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Abstract
Since decades ago, circular RNAs (circRNAs) have been known for their critical role 
in RNA maturation, RNA transportation, epigenetic regulation, gene transcription, 
peptide/protein translation, and interaction with proteins to modulate their activities. 
At present, circRNAs are being extensively studied as oncotargets in the onset and 
development of several malignancies and treatment resistance by modulating various 
signaling pathways and cellular processes such as ubiquitination, degradation, 
invasion, proliferation, c-Myc oncoprotein stabilization, epithelial-mesenchymal 
transition, autophagy, and apoptosis. In addition, circRNAs are known to be highly 
conserved, have a longer life span than other RNAs, and their differential expressions 
are implicated in solid tumors and hematological malignancies. However, their 
potential diagnostic and therapeutic targets are not fully elucidated. Therefore, we 
sought to underline the opportunities and constraints associated with using these 
oncotargets in cancer therapy by outlining the functional mechanisms of circRNAs 
and their ectopic expression in distinct malignancies. The clinical applications of 
circRNAs in developing progressive markers like liquid biopsy biomarkers and for 
treating cancers are also prospected in this paper.

Keywords: CircRNAs; Upregulation; Down-regulation; Anticancer drugs resistance; Liquid 
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1. Introduction
Circular RNAs (circRNAs) are among the most thoroughly investigated ncRNAs 
in recent years, accounting for most of the human non-coding transcriptome[1,2]. 
Subsequent research has recognized the importance of circRNAs in regulating many 
cellular developmental and biological events, which involve critical molecular processes 
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such as chromatin modifications, DNA methylation, 
gene transcription, and messenger RNA (mRNA) destiny 
regulators splicing, translation, or decay[3-8].

Although circRNA biogenesis has been previously 
reviewed[9], the specific mechanisms of circRNAs 
formation are still poorly understood in terms of being 
explored and validated regularly. Most of the discovered 
exonic circRNAs (>90%) originated from protein-coding 
genes with one or several exons that have substantially 
longer intracellular half-lives, which implicates that 
circRNAs are resistant to exonuclease digestion[10-12]. 
Certain features of circRNAs include: (1) circRNAs are 
abundantly available in human fluids and tissues, and due 
to their stable covalently closed structure, certain circRNAs 
gather at a significant level compared to their canonical 
linear mRNAs[13]; (2) numerous circRNAs in eukaryotes 
are conserved evolutionarily[14]; and (3) many circRNAs 
are explicitly expressed in tissues or cells[14,15].

In addition, by competing for the particular miRNA, 
RNA species such as lncRNAs, pseudogene transcripts, 
mRNAs, and circRNAs that serve as competing endogenous 
RNAs (ceRNAs) affect genomic expression post-
transcriptionally and impact the half-life or translation 
of target RNAs[16,17]. CircRNAs have been revealed to act 
like ceRNAs, regulating important biochemical events in 
cancer such as cell division, angiogenesis, and apoptosis. 
For example, it has been demonstrated that circRNAs can 
act as ceRNAs by controlling the expression of the GDNF 
family receptor alpha-1 (GFRA1) to change the expression 
of miR-34a, which subsequently inhibits the apoptosis of 
triple-negative breast cancer (TNBC)[17,18]. CircRNAs can 
also be utilized as RNA-binding protein (RBP) decoys to 
mediate its host gene expression or to subtly influence 
the activities of RBPs and associated proteins[14,19]. 
Furthermore, certain circRNAs containing IRES-like 
components and start codon (AUG) sites enable them to 
translate into particular small proteins/peptides[20].

Some circRNAs are obviously linked to cancer patients’ 
clinical outcomes due to their crucial roles in biological 
pathways[21]. However, circRNAs can also play opposing roles 
to their linear counterparts. For example, the linear RNA 
of the human and mouse ZBTB7A genes works as a tumor 
suppressor, but the circRNA generated by ZBTB7A genes has 
a carcinogenic role in connective tissue malignancies[22]. On 
the other hand, the formation of FOXO3-encoded proteins, 
such as those caused by the mouse or human FOXO3 
gene, induces apoptosis and suppress tumor formation[23]. 
Moreover, circRNAs in exosomes and body fluids can serve 
as potential disease biomarkers[21,24,25].

Given the worth and interest of creating circRNAs-
based knowledge, this paper aims to provide a detailed 

discussion on the functional mechanisms of circRNAs 
and their dysregulation in several cancers. In addition, 
this paper highlights the gaps, opportunities, and 
challenges in using circRNA-based approaches for cancer 
treatment. Moreover, the clinical applications of circRNAs 
in developing liquid biopsy biomarkers and identifying 
promising biomarkers for cancer diagnosis, prognosis, 
and therapy are also well discussed. Considering the 
need for literature and novelty aspects in this domain, 
we anticipate that the current review will be a resourceful 
addition of literature on circRNAs research and their 
future perspective regarding diagnosis and anticancer 
therapies.

2. Regulatory role of circRNAs in cancer
CircRNA altered expression is connected with diabetes, 
atherosclerosis, cardiovascular disease, and neurological 
illnesses based on its developing involvement in 
gene regulation[26]. However, recent research has 
demonstrated the aberrant production of circRNAs in 
several cell types of cancer, including gastric cancer (GC)
[27], colorectal cancer (CRC)[28], hepatocellular carcinoma 
(HCC)[29], breast cancer (BC)[30], glioblastoma[31], and 
ovarian cancer (OC)[32]. Along the same lines, circRNAs 
participate in the modulation of many cellular signaling 
pathways, which can modulate tumorigenesis[33]. Most 
circRNAs have potential binding sites and act as sponges 
for the different miRNAs to regulate miRNA mediating 
the downstream activation of the target genes implicated 
in cancers. CircRNAs feature a covalently closed ring 
structure that is difficult to be degraded by cellular 
exonuclease degradation mechanism which typically 
readily recognizes the terminals of linear RNAs[12]. 
Exosomes are also enriched with stable circRNAs[25]. 
Considering the wide availability, cell-and-tissue-
specific expression, and better stability, determining 
their function in human illness, particularly cancer, has 
been the main focus of many researchers.

