SNAI2 group, and mix group (transfected with miR-140-
3p mimics + pcDNA3.1-SNAI2). After transfection, all
cells were harvested for subsequent experiments.
Western blot assay

Total protein of ovarian cancer tissues, and SKOV3 and
CAOV-3 cells, were extracted using radioimmunopreci-
pitation assay (RIPA) lysate (Beyotime, Shanghai, China).
After protein quantification using the bicinchoninic acid
method (Waltham, MA, USA), 80 mg protein was subject
to sodium dodecyl sulfate-polyacrylamide gel electropho-
resis for separation, and was then transferred onto
polyvinylidene difluoride membranes. After that, the
membranes were blocked (1 h) in TBS-T buffer containing
5% skim milk. Next, the membranes were subject to an
overnight incubation (4°C) with the following primary
antibodies (all from Abcam, Cambridge, MA, USA): anti-
E Cadherin antibody (Cat# ab40772, 1/10000), anti-N
Cadherin antibody (Cat# ab18203, 1/1000), anti-SNAIL
antibody (Cat# ab53519, 1/1000), anti-Vimentin anti-
body (Cat# ab8978, 1/1000), and anti-3-phosphate
glyceraldehyde dehydrogenase (GAPDH) antibody
(Cat# ab8245, 1/500). After three Tris-Buffered Saline
Tween-20 (TBST) washes, the membranes were hybrid-
ized (room temperature, 1.5 h) with the horseradish
peroxidase-linked secondary antibody rabbit anti-mouse
IgG H&L (Cat# ab6728, 1/2000, Abcam). Signal
detection was performed using the enhanced chemilumi-
nescence (ECL) system (Life Technologies Corporation);
the relative protein levels were calculated by normaliza-
tion to GAPDH.
Cell Counting Kit-8 (CCK-8) assay

CCK-8 (Dojindo, Kumamoto, Japan) was used to detect
the effect of lncRNA AC005224.4, miR-140-3p, and
SNAI2 expressions on cell proliferation. Briefly, SKOV3
and CAOV-3 cells (2 � 103 cells/well) were seeded in 96-
well plates and incubated for 0, 24, 48, and 72 h,
respectively. At the indicated time point, 10 mL CCK-8
was added, followed by a further 4-h incubation.
SpectraMax M5 microplate reader (Molecular Devices,
Sunnyvale, CA, USA) was applied to measure the
absorbance value at 450 nm. All procedures were repeated
at least three times.
Transwell (migration and invasion) assay

For migration assay, the upper chamber of transwell was
not covered with membrane. For invasion assay, Matrigel
(Corning Incorporated, Corning, NY, USA) was placed in
transwell inserts for 45 min at 37°C. In the two assays,
SKOV3 and CAOV-3 cells (4 � 105 cells) were cultivated
in the upper chamber in the serum-free medium; 20% FBS
(Thermo Fisher Scientific) was added to the lower
chamber. After 24-h cell culturing, the non-migrant or
non-invasive cells were wiped off using a cotton swab.
Next, the cells that migrated to the lower surface of the
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membrane were stained using 0.1% crystal violet staining
solution (Sangon Biotech, Shanghai, China). The sub-
membrane cells of five different microscope views were
counted and the average number was calculated.
Construction of lentiviral vectors for shRNA-AC005224.4

AC005224.4 shRNA or scrambled shRNA was con-
structed into BLOCK-iTTM lentiviral RNAi expression
system (Invitrogen), which was designed to suppress
AC005224.4 production in SKOV3 cells. Briefly, SKOV3
cells (3 � 105 cells/dish) were seeded onto 35-mm dishes.
Next, 1 day after seeding, cultures were added with
lentiviral particles (200 mL) in a 2-mL RPMI-1640
medium containing 10% FBS, followed by 24-h incuba-
tion (5% CO2, 37 °C). The cells were successfully infected
by lentiviral particles (Lv-sh-NC or Lv-sh-AC005224.4)
for 48 h. After that, the cells were harvested and subjected
to qRT-PCR analysis to determine the efficiency of
lentiviral particles in suppressing AC005224.4 expression.
Nude mouse xenograft assay in vivo

