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carcinoma of ovary
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and Hongxi Zhao*

Department of Obstetrics and Gynecology, Tangdu Hospital, The Fourth Military Medical University,
Xi“an, China

Purpose: High-grade serous ovarian cancer (HGSOC) remains the most lethal
female cancer due to metastasis. CircRNAs are recently identified to be
modified by N6-methyladenosine (m®A) in many cells. However, the
significance of m®A-modified circular RNAs (circRNAs) has not been
elucidated in HGSOC peritoneal metastasis. Here, we aimed to investigate
the participation and potential functions of m®A-modified circRNAs in HGSCO
peritoneal metastasis.

Methods: Cancerous tissues were collected from the in situ and the peritoneal
metastasis lesions of HGSCO patients. M®A-tagged circRNAs were identified by
mC®A-modified RNA immunoprecipitation sequencing (MCA-RIP-seq). Gene
Ontology (GO) annotation and Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathway enrichment analyses were performed to predict the potential
functions of the m®A-modified circRNAs.

Results: For the m°®A-modified circRNAs, 259 were upregulated and 227 were
downregulated in the peritoneal metastasis than in the situ lesions of HGSCO
patients. For the m®A peaks, 1541 were upregulated and 1293 were
downregulated in the peritoneal metastasis than in the in situ lesions of
HGSCO patients. For the differential expressed circRNAs, 1911(19.6%) were
upregulated and 2883(29.6%) were downregulated in the peritoneal metastasis
than in the in situ lesions of HGSCO patients. The upregulated m®A-modified
circRNAs were associated with the HIF-1 signaling. The downregulated m°A-
modified circRNAs were associated with the MAPK signaling.

Conclusions: This work firstly identified the transcriptome-wide map of m°®A-
modified circRNAs in peritoneal metastasis of HGSCO. Our findings provided
novel evidences about the participation of m®A-modified circRNAs via HIF-1
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and MAPK signaling and a new insight in molecular target of HGSCO peritoneal

metastasis.
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Introduction

Ovarian cancer (OC) is the 7" most commonly diagnosed
gynecologic malignancy worldwide, accounting for 2.5% of all
female cancers (1, 2). In 2020, there were about 313,959 new
cases and 207,252 deaths of OC worldwide in the world (3, 4).
OC consists of subtypes with distinct biological and molecular
properties, with epithelial ovarian cancer accounting for more
than 95% and non-epithelial ovarian cancer accounting for 5%.
OC is a heterogeneous disease that is histologically classified into
5 major subtypes: high-grade serous, low-grade serous, clear cell
carcinoma, endometrioid carcinoma, and mucinous ovarian
carcinoma (3, 4). High-grade serous ovarian cancer (HGSOC)
is the most common histological subtype of OC and accounts for
67.5% of all OC subtypes (1, 2), and remains the most lethal
female cancer with an estimated 21,410 new cases and 13,770
deaths expected in the United States in 2021 (5).

HGSOC is typically diagnosed at advanced stages owing to the
deficiency of specific symptoms at early stages, which is
characterized by the involvement of bilateral ovaries, aggressive
behavior and low survival without effective molecular targeted
therapy. To date, regardless of the continuous improvement and
development of surgical and systematic management, the
mortality of these patients has not been improved under the
standard regimens with approximately 70% of patients having
relapse and metastasis after treatment. Consequently, identifying
the mechanisms that drive HGSOC metastasis will translate into
clinical managements that would improve their outcomes (1, 5-8).

Currently, significant efforts have been made for
personalized treatment to improve prognosis of HGSOC
patients, including application of genomic technologies to
identify the expression profile, copy-number changes,
mutations, and epigenetic modifications of the genes. RNA
sequencing (RNA-seq) is one of the key genomic technologies
applied to reveal molecular pathogenesis in HGSOC (5-8).

Circular RNA (circRNA) is one type of noncoding RNA
(ncRNAs) with a closed loop structure without 5’-3polarity and
poly A tail, which were firstly identified abundant in viruses by
RNA-seq, and predominantly regulates the gene expressions at
the transcriptional and post-transcriptional levels (9-12).
Moreover, it has been reported that circRNAs are closely
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associated with HGSOC after circRNAs high-throughput
sequencing (13).