2.1. BC

BC is a diverse illness and the world’s most significant 
cause of mortality[34]. Evidence shows that oncogenic or 
tumor suppressor properties are influenced by circRNAs 
in BC[35,36]. Overexpression of circRNAs was found in 
estrogen-positive (ER+) adjacent normal tissues than in 
ER-negative tumor samples in the Cancer Genome Atlas 
(TCGA) database, implying that the frequency of circRNAs 
could serve as a possible cell proliferation indicator in 
BC[37]. Another highly expressed circRNA in BC, circ-
DNMT1 (hsa_circRNA_102439), was reported to increase 
cell proliferation and autophagy and inhibit senescence 
by binding directly to p53 and AUF1, resulting in the 
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promotion of nuclear translocation of these proteins[38]. 
Similarly, FECR1, a novel circular RNA generated from the 
FLI1 gene, regulates DNA methylation/demethylation of 
target genes to mediate BC cell metastasis[7,39]. In addition, 
the increase expression of circAGFG1 in TNBC increases 
cell proliferation, migration, invasion, tumor development, 
and metastasis by serving as ceRNA for miR-195-5p to 
diminish its target genes’ inhibitory function[40,41].

On the contrary, circFOXO3 is significantly lowered 
in BC tissues compared to the adjacent normal ones[36]. 
Abnormal circ-FOXO3 triggers programmed death and 
prevents tumor cell development. On the other hand, 
overexpression of circFOXO3 leads to the increase of 
its parental gene expression and upregulates the genes 
responsible for cell deaths. For example, PUMA inhibits 
p53 expression and promotes MDM2-induced p53 
degradation. In addition, circ-CCNB1 is significantly 
suppressed in BC. It has been demonstrated that circ-
CCNB1 in p53 mutant cells forms a compound with 
H2AX and BCLAF1 mediating apoptosis[39]. In TNBC, the 
downregulation of circTADA2A-E6 inhibits proliferation, 
motility, and infiltration. circTADA2A-E6 serves as a miR-
203a-3p sponge and restores the production of miRNA 
targeting the SOCS3 gene, leading to the less invasive 
neoplastic phenotype. It concludes that circRNAs can 
mediate BC by acting as oncogenes or suppressors.

2.2. OC

OC is a highly aggressive tumor among gynecological 
malignancies and is primarily diagnosed in advance[42]. 
Multiple cancer-related signaling pathways, usually 
activated by linear mRNA, can be downregulated by 
circRNAs, indicating a potential role of circRNAs in tumor 
activation or inhibition[43]. CircRNAs exhibit differential 
expression among OC patients and healthy individuals, 
showing their potential roles as both the therapeutic 
and diagnostic biomarkers for this disease[44]. Ning et al. 
investigated circRNAs expression in EOC tissue samples 
and identified that 2556 circRNAs are upregulated, 
and 1832 circRNAs are downregulated compared with 
normal ovarian tissue samples[45]. Moreover, among the 
dysregulated circRNAs, circEXOC6B and circN4BP2L2 
were suggested to possess a potential prognostic disease-
specific biomarker. Similarly, hsa_circ_0061140 has also 
been elevated in OC cells, which directly controls FOXM1 
expression by binding to miR-370, thus promoting cell 
proliferation, migration, and epithelial-mesenchymal 
transition (EMT)[46]. However, CircHIPK3 (hsa_
circ_0000284) is substantially related to multiplication, 
motility, invasive, and apoptosis inhibition through 
binding to miR-10-5p[47].

2.3. GC

GC is a major source of mortality and a significant financial 
burden on health-care systems worldwide[48]. CircRNAs are 
reported to be stable in plasma and gastric juice, making 
them an ideal diagnostic marker for GC. Three circRNAs 
(has_circ_002059, hsa_circ_0000190, and circ-0001649) 
are variably expressed in the plasma of post-operative GC 
patients compared to pre-operative GC individuals. They 
are considerably downregulated in GC tissues compared 
to nearby tissues with average physiological properties[49]. 
The reduced expression of the above three circRNAs 
correlates significantly with gender, age, distal metastasis, 
and TNM stage[50-52]. However, circHIPK3, but not HIPK3 
mRNA, is upregulated in GC and significantly affects 
cell proliferation. CircHIPK3 expression is substantially 
higher than HIPK3 mRNA, thus it demonstrates its crucial 
role as a product of pre-HIPK3 mRNA[19]. CircPVT1, 
overexpressed in GC, has been identified to promote cell 
proliferation. Mortality risk and time without developing 
an illness positively correlate with its interaction with miR-
125 in GC patients[27]. CircPVT1 mediates its function by 
upregulating c-Myc oncoprotein levels in GC cells and acts 
as a sponge for let-7b. CircRNAs are expressed differently, 
they interact with miRNAs through their binding sites to 
control the transcription of their downstream targets and 
may serve as a novel biomarker for GC[53].

