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High-grade serous ovarian cancer (HGSOC) is one of the most lethal tumors generally and the most fatal cancer of the

female genital tract. The approved standard therapy consists of surgical cytoreduction and platinum/taxane-based

chemotherapy, and of targeted therapy in selected patients. The main therapeutic problem is chemoresistance of

recurrent and metastatic HGSOC tumors which results in low survival in the group of FIGO III/IV. Therefore, the prediction

and monitoring of chemoresistance seems to be of utmost importance for the improvement of HGSOC management. 
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1. Introduction

High-grade serous ovarian cancer (HGSOC) is the most lethal tumor of the female genital tract due to lack of screening

programs for the average-risk population, followed by the delayed diagnosis. It has also a high proliferative potential and

recurrence rate. Therefore, the 5-year survival in the advanced patient population (clinical stages III–IV) is unsatisfactory,

although recently this has been improved by the introduction of poly-ADP-ribose polymerase (PARP) inhibitors in the

group of homologous recombination deficiency (HRD)-positive tumors (data of American Cancer Society 2020.

https://www.cancer.org/cancer/ovarian-cancer/detection-diagnosis-staging/survival-rates.html, accessed on 10 August

2023) . The approved standard therapy consists of primary cytoreductive surgery followed by standard

platinum/taxane-based chemotherapy or, alternatively, in inoperable tumors, of neo-adjuvant platinum/taxane

chemotherapy followed by interval cytoreduction. In the case of advanced and sub-optimally operated tumors, anti-VEGF

(vascular–endothelial growth factor) humanized monoclonal antibody bevacizumab has been approved, while, in the

group of HRD-deficient patients, the poly-ADP ribose polymerase (PARP) inhibitors are used, with PARP-based therapy

showing satisfactory efficacy . In phase III, PAOLA-1/ENGOT-ov25 trial patients with the BRCA-mutated

tumors benefitted from maintenance therapy using the PARP inhibitor olaparib + bevacizumab versus placebo +

bevacizumab (24-month progression-free survival PFS 89% vs. 15%) . In the VELIA study, complete response rates

among patients’ residual disease after cytoreduction were 24% in the PARP inhibitor veliparib group compared with 18%

in the controls . The PRIMA/ENGOT-ov26/GOG-3012 trial showed that, in newly diagnosed advanced ovarian cancer,

therapy with the PARP inhibitor niraparib was effective compared with placebo irrespectively of HRD status (HRD-positive

38% vs. 17%, overall 24% vs. 14%) . However, resistance to PARP inhibitors has unfortunately been observed .

High-grade serous ovarian cancer is chemo-responsive to the first line of standard platinum and taxane-based

chemotherapy, particularly in the group of BRCA-mutated patients. However, the main therapeutic problem appears when

chemotherapy is used to treat the patent or recurrent disease, as well as in the cases of primary chemo-refractoriness. In

these cases, treatment is eventually ineffective and the disease is usually lethal. Therefore, identification of the

biomarkers of drug resistance is one of the most desirable activities in ovarian cancer surveillance and therapy.

Chemoresistance is regulated by many different mechanisms originating both from the cancer cells themselves and from

the tumor microenvironment (TME). Recent studies have brought much information about genetic HGSOC heterogeneity,

disturbed epigenetic regulation, and the modulating role of TME. Tumors of different genetic or epigenetic signature and

TME composition are most probably characterized by diverse drug responses . The prediction concerning the

drug resistance of the primary, metastatic, and recurrent tumors should be an indispensable element of the personalized

anti-cancer therapy. As chemosensitivity could change depending on both localization (different TME) and time in the

course of the disease, repetitive monitoring of the chemosensitivity during therapy should be another step in the

management of HGSOC patients.

[1][2]

[2][3][4][5][6][7][8]

[9]

[10]

[8] [11]

[12][13][14][15]



2. Analysis of Cancer Tissue-Derived and Peripheral Blood Biomarkers

2.1. Genetic and Proteomic Biomarkers

The problem of chemoresistance concerns not only the chemotherapeutics but also drugs used in the targeted therapy.