Over 160 different chemical modifications in RNAs have
been identified in all living organisms Among these RNA
modifications, N6-methyladenosine (m°A), methylated at the
N6 position of adenosine, is identified as the most universal
epigenetic modification on ncRNAs in eukaryotes and affects the
circRNA expressions (14-16). M®A modification is
predominantly enriched near the stop codons, within the
internal long exons and at the 3'untranslated regions (14, 17).
The m°®A methylation can be catalyzed by the methyltransferases
(“writers”) such as METTL3/14/16, removed by demethylases
(“erasers”) FTO or ALKBHS5, and interacts with the m°A
binding proteins (“readers”), such as YTHDF1/2/3 and
IGF2BP1/2/3 (14, 18-20). The circRNAs displayed cell-type-
specific MsA-methylation patterns in many human cells (14, 18,
20). The m®A-modifed circRNAs are expected to promote
protein translation in a cap-independent pattern (14, 21).
However, the m°®A-modification of circRNAs in HGSOC
remains unknown.

Therefore, we hypothesized that m°A-modified circRNAs
might be related to the HGSOC metastasis by regulating the
genes/signaling pathways associated with HGSOC development.
Here, we conducted a genome-wide screening of m®A-modified
circRNAs in the tissues of HGSOC patients with peritoneal
metastasis to identify the expression profiling of the m°®A-
modified circRNAs. This study may provide new therapeutic
targets for HGSOC patients.

Materials and methods
Reagents

TRIzol Reagent was bought from Invitrogen-Gibco
(Carlsbad, USA). NEBNext rRNA Depletion Kit and NEBNext
Ultra II Directional RNA Library Prep Kit New England Biolabs,
Inc. (Ipswich, USA).GenSeqTM m6A-MeRIP Kit was bought
from GenSeq Inc. (Cyberjaya, Malaysia). Anti-N6-
methyladenosine (m®A) antibody and Rnase R were purchased
from Merck Millipore-Sigma-Aldrich (Beijing, China).
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Patients, informed consents and ethics
statement

All study protocols were approved by the Ethics Committee of
Tangdu Hospital, the Fourth Military Medical University and
performed following the principles of the Helsinki Declaration.
Each included patient provided a written informed consent.
Cancerous tissues were collected from the in situ and the
peritoneal metastasis lesions of 3 HGSCO patients during the
surgery treatment, and were applied for the initial high throughput
screening of m°A- methylated RNA immunoprecipitation
sequencing (MeRIP-seq) (22, 23).

RNA extraction and quality control

Total RNA (10 mg) was obtained from the cancerous tissues
by using the TRIzol Reagent following the manufacturer’s
protocols. The extracted RNAs were purified with Rnase R
(RNR07250, Epicentre) digestion to remove linear transcripts.

NEBNext rRNA Depletion Kit was used to remove rRNAs
from the total RNAs. The RNA concentration was measured at
260/280 nm (1.8 to 2.1) by using NanoDrop ND-2000. Total
RNA quality was evaluated with the band intensity ratio of 18S/
28S ribosomal after electrophoresis in an ethidium bromide-
containing 1% agarose gel (22, 23).

RNA-seq analysis of circRNAs

After quality filtering, paired-end reads were collected from
Ilumina Hiseq Sequence. The reads were aligned to the
reference genome (UCSC RN5) with STAR software. The CIRI
software was applied to detect and annotate circRNAs. Raw
junction reads were normalized against per million reads
mapped to the genome by using log2 scaled (14).

Library pregaration and MeRIP-Seq for
maps of m°A-methylated RNAs

To immunoprecipitate the m°A-methylated RNAs, the anti-
N6-methyladenosine (m°A) antibody was cultured with the
fragmented total RNAs extracted from the cancerous tissues of
HGSCO patients after rRNA depletion with the GenSeqTM
m°A-MeRIP Kit following the manufacturer’s instructions.
The bound RNAs were eluted from the protein A/G magnetic
beads after incubation.

The input RNAs and m°A-immunoprecipitated (m®A-IP)
RNAs were reverse-transcribed to cDNA for the construction of
the RNA-seq library by using NEBNext Ultra II Directional
RNA Library Prep Kit. The library quality was weighed by using

Frontiers in Oncology

03

10.3389/fonc.2022.988578

a BioAnalyzer 2100 system (Agilent Technologies, Inc., Santa
Clara, USA). Then the qualified m°A-IP and input samples were
subjected to 150 bp paired-end deep sequencing on Illumina
HiSeq sequencer to obtain the high-resolution reads of m®A-
methylated RNAs.