2.4. CRC

A study showed a negative correlation between the total 
circRNAs abundance and cell proliferation in CRC, where 
its high expression suppressed cell proliferation[32]. The 
circ-ITCH was significantly lowered in CRC tissues. 
Its deficiency upregulated ITCH expression, which 
blocked the Wnt/beta-catenin pathway[54]. However, 
circ_0060745 was upregulated in CRC and linked 
with cellular propagation and metastasis through the 
sequestering of miR-4736 and elevation of CSE1L levels[55]. 
Similarly, an analysis of 50 CRC tissue samples revealed 
that hsa_circ_0007142 is upregulated and linked with 
poor differentiation, and metastasis to the lymph nodes is 
mediated by its binding to miR-103a-2-5p[56]. Furthermore, 
circ-BANP is overexpressed in CRC tissues, and its 
silencing suppresses cellular multiplication[57]. Other 
circRNAs reported to be upregulated in CRC include ciRS-
7[58], circCCDC66[28], and has_circ_0000069[59]. They are 
also associated with clinicopathological variables such as 
age and TNM stage. According to Zhang et al.’s research of 
the human circRNAs array in CRC tissues, hsa circRNAs 
103809 and 104700 were dramatically downregulated 
and associated with lymph nodes, tumors, and distant 
metastasis[60]. CircRNAs are expressed differently to 
mediate cancer development.
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2.5. HCC

Increasing evidence in scientific literatures implicate 
circRNAs in the development and progression of HCC, 
leading to a poor prognosis for HCC patients. For example, 
in comparison with neighboring normal liver tissue samples, 
hsa_circ_0001649 was significantly suppressed in 89 HCC 
tissue samples. In HCC, its expression was associated with 
both the size of the tumor and the tumor embolus, and 
knocking down the circRNA increased the mRNA level of 
matrix metallopeptidases (MMPs), promoting the spread 
of HCC[61]. Similar circZKSCAN1 and its linear analog were 
suppressed in HCC tissues. Increased tumor size, cirrhosis, 
metastasis, and poor prognosis were linked to reduced 
expression of circZKSCAN1. Through several signaling 
pathways, the upregulation of circZKSCAN1 and its linear 
mRNA can significantly prevent the growth and metastasis 
of HCC[62]. However, high expression of circRHOT1 (hsa_
circRNA_102034) in HCC tissue samples is associated 
with poor prognosis[63]. hsa_circ_100084 was more highly 
expressed in HCC clinical samples than in samples of 
healthy liver tissue. Sponging miR-23a-5p functions as a 
ceRNA to increase IGF2 expression, enhancing HCC cell 
proliferation, invasion, and relocation[64]. Recently, Sun 
et al. observed three circRNAs (hsa_circ_0004001, hsa_
circ_0004123, and hsa_circ_0075792) upregulated and 
positively correlated with tumor size and TNM stage in the 
blood of HCC patients. The underlying mechanism was 
the regulation of 35 distinct miRNAs by the Akt/mTOR, 
VEG, and Wnt signaling pathways[65].

2.6. Gliomas

Gliomas are a vast category of nervous system tumors 
and one of the most prevalent malignancies with a poor 
prognosis globally. Recent studies have revealed the 
transcription of circRNAs in mammalian brains and their 
role in the growth and spread of gliomas[66]. A total of 476 
circRNAs with differential expression have been found in 
46 GBM and normal brain tissue samples, among which 
468 circRNAs were more upregulated in normal brain 
tissue than GBM tissues. Furthermore, eight circRNAs, 
including circCOL1A2, circPTN, circVCAN, circSMO, 
circPLOD2, circGLIS3, circEPHB4, and circCLIP2, 
had significantly higher expression in glioblastoma 
multiforme (GBM) samples compared to normal human 
tissues, raising the possibility that they could be used as 
biomarkers for the disease[67]. The oncogenic circRNA, 
cZNF292, influences the development of tube formation. 
By controlling the Wnt/beta-catenin biochemical 
pathway, the suppression of cZNF292 prevents glioma cell 
proliferation, progression, and tube formation[68]. Another 
study determined differentially expressed (206 upregulated 
and 1205 downregulated) circRNAs in GBM patients and 

found a significant association between circRNAs with low 
expression and the development of GBM through ErbB 
and neurotrophin signaling pathways[69]. Besides, common 
expression of circBRAF has been identified in glioma 
patients with high-grade tumors[68]. However, circTTBK2 
has a higher expression in glioma tissues. Its effect is induced 
by impairing miR-217 and elevating HNF1β expression, 
which subsequently binds to Derlin-1 oncogene, thereby 
increasing its promoter activity and upregulating the 
cell proliferation, migration, and apoptotic repression 
by targeting PI3K/Akt and ERK signaling pathways[70]. 
Similarly, hsa_circ_0000177 also causes an increased 
expression of glioma tissues, which is linked to the poor 
prognosis of patients. The silenced hsa_circ_0000177 acts 
as a miR-638 sponge to drastically reduce cell growth and 
metastasis. This causes the frizzled class receptor 7 (FZD7) 
to be upregulated, further regulating Wnt signaling and 
enhancing glioma cell development[71]. CircMMP9 also 
has high expression in glioma cancer. Through miR-124 
sponging, increased expression of circMMP9 regulates 
CDK4 and Aurora kinase A (AURKA), and glioblastoma 
multiforme cells are driven to proliferate, migrate, and 
invade[72]. Moreover, circPRKCI is overexpressed in glioma 
tissues and significantly stimulates miR-545, inhibiting 
cancer growth, survival, multiplication, and relocation[31]. 
Similarly, circ_001350 is highly expressed in tissue samples 
and cells from glioma patients, and by interacting with 
miR-1236, it reduces cell growth and metastasis while 
promoting apoptosis[73]. Circ-MAPK4 (hsa_circ_0047688) 
upregulated and associated with a pathogenic form of 
gliomas, has been shown to impede the apoptosis of glioma 
cells by acting as a sponge of miR-125a-3p and regulating 
p38/MAPK signaling pathway[74].

