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Abstract

Ovarian tumour therapy has been known to cause ovary ageing. The competitive
endogenous RNA (ceRNA) network plays an indispensable role in various diseases.
We constructed the ceRNA network to examine the role of circular RNA (circRNA)
in the ovaries of older women and elucidate the intervention mechanism of the Ziyin
Buyang Formula. Ovarian tissue datasets were obtained from the Gene Expression
Omnibus (GEO) database and screened for differentially expressed circRNAs (DECs),
differentially expressed miRNA (DEMis) and differentially expressed mRNAs (DEMs).
The circBase and Cancer-Specific CircRNA Databse 2.0 (CSCD) database were used
to predict the miRNA response elements (MREs) of DECs. Interacting miRNAs were
obtained by intersecting MREs and DEMis. Based on the interaction between circRNA-
miRNA and miRNA-mRNA, the node circRNA, miRNA and mRNA were obtained.
The ceRNA network was constructed using the Cytoscape software. The targets of the
Ziyin Buyang Formula were obtained from the Traditional Chinese Medicine Systems
Pharmacology database and related literature. The sub-networks of the interventions
of the Ziyin Buyang Formula were constructed according to the target genes and the
corresponding relationships in the ceRNA network. A total of seven circRNAs, six
miRNAs and 224 mRNAs were distinguished as nodes from 226 DECs, 35 DEMis, 1697
DEMs, 2320 MREs, 19 intersecting miRNAs and 765 intersecting mRNAs. Moreover,
96 chemical components, 239 targets and four target genes were identified in the ceRNA
network of the Ziyin Buyang Formula. This study constructed a ceRNA network for
ovary ageing due to ovarian tumour therapy, and the sub-network of the interventions
of Ziyin Buyang Formula was predicted, providing a novel perspective for the effective
treatment of ovary ageing due to ovarian tumour therapy.
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1. Background

In today’s society, ovarian tumours are being reported fre-
quently [1]. Chemotherapy is one of the recommended forms
of treatment for ovarian tumours. However, chemotherapy
often causes ovarian damage, which leads to premature ovarian
failure 2, 3].

In 2011, the competing endogenous RNA (ceRNA) hy-
pothesis, which is based on microRNA (miRNA), was first
proposed by Salmena [4]. Briefly, when the same miRNA
response element (MRE) is present on an mRNA, IncRNA or
circRNA, it binds to the same miRNA, thus attenuating the
inhibitory effect of the miRNA on another target RNA [5-7].

Circular RNA (circRNA) is a class of newly discovered
non-coding RNA (ncRNA) that comprise a special covalent

loop without a 5’ cap or 3’ tail. Moreover, circRNAs are
unaffected by RNA exonucleases and are highly stable [8].
circRNAs have been reported to be closely associated with
ageing-related diseases like cardiovascular disease and os-
teoporosis [9, 10]. Recent studies have found significant
differences in circRNA expression between ovarian tissues
in younger and older women, which affects ovarian reserve
capacity and reproductive outcomes [11].

miRNAs are short, endogenous, single-stranded, non-
coding small RNA molecules of approximately 22 nucleotides.
miRNAs are widely expressed in female reproductive organs
such as the ovaries, uterus and fallopian tubes. Additionally,
abnormal miRNA expression has been reported to affect
the normal growth and development of follicles and ovarian
function via cell proliferation and apoptosis [12, 13].
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Xia et al. [14] divided the menstrual cycle into four classical
phases. Subsequently, Tan ef al. [15] streamlined the four
phases into two phases: the postmenstrual and premenstrual
phases and created the Ziyin Buyang Formula. Furthermore,
Tan et al. [16, 17] combined the formula with reproduc-
tive endocrinology methodologies to treat age-related diseases,
such as Diminished Ovarian Reserve. The Ziyin Buyang
Formula works by nourishing the Yin in the late follicular
phase (postmenstrual phase) and tonifying the Yang in the
luteal phase (premenstrual phase). The “Ziyin” component
(Angelicae Sinensis Radix, Paeoniae Radix Alba, Rehmanniae
Radix Praeparata, Cornus Olfficinalis Sieb. Et Zucc and Cus-
cutae Semen) promotes follicle development by nourishing the
kidney Yin while the “Buyang” component (Dipsaci Radix,
Rhizoma Dioscoreae, Morindae Officinalis Radix, Epimrdii
Herba and Psoralea corylifolia Linn) improves endometrial
receptivity by tonifying the kidney Yang [18, 19].

