Identi cation and Functional Validation of
Differentially Expressed microRNAs in Ascitesderived Ovarian Cancer Cells Compared With
Primary Tumour Tissue
Yahui Jiang
Shanghai Jiao Tong University Medical School A liated Ruijin Hospital
Tianjiao Lyu
Ruijin Hospital AmMed Cancer Center Shanghai
Hua Liu
Shanghai Jiao Tong University Medical School A liated Ruijin Hospital
Lifei Shen
Shanghai Jiao Tong University Medical School A liated Ruijin Hospital
Yiwen Shi
Shanghai Jiao Tong University Medical School A liated Ruijin Hospital
Tianyu Zhou
Shanghai Jiao Tong University Medical School A liated Ruijin Hospital
Weiwei Feng (  fww12066@rjh.com.cn )
Shanghai Jiao Tong University Medical School A liated Ruijin Hospital https://orcid.org/0000-00020685-9479

Research
Keywords: Ovarian cancer, Metastasis, Ascites-derived spheroids, Primary tumour tissue, microRNAs
DOI: https://doi.org/10.21203/rs.3.rs-51079/v2
License:   This work is licensed under a Creative Commons Attribution 4.0 International License.
Read Full License

Page 1/19

Abstract
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 tissue,
which may regulate ovarian cancer metastasis.
Methods: The DE-miRNAs between ovarian cancer primary tumour tissues and ascites-derived spheroids
were identi ed by GEO2R screening in 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 the common transcription factors
(TFs) that potentially regulate DE-miRNAs expression. The observed differences in DE-miRNAs expression
were validated with human ovarian cancer samples and ovarian cancer cell lines using PCR. The
functions of DE-miRNAs on ovarian cancer progression were veri ed by transwell and angiogenesis
assays.
Results: Through bioinformatics screening and experimental validation, miR-199a-3p, miR-199b-3p, miR199a-5p, miR-126-3p and miR-145-5p were identi ed as being signi cantly downregulated in ascitesderived spheroids compared with primary tumour tissues. In addition, TFAP2A was identi ed as a
potentially common upstream TF regulating the expression of the abovementioned DE-miRNAs. The
overexpression of miR-199a-3p, miR-199b-3p, miR-199a-5p could inhibit ovarian cancer invasion, and the
overexpression of miR-145-5p could inhibit angiogenesis.
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.

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 abdominal cavity. The presence of malignant ascites
correlates with a deterioration in the quality of life and poor prognosis(1). The ovarian cancer cells are
shed from the primary tumour site, subsequently becoming suspended in ascites and forming spheroids.
Finally, the spheroids, 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 pro le of suspended ascites-derived tumour cells deserves intensive study.
microRNAs (miRNAs) are endogenously expressed, small (19-25 nucleotides), noncoding RNAs that are
cleaved from 70-100 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
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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(2). miRNAs can act as potential biomarkers,
diagnostic tools and therapeutic targets of ovarian cancer. For instance, the upregulation of miR-92, miR21 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(3).
Bioinformatics approaches have become an effective and systematic means of screening potential target
molecules, and the Gene Expression Omnibus (GEO) database harbours a vast amount of gene
expression pro les that are useful in distinguishing differentially expressed genes(4). 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 pro le of the microarray dataset
GSE65819. The potential downstream target genes of DE-miRNAs were predicted using miRTarBase and
TargetScanHuman7.2, and their biological signi cances were enriched by gene ontology (GO) annotation
and Kyoto Encyclopedia of Gene and Genomes (KEGG) pathway analysis. By drawing a protein-protein
interaction (PPI) network, we identi ed the hub target genes. Subsequently, we used human ovarian
cancer samples and ovarian cancer cell lines to verify the results of bioinformatic analysis. The goal of
this study was to identify miRNAs that may promote the metastasis of ovarian cancer ascites-derived
cancer cells and to further investigate their potential molecular mechanisms by bioinformatic analysis
and experimental validation.

