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A B S T R A C T   

Ovarian cancer (OC) is the most common cause of death in female cancers. The prognosis of OC is very poor due 
to delayed diagnosis and identification of most patients in advanced stages, metastasis, recurrence, and resis
tance to chemotherapy. As chemotherapy with platinum-based drugs such as cisplatin (DDP) is the main 
treatment in most OC cases, resistance to DDP is an important obstacle to achieving satisfactory therapeutic 
efficacy. Consequently, knowing the different molecular mechanisms involved in resistance to DDP is necessary 
to achieve new therapeutic approaches. According to numerous recent studies, non-coding RNAs (ncRNAs) could 
regulate proliferation, differentiation, apoptosis, and chemoresistance in many cancers, including OC. Most of 
these ncRNAs are released by tumor cells into human fluid, allowing them to be used as tools for diagnosis. 
CircRNAs are ncRNA family members that have a role in the initiation, progression, and chemoresistance 
regulation of various cancers. In the current study, we investigated the roles of several circRNAs and their 
signaling pathways on OC progression and also on DDP resistance during chemotherapy.   

1. Introduction 

Ovarian cancer (OC) has the highest cancer-related mortality rate 
among female gynecological cancers and is the fifth leading cause of 
death among all women [1–3]. OC is generally referred to as a group of 
diseases, which are classified into three types based on their histological 
origin, including epithelial, germ cell, and specialized stromal cell tu
mors [4]. The most common sub-type of OC is epithelial ovarian cancer 
(EOC), which is also the most lethal gynecological cancer worldwide 

[5]. Diagnosis of OC in the early stages is difficult due to its invasive 
growth pattern; therefore, more than 70 % of patients with OC are in 
advanced stages of the disease at the time of diagnosis [6,7]. 

The prognosis of OC is very poor due to the delayed diagnosis, high 
metastatic frequency, lack of effective treatment for the recurrence, and 
chemo-resistance of OC [2,3,6]. Surgical tumor excision in conjunction 
with systemic chemotherapy is the primary treatment for OC; however, 
alternative treatments, including hormone therapy, radiotherapy, and 
immunotherapy are also employed [8]. Depending on the stage of the 
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disease, the approach differs. The staging of OCs is based on surgical and 
pathological findings in early-stage disease. Total abdominal hysterec
tomy and bilateral salpingo-oophorectomy are generally curative for 
low-risk endometrial cancer patients [9]. In advanced stages, surgical 
resection of the tumor mass, debulking, or cytoreductive surgery is 
followed by intravenous (IV) platinum/taxane-based chemotherapy. 
Neoadjuvant chemotherapy (NACT), intraperitoneal (IP) chemotherapy, 
hyperthermic IP chemotherapy, and maintenance immunotherapy are 
also additional options to achieve a better outcome. NACT is the 
administration of chemotherapy before the primary debulking or cyto
reductive surgery. A combination of Cisplatin/Carboplatin and Pacli
taxel with Bevacizumab or Cyclophosphamide is used in regimens for 
NACT. It may improve the prognosis of subjects with advanced OC by 
reducing the morbidity of the primary surgery and decreasing the tumor 
volume before the surgery [10,11]. Hyperthermic IP chemotherapy 
(HIPEC) is another treatment strategy that is thought to increase the 
cytotoxicity via different mechanisms, such as increasing cellular uptake 
and improving the crosslinking to DNA [12]. Bevacizumab, a mono
clonal antibody, is also another drug commonly used in specific regimes 
combined with platinum/taxane-based chemotherapy and as mainte
nance immunotherapy as well [13]. Different platinum/taxane-based 
regimens are used for IV/IP chemotherapy depending on the staging 
and residual tumor mass after cytoreduction surgery [11]. The current 
standard treatment approach for OC consists of tumor debulking surgery 
followed by platinum-based chemotherapy such as effective cisplatin 
(DDP) and carboplatin with a taxane-family drug such as paclitaxel or 
docetaxel [14]. 

DDP is a widely used chemotherapeutic drug in the treatment of a 
wide spectrum of cancers, such as ovarian, testicular, bladder, gastric, 
and lung cancer. DDP consists of a sterile saline solution that contains 
two molecules of chlorine and two molecules of chlorine ammonia 
linked to the platinum atom in a cis configuration [15]. DDP plays a 
multidirectional cytotoxic role in the induction of apoptosis by 
damaging DNA, activating several signal transductions, and then 
inhibiting replication and mitosis [16]. Although chemotherapy with 
DDP is effective in many OC patients, important drawbacks in treating 
cancer patients with DDP are its side effects, such as nephrotoxicity, 
ototoxicity, neurotoxicity, gastrointestinal toxicities, and the high 
recurrence of disease due to the acquired resistance to DDP after several 
cycles of chemotherapy [17–19]. Moreover, the occurrence of 
chemo-resistance has severe effects on the life quality of OC patients and 
the shortening of the chemotherapy window period and is known as an 
important and limiting factor in the long-term survival of these patients 
[20–23]. 

Resistance can occur in two ways: inherent (without previous contact 
with the drug) and acquired (as a result of previous contact with the 
drug) [24,25]. Variables involved in such a circumstance may include 
host variables (e.g., genetic variants and drug-drug interactions), 
tumor-related factors, and tumor-host interactions [26]. One of the 
tumor-related factors is the development of physical barriers to drugs. 
Other common mechanisms resulting in chemotherapy failure include 
the stimulation of biological processes promoting drug release or 
degradation, elevated EMT, enrichment of cancer stem cells (CSCs), and 
reduced apoptosis [27,28]. Most cytotoxic drugs act by inhibiting a 
specific signaling pathway, restoring the involved pathway, or acti
vating collateral signaling cascades. Pathway-specific mechanisms in 
chemo-resistance include proliferative signaling cascades and DNA 
repair. Some tumors may also alter the structure of molecular networks, 
allowing them to coordinate tumor growth without requiring the related 
pathways [27,29]. OC has a high chance of developing resistance to 
DDP, especially in advanced stages [30]. The mechanisms involved in 
the occurrence of DDP resistance in OC include.  

i) Reduced accumulation of DDP inside the cell via an increase in 
the level of ATP7A and ATP7B produced by DDP-resistant cells 
[31,32]. DDP is transported into the cell by copper transporters 1 

and 2 (CTR1 and CTR2), while two copper-transporting ATPases 
7A and 7B (ATP7A and ATP7B) transport DDP out of the cell, 
resulting in a decrease in the number of CTR1 and CTR2 [31,32].  