The classic biomarkers of platinum and PARP sensitivity are the germinal and somatic mutations of BRCA1/2 genes and

the HRD status of the tumor, respectively . The reverse mutations in BRCA genes are able to switch chemosensitivity

into chemoresistance. BRCA reverse mutations were identified in cfDNA of 18% of pre-treatment patients with platinum-

refractory HGSOC cancer and in cfDNA of 13% of platinum-resistant tumors. Patients without reverse mutations had

better outcomes during rucaparib therapy . Reverse mutations in other homologous recombination repair (HR) genes

like RAD51C, RAD51D, and PALB2 are also responsible for secondary resistance to platinum- and PARP inhibitor-based

therapy . The highly expressed PARP, Fanconi Anemia complementation group D2 (FANCD2) and p53 proteins are

the feature of BRCAness phenotype and are positively correlated with platinum resistance . The drug-resistant and

drug-sensitive recurrent ovarian cancers were shown to possess unique genetic alterations when studied by ctDNA liquid

biopsy. TP53 was the most frequently mutated gene in both groups. Copy number variations of MYC, RB1, and

phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit alpha (PIK3CA) were noticed in recurrent cancers, while

BRCA2 N372H polymorphism was noticed in recurrent drug-resistant tumors . Whole-genome sequencing (WGS)

analysis of ctDNA in heavily pre-treated HGSOC patients confirmed that the most mutated gene was TP53 (94% of

HGSOC cases). The WGS detected mutated TP53 ctDNA in 88% of cases, but there was a low correlation between

plasma and tumor copy number alteration profiles; however, it was high in the subgroup with the highest ctDNA tumor

fraction. Both the genome-altered fraction and plasma mutation burden had prognostic value according to

chemoresistance and survival . More than half of HGSOC have a defective HR pathway, but in tumors with intact HR,

an amplification or gain of cyclin E1 (CCNE1) was observed and was related to chemoresistance and decreased OS .

Based on the HRD score, gene insertions and deletions, copy number changes load, duplication load, single nucleotide

variants, and mutational signatures, a predictor of platinum-resistance, named DRD score, were established and validated

in a cohort of HGSOC patients reaching the sensitivity of 91% . Cytogenetic analysis indicated that several losses

(13q32.1 and 8p21.1, 8p and 9q) or gains (1q, 5q14~q23, and 13q21~q32, 9p13.2–13.1, 9q21.2–21.32, 9q22.2–22.31,

9q22.32–22.33, and 9q33.1–34.11) in chromosomal regions were connected to chemoresistance . The

presence of several SNPs, between others, rs4910232 (11p15.3), rs2549714 (16q23), and rs6674079 (1q22), was also

connected to poor response for first-line platinum-based chemotherapy and unfavorable outcome in ovarian cancer

patients . Mutations in the members of the A disintegrin and metalloproteinase with thrombospondin motifs (ADAMTS)

family were associated with a significantly higher chemosensitivity (100% for ADAMTS-mutated vs. 64% for ADAMTS

wild-type cases), and with significantly better OS and PFS . In the patient-derived xenograft mouse model of ovarian

cancer, the differential expression of Sin3A-associated protein 25 (SAP25), major histocompatibility complex, class II, DP

alpha 1 (HLA-DPA1), AKT serine/threonine kinase 3 (AKT3), and phosphoinositide-3-kinase regulatory subunit 5 (PIK3R5)

genes and mutation of transmembrane protein 205 (TMEM205) and DNA-directed RNA polymerase II subunit RPB1

(POLR2A) coding genes were found to have unfavorable function in the induction of chemoresistance . Conversely,

transcriptome analysis identified interferon regulatory and tumor suppression factor 1 (IRF1) transcription factor as a

supporter of platinum sensitivity in HGSOC . Study of gene networks and expression of quantitative trait loci (eQTLs)

indicated that many of the mapped genes associated to chemoresistance in ovarian cancer were located in chromosome

9, which supported the previous observations of the connection between gene alterations in that region with progression

and chemoresistance of ovarian tumors . A total of 96% of genes were co-regulated by the same transcription factor

organic cation transporter 1 (OCT1) which is engaged in disturbances of platinum-induced apoptosis. Another important

protein was valosin-containing protein (VCP) which played a critical role in the disintegration of polypeptide cellular

structures. Low expression of VCP is found in ovarian cancer cells, especially from platinum-resistant cell lines and

ovarian cancer cohorts . Other genes which correlated to chemoresistance were BRCA2 and neighboring NEDD4

binding protein 2-like 1 (N4BP2L1), -like 2 (N4BP2L2), FRY microtubule binding protein (FRY), and StAR related lipid

transfer domain containing 13 (STARD13) genes . The BRCA2 and STARD13 are tumor-suppressors, while up-

regulation of N4BP2L1 and N4BP2L2 was associated with positive prediction in ovarian cancer patients . The up-

regulation of BRCA2 was observed in chemotherapy resistant patients, and the down-regulation of BRCA2 reduced the

