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Abstract. The rapid increase in cancer morbidity and mortality
worldwide is a major challenge for public health providers.
Therefore, there is an urgent need to explore the molecular
mechanism of tumorigenesis and identify potential diagnostic
biomarkers and therapeutic methods. Circular RNA (circRNA)
is characterized by a stable structure and tissue‑specific
expression; these features are useful in medical research and
clinical applications. In recent years, with the development of
high‑throughput sequencing technology, the potential use of
circRNA in cancer prognosis and treatment has been exten‑
sively explored. Abnormal circRNA expression interferes with
specific signaling pathways such as the MAPK pathway; this
phenomenon may provide potential diagnostic biomarkers
and new therapeutic targets. The present article discusses
the research progress on the regulatory roles of MAPK/ERK
pathway‑related circRNA molecules in the development and
progression of different types of tumors. This review may
provide insight into the development of circRNA‑based cancer
management strategies.
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1. Introduction
Non‑coding RNA (ncRNA) is a type of functional RNA
molecule that does not encode proteins, which can be clas‑
sified into two categories: i) Housekeeper ncRNA, which
includes ribosomal RNA, transfer RNA, small nuclear RNA
and small nucleolar RNA; and ii) regulatory ncRNA, which
includes microRNA (miRNA), long ncRNA and circular RNA
(circRNA) (1,2). circRNA is a group of endogenous ncRNA
first discovered in RNA viruses by Sanger in the 1970s (3).
circRNA is a single‑stranded RNA molecule, often highly
expressed in the cytoplasm of eukaryotic cells, and bound
at the 3' and 5'ends to form a covalently closed loop struc‑
ture, making them more stable and highly resistant to RNA
degradation (4,5). A study has shown that circRNA originates
from both exon and intron regions and can pass through single
exons, multiple exons and introns (exon‑intron circRNA) or
single intron sequences (circularized intron RNA) (6).
When initially discovered, circRNA molecules were
regarded as post‑transcriptional errors (7). However, with the
emergence of various biomedical technologies, the biogenesis
and function of circRNA have now been extensively explored. A
previous study confirmed that circRNA can exhibit tissue‑ and
developmental stage‑specific expression and play important
roles in multiple aspects of biology and disease (8). Several
studies have shown that circRNA is involved in the occur‑
rence and development of neurological (9) and cardiovascular
diseases (10), as well as aging (11) and insulin secretion (12).
In addition, circRNA may serve as a diagnostic or prognostic
marker for a variety of cancer types, such as lung cancer (13),
stomach cancer (14), colorectal cancer (CRC) (15) and
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hepatocellular carcinoma (HCC) (16). circRNA harbors single
or multiple miRNA‑binding sites, known as miRNA response
elements, which competitively bind to specific miRNA targets
and thus act as miRNA sponges, thereby reducing their expres‑
sion and inhibiting their function. This leads to enhanced
expression of the target genes (17,18). For example, circular
coiled‑coil domain containing 66 (circ‑CCDC66) promotes
cell proliferation, invasion and metastasis in CRC by sponging
miR‑33b and miR‑93 (19). Additionally, circRNA regulates the
apoptosis, proliferation, migration, invasion and angiogenesis
of cancer cells by regulating the expression of genes involved in
cancer‑related signaling pathways and epithelial‑mesenchymal
transformation (20‑22). For instance, circular zinc finger with
KRAB and SCAN domains 1 (circ‑ZKSCAN1) promotes the
proliferation of non‑small cell lung cancer (NSCLC) cells
by targeting miR‑330‑5p to inactivate MAPK signaling (23).
Therefore, circRNA molecules may be used in clinical appli‑
cations, as they are biologically important in oncogenesis and
show potential as diagnostic or prognostic biomarkers and
therapeutic targets.
The MAPK signaling pathway plays an important role in
the survival, migration and drug resistance of human cancer
cells; it also regulates the occurrence and development of
various cancer types (24). The MAPK signaling pathway
family consists of four main pathways: i) The ERK pathway;
ii) the JNK pathway, iii) the p38/MAPK pathway; and iv) the
ERK5/mitogen‑activated protein kinase pathway (big MAP
kinase 1) (Fig. 1) (25). The ERK‑mediated MAPK signaling
pathway is considered a classical MAPK signal transduction
pathway (21). Several MAPK signaling pathways have been
implicated in signal transduction from cell surface receptors,
such as receptor tyrosine kinases (RTKs) or G‑protein‑coupled
receptors, to the nucleus, leading to the activation of various
cellular processes (26). Following ligand binding to the extra‑
cellular domain of the receptor, RTKs dimerize and promote
kinase activity in the cytoplasmic domain (27). However,
MAPK/ERK signal can be upregulated due to overexpres‑
sion or abnormal activation of RTK or its direct downstream
target RAS gene (28). RAS is the first intracellular effector
in the ERK1/2 pathway; its activation is triggered by various
extracellular stimuli, including growth factor‑mediated
activation of RTKs (24). The typical MAPK/ERK signaling
pathway comprises A‑RAF, B‑RAF, RAF‑1 or C‑Raf kinases.
After RAS activation, RAF activates MEK1 and MEK2
as a MAPK kinase kinase (MAPKKK), then promotes the
activation of the ERK1 and ERK2 kinases, with ERK1 and
ERK2 also involved in the final effects of the MAPK/ERK
pathway (29). Once activated, ERK1/2 interacts with several
nuclear and cytoplasmic effector genes, including activator
protein‑1, and plays a key role in regulating cell survival and
proliferation (29,30). Reactive oxygen species (ROS) can also
regulate the MAPK/JNK signaling pathway. Oxidative stress
activates apoptosis signal‑regulated kinase 1, the upstream
kinase of MAPK, and regulates the JNK pathway. Apoptosis is
induced by the phosphorylation of MAPK kinase 4 (MKK4),
MKK3 and MKK6 (31). The direct inhibition of MAPK phos‑
phatase by ROS can also activate the MAPK/JNK pathway.
Indeed, nicotinamide‑adenine dinucleotide phosphate
(NADPH) oxidase or ROS produced in mitochondria have
been shown to inhibit the phosphatase and PI3K pathways

