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Purpose: Ovarian cancer, manifested by malignant ascites, is the most lethal gynaecological
cancer. Suspended ascites-derived spheroids may contribute to ovarian cancer metastasis.
MicroRNAs (miRNAs) are also associated with ovarian cancer metastasis. Here, we aimed to
investigate the differentially expressed miRNAs (DE-miRNAs) in ascites-derived spheroids
compared with primary tumour tissues, which may regulate ovarian cancer metastasis.
Methods: The DE-miRNAs between ovarian cancer primary tumour tissues and ascites-derived
spheroids were identified by GEO2R screening in samples from 3 high-grade serous ovarian
cancer (HGSOC) patients of dataset GSE65819. We used MiRTarBase, TargetScanHuman7.2
and STRING to predict the target hub genes of DE-miRNAs and DAVID to perform functional
analysis of hub genes. ALGGEN PROMO and TransmiR v2.0 were used to predict transcription
factors (TFs) that potentially regulate DE-miRNAs expression. The observed differences in DE-
miRNAs expression were validated with samples from 12 HGSOC patients and 2 ovarian cancer
cell lines using PCR. The functions of DE-miRNAs on ovarian cancer progression were verified
by invasion, adherent, and angiogenesis assays.

Results: Through bioinformatics screening and experimental validation, miR-199a-3p, miR-
199b-3p, miR-199a-5p, miR-126-3p and miR-145-5p were identified as being significantly
downregulated in ascites-derived spheroids compared with primary tumour tissues. In addi-
tion, TFAP2A was identified as a potentially common upstream TF regulating the expression
of the above mentioned DE-miRNAs. The overexpression of miR-199a-3p, miR-199b-3p,
miR-199a-5p lead to invasion inhibition, and the overexpression of miR-126-3p, miR-145-
5p, miR-199a-5p and miR-199b-3p lead to adhesion inhibition of suspended ovarian cancer
cells. High-expressed miR-126-3p, miR-199a-3p, miR-199a-5p and miR-199b-3p contribu-
ted to apoptosis of suspended ovarian cancer cells.

Conclusion: The downregulated expression of miR-199a-3p, miR-199b-3p, miR-199a-5p, miR-
126-3p and miR-145-5p in ascites-derived spheroids plays a key role in promoting ovarian cancer
progression, which may represent novel molecules for targeted therapy for ovarian cancer.
Keywords: ovarian cancer, metastasis, ascites-derived spheroids, primary tumour tissue,
microRNAs

Introduction
Ovarian cancer has become the most lethal gynaecological cancer worldwide. Since
there is no obvious clinical presentation in the early phase, ovarian cancer patients

are mostly diagnosed in the late stages, presenting with ascites accumulation in the
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abdominal cavity. The presence of malignant ascites cor-
relates with a deterioration in the quality of life and poor
prognosis.! The ovarian cancer cells are shed from the
primary tumour site, subsequently becoming suspended
in the ascites and forming spheroids. Finally, the spher-
oids, which are highly invasive, adhere to the peritoneum
and form a new metastasis tumour site. Thus, spheroids
appear to play a key role in ovarian cancer implantation
metastasis, and the unique expression profile of suspended
ascites-derived tumour cells deserves intensive study.

During the process which shed ovarian cancer cells
become suspended spheroids, the expression of genes
could be regulated by epigenetic plastic happened in this
period.2 microRNAs (miRNAs), as the essential member
of epigenetic regulation, also involved in this epigenetic
plastic process. However, the expression differences of
miRNAs between ovarian cancer spheroids and primary
ovarian cancer cells had not been studied in-depth.

miRNAs are endogenously expressed, small (19-25
nucleotides), noncoding RNAs that are cleaved from 70
to 100 nucleotide hairpin precursors called pre-miRNAs.
Once the pre-miRNAs reach the cytoplasm, under the
actions of various enzymatic reactions, they are cleaved
into mature miRNAs that downregulate the expression of
their targets by inhibiting mRNA translation or promoting
mRNAs degradation. miRNAs are estimated to control
over 50% of the activities of all protein coding genes
and are unsurprisingly involved in ovarian cancer
oncogenesis.” miRNAs can act as potential biomarkers,
diagnostic tools and therapeutic targets of ovarian cancer.
For instance, the upregulation of miR-92, miR-21 and
miR-19a has been used as a sign of ovarian cancer, and
cancer cell-secreted microvesicles contain elevated levels
of miR-21, which induces myoblast apoptosis and lead to
cancer cachexia.*

