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Abstract: The incidence and mortality of cancer are increasing each year. At present, the
sensitivity and specificity of the blood biomarkers that were used in clinical practice are low,
which make the detection rate of cancer decrease. With advances in bioinformatics and
technology, some non-coding RNA as biomarkers can be easily detected through some
traditional and new technologies. Circular RNAs (circRNAs) are non-coding RNAs, that
is, they do not encode proteins, and have important regulatory functions. CircRNAs can
remain stable in bodily fluids, such as in saliva, blood, urine, and especially plasma. The
difference in the expression of plasma circRNAs between cancer patients and normal people
may suggest that plasma circRNAs may play an important role in the occurrence and
development of cancer. In this review, we summarized the clinical effect of plasma
circRNAs in several high-incidence cancers. CircRNAs may be effective biomarkers for
tumour diagnosis, treatment selection and prognosis evaluation.
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Introduction

Cancer is the leading cause of death worldwide and places a great burden on
families and society. Currently, the diagnostic approach to cancer primarily includes
imaging examination and laboratory tests. Among these approaches, blood sample
testing is a relatively simple and less invasive way to detect biomarkers. For
example, carcinoembryonic antigen (CEA), cancer antigen 19-9 (CA 19-9) and
alpha-fetoprotein (AFP) in blood are common clinical diagnostic indicators, but
they lack specificity.!? It is of great importance to search for effective and sensitive
markers for the early diagnosis of cancer. An increasing number of studies have
indicated that circRNAs are stably expressed in tissues, cells and plasma and may
be potential biomarkers.

Circular RNAs (circRNAs) are noncoding RNAs that form covalently closed
rings by reverse shearing and widely participate in cell growth and development
and regulate gene expression.® Earlier studies suggested that circRNAs are formed
by seemingly rare errors in RNA splicing.*® However, with the emergence of high-
throughput sequencing technology, later studies confirmed that the circular structure
of circRNAs is formed through specialized pre-mRNA splicing.” In contrast to the
structure of linear RNA, the closed circular structure of circRNAs also indicates
a lack of polarity at their 5> caps and 3’ polyadenylated tails.® This circRNA
structure is resistant to exonucleases and is not degraded by RNase R, and there-
fore, it is more stable than linear RNA.? The circular structure of circRNAs enables
them to be stable and highly preserved in plasma. And the half-life of circRNAs in
plasma was greater than 48 hours.'” Winston Koh et al detected circRNAs in the
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plasma of pregnant women in different pregnancies, and
their expression showed an increasing trend, which was
positively correlated with classic indicators such as human
chorionic gonadotropin (HCG). The concept of circRNAs
as useful biomarkers was proposed.'! Zhang et al found
that the high level of plasma hsa circ 0007534 was clo-
sely related to tumor differentiation and TNM stage of
colorectal cancer and indicated a poor prognosis.'?

In recent years, an increasing number of circRNAs
have been found to be involved in the occurrence and
development of malignant tumours.'>  Therefore,
circRNAs may be ideal tumour markers for the clinical

diagnosis and treatment of tumours.

Biogenesis of circRNAs

According to their composition, circRNAs can be divided into
three categories: Circular intronic RNAs (ciRNAs), which
contain only introns; Exon-intronic circRNAs (EIciRNAs),
which have both exons and introns and can interact with Ul
snRNP to regulate gene transcription; and Exonic circRNAs
(EcircRNAs), comprised solely of exons.'*'?

With the advances in technology, Jeck et al summarized
three models of circRNA structure: lariat-driven circulariza-
tion (model 1), intron-pairing-driven circularization
(model 2) and RNA-binding protein (RBP)-mediated circu-
larization (model 3).'® In model 1, researchers found that
the lariat structure was formed by exon skipping as the
RNA was folded. The lariat species undergoes rapid spli-
cing to remove intron sequences and generate circRNAs.
Thus, the model 1 process was named exon-skipping. In
summary, EcircRNAs are generated when the 3 splice of
the exon is connected to the 5’ splice of another exon.'” In
model 2, complementary intronic sequences at both ends of
a pre-mRNA form pair. In model 3, RBPs promote the
formation of circRNAs under specific conditions. For exam-
ple, the double-chain RNA-editing enzyme ADAR antago-
nizes circRNA formation by editing intron sequences.'® The
knockdown of ADAR promotes
circRNAs."? Quaking (QKI) is an alternative splicing factor

the formation of

that may induce RNA splicing and affect the abundance of
many circRNA species®® (Figure 1).

