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Abstract

Circular RNAs (circRNAs) are a type of recently discovered noncoding RNA. They exert their biological functions by
competitively binding to microRNAs (miRNAs) as miRNA sponges, promoting gene transcription and participating

in the regulation of selective splicing, interacting with proteins and being translated into proteins. Exosomes are
derived from intracavitary vesicles (ILVs), which are formed by the inward budding of multivesicular bodies (MVBS),
and exosome release plays a pivotal role in intercellular communication. Accumulating evidence indicates that
circRNAs in exosomes are associated with solid tumor invasion and metastasis. Additionally, emerging studies in the
last 1~ 2 years have revealed that exosomal circRNA also have effect on hematological malignancies. In this review,
we outline the properties and biological functions of circRNAs and exosomes. In particular, we summarize in detail the
mechanism and roles of exosomal circRNAs and highlight their application as novel biomarkers in malignant tumors.
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Introduction

Circular RNAs (circRNAs) are single stranded, cova-
lently closed RNA molecules produced by the back-
splicing process of pre-mRNAs, and were initially
considered as splicing-related noises [1]. Nevertheless,
recent researches have revealed that circRNAs may be
closely related to microRNA (miRNA) inhibition, epithe-
lial-mesenchymal transition (EMT), and tumorigenesis
[2—4]. Exosomes are closely associated with circRNAs
and have attracted more and more scholars’ attention
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in recent years. They were nanoscale membrane vesi-
cles that were generated by most types of cells, which
can convey information in the tumor microenvironment
by transferring cargos such as DNA, RNA, proteins and
lipids, therefore they are critical to tumor progression
[5]. In the past few years, the roles of long noncoding
RNAs (LncRNAs) and miRNAs derived from exosome of
tumors have been extensively studied [6, 7], but exosomal
circRNA has attracted increasing attention since it was
first discovered in exosomes in 2015. As such, in the cur-
rent review, we summarize the generation and biological
functions of circRNAs and exosomes, analyze the mecha-
nism of exosomal circRNAs in a wide variety of malig-
nant tumors including solid cancers and hematological
malignancies, and highlight their promising potential not
only as diagnostic molecular markers but also as thera-
peutic targets.

©The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visithttp://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://orcid.org/0000-0003-3840-1486
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s40364-022-00375-3&domain=pdf

Zhou et al. Biomarker Research (2022) 10:28

The properties and biological functions of circRNAs

CircRNAs were first demonstrated in RNA viruses in
1976 and subsequently discovered in the cytoplasm of
eukaryotic cells and yeast [8, 9]. However, little atten-
tion has been given to exploring the value of circRNAs,
as these RNAs were previously thought to be redundant
products of faulty splicing [10]. With the development
of newly rising bioinformatics methods and technolo-
gies, the importance of circRNAs has been gradually
recognized. Subsequently, researchers have begun to
determine the characteristics, biogenesis and function of
circRNAs. CircRNAs, a new type of endogenous noncod-
ing RNA (ncRNA), are described as covalent closed-loop
structure without 5" caps and 3’ poly (A) tails. In most
cases, circRNAs are produced by back splicing of precur-
sor messenger RNA (pre-mRNA), in which the down-
stream 5’-splicing donor is connected to the upstream
3’-splicing receptor by a 3’-5’-phosphodiester bond [11].
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According to their composition, circRNAs are mainly
classified into three categories: exon circRNAs (ecir-
cRNAs), intron circRNAs (ciRNAs), and exon—intron
circRNAs (EIciRNAs). Moreover, circRNAs have the fol-
lowing characteristics: (1) They are very stable and diffi-
cult to degrade with RNase R [12, 13]. (2) Their sequence
is conservative to a certain extent [14]. (3) Most circR-
NAs are located in the cytoplasm and some are enriched
in exosomes [15, 16]. (4) Most circRNAs belong to ncR-
NAs and are produced by exons [17]. (5) Through a selec-
tive mechanism, a single gene locus can be translated and
cycled into multiple circRNAs [17].

In addition, several potential functions of circRNAs
have been reported: (1) CircRNAs competitively bind to
miRNAs as endogenous competitive RNAs (ceRNAs),
known as miRNA sponges (Fig. 1a). CircRNAs bind to
the corresponding miRNAs via their complementary
sequences, thereby regulating downstream target gene
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Fig. 1 Biological functions of circular RNAs (circRNAs). a CircRNAs competitively bind to microRNAs (miRNAs) as miRNA sponge. b CircRNAs
promote gene transcription and participate in the regulation of selective splicing. ¢ CircRNAs interact with proteins. d CircRNAs translated into
proteins
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expression which is inhibited by miRNAs [18]. For exam-
ple, Cirs-7 is derived from a highly conserved single
exon, also known as antisense transcription of cerebel-
lar degeneration-related protein 1 (CDR1as), which can
regulate miR-7 through adsorption, thus reducing the
inhibition of miR-7 on its target [19]. (2) CircRNAs pro-
mote gene transcription and participate in the regulation
of selective splicing (Fig. 1b). CiRNAs are derived from
introns and cannot act as sponges to absorb miRNA due
to their limited number of binding sites. However, ciR-
NAs can enhance the expression of parental genes by
regulating RNA polymerase II (RNA Pol II) [20]. ElciR-
NAs form the EICiRNA-U1 snRNP complex by binding
to Ul small nuclear RNA (snRNA), promoting the tran-
scription of their parent genes [21]. (3) CircRNAs can
also interact with proteins (Fig. 1c). CircDnmt1 promotes
nuclear translation by interacting with P53 and AUFI,
leading to autophagy or reduced instability of target
mRNA [22]. In addition, Memczak et al. confirmed that
circRNA CDRIlas can bind closely with AGO [18]. (4)
As illustrated in Fig. 1d, some scholars also have found
that circRNAs contain an open reading frame and can be
translated into a polypeptide or protein [23]. CircRNAs
that contain an internal ribosomal entry site (IRES) can
cause ribosomal recruitment and translation initiation,
while circRNAs lacking IRES cannot encode proteins
[24].