inactivated by JNK, resulting in the continuous activation of
MAPK/JNK and MAPK/PI3K signaling pathways, leading
to cell apoptosis (32,33). Continuous activation of the
MAPK/ERK pathway can lead to abnormal cell proliferation
and cell cycle, inhibition of cell apoptosis and differentiation,
as well as increased cell motility, migration and invasion.
However, activation of the MAPK/JNK or p38MAPK pathway
can lead to mitochondrial damage and cancer cell death, which
is associated with the occurrence, development and prognosis
of various tumors (34,35).
A previous study has indicated that circRNA plays
a key role in regulating cancer progression and interact
with the MAPK, PI3K/AKT and Wnt/β ‑catenin signaling
pathways (36). MAPK/ERK1/2 signaling can promote cell
proliferation and differentiation and accelerate cancer cell
metastasis, while MAPK/JNK and MAPK/p38 signaling can
induce cell apoptosis and inhibit cancer cell metastasis (34,35).
The multiple regulatory roles of the MAPK signaling pathway
on the growth and development of cancer cells indicate the
importance of the MAPK signaling pathway in the occur‑
rence and development of cancer, which is worthy of further
study (31‑33). Hu et al (37) reported that circular ArfGAP with
SH3 domain, ankyrin repeat and PH domain 1 (circ‑ASAP1)
promoted the proliferation and invasion of HCC cells by
regulating the miR‑326/miR‑532‑5p/MAPK1 axis and medi‑
ated tumor‑associated macrophage infiltration by regulating
miR‑326/miR‑532‑5p/colony‑stimulating factor‑1 signaling.
These studies provided insight into the metastasis of cancer
and improved the understanding of the mechanisms of cancer
development. The recent studies on MAPK/ERK signaling
pathway‑related circRNA molecules in specific cancers are
summarized in Table I, and their regulatory mechanisms are
shown in Fig. 2.
2. MAPK/ERK signaling pathway‑related circRNA
molecules and lung cancer
Lung cancer is one of the most common malignancies in
humans and the leading cause of cancer‑related death world‑
wide (38). Although immense progress has been made in the
treatment of lung cancer, including in surgery, radiotherapy,
chemotherapy and immunotherapy, the 5‑year survival rate of
patients with lung cancer remains only 15‑20% due to the lack
of early diagnosis and high frequency of metastasis and recur‑
rence (39). Therefore, it is important to identify the signaling
molecules involved in the abnormal changes that lead to the
occurrence and development of lung cancer, in order to iden‑
tify early biomarkers and reliable and effective therapeutic
targets and to improve the prognosis of lung cancer.
Previous studies have suggested that circRNA acts
as a miRNA sponge and plays a regulatory role in lung
cancer (40,41). One particular study demonstrated that the
expression of circ‑ZKSCAN1 was higher in NSCLC than in
adjacent normal lung tissue (23). Moreover, Kaplan‑Meier
analysis revealed that the overall survival (OS) of patients with
NSCLC and high circ‑ZKSCAN1 expression was significantly
shorter than that of patients with low circ‑ZKSCAN1 expres‑
sion. Consistent with these results, lung cancer cell proliferation
was significantly reduced following circ‑ZKSCAN1 knockout.
These data indicate that circ‑ZKSCAN1 is associated with the
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Figure 1. MAPK signaling pathways. ERK1/2, ERK5, JNKs and p38 proteins are classical components of MAPK signaling pathways according the traditional
linear four‑tiered organization. These pathways have been implicated in signal transduction from cell surface receptors (such as receptor tyrosine kinases
or G‑protein‑coupled receptors) to the nucleus, leading to the activation of various cellular processes, including cell proliferation, survival, migration and
differentiation. p‑, phosphorylated.