ii) Intracellular inactivation of DDP by an increase in the level of 
nucleophilic biological elements (e.g., glutathione or metal
lothioneins) and their conjugation with DDP, reducing the cyto
toxic activity of DDP in tumoral cells [19,24].  

iii) Increased effectiveness of DNA damage repair (DDR) processes, 
including nucleotide excision repair (NER), mismatch repair 
(MMR), homologous recombination (HR), and nonhomologous 
recombination (NHR) [33]. NER is the most significant DDP 
process; it removes platinum DNA adducts formed by DDP 
through components such as ERCC1 and XPF [34]. The MMR 
pathway is another DDR system that corrects single-strand DNA 
mistakes. It is unable to totally repair the damage induced by 
DDP, resulting in apoptosis activation. In this process, DDP 
resistance can be caused by downregulation of the pathway via 
mutations or modifications in the promoters of related genes 
[35]. DDP resistance is also developed through the HR and NHR 
pathways by repairing the double-strand breaks in DNA caused 
by DDP, which create the most dangerous lesions [34].  

iv) Inhibition of DDP-induced apoptotic processes involving the loss 
of functional p53 protein and upregulation of the antiapoptotic 
protein BCL-2 and proteins from the IAP family, which inhibit the 
activation of caspase [36].  

v) Tumor microenvironment (TME) variables influencing treatment 
resistance are divided into two categories: physical and biological 
factors. Physical factors, such as tumor cell density and changes 
in the ECM, can interfere with DDP efficacy. The biological factor 
category comprises biochemical complications of cancer devel
opment, such as hypoxia and acidity, and normal cells, like 
stromal cells, tumor-associated fibroblasts, and immune cells 
[37], that are able to activate anti-apoptotic processes through 
the secretion of chemokines and also assist in the intracellular 
inactivation of DDP [34]. 

vi) Changes in the autophagy processes, cytoskeleton, and mito
chondria are also known to be other mechanisms contributing to 
the development of DDP resistance. The induction of autophagy 
instead of apoptosis results in DDP resistance [19,25]. 

vii) Epigenetic modifications, which include DNA methylation, his
tone modifications, and non-coding RNA regulation, are thought 
to contribute to chemo-resistance via a variety of processes, 
including upregulation of multidrug resistance proteins (MRPs), 
remodeling of the tumor microenvironment, and dysregulation of 
the immune system [38,202]. 

According to recent studies, non-coding RNAs (ncRNAs), CSCs, 
immunological systems, autophagy, tumor heterogeneity, and tumor 
microenvironment (TME) all have a role in OC drug sensitivity [39–41]. 
Thus, these items can regulate cell growth, modify cell differentiation, 
control apoptosis, and develop chemo-resistant tumor cells [42]. 
Considering that different molecular mechanisms are involved in the 
development of DDP resistance in OC, it is necessary to know these 
mechanisms in order to obtain new therapeutic approaches. 

NcRNAs are transcriptional RNAs that are classified into four cate
gories: microRNA (miRNA), long ncRNA (lncRNA), circular RNA 
(circRNA), and PIWI-interacting RNA (piRNA) [18,43,203]. NcRNAs 
were initially identified as alternatively spliced errors that could not 
encode any proteins; nevertheless, as the study progressed, it was 
discovered that circRNAs encode small peptides. These translating 
"circRNA” have small open reading frames (sORFs) that could encode 
peptides with less than ten amino acids [44,45]. 

CircRNAs have a single-stranded structure that is synthesized 
through different mechanisms: a. splicing is usually accompanied by 
transcription by RNA polymerase II; b. transcription factors; and c. RBPs 
can inhibit or activate circRNA synthesis depending on the type of the 
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circRNA or the tissue [46–48]. It is believed that there are two main 
biogenesis mechanisms for circRNAs: lariat-driven circularization and 
intron-pairing-driven circularization or back splicing, which is the 
ligation of the downstream 5′ splicing site and the upstream 3′ splicing 
site [49,50]. During splicing, introns are removed and exons bond to 
each other. Most circRNAs contain two or three exons without intron 
segments. Meanwhile, some circRNAs contain only one exon that hap
pens to have a longer length than those with multiple exons [51].The 
processes of splicing-dependent circRNAs include: 1. containing only 
intronic sequences (2′ → 5′-linked circular RNAs); 2. containing both 
exonic and intronic sequences (3′ → 5′-linked circular RNAs); and 3. 
containing only exonic sequences (3′ → 5′-linked circRNAs) [52] (Fig. 1). 
CircRNAs containing introns usually act within the nucleus, while those 
containing exons act in the cytoplasm. CircRNAs bind to RBPs and 
generate RNA protein complexes (RPCs), which are involved in a variety 
of biological processes [53,54]. A subset of RBPs influences circRNA 
synthesis by interacting with adjacent introns. Some move introns closer 
together, facilitating circularization [55,56], while others stabilize [57] 
or disrupt Alu pairs [58], promoting or inhibiting back-splicing. A new 
investigation revealed that circRNA synthesis is controlled by 
N6-methyladenosine (m6A). Depletion of methyltransferase-like 3 
(METTL3) or YTH domain-containing 1 (YTHDC1) regulates roughly 20 
% of certain types of circRNAs but has no substantial effect on linear 
transcripts [59]. A further study discovered that inhibiting alkB homo
log 5 (ALKBH5) promotes the synthesis of translatable circRNAs by 
enriching m6A at junction locations. Additionally, YTHDF3 recognizes 
the m6A-modified initiation codon and launches translation [60]. 

Nonetheless, it is unknown whether there are any other regulators in 
which m6A localization influences the decision between back and ca
nonical splicing. 

Recently, studies revealed new information about the circRNA 
degradation process, which aids in the maintenance of a dynamic 
equilibrium. It has been shown that RNase L can totally destroy circR
NAs. Endogenous circRNAs are often misfolded and suppress PKR, 
whereas their loss results in abnormal PKR activity and autoimmune 
disorders [61]. A further investigation revealed that YTHDF2 detects 
m6A-loading circRNAs and binds to RNase P/MRP in the mitochondria 
via heat-responsive protein 12 (HRSP12). CircRNAs are then destroyed 
by endoribonucleolytic enzymes [62]. A further investigation suggested 
another approach for regulating both mRNA and circRNA degradation 
by the interaction of RNA helicase and ATPase (UPF1) and stress granule 
assembly factor 1 (G3BP1) with extremely organized duplex areas [63]. 
Furthermore, miR-671 can regulate CDR1as degradation via Ago2 
pathway [64]. GW182 (a critical element of the P-body and RNAi 
complex) also participates in circRNA decay [65]. More research is 
required to properly comprehend circRNA degradation processes and 
explain their balance and varied localization among cell types. 