Methods And Materials
Selection of microarray data from GEO database
To analyse the differential expression of miRNAs between ovarian cancer primary tumour and ascitesderived tumour cells, we screened GEO datasets and selected the microarray dataset GSE65819 for
further study. This dataset is based on the GPL19765 platform (NanoString nCounter miRNA Human
v2.1), which contains 114 high-grade epithelial ovarian cancer samples from 92 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 tumour and ascites-derived tumour cells, which were
collected as soon as the patients were diagnosed 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(4). Therefore, GEO2R was used to screen the DEmiRNAs between primary tumours and ascites-derived tumour cells of ovarian cancer patients. P-value
<0.05 and |fold change (FC)|> 2 were set as the criteria for identifying DE-miRNAs.
Prediction of target genes
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MiRTarBase (http://mirtarbase.mbc.nctu.edu.tw/php/index.php) is an experimentally validated miRNAtarget interactions database(5). TargetScanHuman7.2 can predict biological targets of miRNAs by
searching for the presence of conserved sites that match the seed region of each miRNA(6). We used
both miRTarBase and TargetScanHuman7.2 to predict the target downstream genes of the top ve most
downregulated miRNAs.
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(7). Therefore, DAVID was used to perform functional and pathway enrichment of the predicted target
genes of the ve most downregulated miRNAs, including GO and KEGG pathway analysis.
Construction of the PPI 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(8). 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 identi ed as hub genes, and the DE-miRNA-hub gene network
was established using Cytoscape.
Prediction of transcription factors of DE-miRNAs
The potential transcription factors of DE-miRNAs were predicted using ALGGEN PROMO
(http://alggen.lsi.upc.es) and TransmiR v2.0 (http://www.cuilab.cn/transmir)(9, 10). We took the
intersection of the results obtained from ALGGEN PROMO and TransmiR v2.0 and drew a VENN diagram
using a tool from bioinformatics and evolutionary genomics
(http://bioinformatics.psb.ugent.be/webtools/Venn).
cDNA synthesis and quantitative polymerase chain reaction (qPCR)
TRIzol reagent (Invitrogen) was used to extract total RNA from cells from the different treatments.
Reverse transcription was performed using a BioTNT microRNA reverse transcription kit (BioTNT,
Shanghai, China), and the primers 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 ΔΔCt method.
Human samples collection
The primary tumour tissues and ascites were harvested from patients who were diagnosed with highgrade serous ovarian cancer in 2017-2019 in the Department of Gynaecology and Obstetrics, Ruijin
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Hospital. According to the inclusion criteria, (histologically diagnosed to be high-grade serous ovarian
cancer 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 IIIc, and the other 7 patients were IV (Supplementary Table
1). 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
OVCAR3 and SKOV3 were purchased from ATCC and the Chinese Academy of Sciences Cell Bank,
respectively. The human ovarian cancer cell lines A2780 and OVCA433 were obtained from the Shanghai
Key Laboratory of Female Reproduction Endocrine Related Disease, Obstetrics and Gynaecology Hospital,
Fudan University. Human umbilical vein endothelial cells (HUVECs) was purchased from ScienCell.
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 μg/ml streptomycin
at 37℃ under an atmosphere with 5% CO2.
For suspended cultures (3D cultures), cells were cultured in 100-mm Ultra-Low Attachment Culture Dishes
(3262, Corning) with RPMI 1640 medium containing 10% FBS, 100 U/ml penicillin and 100 μg/ml
streptomycin at 37℃ under an atmosphere with 5% CO2.
HUVECs were cultured in ECM medium (ScienCell) containing 5% FBS, 100 U/ml penicillin, 100 μg/ml
streptomycin and 1% ECGS at 37℃ under an atmosphere with 5% CO2.
MiRNA overexpression
The miRNA mimics and negative control were purchase from RiboBio (Guangzhou, China). We added 5μl
of 5nM miRNA mimics and negative control into 6-well plate to make HEY cell lines transfected in the
presence of LipofectamineTM 3000 according to the manufacturer’s protocol and veri ed the
overexpression e ciency by qPCR.
Transwell invasion assay
The Transwell system (24-well insert; pore size 8 mm; Corning Costar) was used to measure the
invasiveness of the HEY cell lines. The inserts were coated with 50 µl of Matrigel (BD Biosciences
Pharmingen), and 3×104 cells suspended in 0.2 ml of fresh medium without FBS were added to the upper
well of the chamber. Then, 600 µl 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 xed and stained with haematoxylin. The
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number of stained cells in ve representative elds were randomly counted for each insert using an
Olympus light microscope at 100× magni cation.
Angiogenesis assay
HUVECs were treated with serum starvation medium for 6 h before performing angiogenesis assay.
Matrigel (300 μl) was added to each well of a 24-well plate, and the plate was then transferred to a 37℃
incubator for 30 mins. HUVECs were trypsinized and resuspended into 5×105/ml with serum-free ECM,
and then 200 μl of each cell suspension was added into the Matrigel-coated wells. Finally, the HUVECs
were incubated in the conditioned medium from ovarian cancer cells with different treatments for 4-6 h.
Subsequently, images were taken under a microscope and analysed using ImageJ.
Statistical analysis
Differences between two groups were analysed by unpaired Student’s t-test with SPSS and GraphPad
Prism 8. We considered p value<0.05 as signi cant.