The properties and biological functions of exosome

Exosomes were firstly discovered and characterized by
Harding et al. and Johnstone in 1983 [25-28]. Exosomes
are defined as nanoscale phospholipid double-mem-
brane-bound vesicles that are secreted by miscellaneous
types of cells into interstitial and body fluids, including,
cerebrospinal fluid (CSF), urine, blood, breast milk, and
saliva [29, 30]. Exosomes are 30—100 nm in diameter
and have a variety of specific surface molecular mark-
ers, such as CD81, CD9, and CD63 [31]. The formation
of exosomes has four stages: initiation, endocytosis, mul-
tivesicular body (MVB) formation and exosome secre-
tion [32] (Fig. 2). Moreover, the biogenesis of exosomes
involves a series of molecular mechanisms, the most
important of which is the endosomal sorting complexes
required for transport (ESCRT) mechanism, which is the
driving factor for membrane formation and shedding
[30, 33]. ESCRT complexes consist of ESCRT-0, -1, -II
and -III. ESCRT-0 activates the MVB pathway and rec-
ognizes ubiquitinated proteins. ESCRT-I and ESCRT-II
have contractile effects on the sprouting neck of vesicles.
ESCRT-III is associated with membrane budding and
vesicle shedding [34—36]. In addition, exosome secretion
is regulated by different molecules; for instance, the RAB
GTPase protein (e.g., RAB27A/B, RAB35 and RABI11)
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plays an important role in regulating intracellular vesi-
cle transport, such as vesicle budding and movement
through cytoskeletal interactions [37, 38]. Exosomes
contain a variety of DNA, RNA and proteins [39]. RNAs
in exosomes include mRNAs, miRNAs, LncRNAs, etc.
Proteins in exosomes are divided into two categories: (1)
structural proteins, such as cytoskeletal proteins, mem-
brane transporters, Hsp70 and its molecular chaperones,
signaling proteins and cytoplasmic enzymes; (2) secreted
cell-specific proteins. For example, tumor-derived
exosomes often contain TGF-antigens and tumor anti-
gens [40, 41]. Exosomes from antigen-presenting cells
(APCs) were detected to have some typical molecules
of APCs, such as major histocompatibility complex-I
(MHC-I) [42]. Studies have demonstrated that exosomes
are involved in a variety of physiological and pathologi-
cal processes, such as antigen presentation, angiogenesis,
cell differentiation, tumor cell migration and invasion
and so forth [43]. Interestingly, researchers have found
that tumor cells secrete approximately 10 times as many
exosomes as normal cells [44], and that cancer cells
exosomes have precise targeting mechanisms, suggesting
that exosomes may provide a method of cell communica-
tion and play a prominent role in tumor formation and
progression [45].

Discovery of exosomal circRNAs in solid cancers

Based on the biological characteristics of circRNAs and
exosomes, more and more evidence has shown that cir-
cRNAs derived from exosomes, especially tumor cell-
derived exosomes, may exert a significant biological
function in different pathological and physiological pro-
cesses. Li and her colleagues confirmed in 2015 that there
are a huge number of stable circRNAs in exosomes [16].
The half-life time of most circRNAs are more than 48 h,
while linear RNA molecules have a half-life of 20 h [12].
The reason why circRNAs have a pretty long half-life is
because they are covalently closed and lack a 3’ poly A
tail or a 5 cap. Therefore, circRNAs are resistant to the
degradation by exonuclease [4, 18]. Due to above features,
circRNAs are more stable and accumulate at higher levels
in cells than linear transcripts, even though linear RNAs
are generated at a significantly higher rate than circRNAs
[46]. In addition, Dou et al. evidenced that circRNAs are
more abundant in exosomes than in cells and that the
expression of circRNAs varies with the mutation status of
KRAS (a proto-oncogene) [47]. The biological functions
of exosomal circRNAs have not been fully elucidated, and
an increasing number of studies have focused on exoso-
mal circRNAs. New studies have shown that exosomes
from tumor cells or other cells (such as fat cells and acti-
vated human platelets) can deliver biological information
to their specific cells, achieving phenotypic changes that
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Fig. 2 ESCRT complexes play an important role in exosome formation and secretion. Exosomes are derived from intracavitary vesicles (ILVs) that
are formed by the inward budding of multivesicular bodies (MVBs), which are generated in the early to late stage of endosomal maturation. MVBs
can not only fuse with lysosomes resulting in degradation of the contents, but also can fuse with plasma membranes, release exosomes into the

extracellular space and facilitate intercellular communication

promote cancer invasion and metastasis [48]. For exam-
ple, exosomal circ-PDE8A has been showed association
with tumor progression and lymphatic invasion in pan-
creatic ductal adenocarcinoma (PDAC) via the miR338/
MACC1/MET pathway [49]. In addition, exosomal cir-
cRNA has been observed to promote white fat browning
by targeting the miR-133/PRDM16 pathway [50], which
provides a new perspective for our fundamental under-
standing of cancer-related cachexia.