CircRNAs are stably generated in a variety of cell types, particularly 
in brain regions [66,67]. Scientists have also uncovered specific 
intron-loading circRNAs that are maintained in the chromosomes and 
influence the activity of their heritage genes [68,69]. Some 
Exon-derived circRNAs are also mainly localized in the nucleus, where 
they enhance protein storage [70] or transfer proteins to genome [71]. A 
recent study found that decreasing UAP56 or URH49 enables circRNAs 

Fig. 1. A schematic view showing the biogenesis pathway of circRNAs. CircRNAs are generated through a non-canonical splicing process known as "backsplicing.” 
This unique mechanism results in the formation of covalently closed circular transcripts, which can be classified as exonic, intronic, or a combination of both. 
CircRNAs can serve diverse roles include: A) regulate gene transcription by interacting with transcriptional regulatory factors, B) act as miRNA sponges, and thereby 
modulating the expression of their target genes, C) undergo translation to produce protein products and, D) bind to RNA-binding proteins (RBPs) and mediate 
their actions. 
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to cluster in the nucleus [72]. Another study discovered that YTHDC1 
recruitment can control circNSUN2 nuclear transport, providing pre
liminary proof that m6A regulates circRNA export [73]. Furthermore, 
circRNAs can be distributed by extracellular vesicles (EVs) and identi
fied in the bloodstream and urine [74]. The classification of these exo
somal circRNAs appears to be controlled by source cells-related miR 
levels, whereas the exact physiological functions conveyed to target cells 
in various contexts remain unclear [75,76]. A few studies have recently 
found and studied mitochondria-located circRNAs, expanding our un
derstanding of circRNA origin and mitochondrial transcript sequencing 
[77–79]. Nonetheless, circRNAs found in different organelles or sub
cellular spaces require additional examination. 

Protein relocation is typically accompanied by increased or 
decreased activity, as well as facilitated or impaired exposure to targets, 
which results in increased or decreased functionalities and related 
downstream changes. A new study discovered that the mitochondrial- 
encoded circRNAs (mecciRNAs) mecciND1 and mecciND5 can act as 
chaperones to bind to the outer membrane translocase (mitochondrial 
M4040) and improve the entrance of replication protein A2 (RPA32) 
and hnRNPA1 into mitochondria. However, mecciRNAs can just support 
newly produced peptides in adopting conformations that facilitate 
mitochondrial delivery, with minimal effect on mature proteins [80]. 
MecciRNAs are found both inside and outside mitochondria and can 
move dynamically. PNPASE, a key mitochondrial RNA trafficking 
molecule, binds to most mecciRNAs and regulates their mitochondrial 
content [80]. Nevertheless, little research has been conducted on the 
link between protein trafficking and circRNAs. 

CircRNAs, most likely due to their low abundance and high stability, 
are involved in long-term processes such as differentiation rather than 
highly dynamic ones such as cell proliferation or migration [81]. One of 
the key functions of circRNAs is to act as a microRNA sponge, which 
leads to the inhibition of miRNAs [82]. Multiple target sites for a specific 
miRNA have been detected in circRNAs [83]. CircsRNAs, as protein 
decoys, usually reverse their target protein’s physiological action [46]. 
CircsRNAs could serve as scaffolds to facilitate protein-protein in
terplays, such as the interaction of circ-Foxo3 with CDK2 and p21 [82]. 
Although circRNAs are considered to have low protein-coding potential, 
many of them contain a start codon and an internal ribosomal entry site, 
which proves their unexpected potential for encoding proteins [84]. 

Unlike linear RNAs, circRNAs have a steady, conserved, covalent 
loop structure and are resistant to degradation by exonuclease in the 
cytoplasm due to having a unique continuous loop structure and not 
having 3′ and 5’ ends [85]. Because of their high stability, circRNAs are 
known as biomarkers for diagnosis, prognosis, and prediction of 
response to treatment in body fluids (urine, plasma, exosomes, etc.) [86, 
87]. CircRNAs as post-transcriptional regulators can act by sponging 
miRNAs and competing with them to bind to the target mRNAs and/or 
RNA-binding proteins (RBPs) [88]. Several studies have shown that 
circRNAs contribute to pivotal physiological processes such as tumori
genesis, proliferation, invasion, metastasis, and chemoresistance in 
many types of cancer, including gastric cancer [89], colorectal cancer 
[90], hepatocellular carcinoma [91], and non-small cell lung cancer 
[92–94]. Accordingly, the circRNA-miRNA-mRNA regulatory pathway 
is crucial in cancer cell chemo-resistance [95,96]. 

Recent research has revealed that dysregulation of some circRNAs 
contributes to OC progression. For example, circRNA-MYKK increased 
cell growth in OC through the sequestration and inhibition of miR-652 
[97]. Aberrant expression of circ_100395 increased OC cell growth 
and metastasis [98]. Circ-NOLC1 overexpression induced OC cell pro
liferation, migration, and invasion through interaction with the 
RNA-binding protein ESRP1 [99]. Also, increasing the expression of 
circ-Foxp1 is effective in accelerating cell proliferation and is 
DDP-resistant in OC cells [100]. Therefore, targeting circRNAs and 
elucidating their mechanisms may improve diagnostic and therapeutic 
strategies for OC. In the next sections, we described the biology and role 
of CircRNAs in DDP resistance in OC. 