This study aims to determine the molecular pathways in-
volved in the regulation of ovarian ageing using a circRNA-
mediated ceRNA network and the sub-network of the inter-
vention of the Ziyin Buyang Formula.

2. Methods

2.1 Transcriptome dataset

Using “ovarian or oocyte and age” as keywords,
the Gene Expression Omnibus (GEO) database
(https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi) was

used to obtain circRNA, miRNA and mRNA gene expression
profiles and platform annotation files [20].

2.2 Identification of the differentially
expressed circRNA, miRNA and mRNA

The “limma package” in the R language (version 4.0.2, R
Foundation for Statistical Computing, Vienna, Austria) was
used to compare the differential expression of circRNAs, miR-
NAs and mRNAs between young and older (>35 years) ovar-
ian tissues, and the data were standardised with a filtering cri-
terion of corrected p < 0.05 to obtain differentially expressed
circRNAs (DECs), differentially expressed miRNAs (DEMis)
and differentially expressed mRNAs. The differential genes
were visualised via heat maps using the “pheatmap” package.
Differentially expressed rat ovarian tissue mRNAs were con-
verted to homologous human genes by using the HomoloGene
(https://www.ncbi.nlm.nih.gov/homologene) database, and the
results were used as differentially expressed mRNAs (DEMs).

2.3 Predicting target genes for DEMis and
MREs in DECs

The circBase database (http://circbase.org) was used to
obtain the chromosome locations of DECs, and the
Cancer-Specific CircRNA Databse 2.0 (CSCD) database
(http://geneyun.net/CSCD2) was searched to predict MREs
based on the chromosome locations. Venn diagrams were used
to analyse and detect the miRNAs that overlapped with the
DEMs, thereby obtaining the miRNAs of interest. The MREs
were predicted using TargetScan (http://www.targetscan.org)

and miRDB (http://www.mirdb.org) databases to obtain the
potential target genes of the intersecting miRNAs. Finally, the
potential target genes were intersected with DEMs using R to
obtain the intersecting mRNAs and visualised using a Venn
diagram.

2.4 Constructing ceRNA networks

The circRNA-miRNA-mRNA network was constructed based
on the ceRNA theory as follows: (1) DECs, DEMis and
DEMs were selected as the potential target genes of MRE
and miRNA. (2) The circRNA and mRNA must have an
action relationship with the same miRNA. (3) miRNA and
circRNA and mRNA have a negative regulatory relationship,
i.e., when miRNA is up-regulated, circRNA and mRNA are
down-regulated and vice versa. Finally, the circRNA-miRNA-
mRNA network was constructed using Cytoscape (3.8.0).

2.5 Targets of the Ziyin Buyang Formula

The Traditional Chinese Medicine Systems Pharmacology
(TCMSP) database (https://tcmsp-e.com) was used to obtain
the main active ingredients of the nourishing Yin formula
(Angelicae Sinensis Radix, Paeoniae Radix Alba, Rehmanniae
Radix Praeparata, Cornus Officinalis Sieb. Et Zucc and
Cuscutae Semen) and tonifying Yang formula (Dipsaci
Radix, Rhizoma Dioscoreae, Morindae Officinalis Radix,
Epimrdii Herba and Psoralea corylifolia Linn). The active
ingredients and their relevant targets were screened according
to pharmacokinetic values (oral bioavailability >30%, drug-
likeness >0.18) and supplemented by relevant literature. The
screened protein targets were normalised using the Uniprot
database (https://www.uniprot.org).

2.6 Obtaining target genes of the Ziyin
Buyang Formula in the ceRNA network

The intersection gene between the targets of Ziyin Buyang
Formula and the node mRNA in the ceRNA network were the
target genes of the ceRNA network regulated by Ziyin Buyang
Formula.

2.7 Constructing a regulatory network for
the Ziyin Buyang Formula

The ceRNA network was used to examine miRNAs that in-
teract with target genes and circRNAs that interact with the
miRNAs. Cytoscape software was used to construct a sub-
network of ceRNAs that regulate ovarian function in older
patients using the Ziyin Buyang Formula.