Mechanism and roles of exosomal circRNAs in solid cancers
With an increasing number of exosomal circRNAs have
been discovered and identified, there is increasing evi-
dence that exosomal circRNAs play a key role in the

development of various cancers, which including tumor
proliferation, migration, invasion, etc. [51]. At present,
exosomal circRNAs may regulate solid tumors through
a variety of different mechanisms (Table 1): 1) Exosomal
circRNAs act as miRNA sponges. 2) Exosomal circRNAs
interact with proteins. 3) Possibility of exosomal circRNAs
being translated into proteins. Among these mechanisms,
miRNA sponge is the most common one, which regulates
the expression of target genes by regulating miRNA.

Exosomal circRNAs act as miRNA sponges

CircRNA_100284

Arsenic is a toxic metal and long-term exposure can lead
to tumor formation in the lungs, skin and bladder [66,
67]. Recently, Dai et al. found that arsenic exposure was
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Table 1 Mechanism and roles of exosomal circular RNA in solid cancers
Circular RNA Expression Tumor types miRNA, RBP Downstream Biological functions  References
of circRNA pathways
CircRNA_100284 up hepatocellular carci- miR-217 EZH2 and CyclinD1 Cell proliferation [52]
noma
Circ-DB (has_ up hepatocellular carci- miR-34a USP7/Cyclin A2 Tumor growth and [53]
circ_0025129) noma metastasis
CircPTGR1 up hepatocellular carci- miR-449a MET Disrupt tumor [54]
noma microenvironmental
homeostasis and
promote metastasis
Circ-0000284 up cholangiocarcinoma miR-637 LY6E Proliferation, migra- [55]
tion, invasion
Circ-PDESA up pancreatic ductal miR-338 MACCT/MET/ERK or Invasive growth [49]
adenocarcinoma AKT pathway
Circ-IARS up pancreatic cancer miR-122 RhoA activity/ F-actin/  Vascular endothelial [56]
Z70-1 permeability and
tumor metastasis
Circ LONP2 (hsa_ up colorectal cancer Promote pre-miR-17 Recruit DGCR8 and Invasion [57]
circ_0008558) mature Drosha complex
Circ PRMT5 up urothelial carcinoma of miR-30c SNAIL1/ E-cadherin Promote pathological  [58]
the bladder pathway EMT
Circ_0044516 up prostate cancer miR-29a-3p - Proliferation and [59]
metastasis
CiRS-133 up gastric tumors miR-133 PRDM16/UCP1 Cancer cachexia [50]
pathway
Circ-0051443 down hepatocellular carci- miR-331-3p BAK1 Promote apoptosis [60]
noma and blocking cell cycle
Circ-ABCC1 up colorectal cancer interact with 3-catenin - Wnt/f3-catenin Cell stemness, sphere  [61]
pathway formation and metas-
tasis
Circ-CCAC1 up cholangiocarcinoma interact with EZH2 SH3GL2/ ZO-1/Occlu-  Accelerate CCA [62]
din tumorigenesis and
metastasis
Has-circ_0074854 up hepatocellular carci- interact with HuR ZEB1 signaling Activate the polariza-  [63]
noma pathway tion of M2 mac-
rophage and promote
EMT of HCC cells
CircFARSA up non-small cell lung interact with elF4A3 PI3K/AKT signaling Mediate polarization [64]
cancer pathway of M2 macrophages
and promote EMT
CircLPAR1 down colorectal cancer interact with elF3h METTL3-elF3h/BRD4  Inhibit the prolif- [65]

eration, invasion and
migration of CRC

Not detection

associated with circRNA_100284 overexpression and
could trigger the malignant transformation of normal
hepatocytes and accelerate cell cycle and proliferation
[52]. MiR-217 is a tumor suppressor involved in a variety
of cancers, including liver cancer [68]. CircRNA-100284
can act as a miRNA sponge of miR-217 and stimulate the
downstream signaling pathway, leading to an increase
in Enhancer of Zeste Homolog 2 (EZH2) and CyclinD1
enhancer expression, leading to the abnormal prolif-
eration of liver cells. Furthermore, Dai et al demon-
strated with electron microscopy that exosomes carrying

circRNA_100284 were transferred from malignant cells to
nonmalignant cells, leading to the malignant transforma-
tion of normal cells [52].

Circ-DB

Circ-DB (circ-deubiquitination, has_circ_0025129) is
an adipose secreted exosomal circRNA that is upregu-
lated in hepatocellular carcinoma (HCC) patients with
high body fat ratio [53]. Ubiquitin-specific protease 7
(USP7) is a deubiquitinating enzyme that plays a key
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role in the cell cycle, proliferation and DNA repair [69,
70]. High levels of USP7 are often found in HCC tissues
and are associated with tumor growth and invasion,
leading to poor overall survival [71, 72]. Studies have
shown that exosomal circ-DB secreted by adipose cells
can inhibit miR-34a by targeting miR-34a and activate
deubiquitination-related USP7, reducing DNA damage
and promoting the proliferation and migration of HCC
cells by activating the USP7/Cyclin A2 signaling path-
way, leading to tumor growth and metastasis in vivo
[53].

CircPTGR1

A study showed that the increased metastatic ability of
HCC cells could be gifted to cells with low or no metas-
tasis potential by exosomes carrying circPTGR1, thus
promoting the metastasis ability and progression of HCC
cells [54]. CircPTGRI1 is abundant in exosomes from
serum of HCC patients and is related to clinical stage
and prognosis. CircPTGR1 from exosomes with high
metastatic potential and abundance in cells may inhibit
the interaction between miR-449a and MET in recipi-
ent cells, thus having effects on cells with low metastatic
potential, disrupting tumor microenvironment homeo-
stasis, and triggering HCC progression [54].