2.7. Pancreatic ductal adenocarcinoma (PDAC)

More than 85% of cases of pancreatic cancer are caused by 
PDAC, which is also one of the main causes of death and 
poor prognosis globally[75]. Numerous circRNAs that are 
overexpressed in PDAC have been identified. It is crucial 
to find these circRNAs that express differently to better 
comprehend PDAC. In PDAC cancer patient samples, Li 
et al. discovered seven circRNAs using circRNA microarray 
analysis, of which two had upregulated expression levels and 
the remaining five had downregulated expression levels[76]. 
A  total of 278 circRNAs were differentially expressed in 
PDAC tissues according to RNA sequencing and circRNA 
expression analysis. Among these, hsa_circ_0007334 was 
strongly upregulated and acts as a ceRNA by binding to 
miR-144-3p and miR-577, which boosted the expression 
and functionality of MMP7 and collagen type  I alpha 1 
chain (COL1A1) in PDAC[77]. Likewise, pancreatic cancer 
(PC) tissues had higher levels of circLDLRAD3, which 
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was associated with a poor prognosis for PC patients. 
CircLDLRAD3 directly binds to miR-137-3p as a sponge 
and promotes cellular multiplication, relocation, and 
infiltration of PC cells through targeting pleiotrophin 
(PTN)[78]. Chen et al. discovered 12,572 circRNAs in 
the exosomes of irradiated human PC cells using RNA-
sequencing analysis. There were 196 circRNAs that showed 
varied expression and were connected to methylation. In 
addition, the upregulated gene hsa_circ_0002130 interacted 
with miR-4482-3p to enhance NBN expression, lowering 
the survival rate in PC patients[79]. Binding to miR-34b-5p, 
upregulating mesenchymal-epithelial transition factor, 
and phosphorylating Akt, a new circRNA (circBFAR, 
hsa_circ_0009065) derived from exon 2 of the BFAR gene, 
upregulated in 208 PDAC patients, was demonstrated to 
accelerate PDAC cells progression (Ser 473)[80]. CircFOXK2 
was upregulated in PDAC tissue samples according to 
another study. It stimulates Ankyrin 1 (ANK1), glial cell-
derived neurotrophic factor (GDNF), paired box 6 (PAX6), 
NUF2 component of NDC80 kinetochore complex 
(NUF2), pyridoxal kinase (PDXK), Y-box-binding protein 
1 (YBX1), and heterogeneous nuclear ribonucleoprotein K 
(hnRNPK) expression, as well as cell expansion, migratory 
property, and colony formation[81].

2.8. Lung cancer (LC)

Most deaths resulting from cancer are attributable to LC 
worldwide. The development of LC can be controlled by 
inappropriate circRNAs expression. In non-small-cell 
LC (NSCLC) tissue samples, ciRS-7 was upregulated 
and was associated with a higher TNM stage, lymph 
node metastases, and a shorter overall survival time. 
Overexpressed ciRS-7 inhibits miR-7, which causes 
the EGFR, CCNE1, and PIK3CD to be upregulated to 
promote cellular proliferation and prevent LC apoptosis[82]. 
Hsa_circ_0012673 upregulates lung adenocarcinoma 
(LAC) tissues compared to non-tumor tissues. The 
hsa_circ_0012673 promotes LAC cell propagation by 
inhibiting the expression of miR-22 and targeting the 
erb-b2 receptor tyrosine kinase 3 (ErbB3)[83]. Similarly, 
increased expression of hsa_circ_0020123 in NSCLC 
tissues is connected to poor differentiation, lymph node 
metastases, and advanced TNM stage, all associated with 
malignancy. The inhibition of miR-144 and the increase 
in the expression of ZEB1 and EZH2 encourages NSCLC 
cell proliferation, migration, and invasion[84]. CircAGFG1, 
another circRNA upregulated in NSCLC tissues, promotes 
cell proliferation and metastasis by suppressing miR-203 
and activating ZNF281[85]. The most current microarray 
research shows that the highly expressed new circRNA, 
circSLC25A16 (hsa_circ_0018534), stimulates lactate 
dehydrogenase A and sponges miR-488-3p/HIF-1 to 

activate glycolysis and promote cell growth in NSCLC cells 
(LDHA)[86]. In addition, circRNAs such as circRNA 102231, 
circRNA 100146, circFARSA, and circPVT1 are elevated in 
NSCLC and enhance the advancement of NSCLC[87-91]. 
Therefore, these circRNAs may be employed as promising 
diagnostic and prognostic indicators to identify LC.