Pathogen-free conditions were maintained through the
lifetime of 12 female BALB/c nude mice (aged 4 weeks).
The xenograft in-vivo assay was approved by the
Affiliated Tumor Hospital, Xinjiang Medical University.
First, serum-free cell suspension of the untreated SKOV3
cells (1 � 106 cells) was subcutaneously injected into the
posterior flank of nude mice, followed by further feeding
until the 7th day. Subsequently, SKOV3 cells (1 � 106

cells) transfected with lentiviral-sh-AC005224.4 or lenti-
viral-sh-NC were injected into the tumors of nude mice.
Tumor volume was measured using a caliper following
the length �width2/2 formula. The average volume of the
tumor was measured three times every 3 days. At the
termination of the experiment (the 25th day), mice were
euthanized and the tumor was excised from each mouse to
measure the average volume and weight.
Dual-luciferase reporter gene assay

The targeted relationship between lncRNA AC005224.4
and miR-140-3p was predicted using ENCORI database
(http://starbase.sysu.edu.cn). The targeted relationship
between SNAI2 and miR-140-3p was predicted using
TargetScan v7.2 database (http://www.targetscan.org/
vert_72/). PmirGLO, pmirGLO-AC005224.4-wt/pmir-
GLO-AC005224.4-mut, and pmirGLO-SNAI2-wt/pmir-
GLO-SNAI2-mut were commercially obtained from
Youbio (Changsha, China), and these were then co-
transfected with miR-140-3p mimics/inhibitor or mimics/
inhibitor control into 293 T cells using Lipofectamine-
mediated gene transfer. After transfection for 48 h, cells
were harvested and the luciferase activity was determined
according to the protocol of dual-luciferase reporting
assay system (Promega, Madison, WI, USA).
RNA immunoprecipitation (RIP) assay

The relationship between lncRNA AC005224.4 and miR-
140-3p was determined using a Magna RIP RNA-Binding
Protein Immunoprecipitation Kit (Merck Millipore,
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Billerica, MA, USA). Antibodies used for RIP assay
included anti-AGO2 and control IgG (Merck Millipore).
The co-precipitated RNAs were used for cDNA synthesis
and evaluated by qRT-PCR.
Statistical analysis

The animal experiments were performed at least six times.
The cell experiments were performed at least three times.
All data were generated from three independent experi-
ments and then presented as the mean ± standard
deviation. Statistical calculation was carried out using
GraphPad Prism 6.0 software (La Jolla, CA, USA).
Differences between two groups were compared using
Student’s t test, and differences among three or more
groups were analyzed using one-way analysis of variance.
A P value of <0.05 was considered as a statistically
significant difference.

Results

Expression and prognosis significance of lncRNA
AC005224.4 in ovarian cancer

According to microarray analysis, the expression profile of
lncRNAs was notably changed in ovarian cancer tissues
compared with that in normal ovarian tissue specimens,
and lncRNAs with fold change-values >1 and P values
<0.05were visualized using a volcano plot [Figure 1A] and
heat-map [Figure 1B]. Next, Gene Ontology enrichment
analysis was performed, and it was revealed that most of
the differential expression genes (DEGs) in ovarian cancer
tissues in our microarray and TCGA-ovarian cancer
database were classified into one or more subcategories,
which indicated the important molecular mechanisms
within ovarian cancer development [Supplementary Fig-
ure 1, http://links.lww.com/CM9/B101]. As shown by the
results, DEGs in ovarian cancer in our microarray were
remarkably enriched and activated in EMT and UV
response according to Biological Process [Supplementary
Figure 1A, http://links.lww.com/CM9/B101]. Similarly, the
DEGs in the TCGA-ovarian cancer database were
drastically enriched and activated in allograft rejection,
EMT, hypoxia, IL2-STAT5 signaling, and UV response
allograft rejection [Supplementary Figure 1C, http://links.
lww.com/CM9/B101]. Both in our microarray and TCGA-
ovarian cancer database, EMT was markedly activated
[Supplementary Figure 1B, D, http://links.lww.com/CM9/
B101]. EMT is one of the most important features that
promote tumor cell invasion and migration in various
malignant tumors, including ovarian cancer.Therefore,five
lncRNAs (AC005224.4, AC009093.2, UG0898H09,
AC015912.3, and AL139081.1) were screened [Supple-
mentary Figure 1C, http://links.lww.com/CM9/B101].
These five lncRNAs showed differential expression in our
microarray (log2 fold change [FC] > 1, P < 0.05), and
were related to the overall survival of TCGA-ovarian
cancer patients (hazard ratio >1 or <1) [Supplementary
Figure 2, http://links.lww.com/CM9/B101]; these five
lncRNAswere differentially expressed in TCGA interstitial
ovarian cancer cells compared to those in epithelial cells
(P < 0.05) [Supplementary Figure 2, http://links.lww.com/
CM9/B101]. Furthermore, PCR assay was performed to
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Figure 1: LncRNA AC005224.4 was upregulated in ovarian cancer. (A, B) The expression profile of lncRNAs in five pairs of ovarian cancer tissues and normal ovarian tissues was analyzed.
Differentially expressed lncRNAs were displayed in the volcano plot (A) and heat-map (B) and the threshold value was set to P values<0.05 and fold change-values>1. (C) Five alternative
lncRNAs (AC005224.4, AC009093.2, UG0898H09, AC015912.3, and AL139081.1) were screened. (D) qRT-PCR assay was performed to detect the expression level of these five lncRNAs in
the collected ovarian cancer tissues and normal ovarian tissues. LncRNA: Long non-coding RNA.
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detect the expression of these five lncRNAs in the collected
ovarian cancer and normal tissues [Figure 1D]. It was
observed that among these five lncRNAs, AC005224.4
exhibited the most significantly upregulated expression in
ovarian cancer tissues relative to that in normal tissues (N=
42, P < 0.001). The correlation between AC005224.4
1102
expression and the clinicopathologic features in ovarian
cancer is listed in [Table 1]. No significant association
between AC005224.4 expression and age, histological
subtype, or peritoneal cytology was found, while patients
with high AC005224.4 expression were more likely to
experience the higher pathological grade, advanced
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Table 1: The relationship between AC005224.4 expression and clinicopathological parameters in ovarian cancer.