The RNA-seq of circRNAs and the m®A RNA-Seq were
carried out by the Cloud-seq Biotech Inc. (Shanghai, China).

Bioinformatics analysis

Paired-end reads were collected from Illumina HiSeq
sequencer with the quality control of Q30. After 3’ adaptor-
trimming, the low-quality reads were removed with the cutadapt
software (v1.9.3). First, the clean reads of input libraries were
aligned to the reference genome (UCSC HG38) by using the
STAR software. Based on the STAR alignment results, the
circRNAs were identified by using the DCC software. Then,
the clean reads of all libraries were aligned to the reference
genome with the Hisat2 software (v2.0.4). The MACS software
was applied to identify the methylated sites on circRNAs (peaks)
and the diffReps was further used to identify the differentially
methylated sites. The overlapping sites between the peaks,
identified by both software based on the circRNA exons, were
selected by the home-made scripts.

GO and KEGG analysis

The comprehensive function annotations of the source genes
of differentially m®A methylated circRNAs were achieved by
Gene Ontology (GO), as well as Kyoto Encyclopedia of Genes
and Genomes (KEGG) enrichment analyses based on the online
software DAVID.

Statistical analysis

Statistical analysis was performed with SPSS 25.0 (IBM,
Chicago, USA) and GraphPad Prism software 7.0 (GraphPad
Software, San Diego, USA). The single factor ANOVA was used
for statistical analyses, p < 0.05 was considered statistically
significant (24).

Results
Abundance of m°®A-methylated circRNAs
and circRNAs involve in peritoneal

metastasis of HGSCO patients

A genome-wide profiling of m®A-modified circRNAs was
performed in cancerous specimens of three biological replicates
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from the in situ lesions (n = 3) and the peritoneal metastasis
lesions (n = 3) from HGSCO patients. Patient information is
presented in Table 1. The MeRIP-Seq data had been submitted
to gene expression omnibus (accession number, GSEXXX). As
shown in the Figures 1A, B, the mCA abundance in the peritoneal
metastasis lesions (1070 + 259 for the m®A-modified circRNAs
and 2089 + 1541 for the m°A peaks) was found to be slightly
increased than the in situ lesions (1070 + 227 for the m°A-
modified circRNAs and 2089 + 1293 for the m°A peaks) of the
HGSCO patients, which were further visualized by the Heatmap
(Figure 1C) and Bar plots (Figure 1D).

To explore whether m®A methylation would influence
circRNA expression levels in HGSCO patients, RNA-seq
analysis of circRNAs was further performed, and 4934 (50.7%)
overlapping circRNAs were identified. CircRNA expression was
decreased in the peritoneal metastasis lesions than in the situ
lesions. These findings suggest that m®A may downregulate the
circRNA expressions in peritoneal metastasis lesions of HGSCO
patients (Figure 2).

Distribution of circRNAs in the peritoneal
metastasis lesions from HGSCO patients

To characterize the chromosomal and genomic
distributions of all differently m°A-modified circRNA peaks
and differentially expressed circRNAs of the peritoneal
metastasis lesions than the in situ lesions from the HGSCO
patients, the distributions of the down-regulated or
upregulated m®A-modified circRNA peaks and the
differentially expressed circRNAs on each chromosome was
calculated and plotted. The upregulated m®A-modified
circRNA peaks were mostly located in the chromosome 1, 2,
5 and 6 (Figure 3A), while the downregulated m®A-modified
circRNA peaks were mostly located in chromosome 1, 2, 8 and
22 (Figure 3A). The upregulated differentially expressed
circRNAs were mostly located in the chromosome 2, 3, and
22 (Figure 3B), while the downregulated m®A-modified
circRNA peaks were mostly located in chromosome 1, 2 and
3 (Figure 3B). Genomic distribution of differently mCA-
modified circRNA peaks (Figure 3C) and differently
expressed circRNAs were mostly (over 65%) in the sense
overlapping region (Figure 3D). Moreover, single m°®A-
modified circRNA peaks per gene was slightly decreased in

TABLE 1 The demographic information of HGSCO patients.