Bioinformatics approaches have become an effective
and systematic means of screening potential target mole-
cules, and the Gene Expression Omnibus (GEO) database
harbours a vast amount of gene expression profiles that are
useful in distinguishing differentially expressed genes.’ In
our study, to identify the differentially expressed miRNAs
(DE-miRNAs) between ovarian cancer primary tumour
tissue and ascites-derived cancer cells, we screened the
miRNA expression profile of the microarray dataset
GSE65819. The potential downstream target genes of
DE-miRNAs were predicted using miRTarBase and
TargetScanHuman7.2, and their biological significances
were enriched by gene ontology (GO) annotation and

Kyoto Encyclopedia of Gene and Genomes (KEGG) path-
way analysis. By drawing a protein—protein interaction
(PPI) network, we identified the hub target genes.
Subsequently, we used human ovarian cancer samples
and ovarian cancer cell lines to verify the results of bioin-
formatic analysis. The goal of this study was to identify
miRNAs that may promote the metastasis of ovarian can-
cer ascites-derived cancer cells and to further investigate
their potential molecular mechanisms by bioinformatic
analysis and experimental validation.

Materials and Methods
Selection of Microarray Data from GEO
Database

To analyse the differential expression of miRNAs between
ovarian cancer primary tumour and ascites-derived tumour
cells, we screened GEO datasets and selected the micro-
array dataset GSE65819 for further study. This dataset is
based on the GPL19765 platform (NanoString nCounter
miRNA Human v2.1), which contains samples of high-
grade serous ovarian cancer (HGSOC) patients. After
checking the basic information (including case ID, sample
point and sample type) for each sample, we chose data
from 3 patients’ matched primary tumours and ascites-
derived tumour cells, which were collected as soon as
the patients were diagnosed as HGSOC without any
therapy.

Screen for DE-miRNAs
GEO2R (http://www.ncbi.nlm.nih.gov/geo/geo2r/) can be

used to perform modern R language analyses of GEO
information under the same trial conditions.’ Therefore,
GEO2R was used to screen the DE-miRNAs between
primary tumours and ascites-derived tumour cells of ovar-
ian cancer patients. P-value <0.05 and |fold change (FC)|>
2 were set as the criteria for identifying DE-miRNAs.

Prediction of Target Genes
MiRTarBase (http://mirtarbase.mbc.nctu.edu.tw/php/index.
php) is an experimentally validated miRNA-target interac-

tions database.® TargetScanHuman7.2 can predict biologi-
cal targets of miRNAs by searching for the presence of
conserved sites that match the seed region of each
miRNA.”  We both
TargetScanHuman7.2 to predict the target downstream

used miRTarBase and

genes of the top five most downregulated miRNAs.
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Analysis of GO and KEGG Pathway

DAVID bioinformatics resource (https://david.ncifcrf.gov)

consists of an integrated biological knowledgebase and
analytic tools aimed at systematically extracting biological
meaning from large gene lists.® Therefore, DAVID was
used to perform functional and pathway enrichment of the
predicted target genes of the five most downregulated
miRNAs, including GO and KEGG pathway analysis.

Construction of the PPl Network and

DE-miRNA-Hub Gene Network
The STRING database (http://string-db.org) provides
uniquely comprehensive coverage and ease of access to

both experimental and predicted protein interaction
information.” We used the STRING database to obtain
functional associations among the target genes of DE-
miRNAs. To identify the hub genes of DE-miRNAs, the
Cytoscape (3.7.0) plugin cytohubba was used to calculate
the degree of each target gene. The top 20 target genes
were identified as hub genes, and the DE-miRNA-hub
gene network was established using Cytoscape.

Prediction of Transcription Factors(TFs)

of DE-miRNAs

The potential TFs of DE-miRNAs were predicted using
ALGGEN  PROMO
TransmiR v2.0 (http://www.cuilab.cn/transmir).'®!'" We
took the intersection of the results obtained from
ALGGEN PROMO and TransmiR v2.0 of each DE-
miRNAs and drew a network diagram to display the reg-
ulation effects of TFs on DE-miRNAs.

(http://alggen.lsi.upc.es) and

cDNA Synthesis and Quantitative
Polymerase Chain Reaction (qPCR)

TRIzol reagent (Invitrogen) was used to extract total RNA
from cells from the different treatments. Reverse transcrip-
tion was performed using a BioTNT microRNA reverse
transcription kit (BioTNT, Shanghai, China), and the pri-
mers used for reverse transcription of miRNAs were also
synthesized by BioTNT Co. Ltd. qPCR was performed
using a BioTNT microRNA Real-Time PCR PreMIX kit
and a qPCR system (QuantStudio TM 6 Flex, Thermo-
ABI). The miRNAs expression levels were normalized to
expression of U6 as an internal control and calculated by
the AACt method.