Function of circRNAs

The function of circRNAs is the basis of further research.
According to the existing evidence, we summarize several
circRNA actions: 1). sponging of miRNAs, 2) gene tran-
scriptional regulation, 3) translation, and 4) protein-
binding regulation.”! These biological functions are the

bases of extensive research on circRNAs and are expected
to be leveraged for clinical applications.

circRNA as miRNA Sponges

CircRNAs serve as competitive endogenous RNAs
(ceRNAs) and can act as miRNA sponges. CircRNAs
have multiple miRNA response elements (MREs) and
competitively bind miRNAs to regulate the expression of
downstream target genes.”> Hansen et al demonstrated that
cerebellar degeneration-related protein 1 antisense tran-
script (CDRlas) was stably expressed in the brain.
CDRlas acted as a miR-7 sponge containing more than
70 binding sites and significantly inhibited the expression
of miR-7.> With further research, CDR1as/miR-7 axis
regulated the expression of target genes such as epidermal
growth factor receptor (EGFR), insulin receptor substrate
2 (IRS2) and insulin-like growth factor 1 (IGF1),*** and
participated in the occurrence and development of diseases
by multiple signal pathway such as epithelial-
mesenchymal transition (EMT), PI13K/AKT and NF-
B.2*?" It was reported circ-TPGS2 acted as
a sponge of miR-7 to activate the NF-kappaB pathway.?®
Tang et at demonstrated that hsa circ 0081143 acted as
miR-497-5p sponge to regulate the expression of EGFR
and EMTZQ(Figure 2A).

kappa

Protein-Binding Regulation

CircRNAs could act as sponges not only for miRNAs but
also for proteins. CircRNA has specific binding sites to
interact with RBP. This mechanism of action is bidirec-
tional, which can not only affect the expression of protein
and regulate its gene transcription, but also have certain
influence on the synthesis and degradation of
circRNA.?*?% CircFOXO3 has a high affinity for cell
cycle-related proteins such as cyclin-dependent kinase 2
(CDK2) and p21. A ternary complex blocks the cell cycle
in G1 phase and prevents it from entering S phase.’' In
addition, other studies have found that circFOXO3 played
a certain role in the damage of cardiomyocytes.
CircFOXO3 promoted cellular senescence by interacting

with related proteins®* (Figure 2B).

Gene Transcriptional Regulation

Some circRNAs are located in the nucleus and play an
important role in regulating gene transcription. EIciRNAs
bind with U1 snRNP to form the EIciRNA-U1 snRNP com-
plex and regulate the expression of host genes in the presence
of polymerase .3 Zhang et al found that circ-cANKRDS2
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Figure | Biogenesis of circRNAs. (A) The pre-mRNA is folded to form an intron lariat, and then the 3’ tail is removed to form ciRNAs. (B) In lariat-driven circularization,
RNA lariat is formed by skipping several exons during pre-mRNA splicing. (C) In intron-pairing-driven circularization, EICRNA or EcircRNA was produced by
complementary pairing of intron sequences. (D) In RBP-mediated circularization, RBP connects the upstream and downstream of introns to form the EIciRNAs or

EcircRNAs.

Abbreviations: ciRNAs, circular intronic RNAs; EIciRNAs, exon-intronic circRNAs; EcircRNAs, exonic circRNAs; RBP, RNA-binding protein.

regulated parental gene transcription by interacting with RNA
polymerase II. Knockdown of circ-:ANKRDS?2 decreased the
expression of the parent gene. These results suggest that circ-
ANRDS?2 may be a positive regulator34 (Figure 2C).