Results
Screening DE-miRNAs between ovarian cancer primary tumours and ascites-derived tumour cells
The microRNA array GSE65819 contains 114 samples collected from 92 high-grade serous ovarian
cancer (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 rst time
they were diagnosed with HGSOC (Fig.1A). Using GEO2R to analyse the DE-miRNAs from the 3 pairs of
primary tumour tissue and ascites-derived tumour cells, we identi ed 69 DE-miRNAs, among which 68
were downregulated 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 downregulated miRNA in
ascites-derived tumour cells compared with the primary tumour tissues (Fig.1B,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 identi cation of 796 and 648
probable target genes, respectively. Two hundred and forty-four genes were identi ed as target genes by
taking the intersection. After KEGG pathway analysis, we observed that the target genes of DE-miRNAs
were primarily enriched in “proteoglycans in cancer”, “pathways in cancer” and “focal adhesion”.
Regarding the GO analysis, “negative regulation of apoptotic”, “phosphatidylinositol mediated signaling”
and “positive regulation of transcription from RNA polymerase II promoter” were the most signi cant
terms in biological process (BP); “cytoplasm”, “SMAD protein complex” and “nuclear chromatin” were the
most signi cant terms in cellular component (CC); and “protein binding”, “protein heterodimerization
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activity” and “Identical protein binding” were the most signi cant terms in molecular function (MF).
(Fig.2B-E)
Identi cation 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, MAPK8,
IGF1,SMAD4, SMAD2, GSK3B, MTOR, SMAD3, SIRT1, IGF1R, FGF2, CD44, CAV1, SNAI1, ACTB, PIK3R1,
PXN, CDH2, HIF1A and RPS6KB1 were top 20 genes with the highest degree values and were identi ed as
hub genes of miR-199a-3p, miR-199b-3p, miR-199a-5p, miR-145-5p and miR-126-3p. The PPI network was
shown in Fig.2A.
Identi cation of potential upstream transcription factors of DE-miRNAs
miRNAs regulate the expression of their target genes, but the expression of miRNAs themselves can also
be regulated by transcription factors (TFs). miR-199a-1, miR-199a-2, miR-199b, miR-145 and 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 probable transcription factors that regulate the 5 premiRNAs mentioned above. Twenty-six and 6 TFs were identi ed as potential regulators of all 5 premiRNAs using ALGGEN PROMO and TransmiR v2.0, respectively (Fig.3A, B). After taking the intersection,
we observed that TFAP2A was the common TF that may 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
(Fig.3C).
Veri cation 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-1455p and miR-126-3p, we observed that the expression of miR-199a-3p, miR-199b-3p, miR-199a-5p and miR145-5p 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) (Fig.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, miR199a-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 3Dcultured A2780 cell line. For 3D-cultured OVCA433, SKOV3 and OVCAR3 cells, most of 5 assayed DEmiRNAs were not downregulated compared with the 2D cultures, and some of the DE-miRNAs were even
upregulated under 3D culture conditions (Fig.4B).
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Effects of miR-199a-3p, miR-199b-3p, miR-199a-5p, miR-145-5p and miRNA-126-3p on invasion and
angiogenesis
The GO function enrichment showed in Fig.2C revealed that positive regulation of cell migration and
epithelial to mesenchymal transition (EMT) were dominant functions of DE-miRNAs. Therefore, we used
transwell invasion and angiogenesis assays to investigate the effects of DE-miRNAs on promoting the
metastatic capacity of 3D-cultured HEY cell 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). The junction point and branching length of HUVECs were abrogated when they
were cultured in the conditioned medium from 3D-cultured HEY cells with miR-145-5p overexpression
(p=0.0132 and p=0.0222, respectively), which meant that miR-145-5p could suppress angiogenesis ability
of ovarian cancer cell. In summary, miR-199a-3p, miR-199b-3p and miR-199a-5p can inhibit spheroid
ovarian cancer cell invasion, while miR-145-5p can inhibit spheroid ovarian cancer cell angiogenesis.
(Fig.5A, B).