AC005224.4 expression level (T/N)#

Clinicopathological parameters Number Average value SD P

Age
<50 years 18 1.9546 0.9030 0.1259
≥50 years 24 2.3972 0.9117

Histological subtype
Serous 32 2.1804 0.9041 0.8435
Others 10 2.2944 1.0192

Pathological grade
G1–G2 9 1.6050 0.5246 0.0264

∗

G3 33 2.3719 0.9536
Peritoneal cytology
Negative 29 2.1635 0.8539 0.6490
Positive 13 2.3058 1.0854

Tumor size
<10 cm 19 1.8587 0.8883 0.0244

∗

≥10 cm 23 2.4957 0.8705
FIGO stage
Early stage (I-II) 12 1.6184 0.6982 0.0076

∗

Advanced (III–IV) 30 2.4432 0.9122
CA125
<1000 U/mL 32 2.1720 0.8684 0.6599
≥1000 U/mL 10 2.3212 1.1108

#The relative level of AC005224.4 is the ratio of tumor tissue to normal tissue.
∗
P< 0.05 was recognized as a statistically significant difference; FIGO:

InternationalFederation of Gynecology and Obstetrics; CA125: Carbohydrate antigen 125.
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International Federation of Gynecology and Obstetrics
(FIGO) stage, and larger tumor size (P < 0.05). Moreover,
little is known about the role of lncRNA AC005224.4 in
ovarian cancer; hence, lncRNA AC005224.4 was adopted
for further analysis.

Effects of lncRNA AC005224.4 on ovarian cancer cell
proliferation, metastasis, and EMT