2. Relationship between circRNA expression and DDP resistance 

OC treatment encountered restrictions due to chemoresistance pro
cesses. CircRNAs have been identified as a facilitating factor for tumor 
progression and chemoresistance. CircRNA upregulation of almost 148 
circRNAs and downregulation of 191 circRNAs were seen in chemo
resistant patients, implying that circRNAs have a significant function in 
the poor prognosis of OC [101]. Circ_0063804 is another circRNA with a 
high expression rate in OC cells. It promotes clusterin (CLU) protein 
expression by miR-1276 sponging. Circ_0063804 overexpression can 
also result in the up-regulation of p-glycoprotein (p-gp) and poly 
(ADP-ribosyl) polymerase (PARP) protein, as well as the 
down-regulation of cleaved PARP (c-PARP), which are responsible for 
the increase and inhibition of DPP resistance, respectively [51]. Circ_
C20orf11 is also overexpressed in OC cells. The direct binding of circ_
C20orf11 to the 3ʹ-UTR of miR-527 leads to downregulation of miR-527. 
This competitive approach of circ_C20orf11 regulates YWHAZ expres
sion, which is the direct target of miR-527. Finally, it suggests that 
overexpression of circ_C20orf11 leads to DDP resistance in OC cells 
[102]. Circ_0078607 was shown to be downregulated in DDP-resistant 
OC cells. Circ_0078607 overexpression sequesters miR-196b-5p and 
regulates GAS7 expression, which functions as a targeted cell arrest 
gene. As a result, overexpression of circ_0078607 sensitizes OC cells to 
DPP [103]. In the following section, we discussed in detail a variety of 
circRNAs involved in OC and the regulatory mechanisms of their 
effective signaling pathways on DDP chemo-resistance. 

3. CircRNAs affect DDP resistance in ovarian cancer by targeting 
different mechanisms 

Nowadays, among ncRNAs, circRNAs have gradually developed as a 
novel research hotspot and have attracted the attention of cancer re
searchers. Recent research indicates that circRNAs and a broad range of 
pathogenic processes (such as gene expression, cell proliferation, cell 
cycle, and drug resistance) have a close relationship in the case of OC. 
CircRNAs have the ability to target a wide range of molecules and mo
lecular pathways; however, miRNAs have been identified as their main 
targets in numerous biological pathways. In the following, we discuss 
the circRNAs that regulate the DDP resistance mechanism in OC and 
underlying biological processes (Fig. 2 and Table 1). 

3.1. Circ-LPAR3 (circ_0004390) 

Circ_0004390 (also known as circ-LPAR3) has been found to be 
significantly elevated in OC tissue and is believed to have a key role in 
OC cell proliferation [104,105]. Circ_0004390 might serve as a sponge 
for miR-198, so that overexpression of circ_0004390 could down
regulate the expression of miR-198. MiR-198 exerted an anti-tumor ef
fect by suppressing the expression of the oncogene MET. Therefore, 
overexpression of circ_0004390 may boost the expression of the onco
gene MET and lead to the development of OC [106]. In addition, 
circ_0004390 could decrease miR-634 expression in OC tissue. MiR-634 
has the potential to attenuate the proliferation and progression of 
DPP-sensitive OC cells. Due to the decrease in miR-634 expression, the 
viability, growth, and DDP resistance of OC cells were triggered by py
ruvate dehydrogenase kinase 1 (PDK1) overexpression. Therefore, 
circ_0004390 silencing could reduce tumor viability while intensifying 
DDP sensitivity by inhibiting the circ_0004390/miR-634/PDK1 pathway 
[107,108]. 

3.2. Circ_0063804 

Circ_0063804 overexpression is related to the poor prognosis of OC 
patients. It could enhance tumor growth and decrease apoptosis. Simi
larly, circ_0063804 overexpression could promote DDP resistance and 
induce complications during treatment [109,110]. According to some 

M. Malek Mohammadi et al.                                                                                                                                                                                                                 



Non-coding RNA Research 9 (2024) 1280–1291

1284

research, p-gp and PARP contribute to DDP resistance, but c-PRAP is 
known as a DDP-resistance inhibitor [111–117]. Therefore, 
circ_0063804 silencing might promote OC cell apoptosis and hinder DDP 
resistance by downregulating p-gp and PARP. Moreover, it has been 
confirmed that circ_0063804 might act as a sponge for miR-1276, 
interfering with its action [51]. MiR-1276 exhibited anti-tumorigenic 
activity in a variety of malignancies, including breast cancer [118], 
bladder cancer [119], and gastric cancer [120]. You et al. have observed 
that miR-1276 sponging by circ_0063804 led to upregulation of CLU 
[51]. Overexpression of CLU is linked to limited OC progression due to 
inappropriate angiogenesis in the ME [121,122]. Also, CLU upregulation 
is related to DDP resistance in lung and bladder cancers [123,124]. 
Overall, circ_0063804 silencing could be considered a novel approach to 
obliterate DDP resistance and angiogenesis in OC. 

3.3. Circ-Cdr1as (circ_0001946) 

Circ-Cdr1as is another circRNA that has been discovered in several 
malignancies, including bladder cancer [125], nasopharyngeal carci
noma [126], and esophageal squamous cell cancer [127]. Wu et al. have 
stated that circ-Cdr1as had higher expression in DDP-sensitivity OC cell 
lines in comparison with DDP-resistance ones. In addition, they have 
figured out that circ-Cdr1 expression reduces proliferation, migration, 
and invasion while facilitating the apoptosis of OC cells. Circ-Cdr1as 
could also sponge for miR-1299 and increase the expression of the 
protein phosphatase 1 regulatory subunit 12B gene (PPP1R12B), a direct 
target of miR-1299. PPP1R12B was downregulated in DDP-resistance 
cancer cells, thus the CDR1as/miR1299/PPP1R12B axis might 
contribute to the chemosensitivity in OC [128]. In another study by 
Zhao et al., it was discovered that circ-Cdr1as functioned as a sponge for 
miR-1270, potentially reducing its activity as an inhibitor for the 
expression of the suppressor of cancer cell invasion (SCAI) gene. It has 

been observed that SCAI expression was higher in DDP-sensitive OC cells 
in comparison with DDP-resistance cells. So, circ-Cdr1as expression 
could enhance the DDP chemosensitivity of OC by increasing SCAI 
expression [101]. Altogether, the circ-Cdr1as/miR-1270/SCAI axis and 
the circ-CDR1as/miR1299/PPP1R12B axis could be considered novel 
approaches to the OC chemotherapy resistance problems. 

3.4. Circ-Snx12 

Ferroptosis is an oxidative, iron-dependent procedure of cell death 
that contains glutathione antioxidant inactivation, lipid peroxidation, 
and intracellular iron accumulation [129,130]. It has been discovered 
that ferroptosis is downstream of p53 and could act as a tumor sup
pressor [131,132]. Furthermore, ferroptosis might have a role in the 
attenuation of chemoresistance in some cancers, including OC 
[133–135]. Solute Carrier Family 7 member 11 (SLC7A11) could be 
considered a component for ferroptosis reduction by inducing gluta
thione synthesis. In other words, ferroptosis can be activated by 
SLC7A11 downregulation, which can enhance chemosensitivity [136, 
137]. Qin et al. have indicated that SLC7A11 expression increased in 
DDP-resistance OC tissues. In addition, it has been shown that 
circ-Snx12 overexpression, which occurred in OC tissues, could enhance 
SLC7A11 expression through miR-194-5p sponging. Thus, 
DDP-sensitivity could be restored by circ-Snx12 knockdown, subse
quently SLC7A11 downregulation, and then ferroptosis promotion 
[138]. 

