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a b s t r a c t

Exosomal circular RNA (circRNAs) are pivotal in cancer biology, and tumor pathophysiology. These stable,
non-coding RNAs encapsulated in exosomes participated in cancer progression, tumor growth, metas-
tasis, drug sensitivity and the tumor microenvironment (TME). Their presence in bodily fluids positions
them as potential non-invasive biomarkers, revealing the molecular dynamics of cancers. Research in
exosomal circRNAs is reshaping our understanding of neoplastic intercellular communication. Exploiting
the natural properties of exosomes for targeted drug delivery and disrupting circRNA-mediated pro-
tumorigenic signaling can develop new treatment modalities. Therefore, ongoing exploration of exoso-
mal circRNAs in cancer research is poised to revolutionize clinical management of cancer. This emerging
field offers hope for significant breakthroughs in cancer care. This review underscores the critical role of
exosomal circRNAs in cancer biology and drug resistance, highlighting their potential as non-invasive
biomarkers and therapeutic targets that could transform the clinical management of cancer.
© 2024 The Author(s). Published by Elsevier B.V. on behalf of Xi’an Jiaotong University. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Cancer continues to be a significant global health challenge,
with its impact varying widely based on the type of cancer,
geographic region, and socioeconomic status [1e7]. In 2020,
cancer, the world's second leading cause of death, caused around
10 million deaths and 23.6 million new cases, a 26.3% rise in
incidence since 2010 [8,9]. The global incidence and mortality
rates of cancer differ by region and socioeconomic factors, with
lung cancer remaining the most prevalent in areas with high to-
bacco use [10]. By 2040, it is estimated that there will be 3.2
million new cases of colorectal cancer and 1.6 million deaths, with
elevated rates in Australia/New Zealand and Europe [11]. The rise
in gastrointestinal cancers in East Asia is attributed to population
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growth, aging, and changing lifestyle habits [12]. The incidence of
neurological, hematological, and urological cancers is increasing.
For example, in 2020, multiple myeloma accounted for 14% of
leukemia, lymphoma, and myeloma cases [13]. Gynecological
cancers like cervical cancer are challenging in low- and middle-
income countries due to disparities in access to human papil-
loma virus (HPV) vaccination and screening [14]. Novel diagnostic
and therapeutic approaches are urgently required to enhance the
outlook for cancer patients globally. Cancer pathogenesis involves
genetic mutations that disrupt normal cell regulation, promoting
unchecked growth and division. Key factors include mutations,
environmental exposure, and lifestyle choices that activate onco-
genes or deactivate tumor suppressor genes, leading to malignant
tumors. Immune evasion is crucial in cancer progression as tu-
mors avoid immune detection by upregulating checkpoint pro-
teins such as programmed cell death-ligand 1 (PD-L1),
highlighting the need for immunotherapies to counteract these
mechanisms [15]. Enhancing our understanding of these complex
interactions will support the development of more effective
diagnostic and therapeutic strategies.
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Diagnosing cancer is challenging due to overlapping symptoms
with other diseases, often resulting in misdiagnoses or late de-
tections. Cancer treatments like chemotherapy, radiotherapy, and
immunotherapy are hindered by high costs, limited availability in
resource-poor areas, and significant side effects impacting patient
quality of life [16,17]. The diagnosis of these cancers is challenging
due to the absence of uniform screening guidelines and the com-
plex nature of these conditions. Despite significant advancements
in treatment modalities including chemotherapy, radiotherapy, and
immunotherapy, issues with diagnostic accuracy and treatment
accessibility persist [14]. Investigating the etiological mechanisms
of cancer is crucial for enhancing diagnostic and therapeutic stra-
tegies, with the ultimate goal of reducing the global impact of this
widespread disease.

Exosomes are lipid bilayer vesicles, 30e150 nm in size, released
by various cells, including cancer cells, and present in bodily fluids
like blood and urine [18]. Transporting a variety of substances such
as proteins, fats, and various types of nucleic acids, including cir-
cular RNAs (circRNAs) [19], microRNAs (miRNAs) [20], long non-
coding RNAs (lncRNAs) [21], and mRNA, these vesicles re essen-
tial for cell-to-cell communication. Their ability to transfer genetic
information and influence the recipient cells' behavior makes them
critical players in cancer progression, metastasis, and therapy
resistance. Exosomes are a promising drug delivery platform in
cancer therapy, capable of encapsulating and protecting RNA mol-
ecules like small interfering RNA (siRNA) or clustered regularly
interspaced short palindromic repeats (CRISPR)/CRISPR-associated
protein 9 (Cas9) components. This method targets specific path-
ways involved in tumor growth and resistance, potentially revo-
lutionizing cancer treatment [22].

circRNAs are non-coding RNAs with a closed loop structure that
enhances their stability. They are involved in cancer progression by
promoting tumor growth, angiogenesis, and metastasis, and
altering the tumor microenvironment (TME). In the realm of
tumorigenesis, exosomal circRNAs influence various cellular pro-
cesses, such as proliferation and angiogenesis. Yi et al. [23] and
Wang et al. [24] has shown that specific circRNAs, when enriched in
exosomes, can regulate gene expression in recipient cells, thus
promoting cancer development and altering the TME. circRNAs
contribute to cancer by modulating signaling pathways and inter-
acting with RNA-binding proteins, thereby supporting tumor
growth and its microenvironment. The complex interplay between
circRNAs and miRNAs, and their presence in exosomes, highlights
their significance in regulating cancer-related pathways [25].
Additionally, exosomes and their circRNAcomponents are emerging
as promising non-invasive biomarkers for cancer detection and
prognosis due to their durability and presence in bodily fluids [26].
The distinct characteristics found in blood or urine samples of
cancer patients provide hopeful opportunities for early cancer
detection and tracking its progression and response to treatment
(Table 1) [24,27e32].
Table 1
Exosome in cancer.

Source cell Cancer type Exosome functio

Prostate cancer cells Prostate cancer KLB promoted tu
dependent mech

NSCLC cells: A549 and H1299 cells NSCLC Promoted the tu
Breast cancer cells Breast cancer Facilitated cance
Cancer-associated fibroblasts Colorectal cancer Drived colorecta
Gastric cancer cells Gastric cancer Exo-TTN-AS1 pro

expression.
Esophageal squamous cell

carcinoma cells
Esophageal squamous
cell carcinoma

Exosomal M6PR

M2 macrophages Pancreatic cancer Targeting TRIM6

NSCLC: non-small cell lung cancer; KLB: klotho beta; TTN-AS1: titin antisense RNA 1; TR

2

This study reviews the role of exosomal circRNAs in cancer
progression, highlighting their influence on the tumor microenvi-
ronment and intercellular communication. These molecules could
contribute to treatment resistance. The review underscores their
potential as oncological biomarkers and therapeutic targets, sug-
gesting that future research could lead to novel diagnostic and
treatment strategies, potentially revolutionizing cancer care.

2. Exosomes in cancer progression

Exosomes are small vesicles released from cells through
exocytosis, typically ranging in diameter from 30 to 150 nm. These
vesicles play crucial roles in various biological processes, particu-
larly in cell communication. The production of exosomes involves
the fusion of endosomes, formed through endocytosis, with the cell
membrane. The molecules contained within exosomes can reflect
the nature and state of their cells of origin. Consequently, exosomes
are often regarded as vital mediators of intercellular communica-
tion, capable of transmitting signals and substances within and
beyond the bodily environment.

2.1. Composition and biogenesis of exosomes

The composition of exosomes is considerably complex, encom-
passing proteins, RNA, DNA, and various bioactive molecules. The
specific constituents can vary depending on the type of source cells
and their physiological or pathological state. At the protein level,
exosomes commonly contain cytoskeletal proteins, multiple en-
zymes, signaling molecules, and membrane proteins. The RNA
components primarily include various non-coding RNAs, such as
miRNAs and lncRNAs, which play crucial roles in regulating gene
expression and cellular functions [33,34]. By analyzing these bio-
molecules in exosomes, scientists can gain a deeper understanding
of the mechanisms of intercellular communication.

The biogenesis of exosomes involves the cellular mechanisms of
endocytosis and secretion. In the early stages of biogenesis, cells
form endosomes through endocytosis. Subsequently, these endo-
somes internally develop into multivesicular bodies, which are
aggregates of small vesicles formed by the invagination of the
endosomal membrane. Ultimately, the multivesicular bodies fuse
with the plasma membrane, releasing the contained ves-
iclesdknown as exosomesdinto the extracellular space [35]. This
process not only involves complex regulation of membrane trans-
port and fusion but also reflects the cell's capacity to respond to
environmental signals.

2.2. Exosomes and cancer

Exosomes play a crucial role in the onset and progression of
tumors. Research indicates that exosomes produced by tumor cells
can influence the tumor microenvironment, promoting tumor
n Refs.

mor progression by regulating exosome secretion through a Rab8a-
anism.