occurrence, development and prognosis of NSCLC. Moreover,
circ‑ZKSCAN1 can sponge the oncogenic miR‑330‑5p to
increase the expression of family with sequence similarity
83 member A, which inhibits the MAPK signaling pathway,
significantly reducing the expression of effectors JNK, P38
and ERK (23). According to another study (42), the 3'‑untrans‑
lated region of galectin‑1 (Gal‑1) contains a binding site for
miR‑22‑3p, and miR‑22‑3p binds to circular fibroblast growth
factor receptor (FGFR) 3 (circ‑FGFR3) in NSCLC cells as
a competitive endogenous RNA. Thus, circ‑FGFR3 acts
as a sponge for miR‑22‑3p and upregulates Gal‑1 mRNA
expression, thereby activating the ERK1/2 signaling pathway,
promoting tumor angiogenesis and inducing cancer cell inva‑
sion and proliferation (42). Zhang et al (43) also observed
abnormally elevated circ0001313 and reduced miR‑452 levels
in NSCLC cells. Moreover, circ0001313 silencing or miR‑452
overexpression significantly reduced NSCLC cell proliferation
and invasion. In addition, circ0001313 could competitively bind
to miR‑452 to upregulate high mobility group box 3, which
increased ERK1/2 and p38MAPK phosphorylation, thus acti‑
vating the ERK/MAPK pathway and contributing to NSCLC

development (43). Based on these studies, it may be hypoth‑
esized that MAPK/ERK signaling pathway‑related circRNA
molecules could be used as biomarkers and therapeutic targets
for lung cancer. In the future, the design of drugs targeting the
signaling molecules or kinases associated with circRNA or the
MAPK signaling pathway may become possible.
3. MAPK/ERK signaling pathway‑related circRNA
molecules and digestive system tumors
Tumors of the digestive system are among the most common
malignancies worldwide (44). Indeed, HCC, stomach
cancer and CRC are the leading causes of digestive system
cancer‑related deaths, placing a heavy burden on societies
worldwide (45). HCC alone is the fifth most common cancer
worldwide. Several factors contribute to HCC develop‑
ment and progression (46). Uncontrolled cell proliferation
associated with activation of the MAPK pathway has been
defined as a major mechanism in HCC (47). MAPK14, a
p38/MAPK, is a well‑known serine/threonine kinase.
Activation of p38/MAPK signaling induces apoptosis in

Host			
gene		
miRNA
name
miRNA target
mRNA target

Effect on
MAPK/ERK
signaling
Cancer
phenotype

Gao et al, 2019

Oral squamous cell
carcinoma

circ‑CDR1as

Upregulated

CDR1as

miR‑671‑5p

ERK1

Activate

Apoptosis (‑)

Wang et al, 2019 Lung cancer
circ‑ZKSCAN1 Upregulated
ZKSCAN1
miR‑330‑5p
FAM83A
Suppress
Migration (+);
								proliferation (‑)
Qiu et al, 2019
Lung cancer
circ‑FGFR3
Upregulated
FGFR3
miR‑22‑3p
Gal‑1
Activate
Invasion,
								
proliferation (+)
Zhang et al, 2020 Lung cancer
circ_0001313
Upregulated
Not available miR‑452
HMGB3
Activate
Migration,
								proliferation,
								
invasion (+)
Xu et al, 2019
Hepatocellular cancer circ‑SETD3
Downregulated Not available miR‑421
MAPK14
Activate
Apoptosis (‑)
Li et al, 2019
Hepatocellular cancer hsa_circ0085616 Upregulated
ASAP1
Not available
ERK
Activate
Migration,
								proliferation,
								
invasion (+);
								apoptosis (‑)
Hu et al, 2020
Hepatocellular cancer circ‑ASAP1
Upregulated
ASAP1
miR‑326/miR‑532‑5p MAPK1,
Activate
Migration,
						
CSF‑1		proliferation,
								
invasion (+)
Zhan et al, 2020
Hepatocellular cancer hsa_circ_103809 Upregulated
Not available miR377‑3p
FGFR1
Activate
Migration,
								proliferation,
								
invasion (+)
Sun et al, 2020
Gastric cancer
hsa_circ_0001649 Downregulated SHPRH
miR‑20a
ERK
Suppress
Migration,
								proliferation,
								invasion,
								
survival (+)
Weng et al, 2017 Colorectal cancer
ciRS‑7‑A
Upregulated
Not available miR‑7
EGFR, RAF1
Activate
Migration,
								proliferation,
								
invasion (+);
								apoptosis (‑)
Shi et al, 2020
Esophageal cancer
circ‑LPAR3
Upregulated
LPAR3
miR‑198
MET
Activate
Migration,
								proliferation,
								
invasion (+)

				
				
First author, year
Cancer type
circRNA name
Expression

Table I. Cancer‑associated circRNA molecules involved in the MAPK/ERK signaling pathway.

62)

(61)

(59)

(57)

(52)

(37)

(50)
(51)

(43)

(42)

(23)

(Refs.)