Patient No. Age BMI Pathological
No.1 55 23.8 HGSCO
No.2 71 21.64 HGSCO
No.3 43 22.66 HGSCO

HGSCO, High grade serious carcinoma of ovary.
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the peritoneal metastasis lesions than the in situ lesions from
the HGSCO patients, which was the predominant number of
peaks per gene for both the peritoneal metastasis lesions and
the in situ lesions from the HGSCO patients (Figure 3E),
indicating that m®A methylation was abundant in circRNAs
originated from single exons in both the peritoneal metastasis
and the in situ lesions with a slight downregulation in the
peritoneal metastasis lesion.

Functional Annotation of the differently
m°A-modified circRNAs

To explore the physiological and pathological significance of
m®A modification in peritoneal metastasis of HGSCO patients,
GO enrichment analysis and KEGG pathway analysis were
conducted with the significantly changed m°A peaks. GO
enrichment analysis was applied to predict the key functions
of the target genes. Pathway analysis was accomplished to
identify the significant pathways of the differential genes based
on the KEGG.

In the GO analysis (Figure 4), the parent genes of circRNAs
with upregulated m®A peaks were enriched in the localization
and organelle organization, while downregulated m°A peaks
were enriched in the cellular macromolecule metabolic process,
the macromolecule modification, the protein modification
process and the cellular protein modification process in the
biological process (BP) analysis. The parent genes of circRNAs
with upregulated m®A peaks were enriched in the intracellular,
organelle and cytoplasm, while downregulated m®A peaks were
enriched in the intracellular, organelle, cytoplasm and
membrane-bounded organelle in the cellular component (CC)
analysis. The parent genes of circRNAs with upregulated m°A
peaks were enriched in the adenyl ribonucleotide binding and
the adenyl nucleotide binding, while downregulated m°®A peaks
were enriched in the catalytic activity in the molecular functions
(MF) analysis.

Meanwhile, the HIF-1 and MAPK signaling pathways have
been reported to be closely related with the cancer metastasis
(25, 26), therefore, these two pathways were further analyzed.
The results showed that the HIF-1 signaling pathway was
associated with the upregulated m°®A-modified circRNAs,
while MAPK signaling pathway was associated with the
downregulated mC®A-modified circRNAs (Figure 5).

Stage Tissues for MA RNA-Seq

Ic In situ Peritoneal metastasis
1IB In situ Peritoneal metastasis
1IB In situ Peritoneal metastasis
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Heatmap presenting the differential expressed circRNAs between the in situ and the peritoneal metastasis lesions of the HGSCO patients.

Frontiers in Oncology 05 frontiersin.org


https://doi.org/10.3389/fonc.2022.988578
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Guo et al.

10.3389/fonc.2022.988578

FIGURE 3

FIGURE 4

A regulated B

80

70

60

50

40

30

: ‘ I |

10

; |||||||||“..|.|||||||...III.I||
R R
56566565

5556565
mup mdown

D 1.02%

regul
10
9
8
7
6
5
4
3
2 “
il
T
o %~ O
565%

ated

‘l

!

‘I\III I

mup mdown

M sense overlapping

W intergenic

H antisense

Sig GO terms of BP

gt rgnzaen ° o
st rnzten- . o
®
mroutuesssespocess- @ o
mmune esponse-eguitng cel suface ®
Tecepr oo ey s -
Sregoeron
Forecepormegateg iy o Pralue
i panay
Fegamma ecetrsalngpsineay o
oo ragpoon L
Fegamma ecetor spaing oy~ oot
repuaon of oot ma 200
e ofsmapee s+
GeneRatio (CountlList Total)
Sig GO terms of BP
el metaboe process L]
ol macromocuse etaole poces °
Palue
macemiecuie mosteaton .
ocos
. oas
clla roten moscaton rocess - .
ocor
prosphous metaboepocess .
hesohat <oranng compound oo . Cont
rocess °xn
st rnspon- & o«
o

atgrace mons g+
A damage esponse,snalanscucion

o33 nes e s - *
S of 521t meaior

oo 02 o oo

GeneRatio (CountList Tota)

M intronic

M exonic

scaarcegnete -
cyopiasm -
entomentraos system-
r—
e —

andopiaems rtcusm menbrane -

s o retork- +

organate-
membran bounsed rganete -
opepasm-
r—
Pooty-
newon rjecion cyoplasm- @
anen cypiasm- @
UG €3 uiqut lase complex +

000

RN
cggg
& o€ o€ iE
56355
1200
1000

800
600
400
200
[

1

Sig GO terms of CC.