Discussion
The primary metastatic route of ovarian cancer is peritoneal dissemination, which is responsible for the
greatest morbidity 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. MicroRNAs are small,
highly conserved noncoding RNA molecules that play an important role in ovarian cancer metastasis and
are considered to be potential biomarkers for monitoring ovarian cancer(11). However, little research had
focused on miRNA expression pro le 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 in ascites-derived tumour cells primarily
involved their downregulation, with miR-199a-3p, miR-199b-3p, miR-199a-5p, miR-145-5p and miR-126-3p
exhibiting the most signi cant changes. Through the functional analysis of these miRNAs, we observed
that they may be involved in the migration of ascites-derived tumour cells, EMT process and regulation of
apoptosis. Several studies have investigated the relationship of the above miRNAs with ovarian cancer.
Lower miR-199a expression was shown to be signi cantly correlated with a poor prognosis of ovarian
cancer(12). The mature miRNAs 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(13) or DDR1(14).
MiR-199a-3p and miR-199a-5p were also demonstrated to be ovarian cancer suppressors by inhibiting
cancer cell proliferation, adhesion and invasion(15, 16). MiR-199a-3p was also shown to inhibit ovarian
cancer proliferation and invasion by targeting PLXNB2(17). The interaction network of noncoding RNAs
is essential for tumour progression. Several noncoding RNAs, such as CircMUC16(18), lncRNA
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LUCAT1(19) and lncRNA NORAD(20) promote ovarian cancer progression through miR-199a-3p and miR199a-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(21). MiR-145 was shown to
serve as an outstanding biomarker of ovarian cancer, since it is signi cantly downregulated in the sera of
ovarian cancer patients compared to healthy women(22). It was also reported that miR-145 can suppress
ovarian cancer cell growth and invasion by targeting CCD2, E2F3(23) and TRIM2(24). Many noncoding
RNAs such as lncRNA-ROR(25) and circ-ITCH(26) play a role in regulating ovarian cancer though miR145. 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 can suppress the invasion of spheroid ovarian
cancer cells and that miR-145-5p can inhibit the angiogenesis of HUVECs induced by suspended ovarian
cancer cells, which had not been previously reported.
Since miR-199a-3p, miR-199b-3p, miR-199a-5p, miR-145-5p and miR-126-3p were signi cantly
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
precursor. 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)(27). Therefore, we predicted the probable upstream transcription factors that could
potentially regulate the pre-miRNAs of DE-miRNAs. The results showed that TFAP2A may be the common
TF that can control the expression of all the pre-miRNAs of the identi ed DE-miRNAs. However, the ability
of TFAP2A to regulate the abovementioned pre-miRNAs has yet to be reported and deserves further study.
According to the results of previous studies, TFAP2A is signi cantly upregulated in ovarian cancer tissue
compared to normal ovarian epithelial tissue(28). Furthermore, clinical ndings have shown that TFAP2A
favours the survival of ovarian cancer patients, with a potential mechanism being that TFAP2A may
suppress ovarian cancer invasion and peritoneal carcinomatosis(29).
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 identi ed DE-miRNAs, we showed that
miR-199a-3p, miR-199b-3p, miR-199a-5p, miR-126-3p and miR-145-5p were signi cantly decreased in
suspended ascites-derived tumour cells compared with primary tumour tissues, supporting the
bioinformatics screening results. We performed adherent and suspended cultivation of ovarian cancer
cells lines to mimic the growth environment characteristics of primary tumour tissue and ascites-derived
tumour cells to further validate the decreased expression of the identi ed DE-miRNAs when ovarian
tumour cells are suspended in ascites. However, only the HEY and A2780 cell lines exhibited decreased
levels of the identi ed DE-miRNA expression in 3D culture. The expression of these DE-miRNAs in other
assayed ovarian cell lines (OVCA433, SKOV3 and OVCAR3) remained unchanged or even increased in 3D
cultures compared with that observed in 2D cultures, which did not match the bioinformatics screening
and patient sample validation results. Therefore, we presume that the tumour microenvironment plays a
large role in DE-miRNA expression changes when ovarian cancer cells shed from the primary tumour and
become suspended in ascites, since the survival of ovarian cancer cells depends on a number of other
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components, such as stromal cells and immune cells in the tumour microenvironment. The mechanism
associated with this process requires further in-depth study.
In summary, in the present study, we con rmed that the expression of miR-199a-3p, miR-199b-3p, miR199a-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 promoting invasion and
angiogenesis. TFAP2A was predicted to be a common transcription factor of the above 5 miRNAs, and
further studies should be performed to verify its associated regulatory function and mechanism. In
addition, the tumour microenvironment might give rise to the aberrant expression of miRNAs in ascitesderived tumour cells, but the underlying mechanisms remain to be elucidated.