2.9. Prostate cancer (PCa)

PCa is among the main risk factors in males due to 
cancer-related causes[92]. A  study conducted by Xia et al. 
found 1021 circRNAs with differential expression (117 
upregulated and 904 downregulated) in PCa tissues sample 
and cell lines. Some circRNAs were overexpressed in PCa 
tissues and connected to PCa pathogenesis, specifically 
hsa_circ_0057558 and hsa_circ_0062019. While hsa_
circ_0062019 operates as a sponge for miR-5008-5p to 
control the folate level and the development of PCa, 
hsa_circ_0057558 functions as a sponge for miR-6884-3p, 
thereby preventing lipid metabolism by supporting its 
downstream target genes[93]. Moreover, downregulation 
of hsa_circ_0004870 and its host gene, RBM39, in 
enzalutamide-resistant cells suggests that they play a 
critical role in the progression of castration-resistant PCa 
that is resistant to enzalutamide[94]. In addition, PCa tissues 
and serum samples had higher levels of circFOXO3, and its 
silencing prevented mitosis and promoted programmed cell 
death by acting as a reservoir for miR-29-3p and upregulated 
the expression of SLC25A15[95]. Through bioinformatics 
research, Wu et al. screened 60 circRNAs that were 
differentially expressed in PCa and healthy samples: One 
circRNA, hsa_cir_0024353, was downregulated; and two 
circRNAs, hsa_circ_0031408 and hsa_circ_0085494, were 
found to be upregulated among the differentially expressed 
circRNAs. These three circRNAs affect a number of 
metabolic processes, including phosphoinositide 3-kinase-
Akt, P53, and hypoxia-inducible factor-1[96]. Another 
study discovered 749 circRNAs differentially expressed 
in PCa tumor and paracancerous tissues. Among them, 
261 were upregulated in PCa tissues, whereas 487 were 
downregulated. According to analyses by KEGG pathways 
and gene ontologies, numerous circRNAs are connected 
to cancer development. The most significant alterations 
among the differentially expressed circRNAs were in hsa_
circ_0033074 and hsa_circ_0016064[97]. Moreover, PCa 
cells proliferate and invade when circHIPK3 is upregulated 
and acts as a miR-339-3p sponge, while circRNA ITCH 
works as a miR-17-5p sponge and slows PCa growth by 
increasing HOXB13 expression[98,99].

2.10. Hematological malignancies

Hematological malignancies are life-threatening cancers 
that originate from genetic and epigenetic abnormalities[100]. 
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Acute myeloid leukemia, chronic myeloid neoplasms, 
chronic lymphocytic leukemia (CML), B-  and T-cell 
lymphoma, and multiple myeloma (MM) are hematological 
malignancies that exhibit circRNA expression. Hsa_
circ_0004277 was downregulated in AML samples as 
opposed to controls and post-treatment subjects. By 
acting as a sponge for miR-138-5p and miR-30c-1-3p, 
hsa_circ_0004277 controls the expression of downstream 
genes implicated in cancer development[101]. CircPVT1 was 
increased in acute myeloid leukemia compared to normal 
bone marrow cells, and it was discovered that it acts as a 
sponge for the miRNA let-7, showing that it might be a 
viable treatment focus for the disease[102]. Several circRNAs 
with abnormal expression in CML have been identified 
using high-throughput sequencing technology. Among 
these circRNAs, hsa_circ_0080145 was significantly 
overexpressed and can effectively bind to miR-29b to 
regulate cell proliferation in CML[103]. Besides, circ-CBFB 
was overexpressed in CLL patients’ samples compared 
to normal controls. It promotes cell cycle progression 
and reduction by inhibiting miR-607, facilitating FZD3 
expression, and activating the Wnt/b-catenin pathway in 
CLL[104]. By performing RNA sequencing profiling, Dahl et 
al. recently identified a novel overexpressed circRNA from 
the IKZF3 gene with oncogenesis functions[105,106].

Several other differentially expressed circRNAs have 
also been studied, and their upregulation is associated 
with the progression of different cancers. For instance, 
circTCF25 in bladder cancer[107], hsa_circ_100855 in 
laryngeal cancer[108], circUBAP2 in osteosarcoma[109], 
circ-ZNF609 in renal cell carcinoma[110], circSLC30A7 in 
oral squamous cell carcinomas[111], and all of which are 
upregulated and involved in the progression of cancers. 
In contrast, Cir-ITCH is less expressed in esophageal 
squamous cell carcinoma than in the adjacent normal 
tissues[50]. Therefore, based on the widespread presence of 
circRNAs in various parts of the human body, it is logical 
to propose that circRNAs can be used in cancer diagnosis.

3. CircRNAs as diagnostic biomarkers for 
cancer
Different sampling strategies can be used to diagnose 
the etiologic modulator of cancer. In a liquid biopsy, 
body fluid was used as a sample for diagnosis or the 
development of human diseases instead of tissue biopsy, 
with the advantages of being less intrusive, accurate, easy 
assessments, time serving, and with a lower morbidity 
rate[112]. Several liquid biopsy biomarkers have been proved 
helpful in the diagnosis of various malignancies, including 
cell-free DNA[113], circulating tumor DNA[112], and cell-
free RNA[113-115]. NcRNAs, particularly circRNAs, have 

demonstrated significant potential as circulating diagnostic 
biomarkers for liquid biopsy using cell-free RNA-based 
liquid biopsy. CircRNAs have several essential features 
including stability, specificity, conservation, and abundance 
in bodily fluid, making them valuable biomarkers for 
human diseases, including cancer. CircRNAs can be 
found in various human body fluids, including saliva, 
brain/spinal fluid, blood, urine, free-floating cells (such as 
circulating blood cells/tumor cells), and exosomes[112,114,116]. 
Circulating cell-free RNAs released by various tissues and 
cells can be recognized in serum, plasma, and blood. In 
addition, the stability of circRNA is an important factor, 
leading to potential target for many diseases[117]. As a 
result, cell-free circRNAs have tissue-specific features, 
emphasizing their clinical significance for the respective 
tissues[118]. Microarray, NanoString technology, digital 
droplet PCR (ddPCR), or next-generation sequencing 
(NGS) technologies can be used to quantify circRNAs 
derived from different body fluids, circulating blood cells, 
or exosomes for early diagnosis, disease development and 
monitoring, or precise therapy selection for different types 
of cancers (Figure 1)[119-121]. In liver cancer cells and cell-
derived exosomes, a 2-fold enrichment of circRNAs was 
recently discovered in exosomes compared to parental 
cells, and the expression can be persistent in serum after 
incubation at room temperature for up to 24 h[25]. circFMN2 
and circIFT80 have recently been shown to be highly 
overexpressed in serum exosomes and have been linked 
to cell proliferation, invasion, and inhibition of apoptosis 
through the circFMN2/miR-1182/hTERT axis and the 
circIFT80/miR-1236-3p/HOXB7 axis, respectively[122,123]. 
Cell-free circRNAs’ roles in human bodily fluids and 
their implications in numerous diseases might be used 
as liquid biopsy biomarkers to identify tumors at an early 
stage. Table  1 enumerates the circRNAs identified to be 
dysregulated in different human body fluids.