Human Samples Collection

The primary tumour tissues and ascites were harvested
from patients who were diagnosed with HGSOC in
2017-2019 in the Department of Gynaecology and
Obstetrics, Ruijin Hospital. According to the inclusion
criteria, (histologically diagnosed to be HGSOC combined
with obvious ascites and no treatment before receiving
tumour reductive surgery), tissues were collected from 12
patients for further experiments. The average age of these
12 patients were 55. The tumour stage of 5 patients were
Illc, and the other 7 patients were IV. All experiments
were approved by the Ethics Committee of Ruijin
Hospital, Shanghai Jiao Tong University, School of
Medicine, and informed consent was obtained from all
patients.

Cell Lines and Culture Conditions

The human ovarian cancer cell line HEY was obtained
from the laboratory of Dr Robert Bast at the University of
Texas MD Anderson Cancer Center, Houston, TX. The
human ovarian cancer cell lines A2780 were obtained
from the Shanghai Key Laboratory of Female
Reproduction Endocrine Related Disease, Obstetrics and
Gynaecology Hospital, Fudan University. The use of
A2780 was approved by the Ethics Committee of Ruijin
Hospital, Shanghai Jiao Tong University, School of
Medicine.

For adherent cultures (2D cultures), cells were cultured
in 100-mm TC-treated Culture Dishes (430167, Corning)
with RPMI 1640 medium containing 10% FBS, 100 U/mL
penicillin and 100 pg/mL streptomycin at 37°C under an
atmosphere with 5% CO,.

For suspended cultures (3D cultures), cells were cul-
tured in 100-mm Ultra-Low Attachment Culture Dishes
(3262, Corning) with RPMI 1640 medium containing 10%
FBS, 100 U/mL penicillin and 100 pg/mL streptomycin at

37°C under an atmosphere with 5% CO,.

MiRNA Overexpression

The miRNA mimics and negative control were purchase
from RiboBio (Guangzhou, China). We added 5SuL of 5SnM
miRNA mimics and negative control into 6-well plate to
make HEY cell lines transfected in the presence of
Lipofectamine™ 3000 according to the manufacturer’s
protocol and verified the overexpression efficiency by
qPCR.
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TFAP2A Silencing

A TFAP2A-specific siRNA duplex (siTFAP2A, sequence:
5'-GUAGGUCAAUCUCCCUACALt-3") was synthesized
by Genomeditech (Shanghai, China). NC (5'-
UUCUCCGAACGUGUCACGUATAT-3") was used as
a negative control. For siRNA transfection, 1.5%10° HEY
cells/well or 3*10° A2780 cells/well were seeded in
a 6-well plate and transfected according to the manufac-
turer’s protocol and verified the efficiency by qPCR.

Transwell Invasion Assay

The transwell system (24-well insert; pore size 8§ mm; Corning
Costar) was used to measure the invasive ability of the HEY
cell line. The inserts were coated with 50 pL. Matrigel at 1:8
dilution (BD Biosciences Pharmingen) overnight, and 3x10*
cells suspended in 0.2 mL of fresh medium without FBS were
added to the upper well of the chamber. Then, 600 pL of
complete medium with 10% FBS was added to the lower
well. After incubating for 16 h, the cells on the upper surface
of the membrane were swiped off with cotton swabs, and the
cells adhering to the lower surface of the inserts were fixed and
stained with haematoxylin. The number of stained cells in five
representative fields were randomly counted for each insert
using an Olympus light microscope at 100x magnification.

Apoptosis Assay

Apoptosis assay was conducted according to the protocol of
FITC Annexin V Apoptosis Detection Kit (BD Pharmingen,
556547). Briefly, cells were washed with cold PBS and
resuspended in 1x binding buffer at a concentration of
1¥10° cells/mL. Add 5 uL of FITC Annexin V and 5uL PI
into 100puL above cell suspension. Gently vortex and incu-
bate for 15 min at room temperature in the dark. Then, the
samples were analyzed by flow cytometry within 1 hour.

Adherent Assay

The 24-well plate was coated with 200uL. Matrigel at 1:50
dilution and air-dried in biosafety cabinet for 6h. Then, the
plate was blocked with 200uL serum-free medium for 1h.
3D-cultured cells were trypsinized, counted and resus-
pended in serum-free medium. 3*10* cells/200uL serum-
free medium were added to each Matrigel-coated well and
incubated in the incubator for 1.5-2h. Non-adherent cells
were removed by washing with PBS. Adherent cells were
fixed with 4% paraformaldehyde and stained with 2%
crystal violet. Five representative fields of each insert
were photographed and counted using an Olympus light
microscope at 40xmagnification.

Statistical Analysis

All data are presented as the Mean+SD. A two tailed, unpaired
t-test was used to compare the differences between two group
by SPSS and GraphPad Prism 8. We considered p value <0.05
as statistically significant (*p < 0.05; **p < 0.01;

wxxp < 0,001).