Translation

Although most circRNAs cannot be translated by ribosomes,
studies have reported that a few endogenous circRNAs can
be translated into peptides or proteins.?'~*> For example, circ-

ZNF609 consists of an open reading frame with a long
sequence and is translated into a protein in a splicing-
dependent manner. Circ-ZNF609 plays a significant role in
promoting the proliferation of muscles*® (Figure 2D).

Methods for Plasma circRNAs

Growing evidence suggests that circRNAs can be used as

biomarkers in the clinical of human

21,37

diagnosis

diseases. However, the mechanism of circRNA
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Figure 2 Functions of circRNAs. (A) circRNA as miRNA sponges. (B) Protein-binding regulation. (C) Gene transcriptional regulation. (D) Translation.

function in plasma is still unclear. Maass et al found 57
differentially expressed circRNAs in plasma, and they
speculated that circRNAs may be secreted into plasma.’®
Koh et al used RNA-seq and microarray assays to detect
circRNAs in the plasma of pregnant women at different
stages of pregnancy. They proposed that these plasma
circRNAs may be effective in assessing the health of the
mother and foetus during pregnancy.*

In addition, because of their stability in plasma,
circRNAs can ce detected effectively via liquid biopsy
sampling followed by reverse transcriptase-digital droplet
polymerase chain reaction (RT-ddPCR).***' Liquid biop-
sies have been an effective non-invasive measure of
tumour detection in bodily fluids in recent years. Liquid
biopsy samples are primarily used to detect cancer in its
early stages through measures of several tumour compo-
nents, such as nucleic acids, DNA, RNA and/or proteins.**
Compared with traditional solid biopsy samples, liquid
biopsy samples can be used to screen the whole tumour,

not merely a specific part. In addition, repeated sampling
tests can be performed to dynamically monitor changes in
a tumour.**** RT-ddPCR is a third-generation PCR assay
that is used to detect the quantification of nucleic acids in
the target sample through the water-oil fusion technique.**
A sample is divided into thousands of droplets, and fluor-
escence quantification is performed on each droplet. RT-
ddPCR can be used for accurate detection of DNA/RNA,
such as plasma circRNAs, at lower concentrations in bod-
ily fluids than can be achieved through traditional PCR.*
Li et al confirmed that RT-ddPCR was more accurate and
reliable in detecting plasma circRNAs. Among them, low
expression of hsa circ 0001017 and hsa circ 0061276
were the most likely diagnostic markers for gastric
cancer.*® The researchers used RT-ddPCR to test 272
plasma samples, including 231 lung cancer patients and
41 healthy subjects. They found that the expression of
hsa circ 0000190 in lung cancer was high and related to
poor prognosis.47
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In this review, we summarize the mechanisms of
plasma circRNAs in various cancers that have been
reported thus far. The receiver operating characteristic
(ROC) curve is primarily used to evaluate the diagnostic
value of medical biomarkers, and the area under the curve
(AUC) is widely used as an evaluation indicator.

Plasma circRNAs in Cancer

Lung Cancer

Lung cancer is the most common cancer with the highest
mortality in China and is the main cause of cancer-related
deaths. Non-small cell lung cancer (NSCLC) accounts for
80% of these cases, and the main pathological type is lung
adenocarcinoma (LUAD). To more effectively diagnose and
treat lung cancer, the factors in plasma that have been
discovered and applied in clinical practice are epidermal
growth factor receptor (EGFR), Kirsten rat sarcoma viral
oncogene homologue (KRAS), ROS proto-oncogene 1, and
receptor tyrosine kinase (ROS1).**° EGFR is widely
expressed in lung cancer, and EGFR mutants are specific
targets for the treatment of lung cancer.’® The methods used
to detect EGFR, KRAS and ROS1 are complex, and the
positive detection rate for lung cancer is low.