4. CircRNAs involved in drug resistance
Many studies have linked ncRNAs (lncRNAs and miRNAs) 
to chemoresistance[150,151], paucity of data is available on 
the regulatory mechanisms of circRNAs in developing 
drug resistance in malignancies. Some studies have 
recently looked at the function of circRNAs in resistance 
to various anticancer medicines (chemotherapeutic drugs, 
targeted therapies, and immunotherapeutic drugs) in 
terms of concentration of drug, downstream signaling 
pathway regulation, and DNA repair ability[152,153]. Drug 
resistance phenotypes can have two mechanisms: intrinsic  
or acquired, depending on whether they were innately 
resistant to treatment or tolerated after drug exposure. Due 
to their high differentiation rates, cancer stem cells can also 
drive acquired resistance. As a result, tumor heterogeneity, 
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EMT, drug transport and metabolism, autophagy, and 
apoptosis inhibition enhance drug resistance[154]. CircRNAs 
interact with these molecules and modify them to promote 
drug resistance[155].

Various drug response pathways, such as PI3K/
AKT, MAPK, VEGFR, MEK/ERK, and the ATP-
binding cassette (ABC) transport system, are regulated 
by circRNAs as well[156]. According to a recent study, 
circNFIX was overexpressed in temozolomide-resistant 
glioma individuals and conferred temozolomide resistance 
to recipient glioma cells through exosomes through 
inhibiting miR-132[151]. CircPVT1 promotes treatment 
resistance to doxorubicin and cisplatin in osteosarcoma 
tissues, blood, and chemoresistant cell lines by increasing 
the expression of the ABCB1 gene[157]. Furthermore, 
through the miR-182-5p/FOXO3a axis, hsa_circ_0025202 
overexpression is frequently downregulated in BC tissues 
and tamoxifen-resistant cell lines, reduces cell division and 
movement, boosts cell apoptosis, and improves tamoxifen 
sensitivity[158]. The above findings suggest that circRNAs 
perform a vital part in chemoresistance. Figure 2 depicts 
certain anticancer drug-resistant circRNAs in various 
malignancies.

5. Implementation of new models in circRNA 
cancer research
The significance of circRNAs in the pathophysiology of 
specific cells is being studied using two-dimensional and 

three-dimensional cellular systems as research platforms. 
Due to their ability to faithfully mimic the evolution 
of cancer, inducible systems that overexpress genes are 
valuable models for observing circRNA expression and 
changes during tumor progression in two-dimensional 
biological systems[159]. In addition, to gain crucial 
knowledge about the pathways and processes impacted 
by circRNA entities, it is possible to experimentally assess 
the impact of circRNAs’ potential qualitative/quantitative 
variations on other properties, such as RBPs and miRNAs. 
Similarly, three-dimensional cellular systems, including 
brain organoids made from iPSCs[159], have already been 
used in circRNA research. About 56% of the detected 
circRNAs in those organoid cultures overlapped circRNAs 
from the postmortem brain[160]. The highest in terms of 
ability and similarity to the original tissue are patient-
derived organoids, indicating their broad applications 
in various malignancies, including GC[161-166]. Other 
approaches for studying circRNAs include animal 
models with manipulable loci encoding these molecules. 
Sensorimotor gating was disturbed in mice with a 
deletion in the Cdr1 as circRNA gene, which substantially 
binds miR-7 and miR-671, leading in neuropsychiatric 
problems due to the animals’ inability to filter out 
redundant data[165]. In addition, a study utilized shRNAs 
to selectively downregulate five highly expressed circRNAs 
in Drosophila by targeting particular circRNA-back-splice 
junctions[166]. The downregulation of circ–Ctrip resulted 
in developmental lethality. These examples highlight 

Figure 1. Orientation of circRNAs as a diagnostic biomarker for cancers through liquid biopsy. Using body fluids and other molecular biomarkers, effective 
management strategies for cancer diagnostic screening. The body fluids of cancer patients contain disease-specific circulating free DNA/RNA, circRNAs, 
and circulating tumor cells. Various molecular biology techniques, such as digital droplet PCR, NanoString technology, microarrays, and next-generation 
sequencing, can be used to analyze the nucleic acid extracted from a sample of body fluids.
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Table 1. circRNAs dysregulated in several cancers and also found in body fluids.