Results
Screening DE-miRNAs Between Ovarian
Cancer Primary Tumours and

Ascites-Derived Tumour Cells

The microRNA array GSE65819 contains samples collected
from HGSOC patients at different time points. The sample
types included primary tumour tissue, ascites-derived tumour
cells and metastasis tumour tissue. We selected the microRNA
array results of the primary tumour tissue and ascites-derived
tumour cells harvested from 3 HGSOC patients at the first time
they were diagnosed with HGSOC (Figure 1A). Using
GEO2R to analyse the DE-miRNAs from the 3 pairs of
primary tumour tissue and ascites-derived tumour cells, we
identified 69 DE-miRNAs, among which 68 were downregu-
lated and only miR-1245a was upregulated in ascites-derived
tumour cells. MiR-199a-3p, miR-199b-3p, miR-199a-5p,
miR-145-5p and miR-126-3p were the top 5 most downregu-
lated miRNA in ascites-derived tumour cells compared with
the primary tumour tissues (Figure 1B and C).

Prediction of Target Genes of
DE-miRNAs and Pathway Enrichment
Analysis

We used miRTarBase and TargetScanHuman7.2 to predict the
target downstream genes of miR-199a-3p, miR-199b-3p,
miR-199a-5p, miR-145-5p and miR-126-3p, resulting in the
identification of 796 and 648 probable target genes, respec-
tively. Two hundred and forty-four genes were identified as
target genes by taking the intersection. After KEGG pathway
analysis, we observed that the target genes of DE-miRNAs

CEINT3

were primarily enriched in “proteoglycans in cancer”, “path-

ways in cancer” and “focal adhesion”. Regarding the GO

CEINNT3

analysis, “negative regulation of apoptotic”, “phosphatidyli-
nositol mediated signaling”, “positive regulation of transcrip-
tion from RNA polymerase II promoter” and “positive
regulation of cell migration” were the most significant terms
in biological process (BP); “cytoplasm”, “SMAD protein
complex” and “nuclear chromatin” were the most significant
terms in cellular component (CC); and “protein binding”,
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Figure | Identification of DE-miRNAs between ovarian cancer primary tumour tissues and ascites-derived tumour cells. (A) Information for the 3 selected HGSOC
patients. (B) Volcano plot of the DE-miRNAs. The red and green dots represent the upregulated and downregulated DE-miRNAs in ascites-derived ovarian cancer cells,
respectively. The black dots represent miRNAs that were not significantly differentially expressed. (C) The miRNA expression values of miR-199a-3p, miR-199b-3p, miRNA-
199a-5p, miR-145-5p, miR-126-3p and miR-1245a in ovarian cancer primary tumour tissues and ascites-derived tumour cells of the 3 selected HGSOC patients.

“protein heterodimerization activity” and “Identical protein
binding” were the most significant terms in molecular function
(MF). (Figure 2B-E)

Identification of Hub Target Genes of

DE-miRNAs

To identify the hub target genes of DE-miRNAs, a PPI
network was evaluated by using the STRING database and
visualized with Cytoscape. Considering the degree of the
target genes, VEGFA, MAPKS, IGF1, SMAD4, SMAD?2,
GSK3B, MTOR, SMAD3, SIRT1, IGFIR, FGF2, CD44,

CAV1, SNAI1, ACTB, PIK3R1, PXN, CDH2, HIF1A and
RPS6KB1 were top 20 genes with the highest degree
values and were identified as hub genes of miR-199a-3p,
miR-199b-3p, miR-199a-5p, miR-145-5p and miR-126-
3p. The PPI network is shown in Figure 2A.

Identification of Potential Upstream TFs
of DE-miRNAs

miRNAs regulate the expression of their target genes, but the
expression of miRNAs themselves can also be regulated by
TFs. miR-199a-1, miR-199a-2, miR-199b, miR-145 and
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Figure 2 Prediction and functional enrichment of hub target genes of miR-199a-3p, miR-199b-3p, miRNA-199a-5p, miR-145-5p, miR-126-3p. (A) The PPl network of hub
target genes of the 5 selected DE-miRNAs. (B) KEGG pathway analysis of the hub target genes of the 5 selected DE-miRNAs. (C-E) GO functions for the hub target genes
of the 5 selected DE-miRNAs, including biological process (C), cellular component (D), molecular function (E).