Compared to these classical biomarkers, circRNAs are
stable in plasma and can be detected with high specificity.
CircRNAs can act as ceRNAs by sponging miRNAs and
form a circRNA-miRNA-mRNA network. There have been
many reports indicating that miRNAs, such as miR-21, miR-
7 and miR-145, are involved in EGFR mutation, and
thus affect the invasion and metastasis of lung cancer.’'>*
Liu et al found that hsa circ 0086414 was overexpressed
The
researchers were surprised to find that the expression of

in the plasma of lung cancer patients.
plasma hsa circ 0086414 was related to an EGFR mutation.
They further hypothesized that plasma hsa circ 0086414
might induce EGFR mutations by binding to downstream
miRNAs.>* Activation of EGFR significantly promoted the
expression of miR-7 in plasma and tissues of lung cancer
patients.”> Lin et al verified the mechanism of plasma
circRNAs. They also found that plasma hsa circ 0102537
can promote the activation of tumour signalling pathways
such as the PI3K-Akt signalling pathway, thus affecting the
invasion and migration of lung cancer cells.”

Among non-small cell lung cancer, lung adenocarci-
noma has the highest incidence and is characterized by
high metastasis rate and high recurrence rate.’® CircRNAs

also played an important role in tumor metastasis. High

levels of hsa circ_0001715 were detected in patients with
lung adenocarcinoma with lymph node metastasis, distant
metastasis, or stage III-IV, respectively. The diagnostic
sensitivity of hsa circ_ 0001715 for lung adenocarcinoma
with metastasis was 0.871.>”

Plasma circRNAs can be detected at higher rates dur-
ing development of lung cancer and play significant roles
in tumorigenesis and development, and therefore, they
show great diagnostic value.

Liver Cancer

To detect and diagnose liver cancer early, common blood
laboratory tests measure the levels of alpha-fetoprotein
(AFP), lens culinaris-agglutinin-reactive fraction of AFP
(AFP-L3), and protein induced by vitamin K absence or
antagonist-II (PIVKA-II).>® AFP is generally considered
the most effective indicator of liver cancer. However, some
studies have found that AFP was significantly increased in
60% of liver cancer patients, but the remaining 40% of
liver cancer patients had levels within the normal range.>
Therefore, the diagnostic value of classic markers such as
AFP, AFP-L3 and PIVKA-II combined with plasma
circRNAs has been a focus of recent research. Zhang
et al found that the level of plasma hsa circ 0001445
can be measured for effectively distinguishing patients
with hepatitis, cirrhosis, and liver cancer. The specificity
of plasma hsa circ 0001445 was 94.2% in the diagnosis
of hepatocellular carcinoma (HCC). Moreover, according
to stepwise logistic regression models, the accuracy of the
combination of plasma hsa circ_0001445 and AFP in the
diagnosis of HCC was significantly higher than that of
plasma hsa_circ_0001445 or AFP alone (AUC=0.970).%
Hsa circ_0001445 can also serve as a miR-17-3p or miR-
181b-5p sponge to facilitate TIMP3 expression and inhibit
the growth and metastasis of HCC cells.®' In addition to
acting as miRNA sponges,
circRNAs stable
Therefore, it is reasonable to believe that circRNAs are

compared to miRNAs,
remain in human bodily fluids.
better choices for detecting plasma markers.

Hepatitis B virus infection (HBV) is the leading cause
of liver cancer and accounts for 56% of liver cancer cases
worldwide.®® In particular, there is a high incidence of
hepatitis B virus infection in China. Zhu et al measured
the upregulated expression of plasma hsa circ_ 0027089 in
64 HBV-related patients with HCC and 40 patients with
HBV-related liver cirrhosis and compared the results to
those of 72 normal control patients. Although the sample
plasma hsa circ_ 0027089 can be

size was small,
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considered a potential biomarker in HBV-related HCC.%* It
has also been found that some plasma circRNAs are sig-
nificantly upregulated in HBV-related HCC patients, but
their expression is downregulated after HCC resection. In
summary, changes in plasma circRNA expression can be
used to evaluate the therapeutic effect of liver cancer
treatments.®*

