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Recent advances in the contribution of circRNAs to cisplatin chemotherapy 
resistance in cancers 
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Worldwide, cancer is a serious threat to the health of citizens of every country, with the incidence and mortality increasing 
year by year. Cisplatin is the first-line anticancer drug commonly used in clinics and is widely used for the treatment of solid 
tumors including lung, gastric, liver, bladder, and ovarian cancer. Although cisplatin-based chemotherapy has a high clinical 
response efficacy, patients will inevitably develop drug resistance after repeated use, leading to severe restrictions of its appli-
cation. Circular RNAs (circRNAs) are a promising class of non-coding RNAs capable of promoting or suppressing cancer 
via functioning as miRNAs sponges. Recently, an increasing amount of evidence shows that circRNAs are closely related to 
the cisplatin resistance of cancers. Therefore, standing at the perspective of the cisplatin chemotherapy resistance, this paper 
reviews the research progress of circRNAs related to cisplatin resistance of various cancers.
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The International Agency for Research on Cancer (IARC) 
has online released the newest global cancer statistics (https://
www.iarc.who.int/faq/latest-global-cancer-data-2020-qa/) 
in 2020, providing the data that represents current national 
estimates of the latest incidence, mortality, and development 
trend of 36 cancer types in 185 countries. In 2020, there are 
19.29 million new cases and 9.96 million deaths. Compared 
with the statistics reported in 2018 [1], the number of new 
cases increased by 6.6% and deaths by 3.8%. Among various 
cancers, lung cancer still ranks the first as a cause of cancer 
death. With the incidence and mortality of cancer increasing 
yearly, cancer is a serious threat to the health of every citizen 
around the world.

Cisplatin (CDDP) is a metal anticancer drug most 
commonly used in clinics. Its anticancer mechanisms can be 
listed as follows: firstly, CDDP forms intrastrand cross-links 
in DNA between adjacent purine residues, and induces a 
conformational alteration in DNA [2], thereby keeping RNA 
polymerase II (RNAP II) from DNA transcription and leading 
to cell death [3]; secondly, acting as mediators or enhancers 
of CDDP-triggered cytotoxicity, proteins containing high-

mobility group (HMG) domains protect the intrastrand 
cross-link from cellular repair [4]; thirdly, certain proteins 
are believed to bind the DNA site damaged by CDDP. For 
example, when Sp1 (a sequence-specific Zn finger protein) 
binds to DNA, it aggravates DNA bending to enhance the 
damage [5]. Platinum drugs interfere with DNA to establish 
a good mode of effect. In addition, they may also interfere 
with RNA. However, whether such interference effect serves 
as an activator to enhance anticancer and/or contributes to 
harmful side effects remains to be investigated [6]. Generally, 
CDDP-based chemotherapy is extensively employed against 
a wide spectrum of solid tumors including lung, gastric, and 
bladder cancers owing to its high clinical response efficacy 
and ability to prolong the survival of patients [7]. But cancer 
is prone to develop drug resistance after repeatedly using 
CDDP. The mechanisms of resistance mainly are that the 
eukaryotic RNAP II blocked at a site of DNA damage triggers 
the NER repair pathway [3] and that NER proteins, associated 
with CDDP-DNA adducts, are highly expressed by cancer 
cells to reduce the damage of platinum drugs [4]. Moreover, 
many cancers display resistance to CDDP by decreasing the 
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absorption of CDDP or increasing its efflux [8]. So, even if 
these cancers were initially sensitive to CDDP, they would 
eventually bloom into drug resistance, bringing about severe 
restrictions on the application of CDDP.

Circular RNAs (circRNAs), a class of non-coding RNAs, 
are characterized by covalently connecting free 3’- to 5’-ends, 
forming a closed circular structure [9]. This structure protects 
circRNAs from the degradation of ribonuclease, making 
them more stable than linear RNAs. CircRNAs widely exist 
in various tissues of the human body and their biological 
functions are dependent on their cell location. Cytoplasm-
located circRNAs mainly act as competing endogenous 
RNA (ceRNA) to combine with microRNAs (miRNAs), 
and negatively regulate miRNAs expression. In other words, 
circRNAs adsorb miRNAs as a sponge [10–13]. In the past, 
researches on circRNAs mainly focused on their relation-
ship with the malignant development of cancer. But in recent 
years, more and more studies have paid attention to the 
relationship between circRNAs and cancer radiotherapy and 
chemotherapy resistance [10, 14], which is of great signifi-
cance for the treatment of cancer. In view of this, standing 
at the perspective of CDDP chemotherapy resistance, this 
paper reviews the research progress of circRNAs related to 
CDDP resistance of various cancers (Table 1).

Lung cancer

Lung cancer (LC) is the most common cancer in the 
world, with high morbidity and mortality. LC is histologically 
divided into two types: small cell lung cancer and non-small 
cell lung cancer (NSCLC). NSCLC is the most common type, 
accounting for about 80–85% of all LC cases [15]. Although 
the treatment plan is constantly being optimized, CDDP is 
still the first-line chemotherapeutic agent [16]. A study found 
that circAKT3 was highly expressed in clinical tissues and 
cells and regulated the expression of STAT3 by targeting 
miR-516b-5p, which in turn regulated the sensitivity of LC 
cells to CDDP [17]. circZFR was aberrantly upregulated 
in NSCLC tissues and cells, which regulated Cbl proto-
oncogene like 1 (CBLL1) by targeting miR-545-3p, thereby 
protecting NSCLC cells against the damage induced by 
CDDP [18]. hsa_circRNA_103809 was highly expressed in 
LC resistant cell lines (A549/DDP, H1299/DDP, and Calu-3/
DDP), and it negatively regulated miR-377-3p to promote 
the expression of glutamate oxaloacetate transaminase 1 
(GOT1), leading to CDDP resistance in NSCLC cells [19]. 
The circ_0007385 is derived from host gene MEMO1 and 
has been confirmed to be upregulated in NSCLC tissues 
and cells. It was found by molecular mechanism research 
that circ_0007385 upregulated high-mobility group box 1 
(HMGB1) expression by sponging miR‐519d‐3p, contrib-
uting to the CDDP resistance [20]. circ-PRMT5, originated 
from the gene PRMT5, upregulated protein reversionless 
3-like (REV3L) via targeting miR-4458 to promote CDDP 
resistance. Silencing of circ-PRMT5 improved the response 

rate of A549/DDP and H460 to CDDP [21]. circRNA_100565 
was upregulated in CDDP-resistant NSCLC tissues and cells, 
and regulated indirectly the expression of ADAM metallo-
peptidase domain 28 (ADAM28) by sponging miR-377-3p 
to enhance the CDDP resistance of NSCLC cells [22]. hsa_
circ_0014235 is derived from S100 calcium binding protein 
A2 (S100A2), and its expression was significantly increased 
not only in NSCLC tissues and cells but in exosomes from 
the serum of NSCLC patients. hsa_circ_0014235 overex-
pression enhanced the proliferation, migration, invasion, 
and CDDP resistance of NSCLC through upregulating the 
expression of cyclin-dependent kinase 4 (CDK4) by inhib-
iting miR-520a-5p [23]. Similarly, circ_PIP5K1A, derived 
from the PIP5K1A gene, was also upregulated in NSCLC 
tissues, serum, and cells. circ_PIP5K1A positively regulated 
the expression of ATP binding cassette subfamily C member 
1 (ABCC1) through acting as a sponge for miR-101. ABCC1 
is relevant to multidrug resistance, which promotes drug 
resistance by mediating the exclusion of chemothera-
peutic drugs [24]. Compared with CDDP-sensitive NSCLC 
cells, circRNA CDR1as (CDR1as) and Homeobox protein 
Hox-A9 (HOXA9) were up-expressed, while miR-641 was 
down-expressed in CDDP-resistant cells. In in vivo and in 
vitro experiments, CDR1as positively regulated HOXA9 
expressions by sponging miR-641 to reinforce tolerance to 
CDDP [25]. Additionally, experiments in vitro found that 
CDR1as promoted cancer stem cells (CSCs) enrichment and 
positively regulated cell stemness to facilitate the formation 
of drug resistance [25]. This means that it may be a poten-
tial approach to eliminate CSCs by targeting the CDR1as/
miR-641/HOXA9 axis in CDDP resistant NSCLC cells. 
However, the study needs to be further verified by xenograft 
animal models in vivo.

The immune microenvironment is crucial for the devel-
opment of NSCLC. Programmed death ligand-1 (PD-L1) 
is proved to not only mediate the immune escape but also 
regulate the drug resistance of cancer cells [26]. circ-CPA4 
and PD-L1 were highly expressed, while let-7 miRNA (let-7) 
was lowly expressed in NSCLC tissues and cells. Patients 
with lower levels of circ-CPA4 and PD-L1 and higher let-7 
tend to have a better prognosis. The experiment has demon-
strated the regulation mechanism between circ-CPA4, let-7, 
and PD-L1, which is that circ-CPA4 regulates the PD-L1 
expression by targeting let-7. Moreover, PD-L1 exosomes 
derived from NSCLC cells also self-regulate cell stemness to 
enhance the CDDP resistance of NSCLC cells [26].

circ_0076305 was upregulated in NSCLC tissues and 
cells, which acted as a sponge of miR-296-5p to promote the 
expression of STAT3 to enhance the resistance of NSCLC cells 
to CDDP [27]. circ-ABCB10 was overexpressed in NSCLC 
cells and sponged miR-556-3p to upregulate adenylate kinase 
4 (AK4) by serving as a ceRNA in vitro, making LC cells 
tolerable to CDDP damage [28]. circCCND1, confirmed to 
be upregulated in NSCLC cells and patients, could interact 
with miR-187-3p to regulate the expression of reactive 
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Table 1. circRNAs related to cisplatin resistance.