3.5. Circ_0078607 

It has been seen that circ_0078607 overexpression in DDP-resistant 
OC cells inhibits DDP resistance and cancer cell proliferation while 
also promoting cancer cell death. In addition, downregulation of 

Fig. 2. Schematic representation of the interaction between circRNAs and the DDP resistance signaling pathway in OC progression. CircRNAs associated with DDP 
resistance signaling sponging miRNA targets and regulating their effects. Red squares indicate that the corresponding circRNA can suppress the DDP resistance (or 
induces the DDP sensitivity), while the blue squares show that the circRNA of interest may induce the DDP resistance. 
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circ_0078607 is associated with the unfavorable outcome of advanced- 
stage OC. Circ_0078607 directly sponged miR-196b-5p to increase 
growth arrest-specific 7 (GAS7) [104,139]. Several studies have pointed 
out the important role of MiR-196b-5p in a variety of cancers, such as 
acute myeloid leukemia [140], non-small cell lung cancer [141], colo
rectal cancer [142], and hepatocellular carcinoma [139]. Circ_0078607 
and GAS7 overexpression increased the apoptosis rate of OC cells by 
hindering the functions of anti-apoptotic genes, including ABCB1, 
CyclinD1, and Bcl-2. According to the study by Dai et al., the 
circ_0078607 level was decreased in DDP-resistant OC cells, whereas 
Circ_0078607 increased the susceptibility of OC cells to DDP via the 
circ_0078607/miR-196b-5p/GAS7 axis, suggesting that it could be an 
appropriate candidate for the treatment of DDP-resistant OC cases [103, 
104]. 

3.6. Circ_0067934 

Circ_0067934 could act as an oncogene in hepatocellular carcinoma 
[143], bladder cancer [144], and gynecologic cancers, including OC 
[145], cervical cancer [146], and breast cancer [147]. Circ_0067934 
upregulation in OC cells caused cancer cell proliferation, invasion pro
motion, and cell apoptosis reduction and is also linked to lymph node 
metastasis in the advanced stages of tumor. On the other hand, lowering 
circ_0067934 levels in OC cells resulted in a noticeable decrease in DDP 
resistance, cancer cell proliferation, and invasion. Circ_0067934 ele
vates inorganic pyrophosphatase 1 (PPA1) translation through 
miR-545-3p sponging [145]. PPA1 plays an important role in the syn
thesis of macromolecules such as nucleic acids, proteins, and carbohy
drates, and its overexpression in OC cells increases cell survival by 
providing the energy required for rapid growth [148]. Moreover, PPA1 

increases cell proliferation and invasion and also enhances the DDP 
resistance in OC cells by interacting with the phosphorylation of c-Jun 
N-terminal kinase (JNK), which can be used as a predictor of poor 
outcomes in OC patients [149,150]. JNK, as a stress-activated protein 
kinase, is a regulator of different cellular events. It has been observed 
that JNK1 inhibition contributes to cancer cell apoptosis and 
chemo-sensitivity enhancement [151]. Therefore, circ_0067934 could 
upregulate PPA1 expression via sequestration of miR-545-3p and then 
enhance tumor development and DDP resistance in OC by the JNK 
signaling pathway [145]. Therefore, circ_0067934 and PPA1 can be 
used as possible targets for reducing OC carcinogenesis and drug resis
tance in OC management, particularly in DDP-resistant OC. 

3.7. circ_0007841 

Exosomes are a type of extracellular vesicles and include metabo
lites, proteins, and nucleic acids that play significant roles in many 
biological processes, including cancer progression [152]. Studies have 
shown that DDP-resistant OC cells release exosomes containing 
circ_0007841. Circ_0007841 increased OC cell growth and was related 
to low survival rates, suggesting that it could be employed as a predic
tive biomarker in OC patients. Circ_0007841 could also serve as a sponge 
for miR-532-5p, an oncogene factor involved in breast cancer develop
ment [153], while acting as a tumor suppressor for glioma [154], lung 
cancer [155], and OC [156]. According to research, circ_0007841 sup
pressed tumors by upregulating the expression of nuclear factor I B 
(NFIB) as a result of miR-532-5p sponging [157,158]. NFIB binds to the 
DNA string, promotes cell metastasis through ameliorating chromatin 
accessibility, and also increases cell proliferation by targeting the 
Akt/Stat3 signaling pathway [159,160]. AKT is a proto-oncogene that is 

Table 1 
CircRNAs and their targets in cisplatin-resistance of OC.  

CircRNA Dysregulation in 
OC 

Corresponding Target/pathway Effect on DDP 
resistance 

Outcome Ref 

Circ-LPAR3 
(circ_0004390) 

Upregulation Circ_0004390/miR-634/PDK1 DDP resistance 
enchantment 

Silenced circ-LPAR3: 
↑* Cell apoptosis 
Inhibited migration and invasion and proliferation 

[108] 

Circ_0063804 Upregulation Circ_0063804/miR-1276/CLU DDP resistance 
enchantment 

↑ Proliferation 
↓** Apoptosis of OC cells 

[51] 

Circ-Snx12 Upregulation Circ-Snx12/miR194-5p/SLC7A11 DDP resistance 
enchantment 

Silenced CircSnx12: 
↓ Cell viability 
↑ Ferroptosis 

[138] 

Circ_0067934 Upregulation Circ_0067934/miR-545-3p/PPA1 DDP resistance 
enchantment 

Silenced circ_0067934: 
↓ Cell proliferation and invasion 

[145] 

circ_0007841 Upregulation Circ_0007841/miR-532-5p/NFIB DDP resistance 
enchantment 

Silenced Circ_0007841: 
Inhibited cell proliferation, invasion, and migration, 
↑ Cell apoptosis 

[158] 

Circ-Foxp1 Upregulation CircFoxp1/miR-22 and miR-150-3p/ 
CEBPG and FMNL3 

DDP resistance 
enchantment 

Silenced circFoxp1: 
↓ Cell proliferation 

[100, 
162] 

Circ-ITGB6 Upregulation CircITGB6/IGF2BP2/FGF9 RNA- 
protein complex 

DDP resistance 
enchantment 

Inducing the shifting of polarization TAM to M2 
macrophages in the TME of the OC 