Gastric Cancer

Different expression levels of circRNAs may affect the
invasion and metastasis of gastric cancer. Rao et al
detected a series of differentially expressed circRNAs in
the plasma exosomes of patients with gastric cancer. They
also screened 1060 plasma exosomal circRNAs involved
in many cancer-related signalling pathways, such as
PTEN/P13K/AKT, Wnt and thyroid hormone signalling,
which are closely associated with the cancer metastasis.®’
Ye et al verified that the expression of hsa circ_0010882
was significantly upregulated in the plasma of patients
with gastric cancer and was positively correlated with
TNM stage and tumour differentiation. Further experi-
ments showed that plasma hsa_circ_ 0010882 promoted
the proliferation and metastasis of gastric cancer cells by
with  the  PI3K/AKT
Hsa circ_0078607 was stably overexpressed in the

interacting pathway.®®
plasma of patients with gastric cancer. The researchers
hsa_circ_0078607-miR-188-3p-RAP1B
network on the basis of a bioinformatics analysis. The
network analysis indicated that the ERK1/2/AKT path-
way was involved in the metastasis of gastric cancer.®’

constructed a

Circ-Rangapl was found to be highly expressed in the
plasma of patients with gastric cancer. Its high expression
was positively correlated with TNM stage and advanced
lymph node metastasis. Circ-Rangapl may be an effec-
tive biomarker to evaluate the prognosis of gastric
cancer.®® Low expression of hsa circ 0000745 in the
plasma of patients with gastric cancer could also be
used as a diagnostic marker and was closely related to
tumor differentiation. The level of hsa circ_0000745
combined CEA levels to improve diagnostic accuracy.®’
Plasma circPSMC3 as a tumor suppressor in gastric can-
cer was positively relative to TNM stage and lymphatic
metastasis. It was very sensitive in distinguishing
between gastric cancer patients and normal people, with
an AUC of 0.933.7° The expression of circ-KIAA1244
was decreased in the plasma of gastric cancer patients and
was negatively correlated with tumor invasion and migra-
tion. The Kaplan-Meier overall survival curve results

showed that gastric cancer patients with low expression
of circ-KIAA1244 had a longer survival time. Therefore,
circ-KIAA1244 was a key indicator to evaluate the prog-
nosis of gastric cancer.”' Different expression levels of
plasma circRNAs predict the survival period of cancer
patients and can be used as an effective prognostic
indicator.

Colorectal Cancer

Currently, clinical biomarkers in blood used for the diag-
nosis of colorectal cancer are mainly CEA, CA19-9 and
some novel biomarkers, such as EGFR.”>”’* CEA and
CA19-9 are not specific markers for colorectal cancer
since they are also elevated in gastric, breast, pancreatic
and other cancers.”>””” However, CEA and CA19-9 show
an increased sensitivity for advanced colorectal cancer
but are not as effective for use in detecting early color-
ectal cancer.”® Therefore, the need to find new markers
for the diagnosis of colorectal cancer is urgent. Li et al
chose three upregulated plasma circRNAs (hsa -
circ_0001900, hsa_circ 0001178 and hsa circ_0005927)
to design a circular RNA panel. The circular RNA panel
showed great advantages in distinguishing patients with
colorectal cancer from healthy people and showed higher
diagnostic accuracy than CEA (AUC=0.698).'* Lin et al
used the same method to examine the clinical signifi-
cance of plasma circRNAs in colorectal cancer.
Moreover, they concluded that a circular RNA panel
CEA and CAI19-9
increased the detection rate of early colorectal cancer
(AUC=0.855).” Ye et al measured the changes in several
highly expressed circRNAs (hsa circ 0082182, hsa -
circ_ 0000370 and hsa_circ 0035445) in the plasma of
colorectal cancer patients before and after surgery.

combined with the biomarkers

Their results showed that the expression of circRNAs in
plasma decreased significantly after surgery and sug-
gested that these circRNAs may be involved in the
These
results show that plasma circRNAs are of great value in

malignant progression of colorectal cancer.®

diagnosing and evaluating the progression of colon
cancer.