Circ-0000284

Circ-0000284 is an isoform of circHIPK3 and is involved
in tumor progression [55]. Wang et al. showed that circ-
0000284 could absorb miR-637 and promote the prolif-
eration, migration, and invasion of cholangiocarcinoma
(CCA) cells. Circ-0000284 has the ability to sponge
miR-637, which contributes to increased expression of
lymphocyte antigen-6E (LY6E) through competitive
binding of miR-637. Interestingly, the LY6 family has
been reported to have increased expression in many can-
cers including colorectal cancer (CRC), glioma, ovarian
cancer, gastric cancer, breast cancer and lung cancers.
Moreover, high LY6E expression has been found to be
significantly related to poor clinical outcomes and poorer
overall and disease-free survival than low LY6E expres-
sion [73]. In addition, miR-637 can also influence CCA
progression by targeting transcripts of other coding pro-
teins involved in cell proliferation and migration, such as
CDK6, STAT3, and AKT1 [74].

Circ-PDESA

PDAC is the most serious malignancy in humans and its
metastatic potential and risk of recurrence, resulting in
a very high mortality rate [75]. In pancreatic cancer, the
tumor-released exosomal circRNA PDE8A promotes
aggressive growth through the miR-338/MACC1/MET
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pathway [49]. In this study, Li et al. detected the exoso-
mal circRNA expression profile of PDAC cells with liver
metastasis by microarray technology and found that high
circ-PDE8A expression was associated with lymphoid
infiltration, tumor-node-metastasis (TNM) stage, and
poor survival in PDAC patients. Further studies showed
that circ-PDE8A promoted the invasive growth of PDAC
cells by upregulating MET. Circ-PDE8A, as the ceRNA
of miR-338, regulates MACC1 and stimulates invasive
growth through the MACC1/MET/ERK or AKT path-
ways. Finally, the expression of circ-PDE8A in plasma
exosomes of PDAC patients was analyzed and implicated
in the progression and prognosis of PDAC patients [49].
Therefore, circ-PDE8A may play a pivotal role in tumor
invasion.

Circ-IARS

Circ-IARS is a novel circRNA occurred through the pro-
gression of pancreatic cancer [56]. Li and his colleagues
showed that circ-IARS entered human microvascular
endothelial cells (HUVECs) through exosomes and pro-
moted tumor invasion and metastasis [56] (Fig. 3). Liver
metastasis, vascular infiltration and lymph node metas-
tasis stage were sped up by the increased expression of
circ-IARS. As a result, the postoperative survival time
decreased. Previous studies have reported increased
activity of RhoA, a member of the Ras homologous gene
family in HUVECs, which can promote actin cytoskel-
eton remodeling and cell contraction and can reduce
the expression of tight junction ligand protein Zonula
occludens-1 (ZO-1) [76, 77], resulting in endothelial bar-
rier dysfunction [78—80]. Studies have found that overex-
pression of circ-IARS can competitively adsorb miR-122
that alleviate its inhibition of RhoA activity of down-
stream target gene, which increases F-actin expression
and promotes cell contraction [56]. Moreover, increas-
ing RhoA activity reduced the expression of ZO-1, which
disrupted the tight connection with endothelial cells, and
eventually led to increased vascular endothelial perme-
ability and promoted tumor metastasis [56].

CircLONP2

CircLONP2 (hsa_circ_0008558) is critical for the metas-
tasis of CRC cells and is closely related to the aggres-
sive clinicopathological features of CRC patients [57].
In addition, circLONP2 directly acts on and facilitates
primary miRNA-17 (pre-miR-17) processing by recruit-
ing DiGeorge syndrome critical region gene 8 (DGCRS)
and the Drosha complex in a DDX1-dependent man-
ner. Moreover, when mature miR-17-5p is upregulated,
it can be assembled into exosomes and transferred to
adjacent cells, leading to the proliferation of metastasis
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Fig. 3 The role of circ-IARS in tumor invasion and metastasis. Overexpression of circ-IARS can competitively adsorb miR-122 that alleviates its
inhibition of RhoA activity, which increases F-actin expression and promotes cell contraction. Moreover, increasing RhoA activity reduced the
expression of ZO-1, which disrupted the tight connection with endothelial cells, and eventually led to increased vascular endothelial permeability

and promoted tumor metastasis

initiation among primary CRC cells, thus enhancing
their invasion ability. The study further confirmed that
CRC exosomes containing miR-17-5p mimics conferred
higher migration and invasion abilities, while exosomes
of miR-17-5p inhibitors conferred the opposite effect.
These results suggest that upregulated circLONP2 is an
important metastasis driver of CRC and may serve as a
new prognostic biomarker and potential anti-metastatic
therapeutic target in clinical practice.

CircPRMT5

Chen et al. reported that circPRMT5 is overexpressed in
both the serum and urine of patients with urothelial car-
cinoma of the bladder (UCB) and is positively correlated
with lymph node metastasis and tumor progression [58].
Further studies have shown that circPRMT5 can act as
miR-30c sponge to promote the pathological EMT of
UCB cells, thereby enhancing the level of the target genes
SNAIL1 and E-cadherin, making cells become more
aggressive via the circPRMT5/miR30c/SNAIL1/E-cad-
herin pathway [58, 81]. This suggests that circPRMT5 may
be a promising prognostic biomarker for UCB patients.