2.8 Study Flow Chart

The expression data of circRNAs, miRNAs and mRNAs were
downloaded from the Gene Expression Omnibus. Following
this, DECs, DEMis and differentially expressed mRNAs were
screened at p < 0.05. Furthermore, differentially expressed
mRNAs in rat were translated into homologous human genes
using the HomoloGene database. The target miRNAs of DECs
were predicted using circBase, whereas the target mRNAs
of intersected miRNAs were predicted using TargetScan and
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miRDB. Then, the co-expression circRNAs and co-expression
mRNAs were obtained to merge the target circRNAs and inter-
sected mRNAs of DEMis with DECs and DEMs, respectively.
Additionally, the co-expression circRNAs, DEMis and co-
expression mRNAs were intersected. Finally, the targets of
the Ziyin Buyang Formula were obtained using TCMSP. The
relevant target genes of the Ziyin Buyang Formula and the node
mRNAs in the ceRNA network were intersected to identify the
regulatory genes of Ziyin Buyang Formula (Fig. 1).

3. Results

3.1 Transcriptome data

A single ovarian granule cell circRNA dataset (GSE97193)
comprising three young and three older women and one
follicular fluid miRNA dataset (GSE63737) comprising five
young and four older women, and one primitive follicular
mRNA dataset of rats comprising three immature rats and three
aged rats were obtained from the GEO database (GSE84333).
The datasets were processed using the Perl software (version
5.32.1.1 https://strawberryperl.com).

3.2 Analysis of the DECs, DEMis and mRNA

We obtained a total of 226 DECs (Fig. 2A), 35 DEMis (Fig. 2B)
and 2335 differentially expressed mRNAs (Fig. 2C), which
were compared with the HomoloGene database to finally ob-
tain 1697 homologous human genes.

3.3 Intersected miRNAs and intersected
MRNAs

The CSCD database revealed 206 DECs that had MRE in-
formation. A total of 2320 MREs were screened using the
Perl software, and 19 intersected miRNAs were obtained by
intersecting MREs and DEMis (Fig. 3A). A total of 7507
potential target genes were obtained using the TargetScan and
miRDB databases. The potential target genes and DEMs were
intersected, obtaining 765 intersected mRNAs (Fig. 3B).

3.4 Construction of the ceRNA network

We used the Cytoscape software to demonstrate the regulatory
relationship of the circRNA-miRNA-mRNA network between
older and young female ovarian tissues (Fig. 4). A total
of 237 nodes, 251 edges, six node miRNAs (four down-
regulated and two up-regulated miRNAs in older female ovar-
ian tissues), seven node circRNAs (five up-regulated and two
down-regulated circRNAs in older female ovarian tissue) and
224 nodal mRNAs (150 up-regulated and 74 down-regulated
mRNAs in older female ovarian tissues) were presented in the
constructed ceRNA network.

3.5 Targets of the Ziyin Buyang Formula

The TCMSP database was used to remove duplicates,
revealing 501 chemical components of the nourishing
Yin formula (125 Angelicae Sinensis Radix, 85 Paeoniae
Radix Alba, 76 Rehmanniae Radix Praeparata, 226 Cornus
Officinalis Sieb. Et Zucc and 29 Cuscutae Semen) and
396 chemical components of the tonifying Yang formula
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(31 Dipsaci Radix, 71 Rhizoma Dioscoreae, 174 Morindae
Officinalis Radix and 130 Epimrdii Herba). Subsequently, 40
active ingredients were screened in the nourishing Yin formula
based on Absorption/Distribution/Metabolism/Excretion
values (two Angelicae Sinensis Radix, 13 Paeoniae Radix
Alba, two Rehmanniae Radix Praeparata, 20 Cornus
Officinalis Sieb. Et Zucc and 11 Cuscutae Semen), and 64
active ingredients were screened in the tonifying Yang formula
(eight Dipsaci Radix, 16 Rhizoma Dioscoreae, 20 Morindae
Officinalis Radix and 23 Epimrdii Herba). Additionally, a
relevant literature review revealed three active components
of Psoralea corylifolia Linn [21-23]. After combining all
the active components and deleting the repeated values, we
identified 96 active components and 239 targets.