[24]

morigenesis, angiogenesis and metastasis of A549 cells. [27]
r cachexia-related fat loss. [28]
l cancer stemness and chemo-resistance. [29]
moted gastric cancer cell growth and migration by promoting CDX2 [30]

and EphB4 promoted tumor angiogenesis and malignancy. [31]

2 promoted pancreatic cancer progression and glutamine uptake. [32]

IM67: /tripartite motif-containing 67.
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proliferation, invasion, andmetastasis [36]. Zhao et al. [37] reported
that tumor-derived exosomal miR-934 induces M2 polarization of
macrophages, promoting liver metastasis in colorectal cancer.
Furthermore, research by He et al. [38] also indicates that miR-205,
originating from cancer cells, regulates tumor angiogenesis
through an exosome-dependent mechanism and suggests that
exosomal miR-205 could serve as a potential therapeutic target for
ovarian cancer. Therefore, understanding the role of exosomes in
tumors not only helps us delve deeper into the mechanisms of
tumor pathogenesis but also opens possibilities for developing new
therapeutic strategies. Through these studies, exosomes have
emerged as a highly promising research direction in the field of
tumor biology.

3. Characteristics and mechanism types of circRNAs

circRNAs, which have closed loop structures, are a distinct type of
non-coding RNAs that set them apart from linear RNAs. These
circRNAs are formed through a process known as backsplicing, in
which the 50 and 30 ends of a single RNA strand are joined together.
This circular configuration imparts remarkable stability to circRNAs,
protecting them from the exonucleolytic degradation commonly
experienced by linear RNAs. A growing body of research has un-
covered the multifaceted mechanisms through which circRNAs
contribute to tumorigenesis and cancer progression (Fig. 1). One of
the most studied mechanisms of circRNA function is their role as
Fig. 1. The multiple molecular mechanisms of circular RNA (circRNA). circRNAs in cancer bio
invasion, metastasis, and drug resistance. They regulate transcription by interacting with RN
produce peptides affecting cancer cell metabolism and resistance. Additionally, circRNAs imp
and interactions, thus playing a dual role in promoting or suppressing oncogenesis.

3

miRNA sponges. circRNAs can bind to and sequester miRNAs, thus
preventing them from interacting with their target mRNAs. This
miRNA sponge mechanism alters gene expression patterns and has
been implicated in various aspects of cancer biology, including tu-
mor cell proliferation, invasion, metastasis, and drug resistance.
circRNAs are also involved in regulating transcription. By interacting
with RNA-binding proteins (RBPs), circRNAs are able to regulate gene
expression. This interaction can lead to changes in the protein's
nuclear-cytoplasmic distribution or recruitment to chromatin,
thereby influencing transcriptional outcomes. Another intriguing
aspect of circRNAs involves their role in translation. Some circRNAs
can bind to ribosomes and influence protein synthesis, thereby
affecting cellular processes relevant to cancer. In addition to these
roles, by altering the subcellular localization of proteins, circRNAs
can impact various signaling pathways and cellular responses.
Furthermore, circRNAs are involved in the modulation of signaling
pathways through their interactions with various proteins (Table 2)
[39e45]. Building on the roles in cancer, the exploration of circRNAs
as potential therapeutic targets and diagnostic markers opens new
avenues for advancing cancer treatment strategies.

circRNAs emerge as pivotal regulators in cancer, with diverse
mechanisms including acting as miRNA sponges, influencing
transcription and translation, modulating protein localization, and
interacting with proteins to regulate signaling pathways. Their
participation in different areas of cancer biology, including tumor
growth and resistance to drugs, highlights their promise as
logy act as miRNA sponges, altering gene expression and influencing cell proliferation,
A-binding proteins (RBPs), modify protein synthesis by binding to ribosomes, and can
act signaling pathways and cellular responses in cancer by altering protein localization



Table 2
circular RNA (circRNA) and cancer.

circRNA Cancer type circRNA function Refs.

circPDIA4 Gastric cancer circPDIA4 upregulated in malignant tissues and associated with poor survival outcomes in patients with
gastric cancer.

[39]

circPDIA4 Gastric cancer Upregulated circRNA_102231 promotes gastric cancer progression and its clinical significance. [40]
circRERE Colorectal cancer circRERE lowly expressed in colorectal cancer. [41]
circRBM33 Prostate cancer Upregulation of circRBM33 enhanced tumor growth and invasion, respectively. [42]
circGLIS3 Thyroid cancer circGLIS3 down regulates in thyroid cancer. [43]
circLOC729852 Bladder cancer Elevated expression of circLOC729852 in BLCA tissues is associated with enhanced proliferation, migration,

and EMT in bladder cancer cells.
[44]

hsa_circ_0067842 Breast cancer Elevated expression of hsa_circ_0067842 in breast cancer tissues and cells, associated with poor prognosis. [45]

BLCA: bladder cancer; EMT: epithelial-mesenchymal transition.
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biomarkers and targets for treatment. Future research in this field
holds promise for the development of novel diagnostic tools and
more effective treatments for cancer, leveraging the unique prop-
erties of circRNAs.

3.1. Exosomal circRNAs in non-small cell lung cancer (NSCLC)/
lung adenocarcinoma (LUAD)

Recent cancer research has focused on the significant impact of
exosomal circRNAs in the development and advancement of NSCLC.
A collection of studies provides compelling evidence of the diverse
functions and mechanisms of various exosomal circRNAs, empha-
sizing their potential as diagnostic biomarkers and their involve-
ment in NSCLC progression, metastasis, and treatment resistance
(Fig. S1, and Table 3) [46e63]. Upon the foundational roles of
exosomal circRNAs, we now explore specific mechanisms by which
these entities contribute to NSCLC pathogenesis.

3.1.1. Mechanisms of exosomal circRNAs in NSCLC
Hong et al. [47] explored exosomal circ-CPA4 in NSCLC, uncov-

ering its high expression in cancer tissues. circ-CPA4 acts as a
sponge for the let-7 miRNA, which enhances PD-L1 expression and
thus contributes to tumor growth, drug resistance, and immune
evasion. Liu et al. [48] found that exosomal circ_0048856, derived
from NSCLC, promotes aggressive cancer progression by down-
regulating miR-1287-5p. This rule promotes the growth,
Table 3
Exosomal circRNAs in non-small cell lung cancer/lung adenocarcinoma (NSCLC/LUAD).

Parent cell Target cell Mechanism signal axis

NSCLC Tumor cells circ-MEMO1/miR-101-3p/KRAS axis

NSCLC Tumor cells circ-CPA4/let-7 miRNA/PD-L1 axis
NSCLC Tumor cells circ_0048856/miR-1287-5p/
NSCLC Tumor cells circ_0007385/miR-1253/FAM83A axis
NSCLC Tumor cells circ_0008717/miR-1287-5p/PAK2
NSCLC Tumor cells circRACGAP1/PTBP1/SIRT3/RIF1/Wnt/
NSCLC (Serum

exosomes)
Diagnostic use Not specified

LUSC Diagnostic use Not specified
LUAD (Plasma

exosomes)
Diagnostic use Not specified

LUAD (Serum and
serum exosomes)

Diagnostic use Not specified

NSCLC Tumor cells circ_PIP5K1A/miR-101/ABCC1 axis

NSCLC Tumor cells hsa_circ_0002130/miR-498/GLUT1/H
NSCLC Tumor cells hsa_circ_0014235/miR-520a-5p/CDK4
NSCLC Tumor cells circ_0008928/miR-488/HK2
NSCLC Tumor cells circ_0076305/miR-186-5p/ABCC1
NSCLC Tumor cells circ_0000519/miR-1258/RHOV
NSCLC Tumor cells circERBB2IP/miR-5195-3p/PSAT1
LUAD M2 macrophages circ-ADRM1/miR-1287-5p/USP12/MM

LUSC: lung squamous cell carcinoma; DDP: cisplatin.
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movement, and penetration of NSCLC cells, emphasizing the impact
of circRNAs on cancer aggressiveness. Ning et al. [49] and Wang
et al. [50] further demonstrated how exosomal circRNAs can
enhance NSCLC cell proliferation and stemness. Ning et al. [49]
identified the miR-1253/FAM83A axis as a target of circ_0007385,
while Wang et al. [50] revealed that circ_0008717 sponges miR-
1287-5p to elevate PAK2, impacting NSCLC cell behavior and
tumorigenicity. This ceRNA network highlights a novel aspect of
circRNA functionality in cancer biology. Xiong et al. [51] demon-
strated that exosomal circRACGAP1 boosts the characteristics of
stem cells and the spread of cancer by recruiting RNA-binding
protein polypyrimidine tract-binding protein 1 (PTBP1) to
encourage sirtuin-3 (SIRT3) mediated deacetylation of replication
timing regulatory factor 1 (RIF1). The intricate molecular process
indicates how circRNA influences the Wnt/b-catenin pathway, ul-
timately affecting tumor growth and metastasis. This study un-
derscores the potential of targeting exosomal circRNAs to modulate
epigenetic regulators in cancer therapy. Having detailed the
mechanisms, we shift focus to the diagnostic potential of exosomal
circRNAs, highlighting their utility in distinguishing NSCLC from
non-cancerous conditions.

3.1.2. Exosomal circRNAs as biomarkers of NSCLC
A groundbreaking study by Xian et al. [52] identified

circ_0047921, circ_0056285, and circ_0007761 in serum exosomes
as important biomarkers for NSCLC. These exosomal circRNAs
Cell function Refs.