Cancer circRNA Upregulated/
Downregulated miRNA Factor Model

Lung cancer circAKT3 upregulated miR-516b-5p STAT3 in vitro and in vivo
circZFR upregulated miR-545-3p CBLL1 in vitro and in vivo
hsa_circ_103809 upregulated miR-377-3p GOT1 in vitro and in vivo
circ_0007385 upregulated miR-519d-3p HMGB1 in vitro and in vivo
circ-PRMT5 upregulated miR-4458 REV3L in vitro and in vivo
circRNA_100565 upregulated miR-377-3p ADAM28 in vitro and in vivo
hsa_circ_0014235* upregulated miR-520a-5p CDK4  in vitro and in vivo
circ_PIP5K1A* upregulated miR-101 ABCC1 in vitro and in vivo
circRNA CDR1as upregulated miR-641 HOXA9 in vitro and in vivo
circ-CPA4* upregulated let-7 PD-L1 in vitro and in vivo
circ_0076305 upregulated miR-296-5p STAT3 in vitro
circ_ABCB10 upregulated miR-556-3p AK4  in vitro
circCCND1 upregulated miR-187-3p ROS, FGF9 in vitro
hsa_circ_0085131 upregulated miR-654-5p ATG7 in vitro
circ_0008928* upregulated miR-488 HK2 in vitro
circPVT1 upregulated miR-145-5p ABCC1 in vitro
circRNA CDR1as upregulated unclear EGFR in vitro
hsa_circ_0046264 upregulated unclear unclear in vitro
hsa_circ_0096157 upregulated unclear unclear in vitro
circ-SMARCA5 downregulated unclear unclear in vitro
hsa_circ_0001946 downregulated unclear unclear in vitro
circEIF3as unclear unclear unclear in vitro
circ_0000079# downregulated unclear FXR1 in vitro

Gastric cancer circFAM73A upregulated miR-490-3p HMGA2 in vitro and in vivo
hsa_circ_0081143 upregulated miR-646 CDK6 in vitro and in vivo
circAKT3 upregulated miR-198 PIK3R1 in vitro and in vivo
circDONSON upregulated miR-802 BMI1 in vitro and in vivo
circPVT1 upregulated miR-152-3p HDGF in vitro and in vivo
circVAPA upregulated miR-125b-5p STAT3 in vitro and in vivo
circPVT1* upregulated miR-30a-5p YAP1 in vitro and in vivo
circ_0110805 upregulated miR-299-3p ENDOPDI in vitro and in vivo
circCCDC66 upregulated miR-618 BCL2 in vitro and in vivo
circMCTP2 downregulated miR-99a-5p MTMR3 in vitro and in vivo
circCUL2 downregulated miR-142-3p ROCK2 in vitro and in vivo
circ_0000260* upregulated miR-129-5p MMP11 in vitro and in vivo
circ_0026359 upregulated miR-1200 POLD4 in vitro
circFN1 upregulated miR-182-5p unclear in vitro and in vivo

Liver cancer circARNT2 upregulated miR-155-5p PDK1 in vitro and in vivo
circRNA_102272 upregulated miR-326 RUNX2 in vitro and in vivo
circ_PRMT5 upregulated miR-924 POU3F2 in vitro and in vivo
circRNA_101505 downregulated miR-103 NOR1 in vitro and in vivo
circ_0003418 downregulated unclear β-catenin in vitro and in vivo
circRNA_101237 upregulated unclear unclear in vitro
circ-SMARCA5 downregulated unclear unclear in vitro

Osteosarcoma circTADA2A upregulated miR-129-5p TRPS1, YAP1 in vitro and in vivo
circUBAP2 upregulated miR-506-3p SEMA6D in vitro
circ-LARP4 downregulated miR-424 unclear in vitro
circPVT1 upregulated unclear ABCB1 in vitro
circ_001569 upregulated unclear p-GSK3β, β-catenin in vitro
hsa_circ_103801* upregulated unclear unclear in vitro
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that CDR1as activated the EGFR/PI3K signaling pathway. 
However, whether CDR1as acts as ceRNA to sponge 
certain miRNA remains to be further discussed [33]. hsa_
circ_0046264, elevated in LC tissues, promoted the prolifera-
tion, migration, and invasion of A549 cells, and significantly 
aggravated drug resistance [34]. But still, more research is 
required to clarify the mechanisms in detail. Developed by 
the ligation of long non-coding RNA MALAT1, the overex-
pression of hsa_circ_0096157 was found to promote the 
resistance of NSCLC cells to CDDP [35]. It is noticeable that 
the result disclosed novel mechanisms for long non-coding 
RNA to regulate tumorigenesis and drug resistance for the 
first time. circ-SMARCA5, derived from the SMARCA5 
gene, was downregulated in NSCLC cells and its upregula-
tion enhanced the chemotherapy sensitivity by functioning 
as a tumor suppressor [36]. However, the miRNA/target 
protein axis related to it remains unclear. The expression 
level of hsa_circ_0001946 was low in LC tissues and cells, 
especially in CDDP-resistant cells. Downregulation of hsa_
circ_0001946 decreased cell apoptosis and CDDP sensitivity, 
but the specific mechanisms leading to drug resistance are 
still unclear. It may regulate the NER signaling pathway 
through four potential miRNAs (hsa-miR-7-5p, hsa-miR-
671-5p, hsa-miR-1270, or hsa-miR-3156-5p) [15].

One newly released research shows that a variety of 
circEIF3as have been detected in drug-sensitive and 
drug-resistant LC cells, among which hsa_circ_0004350 
and hsa_circ_0092857 were differentially expressed [37]. 
Downregulation of hsa_circ_0004350 and hsa_circ_0092857 

oxygen species (ROS) and fibroblast growth factor 9 (FGF9), 
serving as a promoter for drug resistance of NSCLC treated 
with CDDP [29]. hsa_circ_0085131 is derived from poly(A) 
binding protein cytoplasmic 1 (PABPC1) that encodes 
polyadenylate binding protein, and it was upregulated in 
CDDP resistant NSCLC tissues and cells. hsa_circ_0085131 
sponges miR-654-5p to elevate the expression of autophagy 
related 7 (ATG7), which triggers autophagy and promotes 
CDDP resistance [30]. circ_0008928 was obviously upregu-
lated in serum exosomes of CDDP-resistant NSCLC patients 
and CDDP-resistant NSCLC cells. circ_0008928 was a 
sponge of miR-488 which bound to hexokinase 2 (HK2), 
and circ_0008928 silencing improved the CDDP sensitivity 
[31]. circPVT1, derived from the PVT1 gene, was highly 
expressed in lung adenocarcinoma (LAD) tissues and cells. 
It regulated ABCC1 expression by targeting miR-145-5p 
and participated in the resistance of CDDP and pemetrexed 
chemotherapy [10]. Likewise, Lu et al. [32] detected the 
levels of serum circPVT1 in NSCLC patients who received 
CDDP combined with gemcitabine chemotherapy and 
found the expression of circPVT1 in the chemotherapy 
resistance group was higher than that in the sensitive group, 
suggesting that circPVT1 was related to chemotherapy resis-
tance. Therefore, the effect of chemotherapy may be deter-
mined by the level of circPVT1 in serum.

In chemotherapy-resistant LAD cells, silencing of CDR1as 
reduced IC50 of pemetrexed (PTX) and CDDP, which 
showed that silencing of CDR1as made resistant LAD cells 
re-sensitive to PTX and CDDP. The mechanism might be 

Table 1. Continued ...

Cancer circRNA Upregulated/
Downregulated miRNA Factor Model

Bladder cancer circFNTA upregulated miR-370-3p FNTA in vitro and in vivo
circRNA CDR1as downregulated miR-1270 APAF1 in vitro and in vivo
circELP3 upregulated(hypoxia) unclear unclear in vitro and in vivo
hsa_circ_0000285 downregulated unclear unclear in vitro
circLIFR# downregulated no  MSH2 in vitro and in vivo

Ovarian cancer circHIPK2 upregulated miR-338-3p CHTOP in vitro and in vivo
circRNA CDR1as* downregulated miR-1270 SCAI in vitro and in vivo
circFoxp1* upregulated miR-22, miR-150-3p CEBPG, FMNL3 in vitro and in vivo

Colorectal cancer circ_0071589 upregulated miR-526b-3p KLF12 in vitro and in vivo
circ_0020095 upregulated miR-487a-3p SOX9 in vitro and in vivo

miR-338-3p Met in vitro
Cervical cancer circMTO1 upregulated miR-6893 S100A1, Beclin1, p62 in vitro and in vivo

hsa_circ_0023404 upregulated miR-5047 VEGFA in vitro
Oral squamous cell carcinoma circ_0109291  upregulated miR-188-3p ABCB1 in vitro and in vivo

circ_0001971 upregulated miR-194, miR-204 unclear in vitro and in vivo
Laryngeal carcinoma circPGAM1 upregulated miR-376a ATG2A in vitro and in vivo

circ_0004507 upregulated miR-873 MRP1, MDR1 in vitro and in vivo
Thyroid carcinoma circEIF6 upregulated miR-144-3p TGF-α in vitro and in vivo
Esophageal cancer circRNA_001275 upregulated miR-370-3p Wnt7a in vitro
Nasopharyngeal carcinoma hsa_circ_0028007 upregulated unclear unclear in vitro

Note: *research involving exosomes; #circRNAs combined with proteins
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may affect the resistance of LC cells to CDDP [37]. Never-
theless, the potential mechanisms are still unclear. Another 
new study shows that hsa_circ_0081664, hsa_circ_0081666, 
and hsa_circ_0013502 may play a role in the CDDP resis-
tance of NSCLC, yet their expression levels in clinical tissues, 
functions, and mechanisms are still at an unknown stage [7].

Gastric cancer

Although methods such as molecularly targeted therapy 
have emerged, surgical resection and adjuvant chemo-
therapy are still the main means for gastric cancer (GC) 
treatment [13]. For patients who have been pathologically 
diagnosed with advanced GC and have not received chemo-
therapy, chemotherapy based on CDDP and fluorouracil 
is regarded as the first-line treatment. But patients always 
develop resistance after several courses of chemotherapy 
[12]. circFAM73A was elevated in GC tissues, and functions 
as a sponge of miR-490-3p to modulate HMGA2 (High 
mobility group A2) expression to enhance the CDDP resis-
tance of GC. Moreover, HMGA2 could further promote 
circFAM73A expression, generating a positive feedback 
regulation [38]. hsa_circ_0081143 was highly expressed 
in GC tissues and regulated the expression of cell division 
protein kinase 6 (CDK6) by targeting miR-646, which 
in turn affected the sensitivity of GC cells to CDDP [39]. 
circAKT3 was upregulated in tissues from CDDP-resistant 
GC and in CDDP-resistant cells. Mechanistically, circAKT3 
sponges miR-198 to abolish the suppressive effect of the 
miRNA on its downstream target gene PIK3R1, which 
activated the PI3K/Akt signaling pathway in GC cells, finally 
upregulating the DNA repair molecule breast cancer type 
1 susceptibility protein (BRCA1) and promoting CDDP-
resistance [12]. circDONSON, derived from back-splicing 
of DONSON mRNA, was upregulated in CDDP-resistant 
GC tissues and cells, and it regulated the expression of B 
lymphoma Mo-MLV insertion region 1 (BMI1) protein 
by targeting miR-802 to affect the tolerance of GC cells 
to CDDP [40]. circPVT1 was upregulated in CDDP-resis-
tant GC tissues and cells, and it promoted the expression 
of hepatoma-derived growth factor (HDGF) by acting as 
a sponge for miR-152-3p, thereby activating the PI3K/Akt 
signaling pathway to induce drug resistance [41]. circVAPA 
was upregulated in clinical GC tissues, and regulated STAT3 
by sponging miR-125b-5p to modulate the CDDP resistance 
in GC progression [42]. Besides, Yao et al. [43] found that 
circPVT1 was highly expressed in exosomes from CDDP-
resistant GC serums and cells and that circPVT1 promoted 
the resistance to CDDP through the miR-30a-5p/YAP1 
axis. circ_0110805 was detected to be upregulated in GC 
tissues and cells and was higher in the CDDP-resistant ones. 
circ_0110805 elevates the expression of endothelial protein 
disulfide isomerase (ENDOPDI) by targeting miR-299-3p 
to weaken the sensitivity of GC to CDDP [44]. circCCDC66, 
originating from the CCDC66 gene, was upregulated in the 

CDDP-resistant GC tissues and cells and it plays a role in 
boosting CDDP resistance through the miR-618/BCL2 axis 
[45]. BCL2 acts as an oncogene in cancer due to its anti-
apoptotic effect. However, the specific mechanisms of how 
it regulates the resistance of GC cells to CDDP are still 
under study.