DNA repair in ovarian cancer cells, sensitizing them to cisplatin . The chemo-refractory HGSOC genotype is also

characterized by other exclusive genomic and transcriptional modifications represented by changed expression of several

genes, including: hypoxia-induced factors (HIF), tumor necrosis factor (TNF), JUN transcription factor (JUN), FOR proto-

oncogene family (FOS), growth arrest and DNA damage inducible beta (GADD45B), induced myeloid leukemia cell

differentiation anti-apoptotic protein Mcl-1 (MCL1), C-X-C motif chemokine receptor 4 (CXCR4), snail family zinc finger 1

(SNA1), vimentin (VIM), soluble N-ethylmaleimide-sensitive factor-attachment protein (SNAP) receptors SNAREs,

member of RAS oncogene family (Rab), and NF-κB transcription factor . The genomic and translational changes
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that drive to acquired chemoresistance in HGSOC are represented by disturbed expression of multi drug resistance 1

(MDR1), glutathione S-transferase Pi 1 (GSTpi), B-cell lymphoma 2 (BCL-2), survivin, SMAD family member 4 (SMAD4)

and β-tubulin III, and CpG methylation . High expression of two genes angiogenic factor with G-Patch

and FHA domains 1 (AGGF1), and microfibril associated protein 4 (MFAP4), was observed in HGSOC and correlated with

platinum resistance . In advanced stage HGSOC, stemness-associated genes were found to be connected to the

resistance to platinum and to combined platinum-taxol therapy. The expression of Aurora A kinase-AURKA, cyclin A2-

CCNA2, MYB proto-oncogene-like 2-MYBL2, and origin recognition complex subunit 1-ORC1 affected the survival of

platinum resistant patients, while the expression of CCNA2, cyclin-dependent kinase 1-CDK1, ORC1, DNA topoisomerase

II alpha-TOP2A, and threonine tyrosine kinase-TTK affected the survival of platinum/taxol-resistant patients . The

problem of chemoresistance also concerns the group of patients subjected to neo-adjuvant chemotherapy. The highest

incidence of copy number variations was found in three genes: maestro heat-like repeat-containing protein family member

1 (MROH1), transmembrane protein 249 (TMEM249), and heat shock transcription factor 1 (HSF1), and was associated

with neo-adjuvant chemoresistance .

The chemoresistant group and the chemosensitive group showed differentially expressed plasma proteins. Among them,

complement C4-A, IgJ chain, clusterin, α-1-antitrypsin, and carbonic anhydrase 1 were up-regulated, and transthyretin,

haptoglobin, β-2-glycoprotein, Ig γ-2 chain C region, Ig γ-1 chain C region, complement factor I light chain, Igκ chain C

region, complement C3, and apolipoprotein E were down-regulated in the chemoresistant group when compared with the

chemosensitive group . The shed form of cellular desmoglein-2 (DSG2), an epithelial junction protein, was significantly

over-expressed in the serum of HGSOC patients with chemo-refractory cancer and worse survival. Shedding of DSG2 is

mediated by EGFR followed by a MMP cleavage and accompanies many malignancies . Soluble programmed death

receptor ligands sPD-L1 and sPD-L2 were related to reduced OS and platinum resistance, respectively . Secretome

proteomics of chemo-resistant and chemo-sensitive ovarian cancer enabled the identification of the proteins that showed

different levels between the studied groups. One of them, collagen type XI alpha 1 chain (COL11A1), was found to be a

biomarker of chemoresistance and correlated with worse survival . The flow cytometric analysis of the blood of ovarian

cancer patients found significant relationship between chemoresistance and both increased the number of CD44+/CD24−

stem cells and over-expression of ubiquitin-conjugating enzyme E2 coding gene RAD6 . The population of

CD44+/CD117+ stem cells were related to platinum and paclitaxel resistance .

Transcriptome-based stemness-related gene signature was used to create the prediction system for platinum sensitivity.