Tumor growth, glycolysis, cell cycle progression, and
inhibits apoptosis

[46]

Tumor growth, drug resistance, and immune evasion [47]
Increases proliferation, migration, and invasion [48]
Cell proliferation, stemness [49]
Tumor cell behavior, and tumorigenicity [50]

b-catenin Stemness, and metastasis [51]
Biomarkers for NSCLC diagnosis [52]

Potential biomarkers and therapeutic targets [53]
Biomarkers for early-stage LUAD diagnosis [54]

Upregulated in LUAD, higher diagnostic sensitivity and
specificity than serum circRNAs alone

[55]

Affects cell proliferation, migration, invasion, apoptosis,
drug sensitivity

[56]

K2/LDHA axis Glycolysis, resistance to osimertinib [57]
DDP chemoresistance [58]
Cisplatin resistance [59]
Cisplatin resistance [60]
Regulate cellular proliferation [61]
Influences cancer development [62]

P14 mRNA Induce M2 macrophage polarization [63]
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demonstrated high diagnostic accuracy in distinguishing NSCLC
from healthy controls and other lung conditions, thereby indicating
their potential in noninvasive cancer diagnosis. In plasma exosomes
from lung squamous cell carcinoma (LUSC) patients, 252 circRNAs
were differentially expressed, with 133 being upregulated and 119
downregulated [53]. They highlighted the capabilities of hsa_-
circ_0014235 and hsa_circ_0025580 as biomarkers for LUSC. Chen
et al. [54] and Kang et al. [55] investigated circRNAs in LUAD. Chen
et al. [54] discovered various circRNAs that were expressed differ-
ently in plasma exosomes of early-stage LUAD patients, showing
182 circRNAs (105 increased and 78 decreased) in comparison to
the control group. They emphasized the possible use of circRNAs,
such as circ_0001492, circ_0001346, circ_0000690, and
circ_0001439, as indicators for LUAD. Kang et al. [55] further sub-
stantiated this by showing that levels of hsa_circ_0001492, hsa_-
circ_0001439, and hsa_circ_0000896 in both serum and exosomes
were notably higher in LUAD patients, thus providing greater
diagnostic accuracy compared to using serum circRNAs alone. In
NSCLC patients, lower overall survival rates were linked to elevated
levels of serum exosomal circRACGAP1, as reported by Xiong et al.
[51]. Exosomal circRNAs in the field of NSCLC have shown promise
as diagnostic biomarkers, with the potential to greatly improve
early detection and monitoring of this common form of cancer.
With their diagnostic capabilities established, we next examine
how exosomal circRNAs are intricately linked to drug resistance in
NSCLC, underscoring their therapeutic relevance.

3.1.3. Exosomal circRNAs and drug resistance in NSCLC
The role of exosomal circ_PIP5K1A in controlling NSCLC

advancement and response to cisplatin was investigated by Shao
et al. [56]. The circRNA regulates the interaction between miR-101
and ABCC1, impacting the cell growth, movement, and invasion,
while also playing roles in apoptosis and drug responsiveness. Ma
et al. [57] emphasized the significance of hsa_circ_0002130 in
NSCLC that is resistant to osimertinib. They observed that this
exosomal circRNA sponges miR-498, thereby regulating key
metabolic enzymes such as glucose transporter 1 (GLUT1), hexo-
kinase 2 (HK2), and lactate dehydrogenase A (LDHA), which pro-
motes glycolysis and confers resistance to osimertinib. This finding
underscores the potential of exosomal circRNAs in mediating drug
resistance mechanisms. Xu et al. [58] added to this narrative by
identifying hsa_circ_0014235 as a circRNA that enhances cisplatin
(DDP) chemoresistance. This exosomal circRNAmodulates the miR-
520a-5p/CDK4 pathway, affecting the aggressive traits of NSCLC
and offering a new insight into the mechanisms of drug resistance
in cancer therapy. Shi et al. [59] investigated the impact of
circ_0008928 in cisplatin-resistant NSCLC. They found that this
circRNA was upregulated in serum exosomes of resistant patients,
playing a crucial role in enhancing cisplatin resistance.
circ_0008928 acts as a sponge for miR-488, which targets HK2, a
key enzyme in glycolysis. This interaction underscores the
complexity of circRNA-mediated drug resistance in NSCLC. Wang
et al. [60] focused on circ_0076305, which is associated with DDP
resistance in NSCLC. The researchers discovered that circ_0076305
enhances the levels of ATP-binding cassette subfamily C member 1
(ABCC1) by acting as a sponge for miR-186-5p, ultimately leading to
resistance to DDP. This study suggests a new circRNA-targeted
therapeutic approach for overcoming chemoresistance in NSCLC.
Beyond drug resistance, exosomal circRNAs also play pivotal roles
in the tumor microenvironment and metastasis, as we will discuss
in the following section.

3.1.4. Roles in tumor microenvironment and metastasis
Wang et al. [61] and Peng et al. [62] explored the roles of exo-

somal circ_0000519 and circERBB2IP in NSCLC. circ_0000519 was
5

found to regulate cellular proliferation and spread by modulating
the miR-1258/RHOV pathway, while circERBB2IP influenced cancer
development by elevating phosphoserine aminotransferase 1
(PSAT1) levels through the miR-5195-3p pathway. These studies
highlight the complex interactions within the tumor microenvi-
ronment mediated by circRNAs. Qian et al. [63] observed that circ-
ADRM1 in exosomes from LUAD induces M2 macrophage polari-
zation, altering matrix metalloproteinase 14 (MMP14) mRNA and
protein levels. This study provides insight into the complex inter-
play between circRNAs, tumor cells, and the tumor
microenvironment.

These studies collectively illustrate the diverse and complex
roles of exosomal circRNAs in NSCLC. From their contribution to
tumor progression, drug resistance, and metastasis, to their po-
tential as diagnostic biomarkers and therapeutic targets, circRNAs
have emerged as crucial players in the NSCLC landscape. Under-
standing these multifarious roles opens new avenues for research
and clinical application, potentially leading to more effective
diagnostic and therapeutic strategies in the battle against NSCLC.

3.2. Hepatocellular carcinoma (HCC)

Recent studies investigating exosomal circRNAs have greatly
progressed the field of HCC research. The growing investigation of
exosomal circRNAs in HCC reveals their significant influence on the
advancement of tumors, detection, and possible treatment options.
These studies have uncovered their multifaceted roles in HCC
progression, diagnosis, and therapeutic targeting, offering new in-
sights into the complex biology of this malignancy (Fig. 2, and
Table 4) [64e78]. Based on these foundational insights into the
roles of exosomal circRNAs, we now turn to explore their specific
applications in the diagnosis and prognosis of HCC.

3.2.1. Exosomal circRNAs in HCC diagnosis and prognosis
Significant attention has been given to the diagnostic capabil-

ities of exosomal circRNAs. Sun et al. [64] identified a three-circRNA
signature (hsa_circ_0004001, hsa_circ_0004123, hsa_-
circ_0075792) with high sensitivity and specificity for HCC detec-
tion. Similarly, Lyu et al. [65] showed that exosomal circ_0070396,
significantly elevated in HCC patients, effectively distinguishes HCC
from other liver conditions. A study by Wang et al. [66] found that
serum exosomal hsa_circ_0028861 served as a new diagnostic in-
dicator for HBV-related HCC, offering higher precision than con-
ventional markers such as alpha-fetoprotein (AFP). Guo et al. [67]
investigated exo_circ_0006602 as a potential non-invasive
biomarker for HCC. They found it markedly upregulated in HCC
patients, correlating with clinical features like HBsAg and liver
cirrhosis. Interestingly, when combined with the traditional tumor
marker AFP, exo_circ_0006602 significantly improved diagnostic
accuracy, presenting a promising tool for early HCC detection. Zhu
et al. [68] used machine learning to establish an exosomal 3-RNA
detection panel for liver cancer, which is particularly beneficial in
detecting AFP-negative and early-stage liver cancer. Wu et al. [69]
conducted a comprehensive bioinformatics analysis, revealing a
distinctive exosome transcriptome in HCC. Their study identified
unique signatures of mRNAs, lncRNAs, and circRNAs, which illu-
minated potential biomarkers and key pathways involved in HCC,
such as the mitogen-activated protein kinase (MAPK) signaling
network. This research highlighted the significant diagnostic and
therapeutic potential of exosomal biomarkers in HCC. These studies
collectively improve our comprehension of exosomal circRNAs in
HCC, providing fresh insights into early detection and targeted
treatment approaches. They emphasize the diagnostic value and
therapeutic implications of circRNAs, paving the way for improved
management of HCC. After exploring the diagnostic potential of



Fig. 2. The functions and mechanisms of exosomal circular RNAs (circRNAs) in hepatocellular carcinoma. The burgeoning research into exosomal circRNAs in hepatocellular
carcinoma (HCC) unveils their profound impact on tumor progression, diagnosis, and potential therapeutic avenues. These studies have uncovered their multifaceted roles in HCC
progression, diagnosis, and therapeutic targeting, offering new insights into the complex biology of this malignancy. Various types of circRNA exosomes have been identified that act
on HCC tumor cells and epithelial cells, thereby affecting drug resistance, stemness, glycolysis, apoptosis, cell proliferation, invasiveness, and migratory abilities of HCC tumor cells;
epithelial-to-mesenchymal transition occurs in HCC epithelial cells. circRNA exosomes influence the progression of HCC tumors through multiple mechanisms.

Table 4
Exosomal circular RNAs (circRNAs) in hepatocellular carcinoma.