Circ_0044516
Circ_0044516 is extremely upregulated in the exosomes
and cells of prostate cancer patients [59]. Circ_0044516

acts as a sponge of miR-29a-3p. Bioinformatics and
luciferase reporter assays confirmed that circ_0044516
down-regulated the expression of miR-29a-3p, which
was negatively correlated with miR-29a-3p expression in
prostate cancer. Colony formation experiments showed
that the downregulation of circ_0044516 resulted in
a decrease in the number of prostate cancer cell colo-
nies. In addition, data showed that the expression of
circ_0044516 in the blood exosomes of patients with
highly metastatic prostate cancer was higher than that in
those of patients with prostate cancer of low metastatic
potential, and circ_0044516 also decreased the migra-
tion ability of prostate cancer cells [59]. The above stud-
ies show that circ_0044516 suppress the proliferation and
metastasis of prostate cancer cells.

CiRS-133

Cancer-related cachexia is a metabolic syndrome and is a
negative cancer patient survival risk factor [82]. Cachexia
is typically characterized by excessive energy expenditure
compared to that in healthy individuals [83, 84]. However,
the molecular mechanisms of cancer-related cachexia are
poorly understood. Zhang et al. found that exosomal cir-
cRNAs from gastric tumors promoted white fat browning
by targeting the miR-133/PRDM16 pathway [50]. They
identified a cachexia-related plasma exosome ciRS-133
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and found that exosomes derived from GC cells delivered
ciRS-133 to preadipocytes, activating PRDM16/UCP1 by
inhibiting the biological function of miR-133 and promot-
ing the differentiation of preadipocytes into brown-like
cells. In addition, knockdown of ciRS-133 reduced cancer
cachexia and oxygen consumption and heat production
in tumor-implanted mice. Thus, exosome-delivered ciRS-
133 is an involved factor in white adipose browning and
plays a key role in cancer-related cachexia.

Circ-0051443

Normal cells could transmit exosomal circ-0051443 to
HCC cells to inhibit malignant biological behaviors by
inducing apoptosis and blocking cell cycle progression
[60]. BAK1 is an important regulator of cell death that
interacts with proteins to initiate mitochondrion-medi-
ated apoptosis. Previous studies have found that BAK1 is
correlated with the development of a variety of tumors,
including pediatric germ cell tumors [85], cervical can-
cer [86], chronic lymphocytic leukemia [87], and non-
small cell lung cancer (NSCLC) [88]. Studies have shown
that BAK1 expression is regulated by exosommal circ-
0051443 through competitive binding of miR-331-3p,
which thereby inhibit the malignant biological behavior
of HCC [60]. Exosomal circ-0051443 can be used as a
predictor and potential therapeutic target for HCC.

Exosomal circRNAs interact with proteins

Circ-ABCC1

Studies have shown that exosomes from CD133" CRC
cells significantly enhance cell stemness, sphere forma-
tion and metastasis [61].What’s more, circ-:ABCC1 over-
expression was contributed to tumorigenesis of CD1337/
HCT15 or CD1337/Caco2 cells. Researchers also con-
firmed that circ-ABCC1 could interact with p-catenin
into the cell nucleus and activate the Wnt/{3-catenin path-
way to regulate CRC progression by RIP and RNA pull
down assays [61]. Overall, cell stemness and metastasis
would be mediated by exosomes from CD133" cells car-
rying circ-:ABCC1 in CRC, indicating that circ-:ABCC1
may act as a new candidate target for CRC treatment.

Circ-CCAC1

Xu et al. found that the level of exosomal circ-CCAC1
in serum of patients with CCA was higher than that of
patients with benign hepatobiliary disease [62]. Exosomal
circ-CCAC1 of CCA cell can be transferred to endothe-
lial cells, damaging the endothelial barrier and inducing
angiogenesis. RIP and RNA pull-down assays showed that
there was an obvious interaction between circ-CCAC1
and EZH2, and the high expression of circ-CCACI1 sig-
nificantly increased the cytoplasmic localization of EZH2,
inhibiting the binding of EZH2 to the SH3GL2 promoter
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and H3K27 trimethylation level, thereby resulting in the
increased expression of SH3GL2. Moreover, SH3GL2
reduced the level of intercellular junction proteins by neg-
atively regulating ZO-1/Occludin. In addition, exosomal
circ-CCACI1 overexpression accelerates CCA tumorigen-
esis and metastasis in vivo [62]. Therefore, blocking exo-
some circ-CCAC]1 transmission may be a future treatment
strategy for CCA, which needs to be further explored.

Has-circ_0074854

HuR is an RNA binding protein (RBP), is known to sta-
bilize mRNAs by preventing gene degradation. Wang
et al. found that has-circ_00074854 interacts with HuR
through RNA pull-down analysis [63]. Down regulation
of has_circ_00074854 further inhibited the migration,
invasion and EMT of HCC cells by reducing the stabil-
ity of HuR protein and inhibiting ZEB1 signaling path-
way. In addition, they also found that HCC cell-derived
exosomes can induce activation of M2 macrophages and
promote migration, invasion and EMT of HCC cells.
And the down-regulated exosome of hsa_circ_00074854
inhibited the polarization of M2 macrophage, thus inhib-
iting the migration, invasion and EMT of HCC cells
in vitro and in vivo [63]. In summary, this study provided
the evidence that exosomal hsa_circ_00074854 can excert
a biological role by interacting with HuR in HCC.