Cancer 
type

circRNA Expression 
in disease

Body 
fluid

Function Pathway/
miRNA sponge

Pathological status Cases/
controls

References

BC hsa_
circ_0001785

Up Plasma The expression level decreases 
significantly in post-operative 
patients than pre-operative 
patients. A potential biomarker 
for early detection of BC

- Associated with 
histological grade, 
TNM stage, and DS

57/17 [124]

TC hsa_
circ_007293, 
hsa_
circ_031752, 
and hsa_
circ_020135

Up Serum 
exosomes

Potential diagnostic, 
prognostic, or therapeutic 
biomarkers

PI3K-Akt and 
AMPK signaling 
pathway

- 3/3 [125]

OC circMAN1A2 Up Serum Could be a good diagnostic 
biomarker for malignant tumor

miR-135a-3p - 36/121 [126]

hsa_
circ_0001068

Up Serum 
exosomes

Non-invasive biomarker for the 
diagnosis and treatment of OC

miR-28-5p - 95/53 [127]

EC hsa_
circ_0109046 
& hsa_
circ_0002577

Up Serum EVs circRNAs served as 
biomarkers for EC diagnosis

Involved 
in multiple 
pathways

- 10/10 [128]

CRC circIFT80 Up Serum 
exosomes

Promotes CRC cell growth, 
proliferation, migration, and 
invasion

circIFT80/miR-
1236-3p/HOXB7

Associated with 
advanced tumor stage 
and DS 

58/58 [123]

hsa_
circ_0001649

Down Serum A potential biomarker for 
CRC patients

- Associated with 
pathological 
differentiation

64/64 [129]

circVAPA Up Plasma Promotes cell proliferation, 
migration, invasion, and 
inhibit apoptosis

miR-101/KEGG 
pathway

Associated with 
LNM, DS, and TNM 
stage

60/60 [130]

circFMN2 Up Serum 
exosomes

Promotes cell proliferation and 
migration

circFMN2/miR-
1182/hTERT

Associated with 
tumor size, advanced 
tumor stage, DS, and 
TNM stage

88/88 [122]

circ-CCDC66, 
circ-ABCC1 
and circ-STIL

Down Plasma Promotes tumor growth and 
progression

- No association 
observed

45/61 [131]

hsa_
circ_0004771

Up Serum Associated with 
clinicopathological factors of 
GC patients

- Associated with DS 
and TNM stage

110/70 [132]

GC hsa_
circ_0000190

Down Plasma Associated with 
clinicopathological factors of 
GC patients 

- Associated with tumor 
diameter, LNM, DS, 
and TNM stage

104/014 [51]

hsa_
circ_0000745

Down Plasma Might be a novel potential 
biomarker for diagnosing of GC

Bind to various 
miRNAs

Associated with 
TNM stage

60/60 [133]

hsa_
circ_0001017,
hsa_
circ_0061276

Down Plasma Associated with pathological 
factors and predictor for early 
diagnosis, prognosis of GC

- Associated with 
higher mortality and 
TNM stage

121/121 [134]

hsa_
circ_0000467

Up Plasma Promotes proliferation, 
migration, and invasion

Bind to various 
miRNAs

Associated with 
TNM stage

51/51 [136]

LC circFARSA Up Plasma Promotes cell migration and 
invasion

miR-330-5p and 
miR-326

No significant 
differences observed

10/10 [91]

(Cont’d...)
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Table 1. (Continued).

Cancer 
type

circRNA Expression 
in disease

Body 
fluid

Function Pathway/
miRNA sponge

Pathological status Cases/
controls

References

UCB circPRMT5 Up Serum 
and urine 
exosomes

Promotes metastasis and 
aggressiveness of USB cells 

Promotes EMT 
via circPRMT5/
miR-30c/SNAIL1/
E-cadherin

Associated with 
advanced tumor stage 
and worse patient 
survival

119/119 [137]

NPC circMAN1A2 Up Serum Could be good diagnostic 
biomarker for malignant tumor

miR-135a-3p - 100/121 [126]

hsa_
circ_0000285

Up Serum Possibly regulates cell 
proliferation, metastasis, and 
radio sensitivity

miR124 Associated with 
tumor size, 
differentiation, LNM, 
DS, and TNM stage

150/100 [138]

ALL circPVT1 Up BM Promotes proliferation and 
apoptosis

Through c-Myc 
and Bcl-2 
expression in ALL

No significant 
differences observed

48/40 [139]

CLL circ-COX2 Up Plasma 
exosomes

Promotes CLL progression 
and prognosis

- - 54/40 [140]

MM circMYC Up Exosomes Expression level circMYC 
associated with deletion 17p

- Associated with 
higher relapse and 
mortality rates

122/54 [141]

hsa_
circ_0007841

Up BM 
plasma

Promote cell proliferation, cell 
cycle, metastasis, and inhibits 
apoptosis

Through the 
activation 
of PI3K/Akt 
signaling through 
miR-338-3p/
BRD4 axis

- 41/41 [142]

HCC circSMARCA5 Down Plasma Promotes proliferation, 
invasion, metastasis, and 
inhibits apoptosis

- Associated with 
tumor differentiation 
and TNM stage 

133/33 [143]

circ-DB Up Plasma Promotes rapid tumor 
progression by targeting 
deubiquitination-related
USP7

miR-34a/
USP7/ Cyclin 
A2 signaling 
pathway

- - [144]

circUHRF1 Up Plasma Decreases NK cell proportion 
and NK cell tumor infiltration 
and associated with poor 
prognosis

Through 
degradation of 
miR-449c-5p/
TIM-3 

Associated with 
tumor size

240/240 [145]

PC circ-
LDLRAD3

Up Plasma Associated with venous, 
lymphatic invasion, and 
metastasis

- No association found 
with pathological 
factors

31/31 [146]

OSCC hsa_
circ_0001874, 
hsa_
circ_0001971,

Up Salivary The expression level decreases 
in the post-operative samples 
than pre-operative samples

miR-107 and 
miR-103a-3p

Associated with 
TNM stage and 
tumor grade

163/85 [147]

OS hsa_
circ_0000885

Up Serum High expression level 
associated with lower rates 
of disease-free survival and 
overall survival