Exosomal circRNAs name Parent cell Target cell Mechanism signal axis Cell function Refs.

hsa_circ_0004001,
hsa_circ_0004123,
hsa_circ_0075792

HCC (serum exosomes) Diagnostic use Not specified Biomarkers for HCC detection [64]

circ_0070396 HCC (serum exosomes) Diagnostic use Not specified Differentiates HCC from other liver
conditions

[65]

hsa_circ_0028861 HCC (serum exosomes) Diagnostic use Not specified Novel diagnostic biomarker for HBV-
derived HCC

[66]

exo_circ_0006602 HCC (serum exosomes) Diagnostic use Not specified Upregulates in HCC, correlates with
clinical features

[67]

3-RNA detection panel HCC (serum exosomes) Diagnostic use Not specified Biomarkers for AFP-negative and early-
stage liver cancer

[68]

MARCH8, SH3PXD2A, has-
circ-0014088, hsa-miR-
186-5p, hsa-miR-613

HCC (serum exosomes) Diagnostic use Not specified Biomarkers and key pathways involved
in HCC, such as the MAPK signaling
network

[69]

circ-ZNF652 HCC (exosomes) HCC cells circ-ZNF652/miR-29a-3p/GUCD1 Enhances HCC cell proliferation,
migration, invasion, and glycolysis

[70]

circ-0051443 HCC (exosomes) HCC cells circ-0051443/BAK1/miR-331-3p Suppresses tumor progression, and
induces apoptosis and cell cycle arrest

[71]

circ_MMP2 HCC (exosomes) HCC cells circ_MMP2/miR-136-5p/MMP2 Promotes HCC metastasis [72]
circTMEM45A HCC (exosomes) HCC cells circTMEM45A/miR-665/IGF2 Upregulated in HCC, and promotes

tumor progression
[73]

circ_0003028 HCC (exosomes) HCC cells circ_0003028/miR-498/ODC1 Facilitates tumor progression,
proliferation, metastasis, and EMT

[74]

hsa-circRNA-G004213 HCC (exosomes) HCC cells Hsa-circRNA-G004213/miR-513b-
5p/PRPF39

Enhances cisplatin sensitivity in HCC [75]

circ_002136 HCC (exosomes) HCC cells circ_002136/miR-19a-3p/RAB1A Promotes HCC progression [76]
hsa_circ_0004658 Macrophages (Exosomes) HCC cells hsa_circ_0004658/miR-499b-5p/

JAM3
Inhibits HCC progression [77]

circ-ZEB1, circ-AFAP1 Liver cancer stem cell exosomes HCC cells circ-ZEB1/circ-AFAP1/EMT Regulates EMT, and influences liver
cancer stemness

[78]

HCC: hepatocellular carcinoma; EMT: epithelialemesenchymal transition; AFP: alpha-fetoprotein; MAPK: mitogen-activated protein kinase.
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exosomal circRNAs, our focus now shifts to their impact on the
progression and metastasis of HCC.

3.2.2. Exosomal circRNAs in HCC progression and metastasis
Multiple studies have demonstrated how exosomal circRNAs

can either facilitate or impede the advancement of HCC. A study by
Li et al. [70] showed that exosomal circ-ZNF652 enhanced the
growth, motility, invasiveness, and glucose metabolism of HCC cells
through the miR-29a-3p/guanylyl cyclase domain containing 1
(GUCD1) pathway. Conversely, Chen et al. [71] discovered that
circ-0051443 suppresses tumor progression by inducing apoptosis
and cell cycle arrest via the Bcl-2 antagonist killer 1 (BAK1) and
miR-331-3p pathways. Liu et al. [72] identified circ_MMP2 as a
promoter of HCC metastasis, enhancing MMP2 expression via miR-
136-5p sponging. Zhang et al. [73] reported that circ-TMEM45A,
upregulated in HCC, acts as a miR-665 sponge, thereby influencing
insulin-like growth factor 2 (IGF2) expression and promoting tu-
mor progression. Zhang et al. [74] discovered that circ_0003028
facilitates tumor progression by modulating the miR-498/ornithine
decarboxylase 1 (ODC1) axis. circ_0003028 is upregulated in HCC,
promoting cell proliferation, metastasis, and triggering the epi-
thelialemesenchymal transition (EMT) by its exosome pathway.
Transitioning from their role in HCC progression, we explore the
therapeutic potential of exosomal circRNAs and the mechanistic
insights they offer.

3.2.3. Therapeutic potential and mechanistic insights
The therapeutic potential of exosomal circRNAs in HCC has been

a key area of investigation. Qin et al. [75] found that hsa-circRNA-
G004213 enhanced cisplatin sensitivity in HCC via the miR-513b-
5p/PRPF39 axis, suggesting its role in improving chemotherapy
efficacy. The study by Yuan et al. [76] showed that circ_002136
enhanced the advancement of HCC by activating the miR-19a-3p/
RAB1A pathway, providing fresh perspectives on HCC advance-
ment and possible treatment targets. Zhang et al. [77] found that
exosomal hsa_circ_0004658 derived from macrophages inhibited
HCC progression through themiR-499b-5p/JAM3 pathway, offering
a novel perspective on the interaction between macrophages and
HCC cells. Han et al. [78] highlighted the significance of circRNAs in
liver cancer stem cell exosomes, particularly circ-ZEB1 and circ-
AFAP1, in regulating EMT and influencing liver cancer stemness.
These circRNAs are closely associated with liver cancer stemness
and poor prognosis, playing a critical role in the EMT process. The
study highlights the importance of exosomal circRNAs in tumor
progression and intercellular communication within the HCC
microenvironment.

In conclusion, the multifaceted roles of circRNAs in HCC, ranging
from diagnostic biomarkers to modulators of tumor progression
and therapeutic targets, are rapidly being unraveled. Their diverse
mechanisms of action and interaction with the tumor microenvi-
ronment offer valuable insights for improved management and
treatment strategies in HCC.

3.3. Gastrointestinal cancers

3.3.1. Colorectal cancer (CRC)
Recent research has increasingly focused on the role of exosomal

circRNAs in CRC, emphasizing their potential as diagnostic in-
dicators, targets for therapy, and important factors in tumor
advancement and resistance to treatment (Fig. S2).

Several studies have focused on the diagnostic capabilities of
exosomal circRNAs. For example, Xie et al. [79] identified circ-PNN
in patient exosomes, identifying it as a potential non-invasive
biomarker for CRC with significant diagnostic value . Numerous
studies have examined the impact of exosomal circRNAs on the
7

survival, invasion, and apoptosis of colorectal cancer cells. For
instance, He et al. [80] demonstrated that sevoflurane, a general
anesthetic, suppresses CRC cell viability and invasion while pro-
moting apoptosis by modulating the exosome-mediated circ-
HMGCS1/miR-34a-5p/SGPP1 axis. This study suggests a potential
therapeutic role for sevoflurane in CRC treatment . Beyond di-
agnostics, exosomal circRNAs also play a pivotal role in the dynamic
processes of tumor progression as demonstrated by various studies.

Multiple research studies offered understanding of the pro-
cesses involved in the advancement of CRC. Bai et al. [81] reported
that circ_0007334 accelerates CRC progression by sequestering
miR-577 to derepress KLF12, and Lei et al. [82] performed an in-
tegrated analysis of exosome circRNAs in CRC, identifying signifi-
cant correlations between these molecules and immune cell
infiltration. Hu et al. [83] reported that exosomal circCOL1A1 pro-
motes angiogenesis in CRC by activating the Smad2/3 pathway and
recruiting EIF4A3 protein. Additionally, Yu et al. 84] highlighted the
significance of exosomal circ_FMN2 from serum of patients with
CRC in advancing cancer via the miR-338-3p/Musashi-1 signaling
(MSI1) pathway. Finally, Yu et al. [84] offered insights into the
control of CRC progression, indicating that circ_0005615 regulates
this process via the miR-873-5p/FOS-like antigen 2 (FOSL2)
signaling pathway. Moreover, exosomal circRNAs not only influ-
ence tumor progression but also impact treatment outcomes,
particularly in terms of radiosensitivity and drug resistance.

Recent advancements have been propelled by groundbreaking
research into exosomal circRNAs, revealing their significant roles in
radiosensitivity, drug sensitivity, and resistance. Li et al. [85] re-
ported that exosomal circ_IFT80 enhanced tumorigenesis and
reduced radiosensitivity in CRC by controlling the miR-296-5p/
MSI1 pathway, enhancing our understanding of radioresistance
mechanisms in CRC. The studies by Xu et al. [58] and Zhao et al. [37]
emphasized the significance of exosomal circRNAs in chemo-
resistance. Furthermore, the study by Wang et al. [86] demon-
strated that exosome-delivered circRNA enhances glycolysis,
thereby promoting chemotherapy resistance in colorectal cancer
through the miR-122-PKM2 axis. This finding highlights a novel
mechanism behind chemotherapy resistance in CRC. Zhang et al.
[87] added to this by illustrating how exosomal transfer of
circ_0006174 contributes to doxorubicin chemoresistance in CRC
via the miR-1205/CCND2 axis. Cornell et al. [88] examined the
impact of exosome-derived circ_0094343 on CRC chemosensitivity,
demonstrating its control over glycolysis through the miR-766-5p/
tripartite motif-containing 67 (TRIM67) pathway. These findings
underscore the critical role of exosomal circRNAs in shaping the
clinical landscape of colorectal cancer, from progression to treat-
ment resistance.

Overall, these research findings highlight the significant impact
of exosomal circRNAs on the advancement, identification, and
resistance to treatment in colorectal cancer. The possibility of using
them as biomarkers and targets for therapy creates new opportu-
nities for managing and treating CRC.