Abnormally activated autophagy induced by chemothera-
peutic drugs provides energy for cancer cells, thus promoting 
resistance of GC cells to CDDP [13]. MTMR3, one of the 
members of the myotubularin family, is an inositol lipid 
3-phosphatase that hydrolyzes PI3P to inhibit the forma-
tion of autophagosomes. In the CDDP-resistant GC cells 
and tissues, the expression of circMCTP2 was downregu-
lated, suppressing the expression of MTMR3 by targeting 
miR-99a-5p. The continuous decrease of the MTMR3 level 
triggered the formation of autophagosomes and promoted 
the resistance of GC to CDDP [46]. circCUL2, the product 
of back-splicing of the CUL2 mRNA, was downregulated in 
both GC tissues and cells. ROCK2, a serine-threonine kinase 
that regulates the morphology and migration of cells, was 
significantly increased in the CDDP-resistant cells overex-
pressing circCUL2. circCUL2 regulates CDDP sensitivity 
through autophagy induced by miR-142-3p/ROCK2 [13].

Gastric adenocarcinoma (GAC) is the main subtype of 
GC, most of which were diagnosed as advanced, and coupled 
with the drug resistance, the prognosis of the patients is 
unsatisfactory [47]. circ_0000260 was highly expressed in 
GAC-derived tissues and serum exosomes and was more 
abundant in the CDDP-resistant group than in the sensi-
tive group. circ_0000260 promoted the expression of matrix 
metalloproteinase 11 (MMP11) by targeting miR-129-5p, 
triggering GAC resistance to CDDP [47]. circ_0026359 was 
mainly overexpressed in the cytoplasm of GC cells with the 
CDDP resistance and it regulated the expression of DNA 
polymerase δ subunit 4 (POLD4) by targeting miR-1200 to 
enhance the CDDP resistance [48]. The expression level of 
circFN1 was elevated in the CDDP-resistant GC samples 
and cells. High expression circFN1 inhibited miR-182-5p 
and removed this miRNA from inducing the apoptosis via 
the caspase-3 signaling pathway, and weakened CDDP-
induced apoptosis [49]. circFN1 affected the sensitivity of 
cells to CDDP by targeting miR-182-5p but it is unclear 
whether there is a direct binding site between miR-182-5p 
and caspase-3. Therefore, the specific mechanisms of 
miR-182-5p regulating apoptosis and the effect of this 
apoptosis under the mechanism on CDDP resistance should 
be deeply studied.

Liver cancer

The tissue type of most patients with primary liver cancer 
is hepatocellular carcinoma (HCC). Although HCC can be 
treated by transplantation, surgical resection, radiofrequency 
ablation (RFA), transarterial chemoembolization (TACE), 
and systemic chemotherapy, the treatment of advanced 
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HCC is still very limited. CDDP-based chemotherapy is 
the main effective method to control the development of 
HCC and prolong patients’ life, but repeated chemotherapy 
makes many patients respond poorly to CDDP [50, 51]. A 
study shows that 538 circRNAs were significantly upregu-
lated and 430 downregulated in CDDP-resistant HCC tissues 
compared with CDDP-sensitive tissues [50]. circARNT2 
was upregulated in HCC tissues and cells, and it regulated 
3-phosphoinositide dependent protein kinase-1 (PDK1) by 
targeting miR-155-5p to make HCC cells resistant to CDDP 
[50]. The expression of circRNA_102272 was significantly 
upregulated in HCC tissues and cells, especially in CDDP-
resistant cell lines. circRNA_102272 regulated the expres-
sion of RUNX2, a member of runt-related transcription 
factors, by targeting miR-326 to promote the CDDP-resis-
tance of HCC [52]. circ_PRMT5 increased the expression 
of POU3F2, a POU-homeodomain transcription factor, by 
targeting miR-924 to regulate the progression and CDDP-
resistance [53]. Interestingly, circ_PRMT5 not only regulated 
the expression of MRP1 and P-gp through the miR-924/
POU3F2 axis but also participated in regulating signal trans-
duction of the Wnt/β-catenin/c-Myc pathway through the 
axis in CDDP-resistant HCC cells [53]. Therefore, the future 
challenges are to determine the detailed relationship of these 
new regulatory networks.

Downregulation of circRNA_101505 was related to 
the poor survival of HCC. It upregulated oxidored-nitro 
domain-containing protein 1 (NOR1) by targeting miR-103 
to display tumor suppressor effect and overexpression of 
circRNA_101505 made HCC cells re-sensitive to CDDP in 
vitro and in vivo [54]. In HCC tissues and cells, the expres-
sion level of circ_0003418 was detected to be reduced, which 
mediated the adjustment of CDDP sensitivity by affecting 
the expression of β-catenin and c-Myc [51]. c-Myc is one of 
the downstream target genes of the Wnt signaling pathway 
[55]. So, it is speculated that the regulation of c-Myc by 
circ_0003418 may be achieved via the Wnt/β-catenin pathway 
but whether circ-0003418 acts as a sponge of some miRNA 
needs to be further discussed. In addition, circRNA_101237 
was elevated in tumor tissues and serum samples of patients 
with HCC, especially in CDDP-resistant HCC patients and 
cells [56]. However, whether circRNA_101237 knockdown 
will enhance the CDDP-sensitivity of HCC cells is still 
unclear, and more research is needed to reveal its underlying 
molecular mechanisms.

Intrahepatic cholangiocarcinoma (ICC) is the second 
most common type, and its incidence has increased in the 
last 20 years. Surgical resection is the cornerstone of treat-
ment of ICC but chemotherapy is beneficial to improve the 
clinical efficacy. circ-SMARCA5 was downregulated in the 
ICC tissues and was related to good clinicopathological 
characteristics and survival status. Upregulation of circ-
SMARCA5 improved the chemosensitivity of ICC cells to 
CDDP and gemcitabine [57] but its underlying molecular 
mechanism is currently unclear.

Osteosarcoma

Osteosarcoma (OS) is a common malignant bone tumor 
that mainly affects adolescents. At present, the treatment is 
mainly surgical resection, supplemented by radiotherapy and 
chemotherapy [58, 59]. Although CDDP and other anticancer 
drugs bring benefits to patients, drug resistance may also lead 
to treatment failure [60]. Yes-associated protein (YAP) and 
Trichorhinophalangeal syndrome 1 (TRPS1) were upregu-
lated in various OS cell lines and positively correlated with 
circTADA2A. But compared with other OS cell lines, the 
U2OS line exhibited the highest expression of YAP1, while 
MG63 showed the highest level of TRPS1. TRPS1 mainly 
contributes to drug resistance. Both YAP1 and TRPS1 were 
targets of miR-129-5p, which was the target of circTADA2A. 
That is to say, circTADA2A enhanced the expression of YAP1 
and TRPS1 by regulating miR-129-5p to promote the prolif-
eration and drug resistance of OS cells [59]. It is noteworthy 
that circTADA2A expression in MG63 was lower than in 
U2OS, which suggests that TRPS1 in MG63 cells may be 
regulated by other circRNAs to display strong drug resis-
tance. Another study found that circUBAP2 was upregu-
lated in CDDP-resistant OS tissues and cells. circUBAP2 
promoted the expression of semaphorins 6D (SEMA6D) 
by targeting the tumor suppressor miR-506-3p, and then 
SEMA6D activated the Wnt/β-catenin signaling pathway to 
stimulate the resistance of OS to CDDP [60].

circ-LARP4, a tumor suppressor, was down-expressed in 
tumor tissues and acted as a sponge of miR-424 to improve 
the sensitivity of OS cells to CDDP and adriamycin. circ-
LARP4, as one of the transcripts of the LARP4 gene, directly 
or indirectly regulated the expression of LARP4 protein but 
it is unclear whether there is a direct binding site between 
LARP4 and miR-424 [58]. circPVT1 was highly expressed 
in OS tissues and cells, especially in the groups with lung 
metastasis or chemoresistance and in multidrug resistant 
OS cell lines. circPVT1 knockdown partly reversed the 
resistance of OS cells to adriamycin and CDDP in vitro. The 
mechanisms may be that circPVT1 acts as a certain miRNA 
sponge to regulate the expression of ATP-binding cassette 
sub-family B member 1 (ABCB1), which can enhance 
chemotherapy resistance through pumping out the intra-
cellular drugs by the P-gp protein [61]. However, bioinfor-
matics analyses combined with a dual-luciferase reporter 
system are required to further search for related miRNAs. 
circ_001569 was significantly overexpressed in OS tissues 
compared with adjacent non-cancerous bone tissues, and it 
activated the Wnt/β-catenin signaling pathway to promote 
the resistance of OS cells to CDDP [62]. Exosome-mediated 
circRNAs transfer is another mechanism of CDDP resis-
tance of OS. Pan et al. [63] found hsa_circ_103801 was 
significantly higher in the serum exosomes from OS patients 
than that in the serum exosomes from healthy controls. The 
higher expression of hsa_circ_103801 in serum exosomal 
was correlated with shorter survival in OS patients. hsa_



circRNAS AND CISPLATIN RESISTANCE IN CANCERS 1125

circ_103801 overexpression reinforced the CDDP resistance 
but the involved miRNA and downstream target molecules 
are still unclear.

Bladder cancer

When diagnosed with bladder cancer (BC), about 75% 
of patients are non-muscle-invasive BC (NMIBC) and 25% 
muscle-invasive BC (MIBC). NMIBC patients have a life-
long risk of recurrence, of which 10–20% will develop to 
MIBC after surgery, while those with MIBC are at high risk 
for metastasis after radical cystectomy [64]. Once BC runs 
to an advanced stage, the only treatment option is chemo-
therapy combined with CDDP but drug resistance is the 
main factor limiting the long-term survival of BC patients 
[65, 66]. BC is related to the sex hormones and their recep-
tors, such as the androgen receptor (AR). AR suppresses 
RNA editing genes ADAR2 to accelerate the expression of 
circFNTA in diverse BC cell lines. Then, circFNTA trans-
mits the signal from AR to FNTA through miR-370-3p, 
which in turn activates KRAS to enhance the aggressive-
ness and CDDP resistance of BC [64]. Upregulated CDR1as 
in T24 and EJ cells was negatively correlated to the survival 
rates of cells at different CDDP concentrations, and CDR1as 
enhanced the sensitivity of BC cells to CDDP by regulating 
the expression of apoptosis protease‐activating factor 1 
(APAF1) via targeting miR-1270 [66]. Under hypoxia, the 
capacity of proliferation and drug resistance of BC cells were 
improved. Silencing circELP3, spliced from the ELP3 gene, 
could reduce proliferation and CDDP resistance of BC cells 
to the level that healthy BC cells were under normoxia. Also, 
tumor growth in vivo was suppressed by interfering with the 
expression of circELP3 [65]. This effect indicates the impor-
tant role of cirELP3 in hypoxia-induced tumor development. 
In addition, hsa_circ_0000285 was downregulated in tissues 
and serums from BC patients and its expression was lower 
in CDDP-resistant BC [67]. However, the specific regulatory 
mechanisms of either cirELP3 or hsa_circ_0000285 need to 
be studied more deeply.