First, a different lncRNA AC005224.4 expression level in
ovarian carcinoma cell lines (SNU119, SKOV3, CAOV-3,
and HO8910 cells) was detected compared with that in
HOSEpiC. It was found that SKOV3 and CAOV-3 cells
exhibited higher AC005224.4 expression among these
four cancer cells (P < 0.01; Figure 2A). Therefore, SKOV3
and CAOV-3 cells were selected as our experimental
subjects for subsequent experiments. To investigate the
role of AC005224.4 in ovarian cancer cell progression,
pcDNA3.1-AC005224.4 and siRNA of AC005224.4
were transfected into SKOV3 and CAOV-3 cells for
AC005224.4overexpressionandknockdown, respectively.
The results revealed that AC005224.4 expression was
elevated 150% in the AC005224.4 overexpression group,
whereas the AC005224.4 expression was significantly
decreased in three siRNA-AC005224.4 groups, with the si-
AC005224.4-#1 group showing the lowest AC005224.4
expression (reduced by 60%) (P < 0.05; Figure 2B).
Therefore, the si-AC005224.4-#1 groupwas selected as the
experimental group in the subsequent experiments.
According to CCK-8 assay results, the proliferation ability
of both SKOV3 and CAOV-3 cells in the AC005224.4
overexpression group was drastically enhanced, while
SKOV3 and CAOV-3 cell proliferationwas decreased after
1103
silencing AC005224.4 (P < 0.05; Figure 2C). Transwell
assay results indicated that AC005224.4 overexpression
observably facilitated the migration and invasion of both
SKOV3 and CAOV-3 cells, while AC005224.4 down-
regulation notably decreased SKOV3 and CAOV-3 cell
migration and invasion (P < 0.01; Figure 2D, E).
Furthermore, lncRNA AC005224.4 effects on EMT-
related proteins (E-cadherin, N-cadherin, Snail, and
Vimentin) in SKOV3 and CAOV-3 cells were detected
using Western bolt assay [Figure 3]. It was observed that
overexpressionofAC005224.4 led to decreasedE-cadherin
expression, and increased expressions ofN-cadherin, Snail,
and Vimentin in SKOV3 and CAOV-3 cells, while
AC005224.4 knockdown had the opposite effects. Taken
together, these results suggested that lncRNAAC005224.4
could promote ovarian cancer cell proliferation,metastasis,
and EMT in vitro.

Knockdown of AC005224.4 suppressed SKOV3 cell growth in
vivo

A mouse tumor xenograft model was established to
investigate AC005224.4 effects on ovarian cancer in vivo.
SKOV3 cells pre-transfected with lentivirus-mediated
shRNA-AC005224.4 or shRNA-control were subcutane-
ously injected into the back of nude mice. As shown by
PCR assay results, AC005224.4 expression was notice-
ably downregulated by about 60% in the sh-AC005224.4
group compared with that in the NC group, which
indicated the successful transfection (P< 0.01; Figure 4A).
After 7 days of the experiment, tumor volume was
measured every 3 days, and at each point, the SKOV3 cells
with AC005224.4 silencing showed smaller tumors
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Figure 2: LncRNA AC005224.4 regulated ovarian cancer cell proliferation and apoptosis in vitro. (A) qRT-PCR assay was used to detect AC005224.4 expression in different ovarian
carcinoma cell lines (SNU119, SKOV3, CAOV-3, and HO8910 cells) and HOSEpiC. N = 3; †P < 0.01, ‡P < 0.001, compared with HOSEpiC cells. (B) After cells were transfected with
pcDNA3.1-AC005224.4, siRNA- AC005224.4 (siRNA#1, siRNA#2, and siRNA#3) and AC005224.4 expression level in SKOV3 and CAOV-3 cells were detected using qRT-PCR analysis. (C)
Tissue damage was assessed using H&E staining. (D) CCK-8 assay was used to determine the proliferation of SKOV3 and CAOV-3 cells in different transfection groups. (E) Transwell assay
was performed to investigate changes of SKOV3 and CAOV-3 cell migration using crystal violet staining; scale bar = 100 mm. (F) Transwell assay was performed to evaluate changes of
SKOV3 and CAOV-3 cell invasion using crystal violet staining; scale bar = 100 mm. N = 3;

∗
P< 0.05, †P< 0.01, ‡P< 0.001, compared with the vector group or si-NC group. CCK-8: Cell

Counting Kit-8; HOSEpiC: Human ovarian epithelial cells; LncRNA: Long non-coding RNA.
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Figure 3: LncRNA AC005224.4 regulated ovarian cancer cell EMT in vitro. Western bolt assay was applied to detect the effects of lncRNA AC005224.4 on EMT-related proteins (E-
cadherin, N-cadherin, Snail, and Vimentin) in (A) SKOV3 and (B) CAOV-3 cells. N = 3;

∗
P< 0.01, compared with the vector group or si-NC group. EMT: Epithelial-mesenchymal transition;

LncRNA: Long non-coding RNA.