3.3.2. Gastric cancer (GC)
Recent studies have identified exosomal circRNAs as promising

biomarkers for GC diagnosis and prognosis. Zheng et al. [89]
focused on hsa_circ_0015286 and showed its correlation with tu-
mor size, tumor node metastasis (TNM) stage, and lymph node
metastasis, with a notable decrease in expression after surgery.
Wang et al. [90] identified multiple circRNAs unique to GC,
including hsa_circ_0074362, circNRIP1, circAKT3, circ-DONSON,
circPSMC3, circ-KIAA1244, circPVRL3, circPVT1, hsa_-
circ_0000096, ciRS-133, hsa_circ_0001017, and hsa_circ_0061276.
These circRNAs, present in exosomes, show potentially high clinical
diagnostic values for GC. Huang et al. [91] found hsa_circ_000200
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to be overexpressed in GC tissues, serum, and serum exosomes.
Notably, hsa_circ_000200 exhibited a remarkable diagnostic abil-
ity, surpassing traditional tissue and serum level assessments. Liang
et al. [92] andWang et al. [93] emphasized the potential of circRNAs
in the early detection and monitoring of GC. Liang et al. [92]
demonstrated that knockdown of circ-LDLRAD3 reduces resistance
to cisplatin and hinders GC progression, underscoring its signifi-
cance in treatment monitoring. Wang et al. [93] identified an exo-
somal circRNA, circ-RanGAP1, as a key player in GC that regulates
the malignant behaviors of the tumor by sponging miR-877-3p.
This interaction affects the expression of the host gene and con-
tributes to the proliferation, invasion, migration, and drug resis-
tance of GC cells. The study emphasizes that exosomal circRNAs,
such as circ-RanGAP1, can be potential biomarkers for disease
diagnosis and effective therapeutic targets in GC. They highlighted
the potential of circRNAs, particularly exosomal circRNAs, as novel
diagnostic biomarkers for gastrointestinal malignancies, including
gastric cancer.

Exosomal circRNAs play a role in different facets of gastric
cancer advancement, such as cellular growth, movement, infiltra-
tion, and blood vessel formation. Xie et al. [94] reported that circ-
SHKBP1, elevated in GC tissues and blood samples, enhances the
growth, movement, invasion, and angiogenesis of cancer cells via
the miR-582-3p/HUR/VEGF axis, emphasizing its role in the rapid
progression of gastric cancer. Recent studies have explored the role
of exosomal circRNAs in enhancingmetastasis in GC. Shen et al. [95]
explored the role of hsa_circ_0000437 in GC, which is differentially
expressed between GC and adjacent non-cancerous tissues. It in-
fluences cell proliferation, invasion, migration, and apoptosis. Its
presence in GC-secreted exosomes, transferred to human
lymphatic endothelial cells (HLECs), promotes lymphangiogenesis
and lymph node metastasis through the
heat shock protein family A member 2-extracellular signal-
regulated kinase (HSPA2-ERK) pathway. This suggests that hsa_-
circ_0000437 could serve as a biomarker for GC progression and a
focal point for therapies targeting metastasis. Finally, they high-
lighted the role of circ-STAU2, a circRNA that is downregulated in
GC. Their findings indicate that its overexpression inhibits GC cell
proliferation, invasion, and migration. Intriguingly, when packaged
in exosomes and delivered to recipient cells, circ-STAU2 acts as a
sponge for miR-589, thereby modulating actin filament capping
protein subunit alpha-1 (CAPZA1) expression. This suggests a
tumor-suppressive role for exosome-delivered circ-STAU2, opening
up a potential therapeutic pathway in GC treatment [96]. While
exosomal circRNAs facilitate various aspects of cancer progression,
their contribution to chemoresistance highlights another layer of
complexity in gastric cancer's treatment challenges.

Exosomal circRNAs are also involved in promoting resistance to
chemotherapy in GC. Yao et al. [97] revealed that circ-PVT1 in
exosomes leads to cisplatin resistance by regulating autophagy,
invasion, and apoptosis via the miR-30a-5p/YAP1 axis in GC cells.
Zhong et al. [98] showed that circ_0032821 modulated SRY-box
transcription factor 9 (SOX9) expression and enhanced oxaliplatin
resistance in GC cells through miR-515-5p, highlighting a potential
target for therapy. Continuing the exploration of exosomal circRNAs
in GC, Chen et al. [99] highlighted the role of exosomal circ_0091741
in enhancing autophagy and resistance to chemotherapy in GC cells
through the miR-330-3p/TRIM14/Dvl2/Wnt/b-catenin pathway.
This study provides a deeper understanding of the molecular
mechanisms underlying chemoresistance in GC, offering potential
avenues for overcoming therapeutic resistance. The studies by
Zheng et al. [100] and Song et al. [101] have identified specific
exosomal circRNAs as novel therapeutic targets in GC. Zheng et al.
[100] 's study on circ_0038138 in GC demonstrated its involvement
in promoting glycolysis, proliferation, and spread through the miR-
8

198/EZH2 pathway, indicating its promise as a target for therapy.
Song et al. [101] explored the role of exosomal hsa_circ_0017252 in
modifying the tumor microenvironment, demonstrating that this
circRNA inhibits macrophage M2 polarization, thereby suppressing
GC cell invasion and affecting tumor growth in vivo. This study adds
a new dimension to the understanding of exosomal circRNAs in
modulating the tumor microenvironment and highlights potential
immunomodulatory strategies in GC treatment.

This section of the review highlights the important influence of
exosomal circRNAs in gastric cancer, focusing on their involvement
in resistance to treatment, alteration of the tumor environment,
potential as targets for therapy andmarkers for diagnosis, as well as
their relevance in early detection and disease monitoring. The
intricate interplay between these molecules and various cellular
pathways offers a rich landscape for future research, potentially
leading to novel therapeutic strategies and improved diagnostic
tools in the fight against GC (Fig. 3).

3.3.3. Esophageal squamous cell carcinoma (ESCC)
Several studies have highlighted the importance of exosomal

circRNAs in ESCC. Liu et al. [102] identified serum exosomal hsa_-
circ_0026611 as a potential indicator for lymph node spread and
prognosis in ESCC. It was found that increased levels of this circRNA
are strongly linked to lymph node spread and unfavorable survival
results. The diagnostic value was confirmed through receiver
operating characteristic (ROC) analysis. Zang et al. [103] explored
the role of exosomal circ_0000337 in cisplatin (CDDP) resistance in
ESCC. It was discovered that this circRNA contributes to resistance
to cisplatin by modulating Janus kinase 2 (JAK2) via miR-377-3p.
This study suggests that targeting exosomal circ_0000337 could
be a promising therapeutic approach for treating ESCC. Hu et al.
[104] investigated the role of circ_0024108 in the progression of
ESCC. They discovered that this circRNA is overexpressed in ESCC
and plays a significant role in promoting cell growth, motility, and
invasiveness. The research indicates that circ_0024108 could serve
as a promising biomarker for diagnosing ESCC (Table 5) [79e110].

3.4. Pancreatic cancer

In pancreatic cancer, exosomal circRNAs have also been identi-
fied as key players. Chen et al. [105] examined the impact of exo-
somal circRNAs on the regeneration of pancreatic cancer cells after
exposure to radiation. They identified several circRNAs potentially
involved in this process, highlighting them as potential therapeutic
targets to prevent tumor recurrence post-radiation therapy. Yao
et al. [106] demonstrated that exosomal circ_0030167, originating
from bone marrow-mesenchymal stem cells (BM-MSCs), sup-
presses the invasion, migration, proliferation, and stem cell char-
acteristics of pancreatic cancer cells. This finding opens new
avenues for therapeutic interventions targeting this circRNA. Gao
et al. [107] studied the role of circ_0006790 in pancreatic ductal
adenocarcinoma (PDAC). They found that this circRNA, carried by
BM-MSC-derived exosomes, regulates DNA methylation, thereby
influencing tumor growth and immune escape. Hong et al. [108]
identified exosomal circRNAs hsa_circ_0006220 and hsa_-
circ_0001666 as potential biomarkers for detecting pancreatic
cancer. Their study suggests that these circRNAs could be utilized in
strategies for the early detection of pancreatic cancer.

3.5. Cholangiocarcinoma

In cholangiocarcinoma, Xu et al. [109] discovered that
cholangiocarcinoma-associated circular RNA 1 (circ-CCAC1) plays a
role in promoting tumor progression and stimulating the formation
of new blood vessels. This circRNA disrupts vascular endothelial



Fig. 3. The functions and mechanisms of exosomal circular RNAs (circRNAs) in gastric cancer. This part emphasizes the significant impact of exosomal circRNAs in gastric cancer
(GC), particularly their roles in therapeutic resistance, modulation of the tumor microenvironment, potential as therapeutic targets and biomarkers, and their implications in early
detection and monitoring of the disease. circRNA exosomes can act on GC tumor cells, endothelial cells, macrophages, and human lymphatic endothelial cells (HLECs), influencing
GC tumor progression in various ways. circRNA exosomes can affect tumor cell drug resistance, radiation sensitivity, glycolysis, and apoptosis levels, as well as the proliferation,
migration, and invasiveness of tumor cells. They influence endothelial cell angiogenesis through circ_001422, affect M2 polarization of macrophages through circ_0017252, and
impact lymph node metastasis through circ_0000437, among other effects. The intricate interplay between these molecules and various cellular pathways offers a rich landscape for
future research, potentially leading to novel therapeutic strategies and improved diagnostic tools in the fight against GC.
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barriers, suggesting its potential as a therapeutic target. Chen et al.
[110] investigated the role of tumor-associated macrophages
(TAMs) in promoting cholangiocarcinoma progression via exosomal
circ_0020256. They found that this circRNA enhances the growth,
movement, and infiltration of cancer cells, offering valuable infor-
mation for developing novel treatment approaches.