4
LAI et al: MAPK-MEDIATED circRNA FUNCTIONS IN CANCER ONSET AND PROGRESSION

Host			
gene		
miRNA
name
miRNA target
mRNA target

Effect on
MAPK/ERK
signaling

Chen et al, 2020
Renal carcinoma
circ‑FNDC3B
Upregulated
FNDC3B
miR‑99a
ERK
Activate
								

Proliferation,
invasion (+)

Cancer
phenotype

Oral squamous cell circRNA_102459 Downregulated Not available Not available
p38/MAPK
Activate
Apoptosis (‑)
carcinoma
Deng et al, 2019
Oral squamous cell circRNA_043621 Upregulated
Not available Not available
p38/MAPK
Activate
Apoptosis (‑)
carcinoma
Gao et al, 2019
Breast cancer
circ_0006528
Upregulated
PRELID2
miR‑7‑5p
Raf1
Activate
Migration,
								
proliferation (+)
Wu and Zhou, 2019 Cervical cancer
circ‑AGFG1
Upregulated
AGFG1
miR‑370‑3p
Raf1
Activate
Migration,
								
proliferation (+)
Huang et al, 2020
Cervical cancer
circ‑SMARCA5
Upregulated
Not available miR‑432
EGFR, ERK1,
Activate
Migration,
						
ERK2		
proliferation (+)
Huang et al, 2020
Cervical cancer
hsa_circ_0003204 Upregulated
USP36
Not available
ERK, P38
Activate
Migration,
								
proliferation (+)
Yan et al, 2020
Prostate cancer
hsa_circ_0001085 Upregulated
GLS
hsa‑miR‑451A MAPK1
Activate
Migration,
								
proliferation (+)
Si‑Tu et al, 2019
Prostate cancer
circ_102004
Upregulated
Not available Not available
ERK, JNK
Activate
Migration,
								proliferation,
								
invasion (+)
Sun et al, 2019
Bladder cancer
circ‑CEP128
Upregulated
CEP128
miR‑145‑5p
MYD88
Activate
Migration,
								
proliferation (+);
								
apoptosis (‑)
Zhong et al, 2017
Bladder cancer
circ‑MYLK
Upregulated
MYLK
miR‑29a
VEGFA,
Activate
Migration,
						
VEGFR2		
proliferation,
								
invasion (+)
Sun et al, 2019
Bladder cancer
hsa_circ_100242
Upregulated
Not available miR‑145‑5p
Not available
Activate
Proliferation,
								
invasion (+)
Bladder cancer
hsa_circ _0011385 Upregulated
EIF3I
Not available
Not available
Activate
Migration,
								proliferation,
								
invasion (+)

Deng et al, 2019

				
				
First author, year
Cancer type
circRNA name
Expression

Table I. Continued.

(80)

(74)

(75)

(74)

(71)

(70)

(68)

(67)

(66)

(65)

(63)

(63)

(Refs.)
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circRNA, circular RNA; miRNA/miR, microRNA.

(89)

(83)

Acute lymphoblastic
circ_0000745
Upregulated
Not available
Not available
Not available
Activate
Proliferation (+);
leukemia							
apoptosis (‑)
Zheng et al, 2017
Glioma
circ‑TTBK2
Upregulated
Not available
miR‑217
HNF1β
Activate
Migration,
								
proliferation,
								
invasion (+);
								
apoptosis (‑)
He et al, 2020
Glioma
circ‑MAPK4
Upregulated
Not available
miR‑125a‑3p
p38/MAPK
Activate
Invasion (+);
								
apoptosis (‑)
Liu et al, 2020

(Refs.)
Cancer
phenotype
							
Effect on
				
Host		
miRNA
MAPK/ERK
First author, year
Cancer type
circRNA name
Expression
gene name
miRNA target
mRNA target
signaling