[176] 

Circ-PBX3 Upregulation Circ-PBX3/IGF2BP2/ATP7A DDP resistance 
enchantment 

Reducing the efflux of DDP in OC cells 
↑ Colony formation and tumor xenografts growth, 
↓ Cell apoptosis 

[177] 

Circ_0026123 Upregulation Circ_0026123/miR-543/RAB1A DDP resistance 
enchantment 

Silenced Circ_0026123: 
Suppressing cell growth, angiogenesis, invasion, and 
migration of OC cells 

[181] 

Circ-PIP5K1A Upregulation Circ-PIP5K1A/miR-942-5p/NFIB DDP resistance 
enchantment 

Silenced Circ-PIP5K1A 
↓ Proliferation, migration, and invasion, 
↑ Apoptosis 

[190] 

CircRNA Dysregulation in 
OC 

Corresponding Target/pathway Effect on DDP 
resistance 

Outcome Ref 

Circ-Cdr1as Downregulation Circ-CDR1as/miR-1270/SCAI 
Circ-CDR1as/miR1299/PPP1R12B 

DDP resistance 
reduction 

Overexpression of Cdr1as: 
Inhibited cell proliferation 

[101, 
128] 

Circ_0078607 Downregulation Circ_0078607/miR-196b-5p/GAS7 DDP resistance 
reduction 

Overexpression of circ_0078607: 
↑ Apoptosis of cancer cells via suppressing ABCB1, 
CyclinD1 and Bcl-2 

[103, 
104] 

↑* indicates the elevation. 
↓** indicates the reduction. 
Abbreviations: NFIB; Nuclear factor I B, TME; Tumor microenvironment, OC; Ovarian cancer, PDK1; Phosphoinositide-dependent protein kinase-1. 
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involved in cancer cell proliferation, survival, and metabolism [161]. 
Gao et al. discovered that decreasing circ_0007841 expression increased 
OC cell susceptibility to DDP in vitro and in vivo by inhibiting cell 
proliferation, invasion, and migration and inducing cell apoptosis in 
DDP-resistant OC cells. Therefore, the circ_0007841/miR-531-5p/NFIB 
pathway can be considered a molecular mechanism to enhance DDP 
sensitivity in OC cells, and treating OC patients with DDP in conjunction 
with circ_0007841 inhibitors could be a novel approach in the treatment 
of DDP-resistant OC [158]. 

3.8. Circ-Foxp1 

According to recent studies, the expression level of circ-Foxp1 as an 
oncogene was significantly increased in DDP-resistant OC. Moreover, 
circ-Foxp1 upregulation was related to cancer stage, early tumor size, 
metastasis, and clinical response to chemotherapy. Increasing circ- 
Foxp1 expression may improve cell growth and resistance to DDP in 
OC cells, whereas reducing circ-Foxp1 expression could decrease cell 
growth while increasing susceptibility to DDP in OC cells in vitro and in 
vivo. Circ-Foxp1 can also be used as a predictor of survival and disease 
recurrence in OC patients [100]. Circ-Foxp1 was potent to simulta
neously serve as a sponge for both miR-22 and miR-150-3p and favor
ably influenced the expression of CCAAT enhancer binding protein 
gamma (CEBPG) and formin like 3 (FMNL3) [162]. CEBPG is a tran
scription factor that participates in physiological processes such as en
ergy metabolism, tissue differentiation, and growth cell regulation 
[163]. Likewise, FMNL3 overexpression is related to cancer cell migra
tion, invasion, metastasis, and poor prognosis in various cancers [164, 
165]. Several investigations have discovered that miR-22 and 
miR-150-3p act as tumor suppressors in a variety of tumors, including 
OC [166,167]. Therefore, overexpression of circ-Foxp1 and targeting 
miR-22 and miR-150-3p resulted in upregulation of CEBPG and FMNL3, 
increased proliferation, and decreased sensitivity of OC cells to DDP 
[100]. This finding suggested that suppressing the circ-Foxp1/miR-22 or 
miR-150-3p/CEBPG/FMNL3 axis would introduce a novel approach to 
enhancing DDP-sensitivity in OC cells. 

3.9. Circ-ITGB6 

Based on recent studies, it has been stated that cancer cells exten
sively interact with the TME to maintain proliferation, metastasis, and 
chemoresistance [168,201]. The TME of OC cells is highly immuno
suppressive, and the predominant immune cells are macrophages. M1 
macrophages have inflammatory and anti-tumor characteristics, while 
M2 macrophages have anti-inflammatory and tumor-promoting prop
erties [169,170]. An increased proportion of M2 macrophages in the 
TME of OC cells is strongly related to tumor growth formation, tumor 
angiogenesis induction, chemoresistance promotion, and antitumor 
immune response suppression [171,172]. M2 macrophages can release 
some chemoprotective factors, including lysosomal enzymes and ca
thepsins B and S, in that way these type of macrophages can reduce the 
cytotoxicity of chemotherapy on tumor cells [173]. It has been indicated 
that circRNAs have potential to serve as a regulators of immune cells, 
including macrophages, natural killer cells, and CD8+ T cells in the TME 
[174]. 

Li et al. observed that the expression level of hsa_circ_0056856 (circ- 
ITGB6) was increased in DDP-resistant OC patients and was associated 
with a poor prognosis[176]. Circ-ITGB6 improved the mRNA stability of 
fibroblast growth factor 9 (FGF9), a progression regulator of several 
malignancies through multiple pathological processes such as cancer 
cell proliferation and metastasis, by directly binding to insulin-like 
growth factor 2 mRNA-binding protein 2 (IGF2BP2) [175]. The forma
tion of a circ-ITGB6/IGF2BP2/FGF9 RNA-protein complex contributed 
to shifting the polarization of tissue-associated macrophages (TAM) to
wards M2 macrophages and then induced DDP resistance in OC cells 
[176]. It has been observed that the expression level of circ-ITGB6 and 

FGF9 in DDP-resistant OC cells was higher than that of DDP-sensitive 
cells in vivo and in vitro, and circ-ITGB6 overexpression caused a sig
nificant increase in M2 macrophage-dependent DDP resistance. These 
results suggest that upregulation of circ-lTGB6 is associated with lower 
overall survival, higher relapse, and poor DDP response in OC patients 
[176]. Therefore, one of the major DDP-resistance processes in OC pa
tients is the interaction between TAMs and cancer cells. A greater 
knowledge of the effective processes in this relationship can provide a 
clear perspective on the treatment of DDP-resistance OC patients. 