3.6. Gynecologic tumor

In recent years, significant advancements have been made in
understanding the role of circRNAs and exosomes in breast, cervi-
cal, ovarian, and endometrial cancers. These findings have opened
new avenues in cancer diagnostics and therapeutics (Table 6)
[111e119]. Building on these foundational insights, we delve into
specific cancer types, starting with breast cancer.

3.6.1. Breast cancer
Breast cancer research has shown a substantial interest in

circRNAs and their interactions with miRNAs and exosomes. For
example, a crucial investigation demonstrated the role of cir-
c_UBE2D2 in developing tamoxifen resistance in breast cancer cells
[111]. This research is particularly significant given the widespread
use of tamoxifen in treating estrogen receptor-positive breast
cancer. The study revealed that circ_UBE2D2, found in exosomes,
binds to miR-200a-3p, thereby influencing drug resistance, a major
hurdle in effective breast cancer treatment. This finding
9

underscores the challenge of overcoming tamoxifen resistance. The
diagnostic capabilities of serum exosomal hsa_circ_0000615 in
breast cancer were investigated in a study by Liu et al. [112]. The
discovery of a notable increase in this circRNA among individuals
with breast cancer indicates its promise as a non-invasive
biomarker for early identification, a crucial element in enhancing
the outlook for breast cancer patients. Lu et al. [113] investigated
how circ_0001142, released from breast cancer cells under endo-
plasmic reticulum stress, affects macrophage polarization in the
tumor microenvironment. This research sheds light on the complex
interactions between cancer cells and the immune system, opening
up new avenues for therapeutic interventions. Lastly, Ma et al. [114]
focused on triple-negative breast cancer (TNBC), which is known
for being a highly aggressive type of breast cancer. circEGFR
(hsa_circ_0080220) was discovered to have elevated levels in TNBC
cell lines, patient tissues, and plasma exosomes, and these levels
were correlated with unfavorable patient outcomes. It plays a
crucial role in driving the malignant progression of TNBC and af-
fects the responsiveness of these cancer cells to pirarubicin, a drug
used in chemotherapy.
3.6.2. Cervical cancer
In cervical cancer, exosomal circRNAs also play a pivotal role. A

recent study showed that circ_PVT1 triggers the EMT, an essential
step for the spread of cervical cancer [115]. This finding is signifi-
cant as it highlights a potential target for preventing the spread of



Table 6
Exosomal circular RNAs (circRNAs) in gynecologic tumor.

Parent cell Target cell Mechanism signal axis Cell function Refs.

Breast cancer cells Breast cancer cells circ_UBE2D2/miR-200a-3p Contributes to tamoxifen resistance [111]
Serum (exosomes) Diagnostic use Not specified Biomarker for early detection of breast

cancer
[112]

Breast Cancer cells Macrophages circ_0001142/circ_0001142/miR-361-3p/PIK3CB Affects macrophage polarization [113]
TNBC cell lines, patient tissues TNBC cells circEGFR/miR-1299/EGFR Regulates malignant progression and

drug sensitivity
[114]

Cervical cancer cells Cervical cancer cells circ_PVT1/miR-1286 Induces EMT [115]
Cervical cancer cells Cervical cancer cells circ_0006646/miR-758-3p/RRM2 Accelerates growth and metastasis [116]
Serum (exosomes) Ovarian cancer cells, T cells circ-0001068/PD1 Biomarker for ovarian cancer,

influences PD1 expression
[117]

Ovarian cancer cells Ovarian cancer cells circ-PIP5K1A/miR-942-5p/NFIB axis Contributes to cisplatin resistance [118]
Tumor-associated macrophages Endometrial cancer cells hsa_circ_0001610/miR-139-5p/cyclin B1 Reduces radiosensitivity [119]

TNBC: triple-negative breast cancer; EMT: epithelial-mesenchymal transition.

Table 5
Exosomal circRNAs in gastrointestinal cancers.

Target cell Mechanism signal axis Cell function Refs.

Diagnostic use Not specified Biomarker for CRC detection [79]
CRC cells circ-HMGCS1/miR-34a-5p/SGPP1 Suppresses CRC cell viability and invasion [80]
CRC cells circ_0007334/miR-577/KLF12 Accelerates CRC progression [81]
CRC cells Not specified Significant correlations in immune cell infiltration [82]
Angiogenesis circCOL1A1/Smad2/3/EIF4A3 Promotes angiogenesis in CRC [83]
CRC cells circ_0005615/miR-873-5p/FOSL2 Regulates CRC progression [84]
CRC cells circ_IFT80/miR-296-5p/MSI1 Enhances tumorigenesis, and suppresses radiosensitivity [85]
CRC cells circ_0067835/miR-296-5p/IGF1R Enhances radiosensitivity in CRC [86]
CRC cells circ_0006174/miR-1205/CCND2 Contributes to doxorubicin chemoresistance [87]
CRC cells circ_0094343/miR-766-5p/TRIM67 Regulates glycolysis and and chemosensitivity [88]
Diagnostic use Not specified Associated with tumor size, TNM stage, and lymph

metastasis
[89]

Diagnostic use Not specified High clinical diagnostic values for GC [90]
Diagnostic use miR-4659a/b-3p/HBEGF axis Remarkable diagnostic ability for GC [91]
GC cells circ-LDLRAD3/miR-588/SOX5 Reduces cisplatin chemoresistance, and inhibits GC [92]
GC cells circ-RanGAP1/miR-877-3p Regulate malignant behavior of GC cells [93]
GC cells circSHKBP1/miR-582-3p/HUR/VEGF Promotes cancer cell proliferation, migration, and invasion [94]
HLECs hsa_circ_0000437/HSPA2-ERK Promotes lymphangiogenesis and lymph node metastasis [95]
GC cells circSTAU2/miR-589/CAPZA1 Inhibits GC cell proliferation, invasion, migration [96]
GC cells circ-PVT1/miR-30a-5p/YAP1 Leads to cisplatin resistance in GC cells [97]
GC cells circ_0032821/miR-515-5p/SOX9 Contributes to oxaliplatin resistance in GC cells [98]
GC cells circ_0091741/miR-330-3p/TRIM14/Dvl2/Wnt/b-catenin Promotes GC cell autophagy and chemoresistance [99]
GC cells circ_0038138/miR-198/EZH2 Enhances glycolysis, growth, and metastasis in GC [100]
Macrophages hsa_circ_0017252/miR-17-5p Inhibits macrophage M2 polarization [101]
Diagnostic use Not specified Biomarker for lymph nodemetastasis and prognosis in ESCC [102]
ESCC cells circ_0000337/miR-377-3p/JAK2 Contributes to cisplatin resistance [103]
ESCC cells circ_0024108/miR-488-3p/USP14 Promotes cell growth, motility, and invasiveness in ESCC [104]
Pancreatic cancer hsa_circ_0002130/hsa_miR_4482-3p/NBN Potential therapeutic targets to prevent tumor recurrence

post-radiation therapy
[105]

Pancreatic cancer cells circ_0030167/miR-338-5p/Wif1/Wnt8/b-catenin axis Inhibits invasion, migration, proliferation, and stemness [106]
PDAC circ_6790/S100A11/CBX7 Regulate DNA methylation, thereby influencing tumor

growth and immune escape
[107]

Diagnostic use Not specified Biomarkers for pancreatic cancer diagnosis [108]
Angiogenesis circ-CCAC1/Not specified Induces angiogenesis, and disrupts vascular endothelial

barriers
[109]

Cholangiocarcinoma cells circ_0020256/miR-432-5p/E2F3 Promotes tumor cell proliferation, migration, and invasion [110]

CRC: colorectal cancer; GC: gastric cancer; ESCC: esophageal squamous cell carcinoma; PDAC: pancreatic ductal adenocarcinoma; HLECs: human lymphatic endothelial cells.
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cervical cancer. The study by Yu et al. [116] showed that
circ_0006646 promotes the growth and spread of cervical cancer
by affecting the miR-758-3p/ribonucleotide reductase M2 (RRM2)
pathway. Understanding this mechanism opens up new thera-
peutic possibilities for managing cervical cancer. These studies
underscore the importance of exosomal circRNAs in the molecular
mechanisms of cervical cancer progression and metastasis.

3.6.3. Ovarian cancer
For ovarian cancer, which often presents late in patients, exo-

somal circRNAs offer promising biomarkers. Wang et al. [117]
identified circ-0001068 in serum exosomes as a novel biomarker
for ovarian cancer, potentially offering a method for early detection
of the disease. This circRNA also influences programmed death 1
10
(PD-1) expression in T cells, providing insights into the immune
evasion tactics of ovarian cancer cells. Sheng and Wang [118]
focused on the role of circ-PIP5K1A in cisplatin resistance in ovarian
cancer. Their findings suggest that targeting this exosomal circRNA
could enhance the effectiveness of chemotherapy, marking a sig-
nificant advancement in the treatment of this often drug-resistant
cancer.