Table I. Continued.
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HCC cells via the mitochondrial apoptosis pathway of
ROS (48,49). In HCC, circular SET domain containing 3,
actin histidine methyltransferase (circ‑SETD3, also known
as hsa_circ_0000567) is expressed at significantly lower
expression in HCC than in paracancerous tissue samples.
Moreover, the OS of patients with HCC and low circ‑SETD3
expression is significantly shorter than that of patients with
high circ‑SETD3 expression (50). Thus, low expression
of circ‑SETD3 in HCC tissue predicts poor prognosis for
patients with HCC. As a sponge for miR‑421, circ‑SETD3
upregulates the protein levels of p38/MAPKs and partially
inhibits the growth and tumorigenesis of HCC cells (50).
In addition, hsa_circ_0085616 is upregulated in HCC cells
and promotes ERK phosphorylation levels; it also activates
the MAPK pathway, thereby promoting the proliferation,
migration and invasion of HCC cells in vitro (51). In another
study, circ‑ASAP1, a key regulator of HCC metastasis, was
found to be highly expressed in the cytoplasm of in vivo
HCC cells showing lung metastasis. circ‑ASAP1 sponges
miR‑326 and miR‑532‑5p, increases the expression of
MAPK1 (also known as ERK2), activates the ERK1/2
signaling pathway and promotes the proliferation of the
HCC cells (37). Additionally, Zhan et al (52) suggested that
the expression levels of hsa_circRNA_103809 was mark‑
edly higher in HCC samples than in tumor‑adjacent samples
and that patients with HCC and high hsa_circRNA_103809
expression showed a relatively lower sur vival rate
than those with low hsa_circRNA_103809 expression.
Additionally, the growth of HCC cells was inhibited after
hsa_circRNA_103809 knockdown using small interfering
RNA (siRNA). It was also shown that hsa_circRNA_103809
sponged miR‑377‑3p, which upregulated FGFR1 expres‑
sion (52). FGFR1 is a member of the fibroblast growth
receptor family that activates the RAS‑RAF‑MAPK
(MEK)‑ERK signaling pathway (53). Thus, the hsa_
circRNA_103809/miR‑377‑3p/FGFR1‑MEK‑ERK axis is a
potential target for HCC treatment. hsa_circ_0001649 also
plays an inhibitory role in various tumor types (54‑56).
One study reported that the expression of hsa_
circ_0001649 in gastric cancer tissue is significantly lower
than that in normal tissue. Flow cytometry analysis showed
that if the expression of hsa_circ_0001649 was significantly
upregulated in gastric cancer tissue, it could stimulate cell
apoptosis and reduce the migration and invasion ability of
gastric cancer cells. This is because hsa_circ_0001649 can
sponge mir‑20a and inhibit the ERK and Wnt/β ‑catenin
signaling pathways, as well as cell growth and development,
leading to apoptosis (57). The roles of additional MAPK/ERK
signaling pathway‑associated circRNA molecules in gastric
cancer requires further analysis, which may lead to the iden‑
tification of potential biomarkers of tumorigenesis, targeted
therapy and prognosis.
miR‑7 can effectively reduce the expression levels of EGFR
and RAF1, an important MAPK family member, and strongly
inhibit the EGFR/RAF1/MAPK pathway (58). Weng et al (59)
found that ciRS‑7‑A expression was significantly higher in CRC
than in normal tissue. High ciRS‑7‑A expression positively
correlated with CRC lymph node metastasis, and multivariate
survival analysis revealed that ciRS‑7‑A was an independent
risk factor for OS, suggesting its potential carcinogenic effect
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Figure 2. Human cancer‑associated circRNA molecules and the MAPK/ERK signaling pathway. The MAPK/ERK signaling pathway plays a critical role in
the progression of human cancer. circRNA molecules associated with MAPK/ERK signaling adsorb miR targets by sponging them, inhibiting their effects on
target genes and regulating them. This, in turn, activates or inhibits MAPK/ERK signaling and regulates the growth, metastasis and apoptosis of cancer cells.
circRNA, circular RNA; miR, microRNA.

in CRC and prognostic effect. ciRS‑7‑A upregulation in CRC
induced EGFR/RAF1/MAPK signaling by sponging miR‑7,
thereby inhibiting the proliferation, migration, invasion and
apoptosis of cancer cells (59).
Esophageal cancer (EC) is the sixth leading cause of
cancer‑related death worldwide, and its high mortality is asso‑
ciated with distant organ recurrence and metastasis (60,61).
Previous studies have suggested that circular lysophosphatidic
acid receptor 3 (circ‑LPAR3) plays an important role in EC
occurrence and metastasis (61). Shi et al (61) demonstrated
that circ‑LPAR3 expression was markedly higher in esopha‑
geal squamous cell carcinoma (ESCC) than in paracarcinoma
tissue samples. Similarly, its high expression promoted the
migration and invasion of ESCC cells in a Transwell assay.
circ‑LPAR3 acted as a sponge for miR‑198 in ESCC cells to
regulate the phosphorylation of downstream MAPK and AKT
signaling proteins, thereby promoting ESCC occurrence and
progression (61).
It has been reported that circular CDR1 antisense
(circ‑CDR1as) expression is markedly higher in oral squa‑
mous cell carcinoma (OSCC) than in normal oral tissue, and
Kaplan‑Meier analysis demonstrated that patients with higher

circ‑CDR1as expression have a shorter postoperative survival
time than those with lower circ‑CDR1as expression (62).
circ‑CDR1as upregulation is associated with poor prognosis
in patients with OSCC. The mechanism is that circ‑CDR1as
acts as a sponge for miR‑671‑5p in the hypoxic microenvi‑
ronment to promote hypoxia‑induced autophagy and further
promote activation of AKT and ERK1 signaling and inhibit
cancer cell apoptosis (62). Therefore, autophagy inhibitors
combined with circ‑CDR1as may represent new therapeutic
options for the treatment of OSCC (62). According to another
study (63), circRNA_102459 and circRNA_043621 are inhib‑
itors and promoters of OSCC, respectively. circRNA_102459
overexpression or circRNA_043621 knockdown causes
MAPK pathway inhibition, thus promoting OSCC cell
apoptosis (63). However, whether circRNA_102459 and
circRNA_043621 act as miRNA sponges requires further
in‑depth studies (63).
Although further studies of circRNA and gastrointes‑
tinal tumors are needed, these findings demonstrate that
MAPK/ERK pathway‑related circRNA molecules may be
useful for diagnosis and prognosis in gastrointestinal tumors,
as well as the development of new therapeutic strategies.
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4. MAPK/ERK signaling pathway‑related circRNA
molecules and breast cancer