The results revealed that four genes were associated with the OS of advanced-stage HGSOC patients, with AURKA,

MYBL2, and ORC1 predicting shorter survival, and Polo-like kinase 1-PLK1 longer survival, respectively. The study

performed to investigate the potential chemoresistance indicators among the stemness-associated key genes in stage III–

IV HGSOC patients receiving platinum or the combination of platinum and taxol showed that the higher expression of

AURKA, MYBL2, and ORC1 genes prognosed shorter OS, while the higher expression of CCNA2 gene prognosed longer

OS. According to the PFS, the higher expression of AURKA, BIRC5, CCNA2, CCNB2, CDC20, CDK1, PLK1, RRM2,

TOP2A, and TTK predicted longer PFS. In the group of advanced HGSOC patients treated with both platinum and taxol,

shorter OS was correlated with the higher expression of CCNA2, CDK1, ORC1, TOP2A, and TTK, whereas higher

expression of BIRC5, CCNB2, CDC20, MYBL2, PLK1, TOP2A, and TTK predicted longer PFS. The expression of BIRC5,

BUB1, CDC20, CDK1, and ORC1 was up-regulated in platinum-sensitive compared with platinum-resistant HGSOC

samples. From all these genes, CDC20 was found to be the most relevant gene for tumor progression and drug

resistance .

2.2. Circulating Tumor Cells (CTCs)

The presence of particular populations of CTCs was also considered a prognostic factor for chemo-resistance. Analysis of

EpCAM, mucin (MUC1 and MUC16), and excision repair cross-complementation group 1 (ERCC1) protein positive CTCs

indicated that ERCC1+ CTCs were independent prognostic factors for platinum resistance, OS, and PFS in primary

ovarian epithelial malignant tumors . The presence of ERCC1+ CTCs correlated with sPD-L2 serum levels, and their

persistence, indicated poor post-treatment outcome . A stronger concordance of platinum sensitivity was noted for

elevated iCTCs than for serum CA125 . Upon platinum-based chemotherapy, CTCs acquired EMT-like phenotype,

characterized by a shift towards PI3Kα and Twist-expressing CTCs, which could reflect a clonal tumor evolution towards

therapy-resistant phenotype . The analysis of CTCs for prognostic purposes is available even on a level of single

CTCs. The CTCs positive for both stem cell (CD44, ALDH1A1, Nanog, Oct4) and EMT markers (N-cadherin, Vimentin,

Snai2, CD117, CD146) could account for chemoresistance; however, the interpretation of the results is hampered by an

inter-cellular and intra/inter-patient heterogeneity .
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2.3. Epigenetic Biomarkers

2.3.1. Histone and Methylation Biomarkers

Several studies identified some mechanisms of epigenetic regulation of chemoresistance in HGSOC. Gene sets

associated with H3K27me3/H3K4me3 histone marks at transcription start sites in a HGSOC tumor were investigated in

one of the studies. The significantly lower expression for the H3K27me3 and bivalent gene sets in “stem-like cells” and in

the chemoresistant cell lines made the point of the role of genetic silencing in HGSOC progression . Another study

revealed that by recruiting the DOT1-like histone lysine methyltransferase (DOT1L), CCAAT/enhancer-binding protein

beta (C/EBPβ) can maintain an open chromatin state by H3K79 methylation of multi-drug resistance genes, thereby

augmenting the chemoresistance of tumor cells . 5-Hydroxymethylcytosine (5hmC) may regulate gene expression or

prompt DNA methylation. Loss of 5hmC levels have been associated with resistance to platinum-based therapy and

worse patient survival . The aberrant miR-7 methylation followed by changed regulation of MAF BZIP transcription

factor G (MAFG) target gene has been involved in the development of platinum resistance and was associated with poor

prognosis in ovarian cancer patients . DNA/RNA helicase Schlafen-11 (SLFN11) is one of the strongest predictors of

sensitivity to platinum. In tumor-infiltrating immune cells, SLFN11 expression was associated with immune activation in

HGSOC by platinum treatment. However, CpG island hypermethylation of SLFN11 promoter was associated with platinum

resistance in HGSOC patients . Hypomethylating agents are able to resensitize tumor cells to cisplatin . However,

hypomethylation could also enhance the expression of plasminogen activator inhibitor type 1 (SERPINE1) and EMT in

ovarian cancer, thus supporting chemoresistance .

2.3.2. MicroRNA Biomarkers

MiRNAs are known regulators of cancer gene’s expression and function, and several miRNAs were found to play a

prognostic and predictive role in ovarian cancer therapy. MiR-335 expression level was observed to be reduced in

malignant tissue samples, especially omental implants, and was associated with shorter OS and tumor recurrence .