3.6 Target genes of the Ziyin Buyang
Formula in the ceRNA network

After intersecting with 224 node mRNAs in the ceRNA net-
work, a total of four target genes were obtained from 239 target
genes of the Ziyin Buyang Formula (ECEI, CDK2, RXRA and
BACE]).

3.7 Construction of a sub-network for the
regulation of the Ziyin Buyang Formula

Based on the four target genes of the Ziyin Buyang Formula for
regulating ovarian function in older patients, we identified four
miRNA nodes that were related to the target genes and four
circRNA nodes related to the target miRNA. ECE! showed
a correlation with hsa-miR-661 and hsa-miR-513a-5p. More-
over, CDK?2 and BACE1 exhibited a correlation with hsa-miR-
339-5p (Fig. 5).

4. Discussion

In this study, the ceRNA regulatory network, which centres
on circRNA and miRNA, was constructed, and the molecular
mechanism of the intervention of the Ziyin Buyang Formula
was revealed at the transcriptome level.

Advancements in RNA sequencing and bioinformatics have
led to the validation of the abundant expression of circRNAs
in mammalian cells and tissues. circRNAs have also been
reported to play a role in cellular senescence and cell survival
[24-26]. Ovarian failure often occurs after chemotherapy for
ovarian tumours [2, 3], circRNAs are abnormally expressed
in aging tissues, and these circRNAs are closely related to the
development of functional decline diseases [27, 28]. Cellular
senescence is the cellular basis of organismal ageing, which
includes cell cycle arrest, the loss of cell replication capacity
and mitotic arrest [28, 29]. circRNAs are involved in the reg-
ulation of cellular senescence as follows: (1) circRNAs affect
the cell cycle and promote cellular senescence through cyclin-
dependent kinase 2 (CDK2). (2) circRNAs bind to senescence-
associated proteins ID1 and E2F1, and stress-associated pro-
teins HIF1a and Focal Adhesion Kinase (FAK) to promote
cellular senescence [28, 30-32]. (3) circRNAs promote cell
and tissue senescence by inducing apoptosis and inhibiting cell
proliferation [33].

CDK?2 is an important member of the cyclin-dependent
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FIGURE 1. The construction of the circRNA-miRNA-mRNA network. GEO: Gene Expression Omnibus; MREs: miRNA
response elements; DEMs: differentially expressed mRNAs; miRNA: microRNA; circRNA: circular RNA; TCMSP: Traditional
Chinese Medicine Systems Pharmacology Database and Analysis Platform; ceRNA: competitive endogenous RNA.

kinase family, which is directly involved in the G1 to S phase
transition of the cell cycle. It is also a key regulator in the cell
cycle, regulating DNA replication and centrosome replication
during the S phase of the cell cycle [34, 35]. circRNAs regulate
the ageing process and promote cell and tissue ageing by bind-
ing to CDK2 and cell cycle protein-dependent kinase inhibitor
1 [34]. Persson et al. [36] reported that CDK2 was abundantly
expressed in mouse ovarian GCs and oocytes, which affects
oocyte quality and embryo quality by dysregulating oocyte
meiosis.

After searching the TCMSP database, CDK?2 was identified
as a potential target of Angelicae Sinensis Radix, Cornus Of-
ficinalis Sieb. Et Zucc and Cuscutae Semen in the nourishing
yin formula and Morindae Officinalis Radix, Dipsaci Radix
and Epimrdii Herba in the tonifying Yang formula. Combined

with the ceRNA regulatory network of ovarian tissues in older
patients, we hypothesised that the Ziyin Buyang Formula can
delay or even reverse the process of ovarian ageing to a certain
extent and improve the reproductive outcome of older patients
by regulating the hsa circ_0006520/hsa-miR-339-5p/CDK22
network.