6. MAPK/ERK signaling pathway‑related circRNA
molecules and urinary neoplasms

Breast cancer (BC) is the most common cause of cancer‑related
death in women worldwide (44). Despite improvement in
surgery, as well as endocrine therapy, and targeted therapy in
recent years, BC mortality remains high, due to late diagnosis
and high metastasis and recurrence rates (64). Therefore, it is
important to understand the molecular pathways involved in
the pathogenesis of BC. Through Using quantitative real‑time
PCR analysis, Gao et al (65) showed that circ_0006528 was
significantly upregulated in BC compared with adjacent
non‑tumor tissue, which was significantly associated with
advanced tumor‑node‑metastasis stage and poor prognosis.
Moreover, Kaplan‑Meier survival analysis indicated that
patients with high circ_0006528 expression had poorer
relapse‑free survival and OS than those with low circ_0006528
expression. Additionally, siRNA‑mediated circ_0006528
knockdown impaired the proliferation of BC cells. A study
showed that RAF1 upregulation can significantly increase
MEK1/2 and ERK1/2 phosphorylation, thus activating the
MAPK/ERK signaling pathway, which promotes the growth,
invasion and migration of BC. circ_0006528 sponges mir‑7‑5p,
which attenuates the inhibitory effect of this miRNA on RAF1
and upregulates RAF1 in vivo (65). Thus, circ_0006528 can
promote DNA synthesis, cell proliferation and BC invasion and
migration (65). In conclusion, circ_0006528 may be involved
in BC occurrence, making it a potential therapeutic target in
patients with BC. This may become an important direction of
BC research in the future.

Prostate cancer (PCa) is the most common urinary
system‑associated malignancy in men (69). The incidence and
mortality of PCa in China are increasing, and its metastasis and
recurrence are essential reasons for its poor prognosis (69). It
has been reported that hsa_circ_0001085 upregulates MAPK1
protein expression levels by sponging hsa‑miR‑451a, promotes
MAPK signaling and PCa cell proliferation and metastasis
and induces PCa cell epithelial‑mesenchymal transformation
through the MAPK pathway (70). Si‑Tu et al (71) found that
circ‑102004 upregulation was significantly greater in PCa
than in benign prostatic hyperplasia tissue. Moreover, both
the migration and invasion of PCa cells increased following
circ‑102004 overexpression. circ‑102004 overexpression
in PCa leads to significant upregulation of p‑ERK, p‑Akt,
p‑JNK, JNK, β‑catenin and GL11, which activates the MAPK
pathway. Thus, circ‑102004 plays an oncogenic role in PCa
by affecting the MAPK signaling pathways known to promote
cancer development and progression (71).
Bladder cancer represents the second most common
neoplasm among urological malignancies and the fourth in
general among men (72). Progress in the treatment of BCa
remains limited, and this cancer is associated with a high
mortality rate (73). It has been reported that circular centrosomal
protein 128 (circ‑CEP128) is highly expressed in BCa and that
circ‑CEP128 knockout can increase the apoptosis of BCa cells,
induce cell cycle arrest and inhibit tumor growth. circ‑CEP128
overexpression in BCa upregulates the expression of MyD88
and the phosphorylation of MAPK signaling pathway‑related
proteins (p38, ERK and JNK) by sponging miR‑145‑5p, acti‑
vates the MAPK signaling pathway and further promotes the
proliferation and motility of BCa cells (74). Another study
showed that circular myosin light chain kinase, which sponges
miR‑29a, eliminated the inhibitory effect on target gene
VEGFA, promoted the phosphorylation of VEGFR2, RAF‑1,
MEK1/2 and ERK1/2, induced epithelial‑mesenchymal
transformation, activated the RAS/ERK signaling pathway
and participated in the progression of BCa (75). In addition,
Lu et al (76) demonstrated that hsa_circ_0011385, circ_100242
and miR‑145 affect the MAPK signaling pathway through a
circRNA‑miRNA‑mRNA network and drive the proliferation
of BCa cells; however, identifying their direct targets requires
further analysis. These results suggest that circRNA networks
and signaling pathways are potential clinical markers and
therapeutic targets for patients with BCa (76).
Renal carcinoma (RC) is a common malignancy, and
increasing evidence suggests that circRNA is involved in RC
development and progression (77,78). Circular fibronectin
type III domain containing 3B (circ‑FNDC3B), a circRNA
spliced from FNDC3B, has been reported to promote tumor
growth (79). Moreover, Chen et al (80) found that circ‑FNDC3b
expression was significantly increased in RC tissue samples
and that circ‑FNDC3b negatively regulated miR‑99a and acti‑
vated the MAPK/ERK signaling pathway, thus promoting the
survival, clone formation and migration of RC cells.
Further studies on circRNA molecules related to the
MAPK/ERK signaling pathway are needed to determine their
roles and metastasis mechanism in the pathogenesis of urinary