3.10. Circ-PBX3 

Circ-PBX3 is another circRNA with increased expression in DDP- 
resistant OC cells, which induces tolerance to DDP in vitro and in 
vivo. Circ-PBX3 can interact with IGF2BP2, which plays an important 
role in increasing mRNA stability. Therefore, circ-PBX3 overexpression 
increased ATP7A mRNA stability and ATP7A protein expression in OC 
cells through interaction with IGF2BP2 [177]. ATP7A (a member of 
P-type ATPase) is a copper efflux transporter that contributes to DDP 
efflux in cancer cells and brings resistance to DDP [178,179]. Fu et al. 
reported that the circ-PBX3/IGF2BP2 interaction enhanced ATP7A 
mRNA stability in OC cells. Thus, circ-PBX3 knockdown downregulated 
the ATP7A protein by lowering its stability [177]. Moreover, upregu
lation of the ATP7A protein is associated with a worse prognosis in OC 
patients undergoing chemotherapy with DDP [180]. Therefore, 
circ-PBX3 inhibition could be considered a therapeutic target to reduce 
ATP7A protein levels and then increase the sensitivity of OC cells to 
DDP. 

3.11. Circ_0026123 

Recent studies have shown that Circ_0026123 expression levels in 
DDP-resistant OC cells were greater than in DDP-sensitive cancer cells. 
Circ_0026123 could increase the expression of RAB1A (a member of the 
RAS oncogene family) through sponging miR-543. In other words, 
circ_0026123 overexpression reduced the expression of miR-543 and 
subsequently upregulated the RAB1A expression [181,182]. Increasing 
the expression of miR-543 and then RAB1A downregulation could 
inhibit cell growth and metastasis [183,184]. RAB1A is a small guano
sine triphosphate (GTP) enzyme belonging to the Ras-associated binding 
(Rab) family, which plays an important role in the regulation of signal 
transduction, cell autophagy, and migration and also acts as an onco
gene to promote the progression of multiple cancers [185,186]. Wei 
et al. indicated that circ_0026123 knockdown and RAB1A down
regulation contributed to the suppression of cell growth, angiogenesis, 
invasion, and migration, as well as increasing the sensitivity of OC cells 
to DDP in vitro and in vivo [181]. These findings indicated that inhi
bition of the circ_0026123 expression level can be represented as a 
promising therapeutic target for combination therapy in DDP-resistant 
OC patients. 

3.12. Circ-PIP5K1A 

circ-PIP5K1A, also known as hsa_circ_0014130, is an oncogene that 
plays a substantial role in many cancers, including colon cancer [187], 
gastric cancer [188], and non-small cell lung cancer [189] by regulating 
malignant biological cell behavior. It has been observed that 
circ-PIP5K1A packaged in exosomes has the potential to transport from 
DDP-resistant OC cells to surrounding sensitive cells and mediate 
cell-to-cell communication. Sheng et al. discovered that circ-PIP5K1A 
and NFIB gene expression, which are the targets of MiR-942-5p, were 
higher in DDP-resistant OC cells than those with DDP-sensitive cells. 
While the expression of MiR-942-5p was decreased in DDP-resistant OC 
cells compared to DDP-sensitive cells, it could be understood that 
circ-PIP5K1A negatively regulates MiR-942-5p expression and subse
quently upregulates NFIB expression [158,190,191]. Circ-PIP5K1A 
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induces DDP resistance in OC cells by suppressing miR-942-5p function 
on NFIB expression and upregulating NFIB expression. Downregulation 
of circ-PIP5K1A and subsequently NFIB could reduce cancer cell growth, 
progression, and invasion while enhancing the sensitivity to DDP in 
DDP-resistant OC cells in vitro and in vivo [104,190]. Thus, the 
circ-PIP5K1A/miR-942-5p/NFIB axis is involved in DDP resistance in 
OC and should be included in the novel approach to DDP-resistant OC 
patients. 

3.13. Hsa_circ_0000585 

Autophagy is an evolved mechanism for intracellular self-digestion 
that sustains homeostasis under both normal and stressed states. Auto
phagy is crucial in the pathophysiology of numerous disorders, 
including those related to aging, autoimmune disorders, cardiovascular 
diseases, and malignancies. It has been believed that autophagy pro
tectively regulates cisplatin chemosensitivity. SiRNA targeting Beclin1 
and autophagy inhibitors increased cisplatin-induced apoptosis, but 
autophagy activation accounted for most of the cisplatin resistance 
observed in human OC [192,193]. Although chemotherapy resistance 
still occurs, paclitaxel is recognized as a first-line treatment for OC 
[194]. According to Zhang et al., autophagy promotes paclitaxel resis
tance in OC. In OC, thioredoxin domain containing 17 (TXNDC17) 
enhanced autophagy upregulation, which in turn boosted paclitaxel 
resistance [195]. On the other hand, Khurana et al. demonstrated that 
OC cell lines resistant to chemotherapy had elevated levels of p62 in 
comparison to those that were sensitive to the drug, indicating a po
tential down-regulation of autophagy in the former group [196]. It has 
been seen that has_circ_0000585 increased in SKOV3 cell line resistant 
to cisplatin in compare with sensitive cell lines. In other words, Over
expression of has_circ_0000585 could attenuate the anti-tumor effect of 
cisplatin on ovarian cancer cells. P. Du et al. found out that has_
circ_0000585 knockdown enhanced the sensitivity of the ovarian cancer 
cells to cisplatin by inhibiting cellular autophagy which significantly 
promoted cell death and decreasing cellular cisplatin resistance [197]. 
Autophagy is a necessary cellular process for the physiological cellular 
turnover. Thereby, dysregulation in this process is one of the main cause 
of the tumorgenesis, progression of multiple malignancies and resistance 
to cisplatin treatment including ovarian cancer [198–200]. 