Figure 4: Knockdown of AC005224.4 inhibited tumor formation in nude mice. (A) The AC005224.4 expression level in thelv-sh-AC005224.4 group was markedly decreased compared
with that in the lv-sh-NC group; SKOV3 cells transfected with lentivirus-mediated shRNA targeting AC005224.4 were allocated into the Lv-sh-AC005224.4 group; SKOV3 cells transfected
with shRNA lentiviral particles with non-effective scrambled shRNA sequences were allocated into the Lv-sh-NC group. (B, C) Silencing of AC005224.4 drastically suppressed ovarian
cancer tumor growth by comparison to that in the lv-sh-NC group; scale bar = 1 cm. (D) Tumor weight was measured on the 21st day at the end of the experiment. (E) The effects of
silencing AC005224.4 on EMT-related proteins (E-cadherin, N-cadherin, Snail, and Vimentin) of tumors were detected using Western blot. N= 6;

∗
P< 0.05, †P< 0.01, compared with the

Lv-sh-NC group. EMT: Epithelial-mesenchymal transition.
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compared to those in the sh-NC group (P < 0.05;
Figure 4B). At the termination of the experiment (the 21st
day), mice were euthanized and the tumor of each mouse
was excised [Figure 4C]. It was found that the sh-
AC005224.4 group showed notably less tumor weight
than the sh-NC group (P< 0.01; Figure 4D). AC005224.4
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knockdown prominently motivated E-cadherin expres-
sion while restraining the expressions of N-cadherin,
Snail, and Vimentin in tumor (P < 0.01; Figure 4E). From
all of the above, it can be inferred that AC005224.4
knockdown efficiently impaired the tumorigenesis ability
and EMT process of ovarian cancer cells in vivo.
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Figure 5: AC005224.4 impacted the expression of SNAI2. (A, B) The expression profiles of mRNAs in five pairs of ovarian cancer tissues and normal ovarian tissues were analyzed.
Differentially expressed lncRNAs were displayed in the volcano plot (A) and heat-map (B) and the threshold value was set to P values <0.05 and fold change-values >1. (C) The co-
expression network of AC005224.4 and mRNAs based on our microarray and TCGA-ovarian cancer database was established. (D) The effect of AC005224.4 on SNAI2 expression in SKOV3
and CAOV-3 cells was explored. N= 3; †P< 0.01, compared with the vector group or si-NC group. (E) The expression level of SNAI2 in ovarian cancer and normal tissues was detected. ‡P
< 0.001, compared with normal tissues. (F) SNAI2 expression level in different ovarian carcinoma cell lines (SNU119, SKOV3, CAOV-3, and HO8910 cells) and HOSEpiC was detected. N=
3;

∗
P < 0.05, †P < 0.01 compared with HOSEpiC cells. HOSEpiC: Human ovarian epithelial cells; LncRNA: Long non-coding RNA.

Chinese Medical Journal 2023;136(9) www.cmj.org
AC005224.4 impacted the expression of SNAI2

mRNA expression patterns were also examined in five
pairs of ovarian cancer tissue specimens and normal
ovarian tissues using microarray analysis. The differently
expressed mRNAs were selected with the criterion of fold
change-values >1 and P values <0.05, which were
visualized using a volcano plot [Figure 5A] and heat-
map [Figure 5B]. To explore the key genes regulated by
AC005224.4 in ovarian cancer development based on
our microarray and TCGA-ovarian cancer database, the
co-expression network of AC005224.4 and mRNAs
was established. Important transcription factors of
EMT such as SNAI2 and downstream markers MMP2,
ADAMST2, and COL3A1 showed markedly positive
correlations with AC005224.4 [Figure 5C]. In a previous
study, the transcription factor SNAI2 is characterized
as a prototypical EMT transcription factor, which
participates in diverse biological processes, including
tumor metastasis.[19] Therefore, SNAI2 was selected for
further experiments. According to PCR assay results,
AC005224.4 overexpression noticeably elevated SNAI2
expression level, whereas AC005224.4 knockdown
significantly reduced SNAI2 expression level in both
SKOV3 and CAOV-3 cells (P < 0.01; Figure 5D). The
results revealed that the SNAI2 expression level was
significantly increased in 42 ovarian cancer patient tissue
samples compared with that in normal ovarian tissues
samples (P < 0.0001; Figure 5E). SNAI2 expression in
ovarian cancer cell lines (SNU119, SKOV3, CAOV-3,
and HO8910 cells) was markedly higher than that in
ovarian epithelial cells HOSEpiC (P < 0.05; Figure 5F).
The above results proved that SNAI2 was upregulated in
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both ovarian cancer tissues and cells, and positively
correlated with AC005224.4.