miR-126 are the pre-miRNAs of miR-199a-3p, miR-199b-
3p, miR-199a-5p, miR-145-5p and miR-126-3p. We used
ALGGEN PROMO and TransmiR v2.0 to predict the prob-
able TFs that regulate the 5 pre-miRNAs mentioned above.
After taking the intersection of the TFs predicted by
ALGGEN PROMO and TransmiR v2.0 of each pre-
miRNA, we found that miR-126 could be regulated by
MAZ, AR, USFI, RelA and TFAP2A; miR-145 could be
regulated by VDR and TFAP2A; miR-199a-1 could be regu-
lated by TFAP2A; miR-199a-2 could be regulated by AP-1

and YY1; miR-199b could be regulated by TFAP2A
(Figure 3A). As a result, we observed that TFAP2A was the
common TF that might regulate all 5 pre-miRNAs mentioned
above and further affect the expression of miR-199a-3p,
miR-199b-3p, miR-199a-5p, miR-145-5p and miR-126-3p.
Therefore, we down-regulated the expression of TFAP2A in
3D-cultured HEY and A2780. It could be seen that the
expression of miR-199a-3p, miR-199b-3p, miR-199a-5p,
miR-145-5p and miR-126-3p were decreased when
TFAP2A was silenced in 3D-cultured HEY and A2780,
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Figure 3 Identification of potential upstream transcription factors of miR-199a-3p, miR-199b-3p, miR-199a-5p, miR-145-5p, miR-126-3p. (A) The network diagram shows
the regulation relationships between common TFs predicted by ALGGEN PROMO and TransmiR v2.0 of each pre-miRNA and pre-miRNAs. The molecules in purple square
are pre-miRNA and the molecules in yellow ellipse are TFs. (B) The expression change of miR-199a-3p, miR-199b-3p, miR-199a-5p, miR-145-5p, miR-126-3p in 3D-cultured
HEY and A2780 after silencing the expression of TFAP2A. When TFAP2A was down-regulated, the expression of miR-199a-3p (p=0.0011 and p=0.0010, respectively), miR-
199a-5p (p<0.0010 and p=0.0124, respectively), mi-199b-3p (p=0.0036 and p<0.0010, respectively), miR-145-5p (p=0.0178 and p<0.0010, respectively), miR-126-3p
(p<0.0010 and p<0.0096, respectively) was decreased in 3D-cultured HEY cells and A2780 cells respectively. (*p<0.05; **p<0.01; **p<0.001).

which meant that TFAP2A could regulate the expression of
DE-miRNAs (Figure 3B).

Verification of DE-miRNA Expression
Differences Between Primary Tumours
and Ascites-Derived Tumour Cells Using
Ovarian Cancer Patient Samples and

Ovarian Cell Lines
We collected primary tumours and ascites-derived tumour
cells from 12 ovarian cancer patients from 2017 to 2019.
After evaluating the expression levels of miR-199a-3p,
miR-199b-3p, miR-199a-5p, miR-145-5p and miR-126-
3p, we observed that the expression of miR-199a-3p,
miR-199b-3p, miR-199a-5p and miR-145-5p was lower
in ascites-derived tumour cells than in the primary tumour
(p<0.01). The ascites-derived tumour cells from 11 of 12
patients had a lower miR-199b-3p expression level than
that of the primary tumour in (p < 0.01) (Figure 4A).

To investigate whether this phenomenon could also be
observed using ovarian cancer cell line models, we use 2D
and 3D cultures to mimic the growth states of primary

tumours ascites-derived tumour cells, respectively. The
results showed that compared with the 2D culture, miR-
199a-3p, miR-199b-3p, miR-199a-5p, miR-145-5p and
miR-126-3p were decreased in the 3D-cultured HEY cell
line. The expression of miR-199a-3p, miR-199b-3p, miR-
145-5p and miR-126-3p but not miR-199a-5p was
decreased in the 3D-cultured A2780 cell line (Figure 4B).

Effects of miR-199a-3p, miR-199b-3p,
miR-199a-5p, miR-145-5p and
miRNA-126-3p on Invasive, Adherent and

Apoptosis Abilities of Ovarian Cancer

Cells

The KEGG pathway and GO function enrichment showed
in Figure 2B and C revealed that positive regulation of cell
migration, focal adhesion and negative regulation of apop-
totic process were dominant functions of target genes
belongs to DE-miRNAs. Therefore, we used transwell
invasion assay, adhesion assays and apoptosis assay to
investigate the effects of DE-miRNAs on regulating the
apoptosis and metastatic capacity of 3D-cultured HEY cell
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Figure 4 Validation of expression differences of DE-miRNAs between ovarian cancer primary tumours and ascites-derived tumour cells. (A) Expression differences of miR-
199a-3p, miR-199b-3p, miRNA-199a-5p, miR-145-5p, miR-126-3p between |2 pairs of ovarian cancer primary tumour tissues and ascites-derived tumour cells from 12
HGSOC patients via quantitative PCR. (**p<0.01; ***p<0.001). (B) Expression differences in miR-199a-3p, miR-199a-5p, mi-199b-3p, miR-145-5p, miR-126-3p expression
between adherent cultured (2D) and suspended cultured (3D) cells of the ovarian cancer cell lines HEY and A2780 via quantitative PCR. The expression of miR-199a-3p
(p<0.0010), miR-199a-5p (p=0.0094), mi-199b-3p (p=0.0010), miR-145-5p (p=0.0016), miR-126-3p (p=0.0089) was decreased in the 3D-cultured HEY cells compared with

that in the 2D-cultured HEY cells. Similarly, compared with the 2D-cultured A2780 cells, the expression of miR-199a-3p (p=0.0052), miR-199b-3p (p=0.0334), miR-145-5p
(p=0.0253), miR-126-3p (p=0.0268) was reduced in the 3D-cultured A2780 cells. (*p<0.05; **p<0.01; ***p<0.001).