CircFARSA

Another study also reported that exosomal circRNA
can promote tumor metastasis and EMT by mediating
polarization of M2 macrophages. Chen et al. found that
circFARSA was significantly upregulated in NSCLC tis-
sues, and the NSCLC cell-derived exosomal circFARSA
could polarize the macrophages to a M2 phenotype [64].
In vitro experiments, macrophages pretreated by exo-
somal circFARSA were co-cultured with NSCLC cells,
which could promote NSCLC cell metastasis and EMT.
They explored the mechanism by which exosomal circ-
FARSA induced polarization of M2 macrophages and
found that circFARSA activated the PI3K/AKT signaling
pathway through PTEN ubiquitination and degradation.
More interestingly, they found that an RBP named eIF4A3
can bind to the upstream and downstream sequences
of circFARSA mRNA in NSCLC cells, which could pro-
mote circFARSA synthesis. However, they did not verify
the effect of exosomal circFARSA on NSCLC tumor size
in vivo, and further exploration is needed in the future.

CircLPAR1

The latest study, published in 2022, showed that exosomal
circLPARI1 was significantly down-regulated in the plasma
of CRC patients and could be successfully detected [65].
ROC curve showed that exosomal circLPAR1 could be
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used to distinguish CRC patients from non-cancer con-
trols, and the combination of exosomal circLPAR1 with
CRC diagnostic markers CEA and CA19-9 could improve
the AUC value. Furthermore, exosomal circLPARI acts as
a sponge for eIF3h to influence BRD4 translation. It can
directly bind to eIF3h to inhibit METTL3-elF3h interac-
tion and further down-regulate the level of BRD4, thus
inhibiting the proliferation, invasion and migration of
CRC cells. Meanwhile, circLPAR1 can inhibit the growth
of CRC in vivo experiments [65]. In this study, the specific
mechanism of exosomal circLPAR1 in CRC was demon-
strated. The convenience and stability of the detection of
exosomal circLPARI in the plasma of patients opens up a
new way for the diagnosis of CRC.

Possibility of exosomal circRNAs being translated
into proteins
In recent years, IRES and N6-methyladenosines (m6A)-
mediated cap-independent translation initiation have
been identified as potential mechanisms for circRNA
translation [89]. To date, several translated circRNAs
have been suggested that they could play key roles in
cancers. CircSHPRH can encode a new 146 amino acids
protein (SHPRH-146aa) in glioma, which shows tumor
suppressive activity during tumorigenesis [90]. CircF-
BXW?7 has also been reported to inhibit the proliferation
and migration of triple-negative breast cancer (TNBC)
cells by encoding a 185 amino acids peptide (FBXW7-
185aa) as a tumor suppressor [91]. CircLINC-PINT
inhibits the proliferation of glioblastoma cells by encod-
ing a peptide containing 87 amino acids (PINT87aa)
[92]. CircPPP1R12A encodes a 73 amino acids peptide
(CircPPP1R12A-73aa) to activate the Hippo-YAP sign-
aling pathway, which promotes the proliferation and
metastasis of colon cancer [93].

Although these reported proteins of circRNAs trans-
lation play important roles in cancers, the research on

Table 2 Exosomal circRNA implicate in hematological malignancies
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circRNA translation is still in its infancy. The various cir-
cRNAs of translation in a variety of other tumors need to
be further explored. In addition, we found that the mecha-
nism of circRNAs in exosomes derived from tumors have
been mostly acting as microRNA sponges since 2015, then
followed by interacting with proteins in the last 1 ~2 years.
However, the regulation of tumor development by circR-
NAs translating into proteins in exosomes has not been
reported. Whether the exosomal circRNAs can take
advantage of exosomal targeting merit to deliver their
encoding proteins into recipient cells or translate into pro-
teins after circRNAs entering recipient cells, thus playing
a role in tumor progression needs further exploration and
confirmation. We believe that the translation of exosomal
circRNAs will provide a new perspective and approach for
the diagnosis and treatment of cancer.

Exosomal circRNA also implicate in hematological
malignancies

In previous studies, the vast majority of exosomal cir-
cRNA were associated with solid tumors. Emerging stud-
ies have revealed that the expression of circRNAs is also
strongly associated with tumorigenesis and prognosis of
hematological malignancies. Exosome can be used as a
signal molecule in bone marrow microenvironment and
is closely related to the occurrence and development of
hematological malignancies. However, the effect of exo-
somal circRNA on hematological malignancies has only
been found and reported in the last 1 ~ 2 years. Therefore,
we have also summed up exosomal circRNA implicated
in hematological malignancies. It was found that the
reported exosomal circRNAs in hematological malig-
nancies were mainly concentrated in several diseases
such as Acute myeloid leukemia (AML) [94, 95], Chronic
lymphocytic leukemia (CLL) [96] and Multiple myeloma
(MM) [97, 98] (Table 2).

Diseases Exosomal circRNA Levels miRNAs, RBPs, and Impact on Hematologic disease References
pathways targeted

AML circ_0004136 up miR-570-3p/TSPAN3 Increase AML cell viability, cell cycle progression, migration  [94]
and invasion and decreased apoptosis

AML circ_0009910 up miR-5195-3p/GRB10 Increase proliferation, apoptosis and cell cycle progression [95]
of AML cells

CLL mc-COX2 up - Dampen mitochondrial functions and regulates CLL cell [96]
growth

MM circMYC up - Associate with the recurrence and Bortezomib resistance [97]

MM chr2:2,744,228-2,744407+ up hsa-miR-6829-3p/GRIN2B  Neuronal cell death and MM-related PN [98]

MM circ-G042080 up hsa-miR-4268/TLR4 Associate with MM-related myocardial damage and increase [99]

autophagy level in cardiomyocytes

Not detection
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Exosomal circRNA in AML

AML is accounting for approximately 20% of pediatric
leukemia [100, 101]. Bi et al first reported one exoso-
mal circRNA (circ_0004136) in AML progression [94].
Functional analyses such as dual-luciferase reporter,
RNA immunoprecipitation assays, Cell Counting Kit-8,
transwell and flow cytometry assay suggested that exo-
somal circ_0004136 knockdown hampered AML cell
viability, cell cycle progression, migration and invasion,
and promoted cell apoptosis by targeting the miR570-3p/
TSPANS3 axis, highlighting a novel therapeutic strategy
for AML management [94].