The regulatory network of AC005224.4/miR-140-3p/SNAI2
axis

Bioinformatics analysis (starBase v3.0 and TargetScan
v7.2 databases) was used to predict targeted miRNAs for
AC005224.4 or SNAI2. Meanwhile, the Human micro-
RNA Disease Database (v3.2) was applied to predict
ovarian cancer progression-related miRNAs. As a result,
seven miRNAs (hsa-miR-98, hsa-let-7g, hsa-let-7a, hsa-
let-7b, hsa-let-7c, hsa-let-7f, and hsa-miR-140-3p) that
targeted both AC005224.4 and SNAI2 in ovarian cancer
were identified [Figure 6A]. Among them, miR-140-3p
exhibited the most marked decrease (about 70%) in
ovarian cancer patient tissue samples compared with that
in normal samples (P< 0.01; Figure 6B). Hence, miR-140-
3p was selected for subsequent experiments. The results
suggested that miR-140-3p expression was notably lower
in ovarian cancer cell lines (SNU119, SKOV3, CAOV-3,
and HO8910 cells) than that in ovarian epithelial cells’
HOSEpiC (P < 0.05; Figure 6C). Potential binding sites
between miR-140-3p and AC005224.4/SNAI2 were
predicted [Figure 6D]. Next, the targeted relationships
between miR-140-3p and AC005224.4/SNAI2 were
validated using a dual-luciferase reporter gene assay
[Figure 6E, F]. According to the AGO2 immunoprecipita-
tion assay results, the AGO2 antibody was able to pull
down both endogenous lncRNA AC005224.4 and miR-
140-3p [Figure 6G], which further validated their binding
potential. As shown in Figure 6H, AC005224.4 over-
expression noticeably inhibited, whereas AC005224.4
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Figure 6: The regulatory network of the AC005224.4/miR-140-3p/SNAI2 axis. (A) Seven miRNAs (hsa-miR-98, hsa-let-7g, hsa-let-7a, hsa-let-7b, hsa-let-7c, hsa-let-7f, and hsa-miR-
140-3p) that targeted both AC005224.4 and SNAI2 in ovarian cancer were identified according to starBase v3.0, TargetScan v7.2, and HMDD v3.2 databases. (B) qRT-PCR assay was
performed to detect the expression levels of these seven miRNAs in ovarian cancer tissues and normal ovarian tissues. N = 10;

∗
P< 0.05, †P< 0.01, compared with normal tissues. (C)

miR-140-3p expression level in different ovarian carcinoma cell lines (SNU119, SKOV3, CAOV-3, and HO8910 cells) and HOSEpiC was detected. N= 3;
∗
P< 0.05, †P< 0.01 compared to

HOSEpiC cells. (D) The binding sites of miR-140-3p with AC005224.4 or SNAI2 were predicted. (E, F) The targeting relationship between miR-140-3p and AC005224.4 (E) or SNAI2 (F) was
verified using dual-luciferase reporter gene assay in 293 T cells. N= 3; †P< 0.01 compared with the mimics-NC group or inhibitor NC group. (G) Anti-AGO2 RIP was performed in HEK293T
cells, followed by qRT-PCR to detect the expression of lncRNA AC005224.4 or miR-140-3p associated with AGO2. N= 3; ‡P< 0.001, compared with the Input group; †P< 0.01, compared
with the IgG group. (H) The effect of AC005224.4 on miR-140-3p expression in SKOV3 and CAOV-3 cells was verified using qRT-PCR assay. N = 3; †P < 0.01, compared with the Vector
group or si-NC group. (I) The effect of miR-140-3p on SNAI2 expression in SKOV3 and CAOV-3 cells was verified using qRT-PCR assay. N= 3; †P< 0.01 compared to the mimics-NC group
or inhibitor NC group. (J) The linear analysis revealed a negative correlation between AC005224.4 and miR-140-3p expression in ovarian cancer tissues (N = 42). (K) The linear analysis
revealed a positive correlation between AC005224.4 and SNAI2 expression in ovarian cancer tissues (N = 42). (L) The linear analysis revealed a negative correlation between SNAI2 and
miR-140-3p expression in ovarian cancer tissues (N= 42). HMDD: Human microRNA Disease Database; HOSEpiC: Human ovarian epithelial cells; LncRNA: Long non-coding RNA; RIP: RNA
immunoprecipitation.
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silencing significantly facilitated miR-140-3p expression
level in both SKOV3 and CAOV-3 cells (P < 0.01). miR-
140-3p mimics observably inhibited SNAI2 expression
level, whereas miR-140-3p inhibitor markedly motivated
SNAI2 expression level in SKOV3 and CAOV-3 cells
(P < 0.01; Figure 6I). Moreover, linear correlation was
1107
applied to analyze the relationship among AC005224.4,
miR-140-3p, and SNAI2 expression in 42 ovarian
cancer patient tissue samples. A negative correlation
between AC005224.4 and miR-140-3p was observed
(R = �0.3061, P = 0.0487; Figure 6J). AC005224.4
expression was positively correlated with SNAI2 level
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(R = 0.3722, P = 0.0152; Figure 6K). miR-140-3p
expression was negatively correlated with SNAI2 level
(R = –0.3167, P = 0.0410; Figure 6L). The AC005224.4/
miR-140-3p/SNAI2 regulatory axis may contribute to
the tumorigenesis of ovarian cancer.
MiR-140-3p inhibits ovarian cancer progression via
inhibiting SNAI2