BACE] is an important regulator of neurodegenerative
diseases and is positively correlated with the progression of
the disease [37, 38]. However, a recent study on ovariectomy
in rats reported that the expression level of BACE1 decreased
with age after ovariectomy, which is consistent with our
conclusion [39]. In this study, the expression of hsa-miR-
339-5p was up-regulated while that of hsa circ 0006520
and BACEl were down-regulated in older ovarian tissues
in the hsa circ 0006520/hsa-miR-339-5p/BACE! network.
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FIGURE 3. Intersected miRNAs and intersected mRNAs. Note: MRE represents the miRNA response element. DEMis
represent differentially expressed miRNAs. DEMs represent differentially expressed mRNAs.

Furthermore, TCMSP identified BACE]1 as a target of Rhizoma
Dioscoreae. Moreover, some studies have demonstrated that
Rhizoma Dioscoreae can slow down ageing through various
pathways, such as antioxidant and immune enhancement.
Notably, its extract, dehydroepiandrosterone, is widely used
to improve assisted reproduction techniques (ART) outcomes
in women with low prognoses [40—42].

Retinoid X receptor alpha (RXRA) is part of a family of
nuclear receptors. Increasing evidence suggests that RXRA
can regulate cellular senescence [43, 44]. Moreover, the
knockdown of RXRA induced intracellular reactive oxygen
species secretion and DNA damage through the ITPR2-
MCU calcium signal axis, consequently activating p53 and

triggering cell ageing [45]. In the hsa_circ_0082686/hsa-miR-
1207-5p/RXRA network, the expression of hsa-miR-1207-5p
was up-regulated with age, while that of hsa_circ_0082686
and RXRA were down-regulated, which further validated
that RXRA knockdown accelerated cell ageing. Moreover,
RXRA was identified as an effective target for all components
in the Ziyin Buyang Formula. Thus, these findings suggest
that the formula can delay ovarian ageing through the
hsa_circ_0082686/ hsa-miR-1207-5p/RXRA network.

Endothelin-converting enzyme 1 (ECE/) induces endothe-
lial senescence by promoting the synthesis of endothelin-1
(ET-1), which causes vascular dysfunction and promotes cell
and tissue ageing [46, 47]. In the hsa circ_0062682/hsa-
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miR-661/ECE1 network, the expression of hsa-miR-661 was
down-regulated and that of hsa_circ_0062682 and ECE1 were
significantly up-regulated in older ovarian tissues. Further-
more, the overexpression of hsa-miR-661 induced the phos-
phorylation of the Phosphatidylinositol 3 kinase/Protein kinase
B (PI3K/AKT) pathway, thereby promoting cell proliferation
and delaying cell senescence, whereas the overexpression of
ECE1 promoted cell senescence. Both hsa-miR-661 and ECE1

were reported to be expressed in ovarian tissues [46, 48, 49].
Additionally, Xie et al. [50] detected hsa-miR-513a-5p in
ovarian tissues and found it to be closely related to the re-
sponse of ovulation induction. Furthermore, in this study,
ECE1 was identified as the target of Cuscutae Semen. Thus,
combined with the ceRNA regulatory network, we determined
two sub-networks of the Ziyin Buyang Formula for the reg-
ulation of ovarian function in ovarian ageing due to ovarian



tumour therapy: hsa_circ_0062682/hsa-miR-661/ECE1 and
hsa_circ_0000069/hsa-miR-513a-5p/ECEL.

5. Conclusions

This study constructed a ceRNA network for patients with
premature ovarian failure, revealing the specific molecular
mechanisms of age-affected ovarian function and providing
a new therapeutic target for improving ovarian function of
patients with premature ovarian failure. Furthermore, we
identified and preliminarily validated the underlying molecular
mechanisms of the Ziyin Buyang Formula, thereby improving
ovarian function of ovary ageing due to ovarian tumour ther-

apy.

ABBREVIATIONS

ceRNA: competitive endogenous RNA; circRNA: circular
RNA; miRNA: microRNA; ncRNA: noncoding RNA;
IncRNA: long noncoding RNA; GEO: Gene Expression
Omnibus; DECs:  differentially expressed circRNAs;
DEMis:  differentially expressed microRNAs; DEMs:
differentially expressed mRNAs; MRE: microRNA response
element; TCMSP: Traditional Chinese Medicine Systems
Pharmacology Database and Analysis Platform; ART: assisted
reproduction techniques; IVF-ET: in vitro fertilization-embryo
transfer; GC: granulosa cell.
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