Breast Cancer

Breast cancer is one of the most common cancers in
women. It is essential to find new biomarkers for the
early detection and diagnosis of breast cancer. Yin et al
used microarray technology to detect 41 abnormally
expressed circRNAs in the plasma of breast cancer
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patients. Among these circRNAs, high expression of
plasma hsa circ_ 0001785 showed higher diagnostic accu-
racy than CEA or CA15-3, with an AUC of 0.784. In
addition, the level of plasma hsa circ_0001785 declined
gradually after surgery. Plasma hsa circ 0001785 may
have potential diagnostic and therapeutic value.®!
According to a univariate Cox analysis results, the expres-
sion of plasma hsa_circ_0008673 may significantly affect
the overall survival (OS) and disease-specific survival
(DSS) of breast cancer patients.® Li et al found that the
expression of hsa_circ_ 0104824 was downregulated in the
plasma of 84 breast cancer patients. The diagnostic sensi-

tivity of this circRNA was 71.1%.%

Esophageal Squamous Cell

Carcinoma

In China, a diverse diet contributes to the increasing annual
incidence of esophageal cancer. Esophageal squamous cell
carcinoma (ESCC) is the predominant pathological diagno-
sis in this population. Wang et al suggested that upregula-
tion of plasma circ-TTC17 contributes to poor patient
prognosis. The survival time for ESCC patients with high
levels of plasma circ-TTC17 is significantly shorter than
that of those with low levels.*® In addition, the expression
of circ-DLG1 (hsa_circ_0007203) was found to be higher
in both the tissues and plasma of ESCC patients compared
to that of samples obtained from healthy individuals and
promoted cancer cell proliferation and metastasis.® Huang
et al demonstrated that the circ-0004771-miR-339-5p-
CDC25A axis facilitated the malignant progression of
ESCC. Upregulation of plasma hsa circ 0004771 was
related to poor patient prognosis.*® The five-year survival
rate of esophageal cancer is less than 13%, indicating a poor
prognosis. Upregulation of circGSK3p significantly pro-
moted the invasion and migration of ESCC cells. Plasma
circGSK3p was highly sensitive to the diagnosis of early
ESCC, with an AUC of 0.8012. What’s more, For ESCC
patients who relapsed within 10 months after surgery,
plasma circGSK3[ expression was significantly increased.
This reflected his importance in assessing the prognosis of
Escc.¥

Pancreatic Cancer

Pancreatic cancer is one of the most aggressive tumours,
and the survival of most patients is less than one year.
Improving the early diagnosis rate of pancreatic cancer is
the focus of current research. The combination of plasma

circ-LDLRAD3 and CEA has shown higher accuracy and
specificity in the diagnosis of pancreatic cancer. The AUC
was 0.870. The expression of circ-LDLRAD3 was signifi-
cantly increased in the plasma of pancreatic cancer
patients with distant metastasis. Plasma circ-LDLRAD3
may be used as a biomarker to predict the progression of
Plasma hsa circ 0001569 showed
a high sensitivity for pancreatic cancer (AUC=0.716) and

pancreatic cancer.®®

was closely associated with blood invasion and lymph
node metastasis.*’

Thyroid Cancer

Thyroid cancer is an indolent cancer compared to other malig-
nant cancers. However, early detection remains the basis of
successful thyroid cancer treatment. Hsa circ 0124055 or
hsa circ 0101622, with high expression in the plasma of
thyroid cancer patients, was found to modulate tumour
proliferation, and plasma hsa circ_ 0124055 (AUC=0.836) or
hsa circ 0101622 (AUC=0.805) may be used as potential
markers for thyroid cancer treatment.”

Other Cancer

In addition to a few high incidence of cancers, plasma
circRNAs have also been studied in other cancers. High
expression of plasma circ-MTOI indicated an increase in
the malignancy of gallbladder carcinoma and a poor
prognosis.”’ Moreover, monitoring the levels of plasma
hsa_circ_0066755 was helpful in distinguishing nasophar-
yngeal carcinoma from noncancerous conditions in
patients, and its diagnostic accuracy was similar to that
of imaging examination. Researchers have also shown that
hsa circ 0066755 acts as a miR-651 sponge to influence
tumour progression.”” The roles of circRNAs in ten com-
mon cancers are summarized in Table 1.