SKOV3 and CAOV-3 cells were pre-transfected and
allocated into four groups: mimics-NC + vector group
(transfected with empty plasmid), miR-140-3p mimics
group (transfected with miR-140-3p mimics), SNAI2
group (transfected with pcDNA3.1-SNAI2), and miR-
140-3p mimics + SNAI2 group (transfected with miR-
140-3p mimics + pcDNA3.1-SNAI2). As shown by CCK-
8 assay results, SNAI2 overexpression drastically pro-
moted SKOV3 and CAOV-3 cell proliferation, while miR-
140-3p mimics caused the opposite effects on cell
proliferation and abolished the promoting effects of
SNAI2 on cell proliferation, which restored the viability of
cancer cells (P < 0.01; Figure 7A). Transwell assay results
showed that SNAI2 overexpression promoted, while miR-
140-3p mimics inhibited tumor cell migration and
invasion; miR-140-3p mimics restrained SNAI2 effects
on tumor cells and reduced tumor cell metastasis (P <
0.01; Figure 7B, C). Based on Western blot assay results,
miR-140-3p mimics prominently promoted E-cadherin
protein expression while inhibiting the expressions of
N-cadherin, Snail, and Vimentin in SKOV3 and CAOV-3
cells; SNAI2 showed the opposite trend to miR-140-3p
mimics in cancer cells (P < 0.01; Figure 7D). Taken
together, sufficient evidence confirmed that SNAI2
facilitated ovarian cancer cell growth, metastasis, and
EMT process, whereas miR-140-3p abolished the promo-
tive effects of SNAI2 on ovarian cancer.
Discussion

Growing studies have manifested that quite multiple
lncRNAsmodulate protein-coding gene expression at both
the post-transcriptional and transcriptional levels and are
tightly involved in the crucial regulation processes of
multiple human diseases, including ovarian cancer.[22,28,29]

In the current study, for thefirst time,we identified lncRNA
AC005224.4 as a key regulator ofMET,whichparticipated
in the ovarian cancer invasion-metastasis cascade. LncRNA
AC005224.4 expression level was observably upregulated
in ovarian cancer tissues compared with that in normal
ovarian tissues, which indicated that AC005224.4 may
function as a cancer-promoting gene. Consistently, Tian
et al[30] have reported that AC005224.4 is upregulated
in abdominal aortic aneurysm. Next, the biological
function of lncRNA AC005224.4 in ovarian cancer was
investigated in ovarian cancer cells in vitro and xenograft
mice in vivo. LncRNA AC005224.4 drastically promoted
ovarian cancer cell growth, metastasis, and EMT process
in vitro. Meanwhile, in-vivo experiments revealed that
AC005224.4 knockdown efficiently impaired the tumori-
genesis ability andEMTprocess of ovarian cancer.All these
results suggested that lncRNA AC005224.4 was closely
related to ovarian cancer progression.
1108
Recent researches have illuminated that lncRNAs could
act as an endogenous miRNA sponge and participate
in post-transcriptional regulation through interaction
with miRNAs.[31-33] In this study, AC005224.4 binding
tomiR-140-3ppromotedovariancancer cellmetastasis and
EMT. Previous studies have provided evidence that miR-
140-3p has different functions in various cancers. For
example, Zhang et al[34] have emphasized thatmiR-140-3p
confers suppression of the MAPK signaling pathway via
targeting GRN, thereby inhibiting the EMT, invasion, and
metastasis in hepatocellular carcinoma. Zhou et al[35] have
argued that miR-140-3p inhibits breast cancer cell
proliferation and migration via directly regulating the
expression of tripartite motif 28. Dong et al[36] have
demonstrated that miR-140-3p suppressed cell growth and
invasion via downregulating ATP8A1 expression in non-
small cell lung cancer. Similarly, this studyproved thatmiR-
140-3p inhibited ovarian cancer cell growth, metastasis,
and EMT process. Importantly, miR-140-3p downregula-
tion almost reversed the effects of AC005224.4 silencing.
Furthermore, based on the sequence complementarity
between AC005224.4 and miR-140-3p, it is believed that
miR-140-3p is a potential direct target of AC005224.4.
These results indicated that miR-140-3p is downstream of
AC005224.4 in a signaling cascade that regulated ovarian
cancer progression. Another point that need to be noted is
that many other factors affected the interaction between
RNA molecules and lncRNAs; therefore, we cannot
exclude the possibility of AC005224.4 targeting other
miRNAs.