Hsa_circ_0009910 (circ_0009910) is a novel leuke-
mia-related circular RNA [102, 103], and expression of
circ_0009910 is upregulated in AML bone marrows, cells,
and exosomes [95]. MiR-5195-3p acted as the sponge of
circ_0009910 and growth factor receptor-bound protein
10 (GRB10) acted as downstream targets of miR-5195-3p
were confirmed by dual-luciferase reporter assay and
RNA immunoprecipitation [95]. Circ_0009910 could be
shuttled via exosomes to mediate proliferation, cell cycle
and apoptosis of AML cells by regulating miR-5195-3p/
GRBI10 axis.

Exosomal circRNA in CLL

CLL is the most popular incurable B cell neoplasm [104].
However, the functions and clinical significance of circR-
NAs in CLL have been rarely studied. Wu et al. demon-
strated for the first time that a novel circRNA, mc-COX2,
generated from the COX2 gene on the mitochondrial
genome, was highly expressed in the plasma exosomes
of CLL patients and might be closely related to prognosis
[96]. In addition, mc-COX2 impacts mitochondrial func-
tions and regulate CLL cell proliferation and apoptosis. On
the contrary, carbonyl cyanide 3-chlorophenylhydrazone
(CCCP), one inhibitor of mitochondria functions, can
dramatically downregulated the levers of mc-COX2 [96].
However, the mechanisms of mc-COX2 regulating mito-
chondrial and affecting the progress of the disease have
not reported, which needs to be further explored.

Exosomal circRNA in MM

MM is the second most popular hematological malig-
nancy and the most common type of human plasma cell
disease [105]. Major clinical symptoms of MM are ane-
mia, renal failure, bone destruction, hypercalcemia and
cardiac comorbidities [106].

Although some drug especially bortezomib (BTZ)
has been a successful chemotherapeutic for MM, some
patients still have failed in treatment due to BTZ drug
resistance [107]. Therefore, the search for new mark-
ers has important clinical significance for the develop-
ment of new treatments for MM. Luo et al. found that
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the expression of CircMYC was increased in serum
exosomes of MM patients [97]. Moreover, patients with
BTZ resistance were found to have higher exosomal
circMYC expression than that before resistance. Fur-
thermore, high exosomal circMYC levels were inde-
pendent predictors of poor prognosis in patients with
MM by using univariate and multivariate Cox regres-
sion analysis and had lower overall survival and pro-
gression-free survival, which implicated that exosomal
circMYC have potential clinical application as a bio-
marker for the diagnosis and prognosis of MM [97].

Peripheral neuropathy (PN) is an incurable complica-
tion of MM [108]. Zhang et al firstly identified that a
novel exosomal circRNA, chr2:2,744,228-2,744,407 +,
could have potential to be an excellent therapeutic target
for MM-related PN [98]. They found that chr2:2,744,228—
2,744,407 + were highly expressed in the exosome of serum
in patient with MM-related PN, and applied bioinformatics
analysis to predict that chr2:2,744,228-2,744,407 + might
induce MM-related PN via the downstream hsa-miR-
6829-3p/GRIN2B axis [98]. What’s more, ROC curve, uni-
variate and multivariate COX regression analysis showed
that this exosomal circRNA could be an independent prog-
nostic factor in MM-related PN [98]. However, the mech-
anism of this exosomal circRNA in MM needs to further
verification and exploration.

Myocardial damage is another mostly incurable com-
plication of MM. Sun et al. also demonstrated that 1265
upregulated circRNAs and 787 downregulated circR-
NAs have significant differences, which were identi-
fied in serum exosomes of MM patients compared
with healthy controls by high-throughput sequencing
[99]. They found that the upregulated circ-G042080
was closely associated with MM-related myocardial
damage by using bioinformatics analysis including
GO and KEGG analyses. In addition, they also pre-
dicted and verified the downstream miRNAs and tar-
get genes of circ-G042080, demonstrated that there
was a circ-G042080/hsa-miR-4268/TLR4 ceRNA axis
in H9C2 cells incubated with exosomes from MM and
can induce autophagic death in cardiomyocytes [99].
More importantly, circ-G042080 was found to be posi-
tively correlated with TnT and proBNP levels which
represented the clinical features of heart damage.
Meanwhile, the ROC curve and Cox analyses suggested
that circ-G042080 could be used as an effective clinical
prognostic indicator and independent prognostic factor
of patients with MM-related myocardial damage [99].