5. MAPK/ERK signaling pathway‑related circRNA
molecules and cervical cancer
Cervical cancer (CC) is a common malignant tumor and the
second leading cause of cancer‑related death in women (44).
Various circRNA molecules have been reported to be
upregulated in CC and are involved in the migration, inva‑
sion, angiogenesis and proliferation of CC cells through the
MAPK/ERK signaling pathway. For example, Wu et al (66)
found that circular ArfGAP with FG repeats 1 (circ‑AGFG1)
expression was higher in CC cells than in normal cells and
that the viability and proliferation of CC cells was inhibited
following circ‑AGFG1 knockdown. circ‑AGFG1 stimulates
the RAF/MEK/ERK pathway by sponging miR‑370‑3p to
increase the levels of RAF1, phosphorylated (p‑)RAF1,
p‑MEK1/2 and p‑ERK1/2 proteins (66). Huang et al (67)
demonstrated that circular SWI/SNF related, matrix associ‑
ated, actin dependent regulator of chromatin, subfamily a,
member 5 (circ‑SMARCA5) expression was significantly
higher in CC than in non‑tumor tissue samples and that
circ‑SMARCA5 silencing inhibited the proliferation and
invasion of CC cells. Moreover, circ‑SMARCA5 sponged
miR‑432 to inhibit EGFR downregulation, thereby acti‑
vating the ERK1/2 signaling pathway and promoting
CC progression (67). Additionally, hsa_circ_0003204
upregulation has been reported to promote the proliferation,
migration and invasion of CC cells by activating the MAPK
signaling pathway, although its miRNA target has not been
confirmed (68).
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system‑associated tumors and to identify potential therapeutic
targets.
7. MAPK/ERK signaling pathway‑related circRNA
molecules and other malignancies
circRNA has been reported to regulate the occurrence and
progression of acute lymphoblastic leukemia (81), multiple
myeloma (MM) (82) and glioma (83) through the typical
MAPK/ERK signaling pathway. It has been reported that
circ‑0000745 expression was significantly higher in human
leukemia cell lines (Kasumi‑1 and KG‑1 cells) than in human
primary T lymphocytes. Furthermore, flow cytometry analysis
showed that the frequency of apoptotic cells was reduced
after circ‑0000745 overexpression. In addition, circ‑0000745
overexpression induces leukemia cell proliferation by
increasing ERK phosphorylation, thus activating the ERK
signaling pathway and promoting the development of acute
lymphoblastic leukemia (81).
MM, the second most common hematologic malignancy,
is a malignancy originating in the bone marrow characterized
by uncontrolled growth of monoclonal plasma cells and the
production of excessive monoclonal immunoglobulins (84).
In recent years, remarkable advancements have been made
in treatment strategies, such as stem cell transplantation and
targeted therapy, prolonging the survival of patients with
MM (85). Although chronic disease can be controlled, relapse
and multidrug resistance remain major problems (86,87).
Zhou et al (82) demonstrated that 122 and 260 circRNA
molecules were upregulated and downregulated in MM,
respectively. Bioinformatics prediction of the functions of
these circRNA candidates suggested that they were involved
in tumor signaling pathways, such as MAPK and VEGF, by
sponging miRNA targets, thereby affecting the pathogenesis
of MM. However, the association between circRNA and the
prognosis of MM requires further analysis.
Glioma is the most common and most lethal tumor of the
primary nervous system in adults (88). Zheng et al (83) reported
that the expression of circular τ tubulin kinase 2 (circ‑TTBK2)
was significantly higher in glioma tissue compared with that in
normal brain tissue, as well as cells. In addition, circ‑TTBK2
overexpression upregulated the expression of its target gene,
HNF1 homeobox B, by sponging miR‑217, thereby activating
derlin‑1 and the PI3K/AKT and ERK pathways. He et al (89)
showed that circ‑MAPK4 was upregulated in glioma cell
lines compared with that in glial cell lines, and inhibition of
circ‑MAPK4 resulted in a significant decrease in the number
of glioma cells, demonstrating that circ‑MAPK4 markedly
enhanced the survival of glioma cells. The possible mecha‑
nism is that circ‑MAPK4 regulates the development of glioma
by regulating the phosphorylation of p38/MAPKK (89).
8. MAPK/ERK signaling pathway‑related circRNA
molecules and tumor drug resistance
At present, chemotherapy resistance and relapse remain
major challenges in cancer treatment. circRNA‑induced
dysregulation of the MAPK pathway has been observed
to cause therapeutic resistance in lung adenocarcinoma,
with increased circRNA CCDC66 levels leading to EGFR
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overexpression (90). EGFR is an important growth factor, and
its overexpression promotes resistance to radiation and chemo‑
therapy by activating MAP2K and MAP3K of the MAPK
pathway; the MEK/ERK cascade was shown to be exclusively
deactivated when EGFR expression is inhibited (91,92). In this
regard, EGFR inhibitors or RAS/MAPK axis inhibitors can
be considered for future clinical use to overcome drug resis‑
tance. However, crosstalk between the RAS/MAPK pathway
and other pathways may cause primary or acquired resistance
to treatment with RAS/MAPK axis inhibitors. Nevertheless,
combination therapy leading to inactivation of the RAS/MAPK
pathway and PI3K/Akt pathway may overcome the escape
mechanism (93). In acute myeloid leukemia, the upregulation