To further understand the molecular regulatory mecha-
nism of miR-140-3p in ovarian cancer progression, we
considered the potential targeted genes. The upregulation
of AC005224.4 led to an elevated expression of SNAI2 (a
transcriptional repressor of E-cadherin) via competitively
binding to miR-140-3p. Through bioinformatics, SNAI2
was predicted to be a directly targeted gene of miR-140-3p
at its 30-UTR mRNA, which has also been proposed to be
associated with the progression of various cancers,
including ovarian cancer. For instance, Jiang et al[37]

have demonstrated that SNAI2 promotes cancer cell
migration and invasion in clear cell renal cell carcinoma.
Du et al[38] have elucidated that SOX13 promotes
colorectal cancer metastasis via transactivating SNAI2.
Fan et al[39] have proposed that the non-canonical
signaling pathway of SNAI2 induces EMT in ovarian
cancer cells via suppressing miR-222-3p transcription and
upregulating PDCD10. In the current study, functional
experiments revealed that SNAI2 overexpression notice-
ably facilitated ovarian cancer cell growth, metastasis, and
EMT process. Therefore, we could conclude that
AC005224.4 co-expressed with SNAI2 in ovarian cancer
and positively regulated SNAI2 expression via competi-
tively sponging miR-140-3p.

Several limitations still exist in this research. First, other
AC005224.4-sponged miRNAs, as well as other gene
targets of miR-140-3p, may contribute to the progression
of ovarian cancer. Moreover, the mechanisms of the
transcriptional regulation of AC005224.4 in ovarian
cancer were not investigated deeply in this research.
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Figure 7: MiR-140-3p inhibits ovarian cancer progression via inhibiting SNAI2. SKOV3 and CAOV-3 cells were pre-transfected and allocated into four groups: mimics-NC + vector group
(cells transfected with empty plasmid), miR-140-3p mimics group (cells transfected with miR-140-3p mimics), SNAI2 group (cells transfected with pcDNA3.1-SNAI2), and miR-140-3p
mimics + SNAI2 group (cells transfected with miR-140-3p mimics + pcDNA3.1-SNAI2). (A) CCK-8 assay was used to determine the proliferation of SKOV3 and CAOV-3 cells in different
transfection groups. (B) Transwell assay was performed to investigate the changes of SKOV3 and CAOV-3 cell migration using crystal violet staining; scale bar = 100 mm. (C) Transwell
assay was performed to research the changes of SKOV3 and CAOV-3 cell invasion using crystal violet staining; scale bar = 100 mm. (D) Western blot assay was applied to detect EMT-
related protein (E-cadherin, N-cadherin, Snail, and Vimentin) changes of SKOV3 and CAOV-3 cells. N= 3;

∗
P< 0.05, †P< 0.01, compared with the mimics-NC + vector group. CCK-8: Cell

Counting Kit-8; EMT: Epithelial-mesenchymal transition.
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Conclusion

Ongoing research identified that lncRNA AC005224.4
was highly expressed in ovarian cancer tissues. Next,
sufficient evidence was provided to highlight that
AC005224.4 promotes ovarian cancer cell growth,
metastasis, and EMT via sponging miR-140-3p and
1109
regulating SNAI2. These findings facilitated us to better
understand the development of ovarian cancer, providing
novel therapeutic strategies for this fatal disease.
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