Up-regulation of miR-335-5p expression restored the cisplatin sensitivity of ovarian cancer cells through suppressing the

BCL2L2 anti-apoptotic gene, suggesting the potential of miR-335-5p/BCL2L2 signaling as a therapeutic target to

overcome the cisplatin resistance . High collagen type XI alpha 1 (COL11A1) levels were found to be associated with

tumor progression, chemoresistance, and poor patient survival. MiR-509 and miR-335 were identified as the candidate

miRNAs regulating COL11A1 expression. Treatment of ovarian cancer cells with miR-335 mimics decreased COL11A1

expression and suppressed cell proliferation and invasion, simultaneously increasing the cisplatin sensitivity .

Moreover, COL11A1 regulates twist family basic helix–loop–helix transcription factor 1-related protein 1 (TWIST1),

resulting in the induction of chemoresistance and inhibition of apoptosis in ovarian cancer cells .

The set of four miRNA biomarkers (miR-454-3p, miR-98-5p, miR-183-5p, and miR-22-3p) identified in the ovarian tumor

were able to discriminate between platinum-sensitive and platinum-resistant HGSOC patients, thus being an indicator of

chemoresistance . The set of ten miRNAs (miR-151, miR-301b, miR-505, miR-324, miR-502, miR-421, let-7a, miR-320,

miR-146a, and miR-193a) was used to create a 10-miRNA score. The tumor samples were classified into four subtypes:

mesenchymal (high expression of stromal components), proliferative (high expression of proliferation markers),

immunoreactive (high expression of T-cell chemokine ligands and their receptors), and differentiated (high expression of

ovarian tumor markers) . Results indicated that the high 10-miRNA-score group contained more tumors of the

proliferative subtype, while the low 10-miRNA-score group contained more tumors of the mesenchymal subtype,

respectively. A high 10-miRNA score was associated with extreme genome instability that explained the chemosensitivity,

followed by favorable survival . Low tumor suppressor miR-let7g tissue levels in ovarian cancer were associated with

chemoresistance, and up-regulation of this miRNA in ovarian cancer cell lines promoted cell cycle arrest, inhibited

epithelial-to-mesenchymal transition (EMT), and restored the chemosensitivity . The PCR analysis confirmed the up-

regulation of another miRNA, miR-23a-3p, in chemo-resistant tumors from HGSOC patients. MiR-23a-3p suppresses

apoptosis of tumor cells and supports platinum chemoresistance by regulating the expression of the apoptotic protease-

activating factor 1 APAF1. The miR23a-3p/APAF1 signaling could be a possible target to reverse platinum resistance .

Restoration of miR-139-5p in chemo-resistant ovarian cancer cell lines increased the sensitivity to cisplatin treatment and

promoted cisplatin-induced mitochondrial apoptosis . Lipid metabolism is important for sustainment of proliferation and

stemness of ovarian cancer cells. Solute carrier family 27 member 2 (SLC27A2) is responsible for transporting long-chain

and very long-chain fatty acids into the cells and activating intracellular signaling pathways. SLC27A2 can bind to the miR-

411 promoter region and change its effects on the drug-transporter ABCG2 target gene. By this mechanism, down-

regulated miR-411 expression contributes to ovarian cancer chemoresistance . The epigenetic regulation of insulin

growth factor-1 receptor (IGF1R) by another miR-1294 has also been connected to cisplatin resistance . Study of both

primary and recurrent BRCA1/2-mutated ovarian cancers, and patient-derived cell lines used in the in vivo BRCA2-

mutated mouse model, allowed for identification of miR-493-5p that induced platinum/PARPi resistance exclusively in
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BRCA2-mutated tumors . Disturbed function of ion channels is one of the features of cancer cells. Expression of

potassium channel calcium activated large conductance subfamily M alpha member 1 (KCNMA1) is reduced in

chemoresistant ovarian cancer cells and correlates with the over-expression of miR-31 regulatory miRNA . MiRNA-21

is an oncogenic miRNA found to be up-regulated in almost all human cancers. The miR-21 expression was up-regulated

in cisplatin-resistant compared with cisplatin-sensitive ovarian cancer cells, and its expression was regulated by c-Jun N-

terminal protein kinase 1 (JNK-1)/c-Jun/miR-21 pathway . In vitro experiments indicated that miR-551b enhanced the

proliferation and chemoresistance of ovarian cancer stem cells through the suppression of forkhead box O3 (Foxo3) and

tripartite motif containing 31 (TRIM31) tumor suppressor genes . However, there is also a group of miRNAs in which

over-expression was correlated with increased chemosensitivity, like miR-9, miR-30a, and miR-211 . The

increase in the cancer stem cells population results from the activation of the Hippo/YAP pathway target genes upon

myosin phosphatase target subunit 1 (MYPT1) down-regulation, mediated by the over-expression of miR-30b.