3.6.4. Endometrial cancer
Endometrial cancer research, particularly concerning radio-

resistance, has also benefited from circRNA studies. Gu et al. [119]
discovered that hsa_circ_0001610, carried in exosomes from
tumor-associated macrophages, reduces radiosensitivity in endo-
metrial cancer cells. This discovery is crucial for understanding and
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potentially overcoming radioresistance in the treatment of endo-
metrial cancer. After highlighting the impact of exosomal circRNAs
in endometrial cancer, it is pivotal to explore their similar roles in
other malignancies. Transitioning into nervous system neoplasms,
the next section delves into glioma.

3.7. Nervous system neoplasms

The burgeoning research on exosomal circRNAs in glioma offers
profound insights into their multifaceted roles in disease progres-
sion, resistance to therapy, and potential as diagnostic and prog-
nostic biomarkers. Collectively, these studies paint a
comprehensive picture of how exosomal circRNAs influence glioma
biology.With the emerging focus on exosomal circRNAs, the field of
glioma research has witnessed a significant leap forward, recog-
nizing these molecules as key players in the disease's progression
and response to treatment (Table 7) [120e129]. This fundamental
understanding sets the stage for exploring specific exosomal
circRNAs and their precise roles in glioma progression as seen in
recent studies.

Recent progress has significantly enhanced our comprehension
of the impact of exosomal circRNAs on promoting glioma
advancement. Yin and Liu's study [120] highlighted the role of circ
Matrix Metalloproteinase-1(MMP1), encapsulated within exo-
somes, in promoting glioma through the miR-433/HMGB3 axis.
This critical research underlines the intricate and complex interplay
between exosomes and circRNAs, synergistically influencing crucial
molecular pathways within tumor cells. Furthermore, Han et al.
[121] shed light on exosomal circ-HIPK3, identifying it as a vital
element in tumor progression and resistance to the chemotherapy
drug temozolomide (TMZ), operating through the miR-421/ZIC5
axis. This discovery is crucial for emphasizing the intricate
connection between exosomal circRNAs and microRNA networks,
significantly impacting the behavior and aggressiveness of tumors.
Adding to this, Li and Lan [122] discovered that circ-Serpine2,
another exosomal circRNA, significantly contributes to the exacer-
bation of malignant progression in glioma via the miR-124-3p/
kinesin family member 20A (KIF20A) pathway. These collective
findings emphasize the critical role of exosomes as not just carriers
but active modulators of circRNA activity, which in turn impacts
tumor behavior, progression, and the overall cellular environment
within gliomas. With the established roles of exosomal circRNAs in
tumor progression, their impact extends into the realm of chemo-
therapy resistance.

Exosomal circRNAs are playing an increasingly important role in
glioma treatment, especially in overcoming resistance to TMZ. The
study by Ding et al. [123] emphasized the importance of exosomal
circ_0072083 in enhancing NANGO expression, leading to
Table 7
Exosomal circRNAs in nervous system neoplasms.

Exosomal circRNAs Parent cell Target cell Mechanism signa

circMMP1 Glioma cells Glioma cells circMMP1/miR-43
circ-HIPK3 Glioma cells Glioma cells circ-HIPK3/miR-4

circ-Serpine2 Glioma cells Glioma cells circ-Serpine2/miR
circ_0072083 Glioma cells Glioma cells circ_0072083/mir
hsa_circ_0043949 Glioma cells Glioma cells hsa_circ_0043949
Not specified

(Study of Heparanase)
Glioma cells Glioma cells hsa_circ_0042003

circ-GLIS3 Glioma cells Glioma cells circ-GLIS3/miR-54
circ-AHCY Glioma cells Glioma cells circ-AHCY/Wnt/b
Various (diagnostic panel) Glioma cells Diagnostic use Not specified
Serum exosome circRNA panel Serum (exosomes) Diagnostic use Not specified

Note. TMZ: temozolomide.
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heightened resistance to TMZ. This pivotal finding enhances our
understanding of how exosomes can actively alter the genetic and
molecular landscape of tumor cells, leading to a heightened resis-
tance to chemotherapy drugs. In another critical study, Li et al. [124]
elucidated the role of exosomal hsa_circ_0043949 in promoting
resistance to TMZ in glioblastoma, specifically through its influence
on the ITGA1axis.Moreover, the research conductedbySi et al. [125]
provided profound insights into the role of heparanase in the
secretion and function of exosomes, which significantly affects the
composition of circRNAs and contributes to chemoresistance in
glioma. Expandingon this, the studies byLi and Lan [126] and Li et al.
[127] investigated the intricate processes by which exosomal
circRNAs like circ-GLIS3 and circ-AHCY bolster resistance to TMZ,
revealing the diverse ways in which exosomes and their circRNA
contents play a role in emergence of drug resistance in glioma.
Beyond their role in treatment resistance, exosomal circRNAs also
show promise in the diagnostic and prognostic arenas of glioma
management.

The use of exosomal circRNAs for diagnosing and predicting
outcomes in glioma is a promising and rapidly advancing field of
study. The groundbreaking study by Xia and Gu [128] identified a
panel of exosome-derived circRNAs as potential biomarkers for
glioblastoma, paving theway for their use in noninvasive diagnostic
processes. Similarly, the research by Cao et al. [129] showed the
effectiveness of a serum exosome circRNA panel in detecting high-
grade astrocytoma, offering a novel, noninvasive approach for
early detection and ongoing monitoring of the condition. Overall,
these findings suggest that exosomal circRNAs could serve as
dependable, easily accessible, and rich sources of information for
early detection, accurate diagnosis, and effective monitoring of gli-
oma, thereby providing valuable insights into disease progression
and patient response to therapy. These diagnostic advancements
highlight the broader implications of exosomal circRNAs in glioma,
emphasizing their potential in transforming patient care.

These circRNAs, protected and transported by exosomes, impact
glioma pathogenesis, treatment response, and resistance. Their
potential as noninvasive biomarkers for diagnosis and prognosis
further highlights their clinical significance. Further investigation
into exosomal circRNAs may result in the creation of innovative
treatment approaches, advancements in diagnostic techniques, and
a deeper comprehension of glioma biology, ultimately revolution-
izing the care and control of glioma.

3.8. Circulatory system tumors

Recent research has increasingly emphasized the growing
importance of exosomal circRNAs in hematological malignancies,
including multiple myeloma (MM) and leukemia. These studies
l axis Cell function References

3/HMGB3 Promotes glioma progression [120]
21/ZIC5 Influences tumor progression and TMZ

resistance
[121]

-124-3p/KIF20A Exacerbates malignant progression [122]
-1252-5p/NANGO Contributes to resistance to TMZ [123]
/miR-876-3p/ITGA1 Promotes resistance to TMZ in glioblastoma [124]
/U251 Affects secretion and function of exosomes in

chemoresistance
[125]

8m/MED31 Axis Enhances TMZ resistance [126]
-catenin Enhances TMZ resistance [127]

Biomarkers for glioblastoma [128]
Biomarkers for diagnosing high-grade
astrocytoma

[129]



Table 8
Exosomal circRNAs in circulatory system tumors.

Tumor type Exosomal circRNAs Parent cell Target cell Mechanism signal axis Cell function References

Multiple myeloma circ_0007841 Bone Marrow-derived
Plasma cells

MM cells circ_0007841/miR-338-3p/
BRD4

Promotes MM progression [130]

circ-G042080 MM cells Myocardial cells (H9C2) circ-G042080/hsa-miR-
4268/TLR4

Involved in MM-related
myocardial damage

[131]

circ-CACNG2 MM cells (U266) Cardiomyocytes (H9C2) circ-CACNG2/miR-197-3p/
caspase3

Promotes cardiomyocyte
apoptosis in MM

[132]

circ-ATP10A MM cells Not Specified circ-ATP10A/miR-6758-3p/
hsa-miR-3977 and others

Biomarker for MM
angiogenesis

[133]

Acute myeloid
leukemia (AML)

circ_0004136 Not Specified AML cells circ_0004136/miR-570-3p/
TSPAN3

Enhances AML progression [134]

Chronic myeloid
leukemia (CML)

hsa_circ_0058493 Peripheral Blood Mononuclear
cells (PBMCs)

CML cells hsa_circ_0058493/miR-
548b-3p (predicted)

Biomarker for Imatinib-
resistant CML

[135]

Note. AML: acute myeloid leukemia; CML: chronic myeloid leukemia; MM: multiple myeloma.
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emphasize the pivotal role of these circRNAs not only in the pro-
gression of these diseases but also in their potential as therapeutic
targets and biomarkers (Table 8) [130e135]. To further illustrate the
role of exosomal circRNAs in hematological malignancies, we delve
into their specific impacts in MM, firstly.

3.8.1. Exosomal circRNAs in multiple myeloma
Exosomal circRNAs are becoming increasingly important in the

study of MM, providing fresh perspectives on the causes of the
disease and possible treatment options. Wang et al. [130] made a
significant breakthrough by identifying circ_0007841 in bone
marrow-derived plasma cells. They revealed that this circRNA ac-
celerates MM progression by engaging the miR-338-3p/BRD4
signaling pathway. This discovery is significant as it unveils the
oncogenic properties of circ_0007841, which promotes cell growth
and motility while inhibiting apoptosis, thus underscoring its po-
tential as a target for MM treatment. Sun et al. [131] expanded the
understanding of exosomal circRNAs in MM by focusing on circ-
G042080. Their research established a direct correlation between
the abundance of this circRNA in serum exosomes and the severity
of MM, as well as MM-related myocardial damage. The findings
imply that circ-G042080 impacts the development of MM by
affecting the miRNA/TLR4 axis, making it a new potential target for
treating heart damage in MM patients. Furthermore, Yu et al. [132]
explored the impact of exosomal circ-CACNG2 on MM-related
cardiomyocyte apoptosis. Their study highlighted that circ-
CACNG2 promotes apoptosis through the miR-197-3p/caspase3
axis, thereby demonstrating the broader systemic effects of MM
beyond its hematological manifestations. Additionally, Yu et al.
[133] identified exosomal circ-ATP10A as a significant biomarker
for MM angiogenesis. This discovery is crucial, as it links circ-
ATP10A to the regulation of key angiogenic factors, highlighting
its potential utility in prognostic assessments and as a novel ther-
apeutic target to inhibit angiogenesis in MM.