line. After overexpressing miR-199a-3p, miR-199b-3p and
miR-199a-5p, the invasion ability of 3D-cultured HEY
cells were inhibited (p = 0.0398, p = 0.0485 and
p=0.0409, respectively, Figure 5A). The adhesive abilities

of 3D-cultured HEY cells were abrogated when miR-126-
3p, miR-145-5p, miR-199a-5p and miR-199b-3p were
overexpressed respectively (p = 0.0028, p = 0.0009, p =
0.0010 and p = 0.0171, respectively), which meant that

6592 "

Dove!

Cancer Management and Research 2021:13


https://www.dovepress.com
https://www.dovepress.com

Dovepress

Jiang et al

mimics-nc miR-126-3p mimics

miR-145-5p mimics

150 == mimics-nc
=3 miR-199a-3p mimics
- =3 miR-199a-5p mimics
'é . =3 miR-199b-3p mimics
2 R B miR-145-5p mimics.
§ 50 B3 miR-126-3p mimics
o
& &
@‘;«‘ & @\“‘\i&@“\"
SR R R R R
@o @o \@v‘\g/ ‘0%‘
FEEEE
miR-199a-3p mimics miR-199a-5p mimics miR-199b-3p mimics
B mimics-nc miR-126-3p mimics miR-145-5p mimics
. mimics-nc
400 =3 miR-199a-3p mimics
&3 miR-199a-5p mimics
» 300 £=3 miR-199b-3p mimics
é = miR-145-5p mimics
2 200 3 miR-126-3p mimics
3
© 100
0
eSS
5@.‘.\ N Q-’\“‘Q’
SEE

miR-199a-3p mimics miR-199a-5p mimics

(o]

mimics-nc miR-126-3p mimics €
§
o Jor 02 i’
w’] 229 352 2
. g
£ ! g
oy H <
< <
I s o
2%'1 &
o Late apoptosis
104

Apoptosis percent
I
n

6.
d
~
Y

5\-
y

FLIOA: PIPEA
s

FLIO-A:PIPEA
3, 3
ol

3,
il

8

°

FLI-H - AnnexnV FITC-H

FLI-H - AnnexinV FITC-H

miR-199a-3p mimics

FLI-H - AnnexinV FITC-H

miR-199b-3p mimics

Apoptosis percent

miR-199a-5p mimics

. mimics-nc

= miR-199a-3p mimics
= miR-199a-5p mimics
22 miR-199b-3p mimics
= miR-145-5p mimics

B miR-126-3p mimics

= mimics-nc

=3 miR-199a-3p mimics
B3 miR-199a-5p mimics
3 miR-199b-3p mimics
=8 miR-145-5p mimics
3 miR-126-3p mimics

= mimics-nc

B3 miR-199a-3p mimics
= miR-199a-5p mimics
B2 miR-199b-3p mimics
m miR-145-5p mimics

3 miR-126-3p mimics

Figure 5 Effects of miR-199a-3p, miR-199b-3p, miR-199a-5p, miR-145-5p and miR-126-3p on invasive, adhesive and apoptosis abilities of ovarian cancer cells. (A—C) The
results of transwell invasion assay (A), adherent assay (B) and apoptosis assay (C) results showing the changes in the invasive, adherent and apoptosis abilities of 3D-cultured
HEY cells after overexpressing miR-199a-3p, miR-199b-3p, miR-199a-5p, miR-145-5p and miR-126-3p respectively compared with the negative control. (*p<0.05; **p<0.01;