Combination therapy with cisplatin and YAP inhibitors could potentially suppress MYPT1-induced resistance . Defective

function of the DNA repair and genome integrity checkpoints is responsible for the genetic instability of cancer cells. The

Chk1 is a serine/threonine kinase which is activated in response to diverse genotoxic signals and retransmits signals from

the proximal checkpoint kinases like ATM serine/threonine kinase (ATM), ATR serine/threonine kinase (ATR), and

serine/threonine kinase (ATX). The consequence of the signal transmission depends on the route of further signals and

could be as follows: a switch to the stress-induced transcription program, initiation of DNA repair, delay or sustained block

of cell cycle progression, apoptosis, and modulation of the chromatin remodeling pathway . Dual oxidase maturation

factor 1 (DUOXA1) over-expression stimulates reactive oxygen species (ROS) production and activates the ATX-Chk1

pathway . The ROS production and DUOXA1 up-regulation cause the activation of c-Myc/miR-137/enhancer of zeste 2

polycomb repressive complex 2 subunit methylotransferase (EZH2) pathway and enhances platinum resistance .

Combination of the EZH2 inhibitor with a RAC1 GTPase inhibitor reduced the expression of stemness and induced

inflammatory gene expression, thus promoting the differentiation of subpopulations of HGSOC cells and chemosensitivity

.

2.3.3. Long Non-Coding RNA Biomarkers

The panel of seven HGSOC tumor-derived long non-coding RNAs (lncRNAs) including both up-regulated (RP11-126K1.6,

ZBED3-AS1, RP11-439E19.10, and RP11-348N5.7) and down-regulated lncRNAs (RNF144A-AS1, GAS5, and F11-AS1)

showed high accuracy in predicting chemosensitivity (AUC > 0.8) . Another panel of seven lncRNAs was also shown to

predict chemoresistance with LINC01363, AC114401.1, and AL360169.2 indicating chemo-resistance, and LINC01018,

LINC02636, AC090625.2, and AC084781.1 indicating at least partial chemosensitivity . Plasmacytoma variant

translocation 1 (PVT1) is a lncRNA responsible for dysregulation and down-regulation of tumor suppressors. The PVT1

was significantly up-regulated in ovarian cancer tissues of cisplatin-resistant patients, acting through the regulation of

TGF-β1, p-Smad4, and Caspase-3 expression in apoptotic pathways . Metastasis-associated lung adenocarcinoma

transcript 1 (MALAT1) regulates the expression of metastasis-associated genes in cancer. Its knockdown enhanced

platinum-induced apoptosis in vivo and inhibited the Notch1 signaling pathway and ATP binding cassette subfamily C

member 1 (ABCC1) drug transport system expression in platinum-resistant ovarian cancer cells . HOX transcript

antisense RNA (HOTAIR) lncRNA is a regulator of chromatin state and is over-expressed in several metastatic tumors. It

was found in ovarian cancer that the NF-κB-HOTAIR axis contributes during platinum-triggered DNA damage response to

cellular senescence and chemotherapy resistance .

Long integrated non-coding RNAs (lincRNAs) play an important role in platinum-induced DNA-damage response.

LincRNA H19 knockdown in the HGSOC cell line resulted in the recovery of cisplatin sensitivity through the reduction of

seven key proteins involved in the glutathione metabolism pathway .

2.3.4. Circular RNA Biomarkers

Circular RNAs (circ_RNAs) are responsible for the sponging of miRNAs, a process which could both promote or suppress

the proliferation and invasiveness of several cancers. They can also interact with RNA-binding proteins and be involved in

protein translation . The serum levels of circ_SETDB1 were associated with ovarian cancer progression, metastases,

and primary chemoresistance . In another study, it was found that ovarian cancer platinum sensitivity could be

regulated by circ_Cdr1as sponging miR-1270 . In the cisplatin-resistant group of patients, the circulating circ_RNA

foxed box protein P1 (circ_FoxP1) was found to be significantly increased and correlated with clinical features of disease

advancement and with patients’ survival. Circ_FoxP1-mediated sponging of miR-22 and miR-150-3p regulates

chemosensitivity, as the use of inhibitors of these two miRNAs enhanced cisplatin resistance. The regulation through

sponged miRNAs involves CCAAT enhancer binding protein gamma (CEBPG) and formic-like 3 (FMNL3) proteins
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engaged in the response to the cellular stress and regulation of cell morphology and cytoskeletal organization,

respectively .
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