Ovarian cancer

The 5-year overall survival rate of ovarian cancer (OC) 
is between 35–40% and the main factor limiting the long-
term survival of patients is the CDDP resistance [68]. A 
study found that there are 148 circRNAs upregulated and 
191 downregulated in CDDP-resistant tissues of OC [68]. 
Among them, circHIPK2 was highly expressed in OC 
patients’ serum, tissues, and OC cells, and higher expres-
sion was discovered in CDDP-resistant OC tissues and 
cells. circHIPK2 regulated chromatin target of protein 
arginine methyltransferase (CHTOP), a novel modulator 
in CDDP resistance of OC, by targeting miR-338-3p, and 
circHIPK2 knockdown suppressed CDDP resistance of OC 
[69]. CDR1as was decreased in CDDP-resistant tissues and 

cells, which affected the sensitivity to CDDP by regulating 
the expression of suppressor of cancer cell invasion (SCAI) 
via serving as a sponger of miR-1270. Interestingly, CDR1as 
was detected in serum exosomes of patients with OC, and 
its expression level in the patients with CDDP resistance was 
lower than those with CDDP sensitivity [68]. Luo et al. [70] 
found that circFoxp1 was significantly increased in circu-
lating exosomal from patients with epithelial ovarian cancer 
(EOC). circFoxp1 overexpression diminished the sensitivity 
of CDDP, while circFoxp1 knockdown enhanced the chemo-
therapy efficacy. The mechanism may be that circFoxp1 
regulates the expression of CCAAT enhancer binding protein 
gamma (CEBPG) and formin like 3 (FMNL3) by miR-22 and 
miR-150-3p. Exosomes are nanoscale lipid bilayer vesicles 
released to the extracellular space through exocytosis. They 
can be secreted out of cells by almost all types of cells under 
various physiological and pathological conditions. Exosomes 
carrying circRNAs have high stability and tissue specificity 
[70]. Therefore, CDR1as and circFoxp1 in exosomes may be 
the markers for diagnosing OC and judging the level of drug 
resistance.

Colorectal cancer

CDDP-based chemotherapy is commonly employed for 
the treatment of colorectal cancer, but the acquired drug resis-
tance may limit the success of therapy [71]. circ_0071589 was 
upregulated in CDDP-resistant colorectal cancer tissues and 
cells, and it targeted and inhibited miR-526b-3p expression 
to regulate Krüppel-like factor 12 (KLF12). circ_0071589 
knockdown intensified CDDP-induced reduction of 
xenograft tumor growth in nude mice [71]. circ_0020095 was 
abundantly expressed in colon cancer tissues and cells, and 
it regulated the expression of SRY-box transcription factor 
9 (SOX9) by targeting miR-487a-3p to affect the sensitivity 
of colon cancer cells to CDDP. What’s more, circ_0020095 
was confirmed to regulate Met expression by miR-338-3p 
[72], which suggests that circ_0020095 may target various 
miRNAs to promote tumorigenesis in colon cancer and is a 
potentially effective intervention target.

Cervical cancer

CDDP is proved to be one of the most effective chemo-
therapeutic agents for advanced or recurrent cervical cancer 
(CC), but its efficacy and clinical application are also affected 
by frequent drug resistance [73]. A study demonstrated that 
circMTO1 was upregulated in CC tissues and cells, and 
it regulated S100A1 by targeting miR-6893. Depletion of 
circMTO1 suppressed the migration, invasion, and chemo-
therapy resistance of CC cells. Also, circMTO1 changed the 
expression level of autophagy-related proteins (elevated the 
expression of Beclin1 and reduced the level of p62) through 
miR-6893 to enhance the CDDP resistance [74]. Guo et al. 
[75] found that hsa_circ_0023404 was upregulated in CC 



1126 Chao MU, et al.

cells and it increased the expression of Vascular endothe-
lial growth factor A (VEGFA) by targeting miR-5047, which 
promoted the metastasis and CDDP resistance. They also 
found that hsa_circ_0023404 inhibited autophagy to promote 
the chemotherapy resistance of CC. Autophagy is the process 
that cells degrade damaged and unnecessary cellular compo-
nents (such as damaged organelles and proteins) through 
lysosomes. In lung and gastric cancer, autophagy was proved 
to strengthen the resistance of cancer cells to CDDP. However, 
there is no definite conclusion on whether autophagy plays a 
role in enhancing or inhibiting the CDDP resistance in CC 
cells, and more experiments are needed to clarify it.

Oral squamous cell carcinoma

Many adverse prognostic reactions in patients with oral 
squamous cell carcinoma (OSCC), such as metastasis or 
recurrence, are related to CDDP resistance [76]. circ_0109291 
was upregulated in OSCC tissues and cells, especially in 
CDDP-resistant tissues and cells, and it regulated the expres-
sion of ABCB1 by targeting miR-188-3p [77]. circ_0001971 
was upregulated in OSCC tissues and cells, which suppressed 
the expression of miR-194 and miR-204 to boost the CDDP 
resistance of cancer cells [76]. But it is unclear which are the 
downstream target molecules of miR-194 and miR-204.

Laryngeal carcinoma

Advanced laryngeal carcinoma is prone to drug resistance 
to CDDP-based chemotherapy. Recently, circPGAM1 and 
circ_0004507 have been identified, which are essential for the 
CDDP resistance of laryngeal carcinoma. In laryngeal carci-
noma tissues, the expression of circPGAM1 and circ_0004507 
were increased. circPGAM1 regulates autophagy-related 
gene ATG2A by acting as a sponge of miR-376a to affect the 
sensitivity of laryngeal carcinoma cells to CDDP [78], while 
circ_0004507 is the sponge of miR-873. A study indicated 
that circ_0004507 knockdown elevated the expression of 
miR-873 and weakened the tolerance to CDDP in vivo [79]. 
Mechanistically, circ_0004507/miR-873 may regulate the 
expression of multidrug resistance-related proteins (MRP1 
and MDR1) to contribute to chemoresistance [79]. Control-
ling the expression of circ_0004507 may be an effective treat-
ment for CDDP-resistant patients with laryngeal carcinoma.

Other types of cancer

Among thyroid carcinoma, papillary thyroid carcinoma 
(PTC) is the most common type, while anaplastic thyroid 
carcinoma (ATC), also known as undifferentiated carcinoma, 
is rare but the most malignant [80]. circEIF6 were primarily 
identified in PTC tissues. The high expression of circEIF6 
regulated the expression of TGF-α by acting as a sponge of 
the miR-144-3p, thereby activating the autophagy to promote 
CDDP resistance in PTC and ATC cells [80]. Furthermore, 

circRNA_001275 was upregulated in CDDP-resistant esoph-
ageal cancer tissues and cells, and it regulated the expres-
sion of Wnt7a, one of Wnt ligands, by targeting miR-370-3p, 
contributing to the resistance of esophageal cancer to CDDP 
[81]. Dong et al. [82] found that silencing hsa_circ_0028007 
elevated the sensitivity of poorly differentiated NPC cell lines 
(CNE2 and HONE1) to paclitaxel and CDDP in nasopha-
ryngeal carcinoma. Nonetheless, the specific mechanisms 
are still unclear and they need to be further verified in cell 
models carrying a high level of hsa_circ_0028007 and exper-
iments relevant to animal models.

Discussion

CDDP is a widely used anticancer drug, which is very 
effective for many solid tumors. But due to the powerful 
DNA repair capacity of cancer cells, patients, especially 
in the final stage of the disease, often develop drug resis-
tance. Clinicians are forced to increase the dosage for 
CDDP resistance, which will lead to aggravation of the 
system toxicity. For a long time, scholars are trying to use 
other drugs to replace CDDP. For example, the anticancer 
activity of ruthenium compounds is similar to CDDP but 
the number of ruthenium-DNA complexes is significantly 
lower than platinum drugs. Thus, anticancer activity, scope, 
and systemic toxicity of ruthenium compounds are less than 
platinum compounds [83–85]. Copper complexes seem to 
be a potential anticancer agent, which triggers cancer cell 
death through apoptosis or paraptosis mechanisms, and at 
the same time, they are able to avert serious side effects, as 
endogenous copper is believed to be less toxic to normal 
cells [86]. Other metals (such as rhodium, iridium [87]), 
like copper, have also shown anticancer activity in vitro. 
Some researchers proposed adding platinum compounds 
to aromatic residues so that metal residues could be firmly 
anchored to nucleic acids through the insertion of aromatic 
groups, which was conducive to the effect of metal on nucleic 
acid bases. But actually, the platinum-containing residues 
prevent full penetration of the aromatic residues so that 
only a partial insertion is formed [88, 89]. Compared with 
CDDP, the hybrid of estradiol and platinum compounds 
is more effective and stable in uterine cancer cell lines but 
it is also more cytotoxic than CDDP [90]. Therefore, the 
hybrid may have more serious side effects than CDDP. Ji et 
al. [8] constructed a new specific nanomedicine carrier for 
CDDP, which not only improved the utilization of CDDP 
but also reduced toxicity. Also, another study showed that 
solid lipid nanoparticles, which carry a plasmid encoding 
anti-STAT3 short hairpin RNA, could improve the chemo-
therapy sensitivity of cancers by suppressing the expression 
of STAT3 [91]. The abovementioned unfold the powerful 
potential of metal drugs and nanotechnology in the treat-
ment of cancer. However, whether nano-drugs complexes 
may reduce the drug resistance of some tumor cells that 
are naturally highly resistant to CDDP (such as NSCLC) 
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needs to be further studied. Nanotechnology is expected to 
provide better treatments for patients with cancer, especially 
for those who are resistant to CDDP, yet these studies were 
verified only in vitro. In summary, although patients with 
malignancy may develop the CDDP-resistance during the 
process of chemotherapy, CDDP is still the current first-line 
chemotherapeutic agent for clinical treatment and is in an 
irreplaceable position. This means that patients receiving 
CDDP-based treatments may inevitably suffer from CDDP 
resistance. Therefore, improving sensitivity is one of the 
current methods to solve this problem.