*#*¥p<0.001). (A) The invasion abilities of the 3D-cultured HEY cells were reduced after overexpressing miR-199a-3p (p=0.0398),

miR-1992-5p (p=0.0486) and miR-199b-3p

(p=0.0409), respectively. (B) The adherent abilities of the 3D-cultured HEY cells were weakened after overexpressing miR-199a-5p (p=0.0010), miR-199b-3p (p=0.0171),
miR-145-5p (p<0.0010) and miR-126-3p (p=0.0028). (C) Early apoptosis was increased in the 3D-cultured HEY cells after overexpressing miR-199a-3p (p=0.0202), miR-
199a-5p (p=0.0030), miR-199b-3p (p=0.0045), miR-145-5p (p=0.0029) and miR-126-3p (p<0.0010); late apoptosis was increased in the 3D-cultured HEY cells after
overexpressing miR-199a-3p (p=0.0164), miR-199a-5p (p=0.0212) and miR-126-3p (p=0.0065); total apoptosis was increased in the 3D-cultured HEY cells after over-

expressing miR-199a-3p (p=0.0124), miR-199a-5p (p=0.0077), miR-199b-3p (p=0.0323) and miR-126-3p (p=0.0036).
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miR-126-3p, miR-145-5p, miR-199a-5p and miR-199b-3p
could suppress adhesion ability of ovarian cancer cell
(Figure 5B). As it is showed in Figure 5C, miR-126-3p,
miR-199a-3p and miR-199a-5p could promote the apop-
tosis of 3D-cultured HEY cells in both early apoptosis
phase and late apoptosis phase (p=0.0036, p = 0.0124
0.0077, respectively). Besides, miR-199b-3p
could also enhance the apoptosis of 3D-cultured HEY

and p =

cells, but mainly in early apoptosis phase (p = 0.0323).
In summary, miR-199a-3p, miR-199b-3p and miR-199a-
5p could inhibit suspended ovarian cancer cells invasion,
while miR-126-3p, miR-145-5p, miR-199a-5p and miR-
199b-3p could inhibit suspended ovarian cancer cells
adhesion. And miR-126-3p, miR-199a-3p, miR-199a-5p
and miR-199b-3p contributed to the apoptosis of sus-
pended ovarian cancer cells.

Discussion

The primary metastatic route of ovarian cancer is peritoneal
dissemination, which is responsible for the greatest morbid-
ity and mortality in ovarian cancer patients. Tumour cells
shed from the primary tumour and become suspended in
ascites to implant in the peritoneum and form new metastasis
tumour sites. Thus, shed tumour cells carried in ascites are
important for metastasis process. MiRNAs are small, highly
conserved noncoding RNA molecules that play an important
role in ovarian cancer metastasis. They are also considered to
be potential biomarkers for monitoring ovarian cancer.'?
However, little research had focused on miRNA expression
profile variations in ovarian cancer cells from ascites shed
from primary tumour sites. Therefore, the goal of the present
study was to elucidate the dominant differential miRNAs in
ascites-derived tumour cells compared with the primary
tumour sites and determine the contribution of these
miRNAs to ovarian cancer metastasis.

The results showed that the expression changes of
miRNAs
involved their downregulation, with miR-199a-3p, miR-
199b-3p, miR-199a-5p, miR-145-5p and miR-126-3p
exhibiting the most significant changes. Through the func-

in ascites-derived tumour cells primarily

tional analysis of these miRNAs, we observed that they
may be involved in the regulation of invasive, adherent
and apoptosis abilities of ascites-derived tumour cells.
Several studies have investigated the relationship of the
above miRNAs with ovarian cancer. Lower miR-199a
expression was shown to be significantly correlated with
a poor prognosis of ovarian cancer.”” As the mature
miRNAs of miR-199a, miR-199a-3p and miR-199a-5p

can also manipulate ovarian cancer development. Most
studies of miR-199a-3p have shown that it can enhance
the cisplatin sensitivity of ovarian cancer cells via a unique
mechanism, such as targeting ITGB8'* or DDR1."*> MiR-
199a-3p and miR-199a-5p were also demonstrated to be
ovarian cancer suppressors by inhibiting cancer cell pro-
liferation and invasion.'®!” MiR-199a-3p was also shown
to inhibit ovarian cancer proliferation and invasion by
targeting PLXNB2.'® The interaction network of noncod-
ing RNAs is essential for tumour progression. Several
noncoding RNAs, such as CireMUCI16," IncRNA
LUCAT1?® and IncRNA NORAD?' promote ovarian can-
cer progression through miR-199a-3p and miR-199a-5p.
Pan et al reported that miR-126 was underrepresented in
exosomes from the plasma of epithelial ovarian cancer
patients compared with that of healthy women.”* MiR-
145 was shown to serve as an outstanding biomarker of
ovarian cancer since it is significantly downregulated in
the sera of ovarian cancer patients compared to healthy
women.”* It was also reported that miR-145 can suppress
ovarian cancer cell growth and invasion by targeting
CCD2, E2F3** and TRIM2.”> Many noncoding RNAs
such as IncRNA-ROR?® and circ-ITCH? play a role in
regulating ovarian cancer though miR-145. However, little
research has been performed on miR-145-5p, which is its
mature miRNA. Our results showed that miR-199a-3p,
miR-199a-5p and miR-199b-3p could suppress the inva-
sion of spheroid ovarian cancer cells and miR-126-3p,
miR-145-5p, miR-199a-5p and miR-199b-3p could sup-
press the adhesion of spheroid ovarian cancer cells. In
addition, miR-126-3p, miR-199a-3p, miR-199a-5p and
miR-199b-3p contributed to the apoptosis of spheroid
ovarian cancer cell. These findings might explain why
spheroid cells had an enhanced capability in metastasis
and a required anoikis resistance.?®>°