°
[ ]
°
L]
.
.
.
.
.
GeneRatio Gounist Tota)
Sig GO terms of CC
o
L]
L]
°

035 050 o7s
GeneRatio (CountLis Total)

= sense overlapping = intronic

= intergenic = exonic

= antisense

Numbers of peaks per gene

B Insitu
W Peritoneal metastasis

II Hm
2 3

Chromosomal and genomic distributions of circRNAs. (A) Chromosomal distribution of differently m®A-modified circRNA peaks. (B)
Chromosomal distribution of differently expressed circRNAs. (C) Genomic distribution of differently m®A-modified circRNA peaks. (D) Genomic
distribution of differently expressed circRNAs. (E) The m®A peak numbers per circRNA.

C

Sig GO terms of MF

J—— °
caunt
5l JRS— .
w
: - PRN—— .
P .
Praie
[IPP————
Bo04 ‘binding o
o
anginng- .
ey
oy st ®
sorcocttotiosng- @
ATp g+
GeneRat (Countis Tota)
F Sig GO terms of MF
- °
catmyic acivty °
Praie
nucleotide binding - .
oo ucieoside phosphate binding - .
o00s ‘pusine ribonuclectide binding = .
[IPSa— .
Count
el RIS
°x RS——
< P

ot knase sty @
proten sectveoning nase scivy- +

R S T
‘GeneRato (CountList Total)

The Gene ontology (GO)-term enrichment analysis of significantly altered mCA-modified circRNAs between the in situ and the peritoneal
metastasis lesions of the HGSCO patients. (A—C) upregulation of m°®A-modified circRNAs. (D—F) downregulation of m®A-modified circRNAs.

Frontiers in Oncology

06

frontiersin.org


https://doi.org/10.3389/fonc.2022.988578
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Guo et al. 10.3389/fonc.2022.988578

HIF-1_SIGNALING PATHWAY
DNA
HIF-Lo A —
TIME-1}
Increase oxygen delivery
***** > Eryihuopoiesis
f Normoxia > [ron etdbolisma
(D] -~ S
T O I
I N 0, \
8/ 0 Oy W (> srgopsi
Continuous =)
o i DivA (Y
Hypo: )
& \
0—»{Gunic :
Ciemsguing ) C o Vesculartone
i
. v
e -
ROS e .
——— Reduce oxygen consumption
y iy
4 Inbisits TCA cyele
e el etabolin
7 +p
-
P >0 ECT (" Gumlecyr .o
Gint ——»o——— === o——— nte -
Glucose Pyrwate Aceyl.Coh (ICA Gy} ATP
1 i - Promote anercbic
: Mitochondion 1 ‘metgbolism.
! ba
| [oEE
I
1 P—
e prolifention
& > spoptoss
Lactate
04066 75115
(©) Karehisa Laboratoris
MAPK SIGNALING PATHWAY
of Phosphtdgtinositol
Chssical MAP kinase
paiiay
B0 » Pulitnio
Bo——» rmismon
INK andp38 MAP kirase
Patlray
|
v
Serum, ¢ stobic drugs
;&"é‘m-’s'ﬁ"’mum&'
acive oXygen specks, Protiforation,
iporolesc e
it o St | ce
e
h
DNA darnage
ERKS patiovay
Sorum, EGF,
rachive tygen species, e PR -
or MEKS ERIGS 77 o — > Polfmton
Stk ol TS £ diffreniaton
MAPKKKK ~MAPKKK MAPKK MAPK Trangeription
10 1202718
€ Kanchisa Laroratories

FIGURE 5

Pathway analysis of significantly altered m®A-modified circRNAs between the in situ and the peritoneal metastasis lesions of the HGSCO
patients. (A) The up-regulated m®A-modified circRNAs involved in HIF-1 pathway. (B) The down-regulated m®A-modified circRNAs play
important roles in MAPK signaling pathway.