With the rapid development of high-throughput 
sequencing technology, more and more circRNAs have 
been screened and identified. According to the cell location 
of circRNAs, they are divided into nuclear circRNAs and 
cytoplasmic circRNAs. Previous studies manifested that 
nuclear circRNAs play a role in regulating the transcrip-
tion of parental genes, while cytoplasmic circRNAs act as 
miRNA sponges. Since most circRNAs are mainly found 
in the cytoplasm, sponge adsorption is the most important 
function [9, 45]. Nevertheless, emerging evidence shows 
that the unique covalent closed loop structure and specific 
tertiary structure of circRNAs may not only act as a miRNA 
sponger but also may combine with certain proteins to 
promote drug resistance. For example, circ_0000079 was 
significantly decreased in tissues from NSCLC patients, 
especially in drug-resistant patients. Its overexpression could 
decoy fragile X-related 1 (FXR1), an RNA binding protein, 
to interrupt the formation of the FXR1/PRCKI (protein 
kinase C, iota) complex to reduce the invasiveness and drug 
resistance of NSCLC cells [92]. Evidence indicated that 
circLIFR, located in the nucleus, was significantly downreg-
ulated in BC. circLIFR could combine with MMR genes 
MutS homolog 2 (MSH2) to form an RNA-protein complex, 
governing CDDP chemotherapy efficacy [93]. Recently, a 
study showed that there was an internal ribosome entry 
site (IRES), open reading frame (ORF), and m6A modifica-
tion in the structure of circPVRL3, which provided poten-
tial capabilities for circPVRL3 to encode proteins. However, 
these amazing functions of circRNAs are still unknown 
and need to be further explored [27]. It can be seen from 
Table 1 that CDR1as was upregulated in LC but downreg-
ulated in bladder and ovarian cancer. In both two types of 
cancers, CDR1as acts as a sponger for miR-1270, yet the 
downstream target molecules of miRNA are not the same. In 
addition, circPVT1 was elevated in a variety of cancers (such 
as lung, gastric, and osteosarcoma) but the involving target 
molecules are different. Consequently, circRNAs regulatory 
mechanisms are diverse and have a momentous effect on 
the CDDP resistance of various cancers. circRNAs broadly 
exist in eukaryotes, both abundant and stable. circRNAs, 
which are not only expressed differently in disparate diseases 
but also easy to obtain, are suitable to be the biomarkers 
and intervention targets for tumor diagnosis and treat-
ment, and for monitoring prognosis. For instance, CDR1as 

is an independent prognostic marker for patients with LAD 
[33]. Higher circ‐SMARCA5 expression can independently 
predict disease-free survival and overall survival of NSCLC 
patients [36]. circRNA_101237 is an independent predictor 
of prognosis of HCC patients [56], while circFoxp1 in circu-
lating exosomes is an independent predictor of survival 
outcome and CDDP resistance in EOC patients [70].

Apart from drug resistance, CDDP clinical application 
is limited by its side effects, mainly nephrotoxicity [94]. 
circRNAs also play an important part in CDDP-induced 
acute kidney injury (AKI). The latest research elucidated that 
the expression of circ-0114427 was increased in different 
early-stage AKI models, and it upregulated the expression 
of activating transcription factor 3 (ATF3) by combining 
with miR-494 to reduce downstream inflammatory factors, 
playing a protective role in the early development of inflam-
mation [95]. As a result, circ-0114427 may be used as a poten-
tial molecule to diagnose the early stage of AKI. Its decline 
may become a warning to guide clinicians to recognize the 
aggravation of inflammatory damage as soon as possible and 
respond timely to the renal toxicity induced by CDDP.

In summary, circRNAs contribute to the regulation of 
CDDP chemotherapy resistance and the treatment aimed at 
circRNAs may improve CDDP resistance. circRNAs may be 
used to monitor drug response to help clinicians to screen 
suitable drugs and formulate individualized plans or act as 
molecular targets for developing new treatment methods. 
Exploring and identifying CDDP-related circRNAs is of great 
value for cancer precise treatments. In order to reveal deeply 
the nature of circRNAs, future researches on circRNAs 
should be focused on the causes of their shear formation and 
upstream regulation mechanisms.

References

[1]	 BRAY F, FERLAY J, SOERJOMATARAM I, SIEGEL RL, 
TORRE LA et al. Global cancer statistics 2018: GLOBOCAN 
estimates of incidence and mortality worldwide for 36 can-
cers in 185 countries. CA Cancer J Clin 2018; 68: 394–424. 
https://doi.org/10.3322/caac.21492

[2]	 ZALUDOVÁ R, ZÁKOVSKÁ A, KASPARKOVÁ J, BAL-
CAROVÁ Z, KLEINWÄCHTER V et al. DNA interactions 
of bifunctional dinuclear platinum(II) antitumor agents. 
Eur J Biochem 1997; 246: 508–517. https://doi.org/10.1111/
j.1432-1033.1997.00508.x

[3]	 TREMEAU-BRAVARD A, RIEDL T, EGLY JM, DAHMUS 
ME. Fate of RNA polymerase II stalled at a cisplatin lesion. 
J Biol Chem 2004; 279: 7751–7759. https://doi.org/10.1074/
jbc.M309853200

[4]	 KOSTRHUNOVA H, MALINA J, PICKARD AJ, STE-
PANKOVA J, VOJTISKOVA M et al. Replacement of a thio-
urea with an amidine group in a monofunctional platinum-
acridine antitumor agent. Effect on DNA interactions, DNA 
adduct recognition and repair. Mol Pharm 2011; 8: 1941–
1954. https://doi.org/10.1021/mp200309x

https://doi.org/10.3322/caac.21492
https://doi.org/10.1111/j.1432-1033.1997.00508.x
https://doi.org/10.1111/j.1432-1033.1997.00508.x
https://doi.org/10.1074/jbc.M309853200
https://doi.org/10.1074/jbc.M309853200
https://doi.org/10.1021/mp200309x


1128 Chao MU, et al.

[5]	 KLOSTER M, KOSTRHUNOVA H, ZALUDOVA R, MA-
LINA J, KASPARKOVA J et al. Trifunctional dinuclear 
platinum complexes as DNA-protein cross-linking agents. 
Biochemistry 2004; 43: 7776–7786. https://doi.org/10.1021/
bi030243e

[6]	 HÄGERLÖF M, PAPSAI P, CHOW CS, ELMROTH SKC. 
More pronounced salt dependence and higher reactivity for 
platination of the hairpin r(CGCGUUGUUCGCG) com-
pared with d(CGCGTTGTTCGCG). J Biol Inorg Chem 
2006; 11: 974–990. https://doi.org/10.1007/s00775-006-
0157-y

[7]	 SONG L, CUI Z, GUO X. Comprehensive analysis of cir-
cular RNA expression profiles in cisplatin-resistant non-
small cell lung cancer cell lines. Acta Biochim Biophys Sin 
(Shanghai) 2020; 52: 944–953. https://doi.org/10.1093/abbs/
gmaa085

[8]	 JI XT, HUANG L, HUANG HQ. Construction of nanome-
ter cisplatin core-ferritin (NCC-F) and proteomic analysis of 
gastric cancer cell apoptosis induced with cisplatin released 
from the NCC-F. J Proteomics 2012; 75: 3145–3157. https://
doi.org/10.1016/j.jprot.2012.03.013

[9]	 DU WW, FANG L, YANG W, WU N, AWAN FM et al. 
Induction of tumor apoptosis through a circular RNA en-
hancing Foxo3 activity. Cell Death Differ 2017; 24: 357–370. 
https://doi.org/10.1038/cdd.2016.133

[10]	 ZHENG F, XU R. CircPVT1 contributes to chemotherapy 
resistance of lung adenocarcinoma through miR-145-5p/
ABCC1 axis. Biomed Pharmacother 2020; 124: 109828. 
https://doi.org/10.1016/j.biopha.2020.109828

[11]	 YANG X, YE T, LIU H, PENG LV P, DUAN C et al. Expres-
sion profiles, biological functions and clinical significance of 
circRNAs in bladder cancer. Mol Cancer 2021; 20: 4. https://
doi.org/10.1186/s12943-020-01300-8

[12]	 HUANG X, LI Z, ZHANG Q, WANG W, LI B et al. Circular 
RNA AKT3 upregulates PIK3R1 to enhance cisplatin resis-
tance in gastric cancer via miR-198 suppression. Mol Cancer 
2019; 18: 71. https://doi.org/10.1186/s12943-019-0969-3

[13]	 PENG L, SANG H, WEI S, LI Y, JIN D et al. circCUL2 
regulates gastric cancer malignant transformation and cis-
platin resistance by modulating autophagy activation via 
miR-142-3p/ROCK2. Mol Cancer 2020; 19: 156. https://doi.
org/10.1186/s12943-020-01270-x

[14]	 CHAICHIAN S, SHAFABAKHSH R, MIRHASHEMI SM, 
MOAZZAMI B, ASEMI Z. Circular RNAs: A novel bio-
marker for cervical cancer. J Cell Physiol 2020; 235: 718–724. 
https://doi.org/10.1002/jcp.29009

[15]	 HUANG MS, LIU JY, XIA XB, LIU YZ, LI X et al. Hsa_
circ_0001946 Inhibits Lung Cancer Progression and Medi-
ates Cisplatin Sensitivity in Non-small Cell Lung Cancer via 
the Nucleotide Excision Repair Signaling Pathway. Front 
Oncol 2019; 9: 508. https://doi.org/10.3389/fonc.2019.00508

[16]	 ASHRAFIZADEH M, ZARRABI A, HUSHMANDI K, 
HASHEMI F, MOGHADAM ER et al. Lung cancer cells and 
their sensitivity/resistance to cisplatin chemotherapy: Role 
of microRNAs and upstream mediators. Cell Signal 2021; 78: 
109871. https://doi.org/10.1016/j.cellsig.2020.109871

[17]	 XU Y, JIANG T, WU C, ZHANG Y. CircAKT3 inhibits gly-
colysis balance in lung cancer cells by regulating miR-516b-
5p/STAT3 to inhibit cisplatin sensitivity. Biotechnol Lett 
2020; 42: 1123–1135. https://doi.org/10.1007/s10529-020-
02846-9

[18]	 LI H, LIU F, QIN W. Circ_0072083 interference enhances 
growth-inhibiting effects of cisplatin in non-small-cell lung 
cancer cells via miR-545-3p/CBLL1 axis. Cancer Cell Int 
2020; 20: 78. https://doi.org/10.1186/s12935-020-1162-x

[19]	 ZHU X, HAN J, LAN H, LIN Q, WANG Y et al. A novel 
circular RNA hsa_circRNA_103809/miR-377-3p/GOT1 
pathway regulates cisplatin-resistance in non-small cell lung 
cancer (NSCLC). BMC Cancer 2020; 20: 1190. https://doi.
org/10.1186/s12885-020-07680-w

[20]	 YE Y, ZHAO L, LI Q, XI C, LI Y et al. circ_0007385 served 
as competing endogenous RNA for miR-519d-3p to suppress 
malignant behaviors and cisplatin resistance of non-small 
cell lung cancer cells. Thorac Cancer 2020; 11: 2196–2208. 
https://doi.org/10.1111/1759-7714.13527

[21]	 Pang J, Ye L, Zhao D, et al. Circular RNA PRMT5 confers 
cisplatin-resistance via miR-4458/REV3L axis in non-small-
cell lung cancer. Cell Biol Int 2020; 44: 2416–2426. https://
doi.org/10.1002/cbin.11449