Summary and Prospects
In this review, we summarized the expression of many
plasma circRNAs in different cancers and compared
some clinical indicators. The combination of some plasma
circRNAs with CEA and CA199 can improve the detec-
tion rate of early digestive tract tumours. The correlation
between plasma circRNA levels and TNM stage, tumour
size and degree of tumour cell differentiation was evalu-
ated to assess tumour development and patient prognosis.
CircRNAs can competitively bind to miRNAs to relieve
the inhibition of miRNAs on downstream target genes and
promote the upregulation of target genes. CircRNAs act as
miRNA sponges to mediate tumour progression. Li et al
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Table | The Expression of Plasma circRNA in Cancers

Cancer CircRNA Expression Significance Function AUC Reference
Lung cancer hsa_circ_0005962 Up Diagnosis miR-1265 0.730 [54]
hsa_circ_0086414 Down Diagnosis miR-7 0.780 [54]
hsa_circ_0102537 Down Diagnosis P13K/AKT [55]
hsa_circ_0000190 Up Prognosis miR-767-5p 0.950 [47]
hsa_circ_0001715 Up Diagnosis 0.871 [57]
Hepatocellular carcinoma hsa_circ_0001445 Up Diagnosis miR-17-3p 0.712 [60]
hsa_circ_0027089 Up Diagnosis miR-15b-3p 0.765 [63]
circ-SMARCAS Down Diagnosis miR-17-3p [100]
hsa_circ_0064428 Down Prognosis miR-7977 [1o1]
hsa_circ_0009582 Up Diagnosis 0.688 [64]
hsa_circ_0037120 Up Diagnosis 0.742 [64]
hsa_circ_0140117 Up Diagnosis 0.762 [64]
Gastric cancer hsa_circ_0010882 Up Prognosis PI3K/AKT [66]
hsa_circ_0001017 Down Diagnosis 0.871 [47]
hsa_circ_0061276 Down Diagnosis 0912 [47]
hsa_circ_0078607 Up Diagnosis miR-188-3p [67]
hsa_circ_0000745 Down Diagnosis miR-335-5p 0.683 [69]
circ-Rangap| Up Prognosis miR-877-3p 0.830 [68]
hsa_circ_0000181 Up Diagnosis 0.756 [99]
circ-PSMC3 Down Diagnosis miR-296-5p 0.933 [70]
circ-KIAA 1244 Down Diagnosis 0.748 [71]
Colorectal cancer hsa_circ_0001900 Up Diagnosis 0.722 [12]
hsa_circ_0001178 Up Diagnosis 0.718 [12]
hsa_circ_0005927 Up Diagnosis Whnt/B-catenin 0.784 [12]
hsa_circ_0082182 Up Prognosis 0.737 [80]
hsa_circ_0000370 Up Prognosis 0.815 [80]
hsa_circ_0035445 Up Prognosis 0.703 [80]
hsa_circ_0006990 Up Diagnosis miR-101 0.724 [93]
Breast cancer hsa_circ_0001785 Up Diagnosis miR-942 0.771 [81]
hsa_circ_0008673 Up Prognosis 0.833 [82]
hsa_circ_0104824 Down Diagnosis miR-1278 0.878 [83]
Esophageal cancer circ-TTCI7 Up Prognosis miR-153 0.820 [84]
hsa_circ_0007203 Up Diagnosis miR-515 0.648 [85]
hsa_circ_0004771 Up Prognosis miR-339-5p 0.8l6 [86]
circGSK3p Up Diagnosis 0.782 [87]
hsa_circ_0066755 Up Prognosis miR-651 0.853 [92]
circ-SLC7AS Up Prognosis 0.771 [102]
Pancreatic cancer circ-LDLRAD3 Up Diagnosis miR-137-3p 0.670 [88]
hsa_circ_0001569 Up Diagnosis miR-18a-5p 0.716 [89]
Thyroid cancer hsa_circ_0124055 Up Diagnosis 0.836 [90]
hsa_circ_0101622 Up Diagnosis 0.805 [90]
Gallbladder cancer circ-MTO| Up Prognosis miR-17 0.882 [9o1]

found that the level of hsa circ_ 0006990 in the plasma of  proliferation, invasion and migration of tumour cells by

colorectal patients was upregulated. Hsa circ 0006990 pro-

moted carcinogenic

characteristics

and

induced the

released from cells into bodily fluids and remain stable.

sponging miR-101.> MiRNAs that bind to proteins are
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Many studies have suggested that plasma miRNAs can be
used as effective diagnostic biomarkers for cancer, such as
colorectal cancer, ovarian cancer and hepatocellular
cancer.”>*’ Plasma circRNAs and miRNAs are profoundly
significant tumour markers, and their interactions are
worthy of further study.