4. Conclusion 

Recently, circRNAs have been shown to control DDP, docetaxel, and 
paclitaxel in OC. There has been a lot of interest in circRNA research in 
DDP resistance, particularly in terms of the competing endogenous RNA 
(ceRNA) network, which is a useful structure for investigating the 
pathways driving DDP resistance, such as cancer cell growth and 
migration. It is intriguing to investigate whether resistance to other 
chemotherapeutic drugs, including gemcitabine, oxaliplatin, and car
boplatin, is affected by circRNAs in OC. It is unclear if circRNAs 
modulate chemoresistance by interacting with other drug sensitivity 
variables. Furthermore, it is uncertain if circRNAs and medication 
resistance in OC are regulated in a feedback loop. Despite the fact that 
the precise mechanisms are unknown, the significance of circRNAs will 
be discovered as new resistance mechanisms. Although a few circRNAs 
enhance DDP sensitivity in OC, most of them enhance DDP resistance. A 
number of aspects must be addressed to properly comprehend the pro
cess of treatment resistance in OC. In addition to circRNAs, miRNAs play 
important roles in modulating drug resistance in OC through the com
plex regulatory network of circRNAs/miRNAs/target mRNAs. CSCs are 
important in the development of treatment resistance. It is necessary to 
investigate whether circRNAs affect resistance to treatment by targeting 
ovarian CSC. However, studies are currently focused on preclinical 
studies, requiring ongoing patient monitoring and evaluation to deter
mine an association between circRNAs and drug resistance. Beyond the 
few well-defined drugs in OC, identifying more drug resistance-related 

circRNAs is critical. Additional research into the role of molecular 
mechanisms of circRNAs in drug resistance and clinical applications will 
lead to new approaches to OC treatment. Finally, circRNAs appear to be 
promising targets for chemoresistance prevention and treatment 
efficacy. 
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ncRNAs non-coding RNAs 
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DDR DNA damage repair 
RBPs RNA-binding proteins 

References 

[1] Z. Momenimovahed, A. Tiznobaik, S. Taheri, H. Salehiniya, Ovarian cancer in the 
world: epidemiology and risk factors, Int. J. Wom. Health (2019) 287–299. 

[2] P.A.T.E. Board, Ovarian epithelial, fallopian tube, and primary peritoneal cancer 
treatment (PDQ®), in: PDQ Cancer Information Summaries, National Cancer 
Institute (US), 2022 [Internet]. 

[3] P.C.G.E. Board, BRCA1 and BRCA2: cancer risks and management (PDQ®), in: 
PDQ Cancer Information Summaries, National Cancer Institute (US), 2023 
[Internet]. 

[4] P.T. Kroeger Jr., R. Drapkin, Pathogenesis and heterogeneity of ovarian cancer, 
Curr. Opin. Obstet. Gynecol. 29 (1) (2017) 26–34. 

M. Malek Mohammadi et al.                                                                                                                                                                                                                 

http://refhub.elsevier.com/S2468-0540(24)00092-1/sref1
http://refhub.elsevier.com/S2468-0540(24)00092-1/sref1
http://refhub.elsevier.com/S2468-0540(24)00092-1/sref2
http://refhub.elsevier.com/S2468-0540(24)00092-1/sref2
http://refhub.elsevier.com/S2468-0540(24)00092-1/sref2
http://refhub.elsevier.com/S2468-0540(24)00092-1/sref3
http://refhub.elsevier.com/S2468-0540(24)00092-1/sref3
http://refhub.elsevier.com/S2468-0540(24)00092-1/sref3
http://refhub.elsevier.com/S2468-0540(24)00092-1/sref4
http://refhub.elsevier.com/S2468-0540(24)00092-1/sref4


Non-coding RNA Research 9 (2024) 1280–1291

1288

[5] S. Lheureux, C. Gourley, I. Vergote, A.M. Oza, Epithelial ovarian cancer, Lancet 
393 (10177) (2019) 1240–1253. 

[6] L.A. Torre, B. Trabert, C.E. DeSantis, K.D. Miller, G. Samimi, C.D. Runowicz, et 
al., Ovarian cancer statistics, 2018, CA A Cancer J. Clin. 68 (4) (2018) 284–296. 

[7] C. Stewart, C. Ralyea, S. Lockwood (Eds.), Ovarian Cancer: an Integrated Review. 
Seminars in Oncology Nursing, Elsevier, 2019. 

[8] A. Chandra, C. Pius, M. Nabeel, M. Nair, J.K. Vishwanatha, S. Ahmad, et al., 
Ovarian cancer: current status and strategies for improving therapeutic outcomes, 
Cancer Med. 8 (16) (2019) 7018–7031. 

[9] C. Rooth, Ovarian cancer: risk factors, treatment and management, Br. J. Nurs. 22 
(17) (2013) S23–S30. 

[10] A. Elies, S. Rivière, N. Pouget, V. Becette, C. Dubot, A. Donnadieu, et al., The role 
of neoadjuvant chemotherapy in ovarian cancer, Expert Rev. Anticancer Ther. 18 
(6) (2018) 555–566. 

[11] B. Orr, R.P. Edwards, Diagnosis and treatment of ovarian cancer, Hematol. Oncol. 
Clin. N. Am. 32 (6) (2018) 943–964. 

[12] T.H. Dellinger, E.S. Han, State of the Science: the role of HIPEC in the treatment 
of ovarian cancer, Gynecol. Oncol. 160 (2) (2021) 364–368. 

[13] C.E. Haunschild, K.S. Tewari, Bevacizumab use in the frontline, maintenance and 
recurrent settings for ovarian cancer, Future Oncol. 16 (7) (2020) 225–246. 

[14] M.K. Parmar, J.A. Ledermann, N. Colombo, A. du Bois, J.F. Delaloye, G. 
B. Kristensen, et al., Paclitaxel plus platinum-based chemotherapy versus 
conventional platinum-based chemotherapy in women with relapsed ovarian 
cancer: the ICON4/AGO-OVAR-2.2 trial, Lancet 361 (9375) (2003) 2099–2106. 

[15] S. Ghosh, Cisplatin: the first metal based anticancer drug, Bioorg. Chem. 88 
(2019) 102925. 

[16] S. Dasari, P. Bernard Tchounwou, Cisplatin in cancer therapy: molecular 
mechanisms of action, Eur. J. Pharmacol. 740 (2014) 364–378. 

[17] X. Long, K. Song, H. Hu, Q. Tian, W. Wang, Q. Dong, et al., Long non-coding RNA 
GAS5 inhibits DDP-resistance and tumor progression of epithelial ovarian cancer 
via GAS5-E2F4-PARP1-MAPK axis, J. Exp. Clin. Cancer Res. 38 (2019) 1–16. 

[18] T. Kimura, Non-coding natural antisense RNA: mechanisms of action in the 
regulation of target gene expression and its clinical implications, Yakugaku 
Zasshi: J. Pharm. Soc. Jpn. 140 (5) (2020) 687–700. 
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