[22]	 ZHONG Y, LIN H, LI Q, ZHAO D, CHEN Q. Cir-
cRNA_100565 contributes to cisplatin resistance of NSCLC 
cells by regulating proliferation, apoptosis and autophagy 
via miR-337-3p/ADAM28 axis. Cell Biol Int 2020; 44: 2416–
2426. https://doi.org/10.1002/cbin.11449

[23]	 XU X, TAO R, SUN L, JI X. Exosome-transferred hsa_
circ_0014235 promotes DDP chemoresistance and deterio-
rates the development of non-small cell lung cancer by medi-
ating the miR-520a-5p/CDK4 pathway. Cancer Cell Int 2020; 
20: 552. https://doi.org/10.1186/s12935-020-01642-9

[24]	 SHAO N, SONG L, SUN X. Exosomal circ_PIP5K1A regu-
lates the progression of non-small cell lung cancer and cispl-
atin sensitivity by miR-101/ABCC1 axis. Mol Cell Biochem 
2021; 476: 2253–2267. https://doi.org/10.1007/s11010-021-
04083-8

[25]	 ZHAO Y, ZHENG R, CHEN J, NING D. CircRNA CDR1as/
miR-641/HOXA9 pathway regulated stemness contributes to 
cisplatin resistance in non-small cell lung cancer (NSCLC). 
Cancer Cell Int 2020; 20: 289. https://doi.org/10.1186/
s12935-020-01390-w

[26]	 HONG W, XUE M, JIANG J, ZHANG Y, GAO X. Circu-
lar RNA circ-CPA4/ let-7 miRNA/PD-L1 axis regulates cell 
growth, stemness, drug resistance and immune evasion in 
non-small cell lung cancer (NSCLC). J Exp Clin Cancer Res 
2020; 39: 149. https://doi.org/10.1186/s13046-020-01648-1

[27]	 DONG Y, XU T, ZHONG S, WANG B, ZHANG H et al. 
Circ_0076305 regulates cisplatin resistance of non-small 
cell lung cancer via positively modulating STAT3 by spong-
ing miR-296-5p. Life Sci 2019; 239: 116984. https://doi.
org/10.1016/j.lfs.2019.116984

[28]	 WU Z, GONG Q, YU Y, ZHU J, LI W. Knockdown of circ-
ABCB10 promotes sensitivity of lung cancer cells to cispla-
tin via miR-556-3p/AK4 axis. BMC Pulm Med 2020; 20: 10. 
https://doi.org/10.1186/s12890-019-1035-z

https://doi.org/10.1021/bi030243e
https://doi.org/10.1021/bi030243e
https://doi.org/10.1007/s00775-006-0157-y
https://doi.org/10.1007/s00775-006-0157-y
https://doi.org/10.1093/abbs/gmaa085
https://doi.org/10.1093/abbs/gmaa085
https://doi.org/10.1016/j.jprot.2012.03.013
https://doi.org/10.1016/j.jprot.2012.03.013
https://doi.org/10.1038/cdd.2016.133
https://doi.org/10.1016/j.biopha.2020.109828
https://doi.org/10.1186/s12943-020-01300-8
https://doi.org/10.1186/s12943-020-01300-8
https://doi.org/10.1186/s12943-019-0969-3
https://doi.org/10.1186/s12943-020-01270-x
https://doi.org/10.1186/s12943-020-01270-x
https://doi.org/10.1002/jcp.29009
https://doi.org/10.3389/fonc.2019.00508
https://doi.org/10.1016/j.cellsig.2020.109871
https://doi.org/10.1007/s10529-020-02846-9
https://doi.org/10.1007/s10529-020-02846-9
https://doi.org/10.1186/s12935-020-1162-x
https://doi.org/10.1186/s12885-020-07680-w
https://doi.org/10.1186/s12885-020-07680-w
https://doi.org/10.1111/1759-7714.13527
https://doi.org/10.1002/cbin.11449
https://doi.org/10.1002/cbin.11449
https://doi.org/10.1002/cbin.11449
https://doi.org/10.1186/s12935-020-01642-9
https://doi.org/10.1007/s11010-021-04083-8
https://doi.org/10.1007/s11010-021-04083-8
https://doi.org/10.1186/s12935-020-01390-w
https://doi.org/10.1186/s12935-020-01390-w
https://doi.org/10.1186/s13046-020-01648-1
https://doi.org/10.1016/j.lfs.2019.116984
https://doi.org/10.1016/j.lfs.2019.116984
https://doi.org/10.1186/s12890-019-1035-z


circRNAS AND CISPLATIN RESISTANCE IN CANCERS 1129

[29]	 GENG J, YANG K. circCCND1 Regulates Oxidative Stress 
and FGF9 to Enhance Chemoresistance of Non-Small Cell 
Lung Cancer via Sponging miR-187-3p. DNA Cell Biol 2021; 
40: 675–682. https://doi.org/10.1089/dna.2020.6412

[30]	 KONG R. Circular RNA hsa_circ_0085131 is involved in cis-
platin-resistance of non-small-cell lung cancer cells by regu-
lating autophagy. Cell Biol Int 2020; 44: 1945–1956. https://
doi.org/10.1002/cbin.11401

[31]	 SHI Q, JI T, MA Z, TAN Q, LIANG J. Serum Exosomes-
Based Biomarker circ_0008928 Regulates Cisplatin Sensitiv-
ity, Tumor Progression, and Glycolysis Metabolism by miR-
488/HK2 Axis in Cisplatin-Resistant Nonsmall Cell Lung 
Carcinoma. Cancer Biother Radiopharm 2021. https://doi.
org/10.1089/cbr.2020.4490

[32]	 LU H, XIE X, CHEN Q, CAI S, LIU S et al. Clinical sig-
nificance of circPVT1 in patients with non-small cell lung 
cancer who received cisplatin combined with gemcitabine 
chemotherapy. Tumori 2021; 107: 204–208. https://doi.
org/10.1177/0300891620941940

[33]	 MAO Y, XU R. Circular RNA CDR1-AS contributes to 
pemetrexed and cisplatin chemoresistance through EGFR/
PI3K signaling pathway in lung adenocarcinoma. Biomed 
Pharmacother 2020; 123: 109771. https://doi.org/10.1016/j.
biopha.2019.109771

[34]	 LIU ZH, YANG SZ, CHEN XT, SHAO MR, DONG SY et 
al. Correlations of hsa_circ_0046264 expression with on-
set, pathological stage and chemotherapy resistance of lung 
cancer. Eur Rev Med Pharmacol Sci 2020; 24: 9511–9521. 
https://doi.org/10.26355/eurrev_202009_23036

[35]	 LU H, XIE X, WANG K, CHEN Q, CAI S et al. Circular 
RNA hsa_circ_0096157 contributes to cisplatin resistance by 
proliferation, cell cycle progression, and suppressing apop-
tosis of non-small-cell lung carcinoma cells. Mol Cell Bio-
chem 2020; 475: 63–77. https://doi.org/10.1007/s11010-020-
03860-1

[36]	 TONG S. Circular RNA SMARCA5 may serve as a tumor 
suppressor in non-small cell lung cancer. J Clin Lab Anal 
2020; 34: e23195. https://doi.org/10.1002/jcla.23195

[37]	 HUANG MS, YUAN FQ, GAO Y, LIU JY, CHEN YX et al. 
Circular RNA screening from EIF3a in lung cancer. Cancer 
Med 2019; 8: 4159–4168. https://doi.org/10.1002/cam4.2338

[38]	 XIA Y, LV J, JIANG T, LI B, LI Y et al. CircFAM73A pro-
motes the cancer stem cell-like properties of gastric cancer 
through the miR-490-3p/HMGA2 positive feedback loop 
and HNRNPK-mediated β-catenin stabilization. J Exp Clin 
Cancer Res 2021; 40: 103. https://doi.org/10.1186/s13046-
021-01896-9

[39]	 XUE M, LI G, FANG X, WANG L, JIN Y et al. hsa_
circ_0081143 promotes cisplatin resistance in gastric cancer 
by targeting miR-646/CDK6 pathway. Cancer Cell Int 2019; 
19: 25. https://doi.org/10.1186/s12935-019-0737-x

[40]	 LIU Y, XU J, JIANG M, NI L, LING Y. CircRNA DONSON 
contributes to cisplatin resistance in gastric cancer cells by 
regulating miR-802/BMI1 axis. Cancer Cell Int 2020; 20: 
261. https://doi.org/10.1186/s12935-020-01358-w

[41]	 WANG X, ZHANG Y, LI W, LIU X. Knockdown of cir_
RNA PVT1 Elevates Gastric Cancer Cisplatin Sensitivity 
via Sponging miR-152-3p. J Surg Res 2021; 261: 185–195. 
https://doi.org/10.1016/j.jss.2020.12.013

[42]	 DENG P, SUN M, ZHAO WY, HOU B, LI K et al. Circu-
lar RNA circVAPA promotes chemotherapy drug resistance 
in gastric cancer progression by regulating miR-125b-5p/
STAT3 axis. World J Gastroenterol 2021; 27: 487–500. 
https://doi.org/10.3748/wjg.v27.i6.487

[43]	 YAO W, GUO P, MU Q, WANG Y. Exosome-Derived Circ-
PVT1 Contributes to Cisplatin Resistance by Regulating 
Autophagy, Invasion, and Apoptosis Via miR-30a-5p/YAP1 
Axis in Gastric Cancer Cells. Cancer Biother Radiopharm 
2021; 36: 347–359. https://doi.org/10.1089/cbr.2020.3578

[44]	 YANG X, ZHANG Q, GUAN B. Circ_0110805 Knockdown 
Enhances Cisplatin Sensitivity and Inhibits Gastric Cancer 
Progression by miR-299-3p/ENDOPDI Axis. Onco Targets 
Ther 2020; 13: 11445–11457. https://doi.org/10.2147/OTT.
S279563

[45]	 ZHANG Q, MIAO Y, FU Q, HU H, CHEN H et al. Cir-
cRNACCDC66 regulates cisplatin resistance in gastric 
cancer via the miR-618/BCL2 axis. Biochem Biophys Res 
Commun 2020; 526: 713–720. https://doi.org/10.1016/j.
bbrc.2020.03.156

[46]	 SUN G, LI Z, HE Z, WANG W, WANG S et al. Circular 
RNA MCTP2 inhibits cisplatin resistance in gastric cancer 
by miR-99a-5p-mediated induction of MTMR3 expression. J 
Exp Clin Cancer Res 2020; 39: 246. https://doi.org/10.1186/
s13046-020-01758-w

[47]	 LIU S, WU M, PENG M. Circ_0000260 Regulates the Devel-
opment and Deterioration of Gastric Adenocarcinoma with 
Cisplatin Resistance by Upregulating MMP11 via Targeting 
MiR-129-5p. Cancer Manag Res 2020; 12: 10505–10519. 
https://doi.org/10.2147/CMAR.S272324

[48]	 ZHANG Z, YU X, ZHOU B, ZHANG J, CHANG J. Cir-
cular RNA circ_0026359 Enhances Cisplatin Resistance 
in Gastric Cancer via Targeting miR-1200/POLD4 Path-
way. Biomed Res Int 2020; 2020: 5103272. https://doi.
org/10.1155/2020/5103272