- Associated with 
Enneking stage IIB or 
III osteosarcoma and 
lung metastasis

50/50 [148]

LAC hsa_
circ_0013958

Up Plasma Promotes cell proliferation 
and invasion and inhibited cell 
apoptosis

miR-134 Associated with 
TNM stage and LNM

49/49 [149]

BC: Breast cancer; TNM: Tumor node metastasis; DS: Distant metastasis; LNM: Lymph node metastasis; TC: Thyroid cancer; OC: Ovarian cancer; 
EC: Endometrial cancer; EVs: Extracellular vesicles; CRC: Colorectal cancer; GC: Gastric cancer; LC: Lung cancer; UCB: Urothelial carcinoma of the 
bladder; NPC: Nasopharyngeal carcinoma; ALL: Acute lymphoblastic leukemia; BM: Bone marrow; CLL: Chronic lymphocytic leukemia; MM: Multiple 
myeloma; HCC: Hepatocellular carcinoma; PC: Pancreatic cancer; OSCC: Oral squamous cell carcinoma; OS: Osteosarcoma; LAC: Lung adenocarcinoma
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the importance of such procedures and provide crucial 
information on how circRNAs function and are active.

6. CircRNAs: Toward a unified nomenclature
CircRNAs are becoming essential indicators of disease, 
particularly in cancer, necessitating a unified naming 
scheme. In addition, developing new biochemical 
methods and bioinformatic methodologies add to the 
evidence for distinguishing and classifying circRNAs. The 
current terminology is based on circBase, which includes 
a numeric code and species information. In contrast, 
circBank and circles build a circRNA annotation based 
on UCSC genomic coordinates (https://genome.ucsc.
edu/) using the gene symbol of the transcript. CIRCpedia 
uses a distinctive name scheme that incorporates both the 
species and a circBase internal identification number. In 
addition, circRNAs have been classified using a unique 
vocabulary. The species is indicated by the first few letters 
of the gene name, the exons involved in the circularization, 
and the gene name: For example, exons of the hsa-circ gene 
(exons7-8)[167].

7. Conclusion and perspectives
circRNAs have a wide range of functional possibilities 
due to their active roles as miRNA sponges, RBP sponges, 
and transcriptional regulators in the modulation of 
protein-coding gene expression. The fact that circRNAs 
are abundantly available in saliva, exosomes, and blood 

samples makes them promising biomarkers for disease 
diagnosis, particularly for the onset, progression, and 
prognosis of cancer. Identification of circRNA biomarkers 
in blood and saliva and in other clinical samples such as 
urine and cerebrospinal fluid would be feasible in further 
research. More crucially, research on circRNAs opens up 
a new path for treating diseases, with the circularization 
of RNA being the eventual goal for treating illness. For 
instance, in the future, the overexpression of artificial 
circRNA can function as a “super-sponge” or can be used 
to silent the circRNAs in cells to remodel and alter the 
expression profile of miRNAs and other RNAs, or RBP 
levels can increase the activities of a suppressor gene in the 
context of cancer therapy. Although circRNAs have been 
the subject of several research studies, little is known about 
the biological and molecular processes by which circRNAs 
contribute to cancer development. Therefore, finding 
numerous additional circRNAs implicated in diseases and 
investigating their functional motifs and target locations 
will be essential.

The practical use of circRNAs in clinics still has a 
long way to go as the field of circRNA research is still in 
its infancy. CircRNAs alone will not be sufficient to serve 
as precise biomarkers for any particular malignancy. 
Despite some reports that certain circRNAs are specific for 
individual cancers, the level of these circRNAs in the other 
cancer types has not been determined by any studies, and 
this underlies the current uncertainty and specificity of 

Figure 2. Anti-cancers drug-resistant circRNAs in various malignancies. Differential expression of each circRNA promotes the resistance to one or multiple 
drugs results in activation of the respective pathway and affects anticancer treatment efficacy, by altering cancer cell properties and/or drug distribution. 
The illustrated circRNAs act mainly as miRNA sponges, leading to up-/down-regulation of the downstream targets of these miRNAs. Other modes of 
action of circRNAs affecting the expression of key proteins implicated in therapy resistance.
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these circRNAs for a particular cancer type. Theoretically, 
although circRNA acts as a miRNA sponge, the miRNA 
may target several genes, indicating that a circRNA may 
modulate the expression of hundreds of genes. As a result, 
it is doubtful that a circRNA would be entirely specific for 
a particular cancer type. The most likely scenario is that 
circRNAs are either a common driving mechanism or 
by- or end-product of oncogenesis.

However, circRNAs may still be valuable as cancer 
biomarkers, just not for a particular type of cancer. In 
clinical settings, diagnosing specific cancer depends on 
clinical phenotypes and other data to analyze a particular 
malignancy. According to this, circRNAs could benefit in 
diagnosing several malignancies if combined with other 
factors or biomarkers.

In conclusion, circRNAs are a type of regulatory RNA 
that are highly expressed and functionally involved in 
cellular processes, suggesting that they may have a role in 
the emergence of several disorders, including cancer. Due to 
their ectopic expression in cancer, the current research has 
established that these circRNAs are essential in designing the 
approaches to investigate them in diagnosis and anticancer 
therapies. In this paper, we highlight and urge the design of 
advanced techniques to evaluate the critical roles of circRNAs 
in modulating cellular processes such as cell proliferation, 
migration, invasion, apoptosis, and autophagy for a better 
picture of their involvement in cancer development. 
Considering the critical applications of circRNAs and the 
potential to provide the template for designing anticancer 
drugs, we anticipate that using circRNAs in clinical sittings 
will shortly lead to a breakthrough in cancer therapy.
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