Application of exosomal circRNAs as biomarkers

in malignant tumors

Noninvasive early detection of malignant tumors has
always been a hot topic in tumor research. It is very
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important to find sensitive and specific biomarkers
for the early diagnosis and treatment of tumors. Some
studies have shown that microRNAs and long noncod-
ing RNAs can act as biomarkers for tumors [109, 110].
CircRNAs are abundant, conserved, and stable, and are
insensitive to RNase and these features highlight the pos-
sibility that circRNA could become predominant markers
for disease. According to current publications, the poten-
tial of circRNAs as recognized biomarkers in clinically
relevant diseases is being widely explored. For example,
the presence of circRNA in exosomes (exo-hsa_circRNA)
was found to be associated with CXCR4 expression
which was confirmed to be related to the lymph node
metastasis of lung adenocarcinoma in vivo, so it may be
a predictor of lymph node metastasis in lung adenocar-
cinoma [111]. PDAC survival curve analysis showed that
high expression of circRNA PDE8A in exosomes was
associated with low survival rates. Exosomal circ-PDESA
may be a useful marker for PDAC diagnosis or progno-
sis prediction [49]. Circ 0,044,516 in exosomes promotes
the proliferation and metastasis of prostate cancer cells,
which suggests that exosomal circ 0,044,516 is a potential
biomarker [59]. Hsa-circ-0004771 in exosomes was sig-
nificantly upregulated in the serum of CRC patients com-
pared to normal controls and had a significant diagnostic
effect, which may provide new opportunities for poten-
tial CRC diagnosis strategies [112].

Recent studies have shown that exosomal circRNAs
also mediate chemotherapy-resistance or radio resist-
ance in various cancers. Some researchers observed
circ-Cdrlas was downregulated in serum exosomes of
cisplatin-resistant ovarian cancer patients [113]. Zhang
et al.demonstrated exosomal Circ-XIAP can promote
Docetaxel (DTX) resistance in prostate cancer by regulat-
ing miR-1182/TPD52 axis. Exosomal circ-XIAP is over-
expressed in DTX-resistant cells, and down-regulation of
circ-XIAP can enhance the sensitivity of DTX [114]. Ding
et al. found that exosomal CircNFIX was up-regulated
in serum of patients with temozolomide (TMZ) chem-
oresistance of glioma, which could promote the growth
of glioma, and its depletion enhanced the sensitivity of
glioma cells to TMZ in vivo [115]. Zhao et al. analyzed
circRNAs in the extracellular vesicles (EVs) of U251 and
radioresistant U251 cells by the RNA Seq method and
found that exosomal circRNAs have an effect on radio
resistance [116]. CircATP8B4 was proven to facilitate
glioma radio resistance by serving as a miR-766 sponge,
suggesting that circATP8B4 in EVs may be emerged as a
potential biomarker for glioma radio resistance. There-
fore, exosomes carrying circRNAs and engineered siR-
NAs targeting specific circRNAs may be valuable not
only in accurate and effective treatment but also in drug
development to suppress tumor progression [117]. These
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siRNA molecules can downregulate the expression of
circRNA and indirectly inhibit circRNA-induced injury.
For example, inhibition of circRNA-ACAP2 and circ-
CCDC66 by siRNA transfection of colon cancer cells
resulted in decreased cell proliferation, migration, and
invasion rates compared to those in the control and
NC groups [118, 119]. In addition, sensitive cells could
receive ciRS-122 through exosomes from oxaliplatin
resistant cells, then their glycosylation and drug resist-
ance would be promoted through miR-122 sponging and
PKM2 upregulation. Moreover, si-ciRS-122 transported
by exosomes could inhibit glycolysis and reverse oxali-
platin resistance by regulating the ciRS-122/miR-122/
PKM2 pathways in vivo, thus enhancing the response to
antitumor drugs [120].

Conclusions

CircRNAs are endogenous, abundant, conserved, and
stable regulatory RNAs, which can play biological func-
tions through a variety of mechanisms. Exosomes carry
specific proteins and RNA cargos and have identified as a
new method for intercellular communication [121, 122].
In recent years, exosomal circRNAs have become a new
field and hotspot in malignant tumors research. As such,
in this review, we mainly focused on the multiple mecha-
nisms of exosomal cicRNAs playing important roles in
tumors: miRNA sponging, circRNA-protein interactions,
and translation into proteins. We also elaborated the role
and application of exosomal circRNAs in tumor develop-
ment, including regulation of cell proliferation, invasion,
migration, metastasis, and drug resistance. Due to high
specificity and stability of exosomal circRNAs, they may
become potential malignant tumors biomarkers for early
detection and may accurately predict the most appropri-
ate treatments for patients. Furthermore, they may have
the capability to monitor disease progression or recur-
rence. Unlike biomarkers found in tumor tissue, exoso-
mal circRNAs can be easily detected in peripheral blood
and are much easier to obtain from patients. Intriguingly,
the influence of exosomal circRNA on hematological
malignancies, which is a very novel area and not con-
fined to solid tumors, has also been gradually concerned,
including hematological malignant tumor cell viability,
cell cycle progression, migration and invasion, apopto-
sis, recurrence and drug resistance. Therefore, we believe
that exosomal circRNA may be more promising as clini-
cal diagnostic markers.

It is important to note that exosomes are natural
drug carriers for targeted therapy of malignant tumors.
Although many studies have assessed the role of exosomal
circRNAs in tumors, relatively few studies have assessed
the specific function of exosomal circRNAs. Moreover,
recent studies have shown that tumor-derived exosomes



Zhou et al. Biomarker Research (2022) 10:28

can regulate dendritic cell differentiation and maturation
or macrophage polarization by delivering their cargos to
surrounding immune cells in the tumor microenviron-
ment, thus affecting tumor growth. The specific mecha-
nism and in vivo experimental studies need to be further
explored and improved. In addition, interestingly, cells
also can clear circRNAs via exosomes. Further studies are
yet to elucidate the detailed mechanism of exosomal cir-
cRNA clearance and release. With the continuous explo-
ration of these unknown factors, we believe that relevant
studies on exosomal circRNAs will reveal new opportu-
nities for clinical diagnosis strategies and provide new
methods for malignant tumors treatment.
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