[49]	 HUANG XX, ZHANG Q, HU H, JIN Y, ZENG AL et al. 
A novel circular RNA circFN1 enhances cisplatin resistance 
in gastric cancer via sponging miR-182-5p. J Cell Biochem 
2020. https://doi.org/10.1002/jcb.29641

[50]	 LI Y, ZHANG Y, ZHANG S, HUANG D, LI B et al. circRNA 
circARNT2 Suppressed the Sensitivity of Hepatocellular 
Carcinoma Cells to Cisplatin by Targeting the miR-155-
5p/PDK1 Axis. Mol Ther Nucleic Acids 2020; 23: 244–254. 
https://doi.org/10.1016/j.omtn.2020.08.037

[51]	 CHEN H, LIU S, LI M, HUANG P, LI X et al. circ_0003418 
Inhibits Tumorigenesis And Cisplatin Chemoresistance 
Through Wnt/β-Catenin Pathway In Hepatocellular Carci-
noma. Onco Targets Ther 2019; 12: 9539–9549. https://doi.
org/10.2147/OTT.S229507

[52]	 GUAN Y, ZHANG Y, HAO L, NIE Z. CircRNA_102272 Pro-
motes Cisplatin-Resistance in Hepatocellular Carcinoma by 
Decreasing MiR-326 Targeting of RUNX2. Cancer Manag 
Res 2020; 12: 12527–12534. https://doi.org/10.2147/CMAR.
S258230

https://doi.org/10.1089/dna.2020.6412
https://doi.org/10.1002/cbin.11401
https://doi.org/10.1002/cbin.11401
https://doi.org/10.1089/cbr.2020.4490
https://doi.org/10.1089/cbr.2020.4490
https://doi.org/10.1177/0300891620941940
https://doi.org/10.1177/0300891620941940
https://doi.org/10.1016/j.biopha.2019.109771
https://doi.org/10.1016/j.biopha.2019.109771
https://doi.org/10.26355/eurrev_202009_23036
https://doi.org/10.1007/s11010-020-03860-1
https://doi.org/10.1007/s11010-020-03860-1
https://doi.org/10.1002/jcla.23195
https://doi.org/10.1002/cam4.2338
https://doi.org/10.1186/s13046-021-01896-9
https://doi.org/10.1186/s13046-021-01896-9
https://doi.org/10.1186/s12935-019-0737-x
https://doi.org/10.1186/s12935-020-01358-w
https://doi.org/10.1016/j.jss.2020.12.013
https://doi.org/10.3748/wjg.v27.i6.487
https://doi.org/10.1089/cbr.2020.3578
https://doi.org/10.2147/OTT.S279563
https://doi.org/10.2147/OTT.S279563
https://doi.org/10.1016/j.bbrc.2020.03.156
https://doi.org/10.1016/j.bbrc.2020.03.156
https://doi.org/10.1186/s13046-020-01758-w
https://doi.org/10.1186/s13046-020-01758-w
https://doi.org/10.2147/CMAR.S272324
https://doi.org/10.1155/2020/5103272
https://doi.org/10.1155/2020/5103272
https://doi.org/10.1002/jcb.29641
https://doi.org/10.1016/j.omtn.2020.08.037
https://doi.org/10.2147/OTT.S229507
https://doi.org/10.2147/OTT.S229507
https://doi.org/10.2147/CMAR.S258230
https://doi.org/10.2147/CMAR.S258230


1130 Chao MU, et al.

[53]	 FAN W, CHEN L, WU X, ZHANG T. Circ_0031242 Si-
lencing Mitigates the Progression and Drug Resistance in 
DDP-Resistant Hepatoma Cells by the miR-924/POU3F2 
Axis. Cancer Manag Res 2021; 13: 743–755. https://doi.
org/10.2147/CMAR.S272851

[54]	 LUO Y, FU Y, HUANG R, GAO M, LIU F et al. Cir-
cRNA_101505 sensitizes hepatocellular carcinoma cells to 
cisplatin by sponging miR-103 and promotes oxidored-nitro 
domain-containing protein 1 expression. Cell Death Discov 
2019; 5: 121. https://doi.org/10.1038/s41420-019-0202-6

[55]	 AREND RC, LONDOÑO-JOSHI AI, STRAUGHN JM JR, 
BUCHSBAUM DJ. The Wnt/β-catenin pathway in ovarian 
cancer: a review. Gynecol Oncol 2013; 131: 772–779. https://
doi.org/10.1016/j.ygyno.2013.09.034

[56]	 ZHOU S, WEI J, WANG Y, LIU X. Cisplatin resistance-as-
sociated circRNA_101237 serves as a prognostic biomarker 
in hepatocellular carcinoma. Exp Ther Med 2020; 19: 2733–
2740. https://doi.org/10.3892/etm.2020.8526

[57]	 LU Q, FANG T. Circular RNA SMARCA5 correlates with 
favorable clinical tumor features and prognosis, and in-
creases chemotherapy sensitivity in intrahepatic cholangio-
carcinoma. J Clin Lab Anal 2020; 34: e23138. https://doi.
org/10.1002/jcla.23138

[58]	 HU Y, GU J, SHEN H, SHAO T, LI S et al. Circular RNA 
LARP4 correlates with decreased Enneking stage, better 
histological response, and prolonged survival profiles, and 
it elevates chemosensitivity to cisplatin and doxorubicin via 
sponging microRNA-424 in osteosarcoma. J Clin Lab Anal 
2020; 34: e23045. https://doi.org/10.1002/jcla.23045

[59]	 ZHANG J, MA X, ZHOU R, ZHOU Y. TRPS1 and YAP1 
Regulate Cell Proliferation and Drug Resistance of Osteo-
sarcoma via Competitively Binding to the Target of circTA-
DA2A - miR-129-5p. Onco Targets Ther 2020; 13: 12397–
12407. https://doi.org/10.2147/OTT.S276953

[60]	 GONG X, LI W, DONG L, QU F. CircUBAP2 promotes 
SEMA6D expression to enhance the cisplatin resistance in 
osteosarcoma through sponging miR-506-3p by activating 
Wnt/β-catenin signaling pathway. J Mol Histol 2020; 51: 471. 
https://doi.org/10.1007/s10735-020-09894-5

[61]	 KUN-PENG Z, XIAO-LONG M, CHUN-LIN Z. Overex-
pressed circPVT1, a potential new circular RNA biomarker, 
contributes to doxorubicin and cisplatin resistance of osteo-
sarcoma cells by regulating ABCB1. Int J Biol Sci 2018; 14: 
321–330. https://doi.org/10.7150/ijbs.24360

[62]	 ZHANG H, YAN J, LANG X, ZHUANG Y. Expression of 
circ_001569 is upregulated in osteosarcoma and promotes 
cell proliferation and cisplatin resistance by activating the 
Wnt/β-catenin signaling pathway. Oncol Lett 2018; 16: 
5856–5862. https://doi.org/10.3892/ol.2018.9410

[63]	 PAN Y, LIN Y, MI C. Cisplatin-resistant osteosarcoma cell-
derived exosomes confer cisplatin resistance to recipient cells 
in an exosomal circ_103801-dependent manner. Cell Biol Int 
2021; 45: 858–868. https://doi.org/10.1002/cbin.11532

[64]	 CHEN J, SUN Y, OU Z, YEH S, HUANG CP et al. Andro-
gen receptor-regulated circFNTA activates KRAS signaling 
to promote bladder cancer invasion. EMBO Rep 2020; 21: 
e48467. https://doi.org/10.15252/embr.201948467

[65]	 SU Y, YANG W, JIANG N, SHI J, CHEN L et al. Hypoxia-
elevated circELP3 contributes to bladder cancer progression 
and cisplatin resistance. Int J Biol Sci 2019; 15: 441–452. 
https://doi.org/10.7150/ijbs.26826

[66]	 YUAN W, ZHOU R, WANG J, HAN J, YANG X et al. 
Circular RNA Cdr1as sensitizes bladder cancer to cispla-
tin by upregulating APAF1 expression through miR-1270 
inhibition. Mol Oncol 2019; 13: 1559–1576. https://doi.
org/10.1002/1878-0261.12523

[67]	 CHI BJ, ZHAO DM, LIU L, YIN XZ, WANG FF et al. 
Downregulation of hsa_circ_0000285 serves as a prognos-
tic biomarker for bladder cancer and is involved in cispla-
tin resistance. Neoplasma 2019; 66: 197–202. https://doi.
org/10.4149/neo_2018_180318N185

[68]	 ZHAO Z, JI M, WANG Q, HE N, LI Y. Circular RNA Cdr1as 
Upregulates SCAI to Suppress Cisplatin Resistance in Ovari-
an Cancer via miR-1270 Suppression. Mol Ther Nucleic Acids 
2019; 18: 24–33. https://doi.org/10.1016/j.omtn.2019.07.012

[69]	 CAO Y, XIE X, LI M, GAO Y. CircHIPK2 Contributes to 
DDP Resistance and Malignant Behaviors of DDP-Resistant 
Ovarian Cancer Cells Both in vitro and in vivo Through 
circHIPK2/miR-338-3p/CHTOP ceRNA Pathway. Onco 
Targets Ther 2021; 14: 3151–3165. https://doi.org/10.2147/
OTT.S291823

[70]	 LUO Y, GUI R. Circulating exosomal circFoxp1 confers cis-
platin resistance in epithelial ovarian cancer cells. J Gynecol 
Oncol 2020; 31: e75. https://doi.org/10.3802/jgo.2020.31.e75

[71]	 ZHANG W, WANG Z, CAI G, HUANG P. Downregula-
tion of Circ_0071589 Suppresses Cisplatin Resistance in 
Colorectal Cancer by Regulating the MiR-526b-3p/KLF12 
Axis. Cancer Manag Res 2021; 13: 2717–2731. https://doi.
org/10.2147/CMAR.S294880

[72]	 SUN Y, CAO Z, SHAN J, GAO Y, LIU X et al. Hsa_
circ_0020095 Promotes Oncogenesis and Cisplatin Resis-
tance in Colon Cancer by Sponging miR-487a-3p and Mod-
ulating SOX9. Front Cell Dev Biol 2021; 8: 604869. https://
doi.org/10.3389/fcell.2020.604869

[73]	 WEN X, LIU S, SHENG J, CUI M. Recent advances in the 
contribution of noncoding RNAs to cisplatin resistance in 
cervical cancer. PeerJ 2020; 8: e9234. https://doi.org/10.7717/
peerj.9234

[74]	 CHEN M, AI G, ZHOU J, MAO W, LI H et al. circMTO1 
promotes tumorigenesis and chemoresistance of cervical 
cancer via regulating miR-6893. Biomed Pharmacother 2019; 
117: 109064. https://doi.org/10.1016/j.biopha.2019.109064

[75]	 GUO J, CHEN M, AI G, MAO W, LI H et al. Hsa_
circ_0023404 enhances cervical cancer metastasis and che-
moresistance through VEGFA and autophagy signaling 
by sponging miR-5047. Biomed Pharmacother 2019; 115: 
108957. https://doi.org/10.1016/j.biopha.2019.108957