Discussion renewal (28, 29). The expression profile and potential function of
circRNAs in different cancers have been identified, including
The overall survival rate of HGSOC has not been improved in the HGSOC (13, 30, 31). As a new epitranscriptomic marker, m°A is
last three decades, and most patients develop recurrent disease within recognized as a reversible and dynamic RNA modification in
3 years and died from the disease within 5 years. HGSOC s extremely eukaryotes. Recently, m°A epigenetic modification in circRNA has
regulated by epigenetic modifications (27). M®A plays an important attracted attention as a novel epigenetic event (22, 23, 32). However,
role in numerous biological processes, which contributes to cancer the role of m°A epigenetic modification in circRNAs during HGSOC
development, cancer cell proliferation and cancer stem cell self- metastasis has not been characterized.
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As far as we know, our current work was the first to explore
the m®A-circRNA profile during peritoneal metastasis of
HGSOC by using MeRIP-Seq. Our results support the concept
of a dynamic characteristic of m°A epigenetic modification
during peritoneal metastasis of HGSOC, which is associated
with HGSOC development.

A genome-wide profile of m®A-modified circRNAs between the
in situ and the peritoneal metastasis lesions were obtained by using
MeRIP-seq. A total of 2089 m°A-modified circRNAs were shared in
the peritoneal metastasis and the in situ lesions from HGSOC patients,
whereas1293 of m®A-modified circRNAs were identified in the in situ
lesions only but lacking in the peritoneal metastasis lesions, and 1541
m°A-modified circRNAs were identified in the peritoneal metastasis
lesions only but lacking in the in situ lesions of the HGSOC patients.

Our results demonstrated that the expression of differentially
regulated circRNAs was decreased in the peritoneal metastasis
lesions than in the situ lesions by RNA sequencing, indicating
that m°A may downregulate the circRNA expressions during the
peritoneal metastasis of HGSCO.

Many questions have been raised with the findings of m®A-
modified circRNA profile that need to be addressed in the future
work, including the significance of m®A-modification on exons
where the circRNAs originate. A recent work reported that m°®A-
modified circRNAs are more commonly encoded by single
exons, which is likely to be longer than the multiexon
circRNAs in human embryonic stem cells (18). Interestingly,
this phenomenon has also been validated in our current work,
which showed that single m®A-modified circRNA peaks per
gene was predominant for both the peritoneal metastasis and the
in situ lesions from the HGSCO patients, indicating that m°A
methylation was abundant in circRNAs originated from single
exons in both the peritoneal metastasis and the in situ lesions
with a slight downregulation in the peritoneal metastasis lesion.

Studies have reported different rules which may control the
biogenesis of m®A-modification in circRNAs compared with the
mRNAs (18). Therefore, further studies are necessary to prove
whether m°A-modified circRNAs present distinct modification
patterns compared with the mRNAs between the peritoneal
metastasis and the in situ lesions of the HGSOC patients.

A key function of circRNAs is to affect the biological roles of cells
by regulating the target gene expressions. Thus, regulating the m®A-
modification status in circRNAs may control the target gene
expression of circRNAs and the cellular biological functions (33).
CircRNAs mainly affect miRNAs and reduce their expression in
regulating cytokine levels (34). Cancer is one of the leading causes of
death worldwide, and the factors responsible for its progression need
to be elucidated (35). CircRNAs could affect gene expression via
targeting miRNAs to treat cancer (36). Therefore, in the present
study, the GO and KEGG pathway enrichment analyses were carried
out to explore the possible functions of changed m®A-modified
circRNAs by combining analysis of differentially m®A-modified
circRNAs and differentially expressed circRNAs associated with
peritoneal metastasis of the HGSOC patients. We found that HIF-

Frontiers in Oncology

08

10.3389/fonc.2022.988578

1 signaling was associated with the up-regulated m®A-modified
circRNAs, while MAPK signaling was associated with the
downregulated m°®A-modified circRNAs, which will need to be
further studied in the future.

In conclusion, the level of m®A abundance in total circRNAs
was slightly increased in the peritoneal metastasis lesion from
HGSOC than the in situ lesion, and m®A-modfication may
downregulate the circRNA expressions during peritoneal
metastasis of HGSCO. The bioinformatics analysis predicted
the potential functions of m®A-modified circRNAs and the
involved relevant signaling pathways, with HIF-1 pathway
associated with the upregulated, while MAPK pathway
associated with the downregulated m°®A-modified circRNAs
during peritoneal metastasis of HGSOC. Our findings
provided evidences regarding the involvement of m°A-
modifications in circRNAs of peritoneal metastasis of HGSOC,
which might provide a new insight in the molecular target of
HGSCO metastasis.
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