Then, the differential expressions of these five DE-
miRNAs obtained from bioinformatics screening were
further verified in human sample and ovarian cancer cell
lines. Using 12 pairs of primary tumour tissues and
ascites-derived tumour cells collected from ovarian cancer
patients to validate the observed expression differences in
the identified DE-miRNAs, we showed that miR-199a-3p,
miR-199b-3p, miR-199a-5p, miR-126-3p and miR-145-5p
were significantly decreased in suspended ascites-derived
tumour cells compared with primary tumour tissues, sup-
porting the bioinformatics screening results. In addition,
we performed adherent and suspended cultivation of ovar-
ian cancer cells lines to mimic the growth environment
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characteristics of primary tumour tissue and ascites-
derived tumour cells to further validate the decreased
expression of the identified DE-miRNAs when ovarian
tumour cells are suspended in ascites. 3D-cultured HEY
cell lines showed decreased expression of 5 miRNAs as
compared to 2D-culture. However, only 4 microRNAs
except for miR-145-5p were reduced the expression level
in the 3D-cultured A2780 cell lines, which did not totally
consistent with HEY cell lines and patient sample valida-
tion results. Therefore, we presume that the tumour micro-
environment may play a role in DE-miRNA expression
change when ovarian cancer cells shed from the primary
tumour and become suspended in ascites, since the survi-
val of ovarian cancer cells depends on numbers of other
components, such as stromal cells and immune cells in the
tumour microenvironment. The mechanism associated
with this process requires further in-depth study.

Since miR-199a-3p, miR-199b-3p, miR-199a-5p, miR-
145-5p and miR-126-3p were significantly downregulated in
ascites-derived ovarian cancer tumour cells, the mechanism
associated with this phenomenon was intriguing. The level of
mature miRNA expression is associated with that of its pre-
cursor. For example, the mature miRNAs miR-199a-3p and
miR-199a-5p are formed after cleavage from their precursor
pre-miR-199a (one in chromosome 1 called miR-199a-2,
another in chromosome 19 called miR-199a-1).*! Therefore,
we predicted the probable upstream TFs that could potentially
regulate the pre-miRNAs of DE-miRNAs. As the network
diagram showed in Figure 3A, TFAP2A may be the common
TF that can control the expression of all the pre-miRNAs of the
identified DE-miRNAs. However, the ability of TFAP2A to
regulate the abovementioned pre-miRNAs has yet to be
reported. In our study, we found that the expression of miR-
199a-3p, miR-199b-3p, miR-199a-5p, miR-145-5p and miR-
126-3p in 3D-cultured ovarian cell lines was decreased when
TFAP2A was down-regulated. According to the results of
previous studies, TFAP2A favours the survival of ovarian
cancer patients, with a potential mechanism being that
TFAP2A may suppress ovarian cancer invasion and peritoneal
carcinomatosis.>

In summary, in the present study, we confirmed that the
expression of miR-199a-3p, miR-199b-3p, miR-199a-5p,
miR-126-3p and miR-145-5p was reduced in ascites-derived
tumour cells compared with primary tumour tissues, which
may contribute to ovarian cancer peritoneal metastasis by
adherent and resisting apoptosis.

promoting invasion,

TFAP2A was predicted to be a common transcription factor

and could regulate the expression of the above 5 miRNAs. In
addition, the tumour microenvironment might give rise to the
aberrant expression of miRNAs in ascites-derived tumour
cells, and the underlying mechanisms need to be researched
by further studies.

Conclusions

In summary, miR-199a-3p, miR-199b-3p, miR-199a-5p, miR-
126-3p and miR-145-5p were significantly downregulated in
ascites-derived ovarian cancer cells compared with primary
tumour tissues. TFAP2A may be a common upstream TF that
can regulate the expression of the identified DE-miRNAs. The
results of the present study suggest that increased expression of
miR-199a-3p, miR-199b-3p and miR-199a-5p inhibits the
invasion of suspended ascites-derived tumour cells and
increased miR-126-3p, miR-145-5p, miR-199a-5p and miR-
199b-3p inhibit the adhesion of suspended ascites-derived
tumour cells. Overexpression of miR-126-3p, miR-199a-3p,
miR-199a-5p and miR-199b-3p contributed to apoptosis of
suspended ascites-derived tumour cells. Further study on the
identified DE-miRNAs and their functions could be useful in
the treatment of ovarian cancer.
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