[76]	 TAN X, ZHOU C, LIANG Y, LAI YF, LIANG Y et al. 
Circ_0001971 regulates oral squamous cell carcinoma pro-
gression and chemosensitivity by targeting miR-194/miR-
204 in vitro and in vivo. Eur Rev Med Pharmacol Sci 2020; 24: 
2470–2481. https://doi.org/10.26355/eurrev_202003_20515

https://doi.org/10.2147/CMAR.S272851
https://doi.org/10.2147/CMAR.S272851
https://doi.org/10.1038/s41420-019-0202-6
https://doi.org/10.1016/j.ygyno.2013.09.034
https://doi.org/10.1016/j.ygyno.2013.09.034
https://doi.org/10.3892/etm.2020.8526
https://doi.org/10.1002/jcla.23138
https://doi.org/10.1002/jcla.23138
https://doi.org/10.1002/jcla.23045
https://doi.org/10.2147/OTT.S276953
https://doi.org/10.1007/s10735-020-09894-5
https://doi.org/10.7150/ijbs.24360
https://doi.org/10.3892/ol.2018.9410
https://doi.org/10.1002/cbin.11532
https://doi.org/10.15252/embr.201948467
https://doi.org/10.7150/ijbs.26826
https://doi.org/10.1002/1878-0261.12523
https://doi.org/10.1002/1878-0261.12523
https://doi.org/10.4149/neo_2018_180318N185
https://doi.org/10.4149/neo_2018_180318N185
https://doi.org/10.1016/j.omtn.2019.07.012
https://doi.org/10.2147/OTT.S291823
https://doi.org/10.2147/OTT.S291823
https://doi.org/10.3802/jgo.2020.31.e75
https://doi.org/10.2147/CMAR.S294880
https://doi.org/10.2147/CMAR.S294880
https://doi.org/10.3389/fcell.2020.604869
https://doi.org/10.3389/fcell.2020.604869
https://doi.org/10.7717/peerj.9234
https://doi.org/10.7717/peerj.9234
https://doi.org/10.1016/j.biopha.2019.109064
https://doi.org/10.1016/j.biopha.2019.108957
https://doi.org/10.26355/eurrev_202003_20515


circRNAS AND CISPLATIN RESISTANCE IN CANCERS 1131

[77]	 GAO F, HAN J, WANG Y, JIA L, LUO W et al. Circ_0109291 
Promotes the Cisplatin Resistance of Oral Squamous Cell 
Carcinoma by Sponging miR-188-3p to Increase ABCB1 
Expression. Cancer Biother Radiopharm 2020. https://doi.
org/10.1089/cbr.2020.3928

[78]	 FENG B, CHEN K, ZHANG W, ZHENG Q, HE Y et al. 
circPGAM1 enhances autophagy signaling during laryn-
gocarcinoma drug resistance by regulating miR-376a. Bio-
chem Biophys Res Commun 2021; 534: 966–972. https://doi.
org/10.1016/j.bbrc.2020.10.063

[79]	 YI X, CHEN W, LI C, CHEN X, LIN Q et al. Circular RNA 
circ_0004507 contributes to laryngeal cancer progression 
and cisplatin resistance by sponging miR-873 to upregulate 
multidrug resistance 1 and multidrug resistance protein 
1. Head Neck 2021; 43: 928–941. https://doi.org/10.1002/
hed.26549

[80]	 LIU F, ZHANG J, QIN L, YANG Z, XIONG J et al. Circular 
RNA EIF6 (Hsa_circ_0060060) sponges miR-144-3p to pro-
mote the cisplatin-resistance of human thyroid carcinoma 
cells by autophagy regulation. Aging (Albany NY) 2018; 10: 
3806–3820. https://doi.org/10.18632/aging.101674

[81]	 ZOU FW, YANG SZ, LI WY, LIU CY, LIU XH et al. cir-
cRNA_001275 upregulates Wnt7a expression by competi-
tively sponging miR‑370‑3p to promote cisplatin resistance 
in esophageal cancer. Int J Oncol 2020; 57: 1382. https://doi.
org/10.3892/ijo.2020.5137

[82]	 QIONGNA D, JIAFENG Z, YALIN H, PING H, CHUAN Z 
et al. Implication of hsa_circ_0028007 in reinforcing migra-
tion, invasion, and chemo-tolerance of nasopharyngeal car-
cinoma cells. J Clin Lab Anal 2020; 34: e23409. https://doi.
org/10.1002/jcla.23409

[83]	 NOVÁKOVÁ O, HOFR C, BRABEC V. Modification of nat-
ural, double-helical DNA by antitumor cis- and trans-[Cl(2)
(Me(2)SO(4))(4)Ru] in cell-free media. Biochem Pharma-
col 2000; 60: 1761–1771. https://doi.org/10.1016/s0006-
2952(00)00495-0

[84]	 MALINA J, NOVAKOVA O, KEPPLER BK, ALESSIO E, 
BRABEC V. Biophysical analysis of natural, double-helical 
DNA modified by anticancer heterocyclic complexes of 
ruthenium(III) in cell-free media. J Biol Inorg Chem 2001; 
6: 435–445. https://doi.org/10.1007/s007750100223

[85]	 CHEN H, PARKINSON JA, NOVÁKOVÁ O, BELLA J, 
WANG F et al. Induced-fit recognition of DNA by organo-
metallic complexes with dynamic stereogenic centers. Proc 
Natl Acad Sci U S A 2003; 100: 14623–14628. https://doi.
org/10.1073/pnas.2434016100

[86]	 ARJMAND F, YOUSUF I, BEN HADDA T, TOUPET L. 
Synthesis, crystal structure and antiproliferative activity of 
Cu(II) nalidixic acid-DACH conjugate: comparative in vitro 
DNA/RNA binding profile, cleavage activity and molecular 
docking studies. Eur J Med Chem 2014; 81: 76–88. https://
doi.org/10.1016/j.ejmech.2014.04.080

[87]	 PALEPU NR, NONGBRI SL, PREMKUMAR JR, BHAT-
TACHARJEE K, JOSHI SR et al. Synthesis and evaluation of 
new salicylaldehyde-2-picolinylhydrazone Schiff base com-
pounds of Ru(II), Rh(III) and Ir(III) as in vitro antitumor, 
antibacterial and fluorescence imaging agents. J Biol Inorg 
Chem 2015; 20: 619–638. https://doi.org/10.1007/s00775-
015-1249-3

[88]	 BIVER T, SECCO F, VENTURINI M. Relaxation kinetics 
of the interaction between RNA and metal-intercalators: 
the Poly(A).Poly(U)/platinum-proflavine system. Arch Bio-
chem Biophys 2005; 437: 215–223. https://doi.org/10.1016/j.
abb.2005.03.009

[89]	 GARCÍA B, LEAL JM, PAIOTTA V, RUIZ R, SECCO F et 
al. Role of the third strand in the binding of proflavine and 
pt-proflavine to poly(rA).2poly(rU): a thermodynamic and 
kinetic study. J Phys Chem B 2008; 112: 7132–7139. https://
doi.org/10.1021/jp800163n

[90]	 N’SOUKPOÉ-KOSSI CN, DESCÔTEAUX C, ASSELIN E, 
BARIYANGA J, TAJMIR-RIAHI HA et al. Transfer RNA 
bindings to antitumor estradiol-platinum(II) hybrid and 
cisplatin. DNA Cell Biol 2008; 27: 337–343. https://doi.
org/10.1089/dna.2008.0727

[91]	 KOTMAKÇI M, ÇETINTAŞ VB, KANTARCI AG. Prepara-
tion and characterization of lipid nanoparticle/pDNA com-
plexes for STAT3 downregulation and overcoming chemo-
therapy resistance in lung cancer cells. Int J Pharm 2017; 525: 
101–111. https://doi.org/10.1016/j.ijpharm.2017.04.034

[92]	 CHEN C, ZHANG M, ZHANG Y. Circ_0000079 De-
coys the RNA-Binding Protein FXR1 to Interrupt For-
mation of the FXR1/PRCKI Complex and Decline Their 
Mediated Cell Invasion and Drug Resistance in NSCLC. 
Cell Transplant 2020; 29: 963689720961070. https://doi.
org/10.1177/0963689720961070

[93]	 ZHANG H, XIAO X, WEI W, HUANG C, WANG M et al. 
CircLIFR synergizes with MSH2 to attenuate chemoresis-
tance via MutSα/ATM-p73 axis in bladder cancer. Mol Can-
cer 2021; 20: 70. https://doi.org/10.1186/s12943-021-01360-
4

[94]	 LI CM, LI M, YE ZC, HUANG JY, LI Y et al. Circular RNA 
expression profiles in cisplatin-induced acute kidney in-
jury in mice. Epigenomics 2019; 11: 1191–1207. https://doi.
org/10.2217/epi-2018-0167

[95]	 CAO Y, MI X, ZHANG D, WANG Z, ZUO Y et al. Tran-
scriptome sequencing of circular RNA reveals a novel cir-
cular RNA-has_circ_0114427 in the regulation of inflam-
mation in acute kidney injury. Clin Sci (Lond) 2020; 134: 
139–154. https://doi.org/10.1042/CS20190990

https://doi.org/10.1089/cbr.2020.3928
https://doi.org/10.1089/cbr.2020.3928
https://doi.org/10.1016/j.bbrc.2020.10.063
https://doi.org/10.1016/j.bbrc.2020.10.063
https://doi.org/10.1002/hed.26549
https://doi.org/10.1002/hed.26549
https://doi.org/10.18632/aging.101674
https://doi.org/10.3892/ijo.2020.5137
https://doi.org/10.3892/ijo.2020.5137
https://doi.org/10.1002/jcla.23409
https://doi.org/10.1002/jcla.23409
https://doi.org/10.1016/s0006-2952(00)00495-0
https://doi.org/10.1016/s0006-2952(00)00495-0
https://doi.org/10.1007/s007750100223
https://doi.org/10.1073/pnas.2434016100
https://doi.org/10.1073/pnas.2434016100
https://doi.org/10.1016/j.ejmech.2014.04.080
https://doi.org/10.1016/j.ejmech.2014.04.080
https://doi.org/10.1007/s00775-015-1249-3
https://doi.org/10.1007/s00775-015-1249-3
https://doi.org/10.1016/j.abb.2005.03.009
https://doi.org/10.1016/j.abb.2005.03.009
https://doi.org/10.1021/jp800163n
https://doi.org/10.1021/jp800163n
https://doi.org/10.1089/dna.2008.0727
https://doi.org/10.1089/dna.2008.0727
https://doi.org/10.1016/j.ijpharm.2017.04.034
https://doi.org/10.1177/0963689720961070
https://doi.org/10.1177/0963689720961070
https://doi.org/10.1186/s12943-021-01360-4
https://doi.org/10.1186/s12943-021-01360-4
https://doi.org/10.2217/epi-2018-0167
https://doi.org/10.2217/epi-2018-0167
https://doi.org/10.1042/CS20190990