of circRNA in drug‑resistant cells is mainly related to the
MAPK and mTOR/Akt signaling pathways, and blocking the
PI3K/Akt signaling pathway can lead to downregulation of
P‑glycoprotein and multidrug resistance associated protein
1 expression and restore sensitivity to chemotherapeutic
drugs (94). Although the specific mechanism of action has
not been clarified, these results indicate new approaches for
overcoming resistance to therapy in acute myeloid leukemia.
9. Conclusions
Cancer and cancer‑related mortality rates have been increasing
worldwide and are expected to become the leading cause of
death and the most significant obstacle to increasing life expec‑
tancy in the 21st century (44). With new advances in precision
medicine, great progress has been made in early detection tech‑
nology, radiotherapy and chemotherapy, targeted therapy and
immunotherapy; however, frequent recurrence, metastasis and
resistance to chemotherapy lead to poor prognosis and remain a
major obstacle to cancer treatment. Therefore, the mechanism of
cancer occurrence and development should be further studied to
identify more accurate and effective diagnostic and prognostic
biomarkers, as well as potential targets for cancer treatment.
The discovery of circRNA in the human genome has
changed the way cancer research is conducted,and it has been
shown that with the application of high‑throughput sequencing,
circRNA molecules are easier to detect than miRNA (95).
circRNA exerts unique functions in different tissue types and
developmental stages and are highly expressed in different
cancer cell lines (86). In fact, circRNA has other func‑
tions in addition to acting as miRNA sponge. For example,
circRNA molecules can act as regulators of transcription and
splicing (96) or adaptors for protein‑protein interactions (97)
and may be involved in ribosomal RNA processing (98). Thus,
the sponge function of circRNA is the most widely and clearly
studied in cancer research. However, other functions remain
important, and a comprehensive understanding of these
functions is needed to accurately understand the interactions
between miRNA, circRNA and their target genes, how they
coordinate to promote the development of human diseases
and how circRNA expression or degradation is regulated
in specific disease environments. All these require more
systematic and genome‑wide investigation and analysis. In
conclusion, the discovery of more accurate cancer therapeutic
targets and drug therapies to which cancers are less resistant
will further contribute to the development of circRNA‑based
cancer therapy.
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The MAPK/ERK pathway plays a central role in human
cancer and is activated in various tumor types. Several of its
components have been identified as oncogenes, leading to
increased interest in this pathway as a potential cancer treatment
option (99). circRNA affects biological processes by activating
or inhibiting the MAPK/ERK pathway. In lung cancer, HCC,
CC and other cancer types, most circRNA molecules are
upregulated and bind miRNA targets to abrogate their inhibi‑
tory effect on target genes. This promotes the expression levels
of the target genes, thus activating the MAPK/ERK pathway
and promoting proliferation, migration, invasion, whilst
inhibiting in cancer cells. The aforementioned study suggests
that the association between circRNA and the MAPK/ERK
pathway can be targeted for cancer diagnosis and are prognostic
biomarkers for cancer therapy. However, cell proliferation is a
complex process. Besides interacting with the MAPK pathway,
circRNA interacts with other signaling pathways, such as
the PI3K/AKT intracellular signaling pathway (100) and the
Wnt/β‑catenin pathway (101,102); the mechanisms of interac‑
tion between these pathways are important and complex. In
addition, the MAPK/ERK pathway typically involves crosstalk
or interdependent signals with other signaling pathways, which
jointly influence the occurrence and development of cancer.
Crosstalk between the MAPK/ERK pathway and parallel path‑
ways such as the PI3K/AKT pathway is also key to abnormal
proliferation (27). Therefore, studies of the effect of circRNA
and MAPK/ERK pathways on tumors and cross‑effects of
other pathways should be considered.
In summary, circRNA molecules associated with the
MAPK/ERK signaling pathway play a key role in the occur‑
rence, development, diagnosis, treatment and prognosis of
various cancer types. circRNA promotes cancer development
by binding to miRNA as a sponge to eliminate the inhibition
of target genes and regulate key proteins in the MAPK/ERK
signaling pathway. circRNA and the MAPK pathway are
typically interrelated and cooperate to play a role in cell func‑
tion. Therefore, circRNA or cellular signaling pathways alone
may not be sufficient to drive cellular signaling to influence
cancer development. The future research direction is to predict
and diagnose cancer by detecting circRNA levels in relevant
tissue types in vivo. It is necessary to further study the role
of circRNA in different signaling pathways in relation to
the occurrence and development of cancer. This may provide
insight into the mechanism of drug resistance and contribute
to the development of potential targets for cancer diagnosis,
prognosis and treatment.
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