CircRNAs display tissue specificity and stability.
CircRNAs can be stable in bodily fluids, such as saliva,
blood, urine, and especially plasma.”® This property has
led researchers to suggest that plasma circRNAs may be
a promising biomarker for tumour diagnosis. The expres-
sion of plasma hsa circ_0000181 in gastric cancer patients
was significantly lower than that in healthy controls.
Combined with clinical data, research results suggest that
the level of plasma hsa_circ_ 0000181 is positively corre-
lated with CEA level and the degree of tumour differentia-
tion. The area under the ROC curve was 0.582, and
the sensitivity was 99%. It was suggested that plasma
hsa circ 0000181 can be used as a biomarker for gastric
cancer.”” The AUC of plasma circSMARCAS5, which was
used to diagnose HCC, was 0.847. Downregulation of
plasma circSMARCAS can be used for accurately distin-
guishing between healthy individuals, hepatitis patients,
cirrhosis patients and HCC patients.'® Therefore, plasma
circRNAs play important roles in the diagnosis and mon-
itoring of cancer development.

Treatment is the most important focus of cancer
patients. Immunotherapy is a novel and effective treatment
for cancer patients. The mechanism by which immunother-
apy affects the expression of circRNAs is unclear. Luo
et al monitored changes in plasma hsa circ_ 0000190
expression in several patients with advanced lung cancer
receiving immunotherapy. Hsa circ_ 0000190, which was
originally highly expressed in patients with lung cancer,
was reduced after treatment. Hsa circ_ 0000190 may be
a potential marker to assess the efficacy of immunotherapy
treatment.*’

As research progressed, most circRNAs were found to
have carcinogenic or anticancer properties, which ser-
iously affects the prognosis of cancer patients. Weng
et al found that the higher the expression of tumour-
infiltrating lymphocytes (TILs) is, the better the survival
rate in HCC patients. However, plasma hsa_circ_0064428
expression was decreased in HCC patients with high TIL
levels and predicted a poor patient prognosis.'®’ Plasma
circ-SLC7AS expression was found to be closely related to
TNM staging of oesophageal cancer. Patients with high

levels of plasma circ-SLC7AS had shorter survival times
than those with low levels of plasma circ-SLC7A5.'%>

According to current research, plasma circRNAs may
be effective biomarkers for tumour diagnosis, treatment
selection and prognosis evaluation. CircRNAs may be
rising stars in the detection of the malignant progression
of cancers. However, many challenges remain to be
addressed. Multiple functions of circRNAs have been
reported, but the pathophysiological processes of these
functions in cancer need further investigation. In addition,
due to the large number of circRNAs, screening note-
worthy circRNAs is a lengthy process. The low concentra-
tion of circRNAs in plasma and the limited detection
methods hinder their widespread clinical use. In conclu-
sion, circRNAs have great potential for use as biomarkers
of tumour development and are worthy of further
exploration.

Conclusion

Numerous studies have shown that circRNAs can be effec-
tive markers of tumors. Different from previous studies in
tumor tissues and cells, we summarized the different
expression of circRNAs in plasma of tumor patients. The
expression of circRNAs in plasma is stable and can be
easily detected by novel techniques such as RT-ddPCR and
liquid biopsy. Compared with traditional markers such as
CEA, CA199, AFP and other indicators, plasma circRNA
can be widely used in clinical diagnosis, treatment and
prognostic evaluation with higher sensitivity and accuracy.
However, more research is needed to explore the important
role that circRNAs play in the plasma.
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