Conclusion
In summary, miR-199a-3p, miR-199b-3p, miR-199a-5p, miR-126-3p and miR-145-5p were signi cantly
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 identi ed DE-miRNAs. The results
of the present study suggest that decreased miR-199a-3p, miR-199b-3p and miR-199a-5p may expression
promote the invasion of suspended ascites-derived tumour cells. The deregulation of miR-145-5p in
suspended ascites-derived tumour cells may promote angiogenesis. Further study on the identi ed DEmiRNAs and their functions could be useful in the treatment of ovarian cancer.
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Figure 1
Identi cation 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 signi cantly differentially expressed. C:
The miRNA expression values of miR-199a-3p, miR-199b-3p, miRNA-199a-5p, miR-145-5p, miR-126-3p
Page 14/19

and miR-1245a in ovarian cancer primary tumour tissues and ascites-derived tumour cells of the 3
selected HGSOC patients.

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 PPI 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).
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Figure 3
Identi cation of potential upstream transcription factors of miR-199a-3p, miR-199b-3p, miRNA-199a-5p,
miR-145-5p, miR-126-3p. A: Venn diagram showing 26 common TFs of the 5 selected DE-miRNAs
predicted by ALGGEN PROMO. B: Venn diagram showing 6 common TFs of the 5 selected DE-miRNAs
predicted by TransmiR v2.0. C: Venn diagram showing that TFAP2A is the common TF of the 5 selected
DE-miRNAs after taking the intersection of A and B.

Page 16/19

Figure 4
Validation of expression differences of DE-miRNAs between ovarian cancer primary tumours and ascitesderived tumour cells. A: Expression differences of miR-199a-3p, miR-199b-3p, miRNA-199a-5p, miR-1455p, miR-126-3p between 12 pairs of ovarian cancer primary tumour tissues and ascites-derived tumour
cells from 12 HGSOC patients via quantitative PCR. B: Expression differences in miR-199a-3p, miR-199b3p, miRNA-199a-5p, miR-145-5p, miR-126-3p expression between adherent cultured (2D) and suspended
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cultured (3D) cells of the ovarian cancer cell lines HEY, A2780, SKOV3, OVCA433 and OVCAR3 via
quantitative PCR.

Figure 5
Effects of miR-199a-3p, miR-199b-3p, miR-199a-5p, miR-145-5p and miR-126-3p on invasion and
angiogenesis. A: Transwell invasion assay results showing the changes in the invasive ability of 3Dcultured HEY cells after overexpressing miR-199a-3p, miR-199b-3p, miR-199a-5p, miR-145-5p and miRNA126-3p respectively compared with the negative control. B: Angiogenesis assay results showing the
changes in the ability to induce HUVEC angiogenesis by 3D-cultured HEY cells overexpressing miR-199a3p, miR-199b-3p, miR-199a-5p, miR-145-5p and miRNA-126-3p compared with negative control.
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