3.8.2. Exosomal circRNAs in leukemia
Exosomal circRNAs have been demonstrated to significantly

impact the progression of leukemia, particularly in pediatric cases
of acute myeloid leukemia (AML). Bi et al. [134] discovered that
exosomal circ_0004136 significantly enhances the progression of
AML. This circRNA modulates the miR-570-3p/TSPAN3 axis,
impacting vital cellular processes such as viability, migration, in-
vasion, and apoptosis. The research provides important insights
into the role of circ_0004136 as a key regulator in AML, influencing
the disease's aggressiveness and indicating its potential as a ther-
apeutic target. In chronic myeloid leukemia (CML), exosomal
circRNAs have also been identified as key players, particularly in
drug resistance scenarios. Zhong et al. [135] identified hsa_-
circ_0058493, which is highly expressed in the peripheral blood
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mononuclear cells (PBMCs) and exosomes of CML patients. This
circRNA is associated with poor clinical efficacy of imatinib, a
frontline drug in treatment of CML. The study positions hsa_-
circ_0058493 as a promising biomarker for imatinib resistance,
offering a potential target for therapeutic intervention to overcome
drug resistance in CML.

Collectively, these research findings illustrate the complex in-
teractions between circRNAs and cellular signaling pathways,
highlighting the potential of exosomal circRNAs to serve as bio-
markers for disease severity, progression, and drug resistance.
These insights open new avenues for targeted therapies, potentially
enhancing our capacity to more effectively combat these chal-
lenging diseases.

3.9. Other cancer types

Prostate cancer research has advanced significantly through the
identification of various exosomal circRNAs and their roles in dis-
ease progression and medication resistance. Li et al. [136] discov-
ered that circ_0044516 is elevated in prostate cancer, promoting
cell proliferation and metastasis and establishing its potential as a
novel oncogenic biomarker. This circRNA promotes cell prolifera-
tion and metastasis, establishing its potential as a novel oncogenic
biomarker. This discovery opens new avenues for targeting
circ_0044516 in therapeutic strategies. Zhang et al. [137] focused
on circ-XIAP in the context of docetaxel resistance in prostate
cancer. The results showed that circ-XIAP regulates the miR-1182/
TPD52 pathway, thereby contributing to chemotherapy resis-
tance. This study underscores the potential of targeting circ-XIAP to
overcome docetaxel resistance in prostate cancer treatment. Zhang
et al. [138] identified circ_0081234 as promoting of tumor growth
and metastasis via the miR-1/MAP 3K1 axis. This discovery sheds
light on the molecular mechanisms underlying prostate cancer
progression and suggests new therapeutic avenues. Yang et al. [139]
demonstrated that modulating the androgen receptor (AR) in os-
teoblasts influences the recruitment of prostate cancer cells to the
bone microenvironment through the exosomal circ-DHPS/miR-
214-3p/CCL5 pathway. This research offers insights into the meta-
static process in prostate cancer and identifies potential targets for
preventing bone metastasis. Upon the understanding of exosomal
circRNAs in prostate cancer, we now explore how exosomal circR-
NAs influence oral squamous cell carcinoma (OSCC), highlighting
their potential as biomarkers and therapeutic targets.

In OSCC, a study discovered that the increased expression of
circ_0000199 in exosomes circulating in the body is strongly linked
to poorer survival rates [140]. The circRNA, associated with betel
quid consumption, tumor size, spread to lymphatic metastasis, and
TNM stage, could serve as a promising biomarker and therapeutic
target in OSCC. Chen et al. [141] explored the function of circRNA
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has_circ_0069313 in OSCC, finding that it promotes immunity
escape via the miR-325-3p-Foxp3 axis in both OSCC cells and Treg
cells. The study provides a fresh outlook on how OSCC evades the
immune system and suggests new possibilities for immunotherapy.
Dai et al. [142] highlighted the diagnostic capabilities of exosomal
hsa_circ_0082002 and hsa_circ_0003863 in papillary thyroid can-
cer, showing a strong connection with lymph node metastasis and
vascular invasion. These findings open up possibilities for early
detection and intervention in papillary thyroid cancer. Wu et al.
[143] initially proposed circFNDC3B as a biomarker in papillary
thyroid cancer. However, the subsequent retraction of their study
underscores the importance of rigorous validation in circRNA
research.

In cutaneous squamous cell carcinoma (cSCC), the work of
Zhang et al. [144] marks a significant advancement in under-
standing the disease's molecular underpinnings. They identified
circ-CYP24A1 as an upregulated exosomal circRNA that promotes
tumor progression. This identification not only presents a potential
treatment target but also a non-surgical marker for cSCC, thereby
broadening the options available for patient care and therapy. Renal
cell carcinoma (RCC) research has also benefited from exosomal
circRNA studies. Xiao and Shi [145] investigated the function of
circ_400068, discovering its increased expression and inhibition of
apoptosis, suggesting it as a candidate therapeutic target.
Complementarily, Qian et al. [146] reported that circ-PRKCI, which
is highly expressed in RCC tissues and serum exosomes. The
circRNA boosts cancer cell growth, movement, and infiltration,
thereby solidifying the crucial function of exosomal circRNAs in the
advancement of RCC and presenting novel treatment approaches.
Ahangar Davoodi et al. [147] reviewed the role of non-coding RNAs,
specifically exosomal non-coding RNAs, in the progression of reti-
noblastoma. The conversation revolved around different non-
coding RNAs, like circ-E2F3 and NEAT1, being identified as onco-
genes, offering valuable information on possible treatment targets
and diagnostic resources for retinoblastoma (Table 9) [136e147].

Therefore, recent research highlights the crucial role of exoso-
mal circRNAs in various cancers, including prostate, oral squamous
cell, thyroid, and cutaneous cancers. Studies pinpoint specific
circRNAs that contribute to tumor progression, drug resistance, and
metastasis, providing insights into molecular mechanisms and
Table 9
Exosomal circRNAs in other cancer types.

Tumor type Exosomal circRNAs Parent cell Target cell

Prostate cancer circ_0044516 Prostate cancer cells Prostate cancer

circ-XIAP Prostate cancer cells Prostate cancer
circ_0081234 Prostate cancer cells Prostate cancer

circ-DHPS Prostate cancer cells Osteoblasts

Oral squamous cell
carcinoma

circ_0000199 OSCC cells OSCC

has_circ_0069313 OSCC cells OSCC and treg ce

Papillary thyroid cancer hsa_circ_0082002 RCC cells RCC

circFNDC3B cSCC cells cSCC

Cutaneous squamous
cell carcinoma

circ-CYP24A1 PTC cells PTC

Renal cell carcinoma circ_400068 PTC cells PTC

circ-PRKCI PTC cells PTC

Retinoblastoma circ-E2F3 RB cells RB

Note. OSCC: oral squamous cell carcinoma; RCC: renal cell carcinoma; cSCC: cutaneous sq
epithelialemesenchymal transition.
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potential therapeutic targets. These findings underscore the
importance of circRNAs in cancer diagnostics and treatment,
emphasizing their potential as biomarkers and targets in person-
alized medicine.

4. Conclusion and perspectives

Exosomes, the versatile couriers within the TME, play a crucial
role in the progression of cancer. They deftly carry genetic messages
and proteins between cells, subtly influencing cancer progression
and immune system responses. Notorious for aiding tumor growth
and metastasis, exosomes facilitate the formation of supportive
niches for cancer cells, fostering conditions that enhance tumor
survival and expansion. As cancer cells evolve, so does their ability
to utilize exosomes in evading immune surveillance, creating a TME
that is both resilient to therapy and hostile to immune cells.
However, the story of exosomes isn't solely one of villainy. These
particles hold a treasure trove of diagnostic and prognostic bio-
markers, offering a window into the molecular underpinnings of
cancer. Exosomes can reveal the cancer's genetic blueprint and
offer clues to its behavior through non-invasive sampling, guiding
clinicians in crafting personalized treatment plans. Furthermore,
their natural homing abilities present an opportunity for targeted
therapy delivery, potentially reducing the side effects of systemic
treatments by ensuring that anticancer agents directly reach the
tumor site [148].

By disrupting the exosomal communication lines that cancer
cells depend on, new therapies may potentially prevent tumor
growth and metastasis. Moreover, harnessing exosomes as de-
livery vehicles for immune-stimulating agents opens a new
frontier in cancer immunotherapy, potentially transforming these
once subversive elements into allies in the fight against cancer.
As we continue to decipher the complexities of exosome
signaling and functionality, the prospect of translating these in-
sights into practical clinical applications becomes increasingly
feasible, heralding a hopeful horizon in the relentless battle
against cancer. Exosomal circRNAs have emerged as crucial me-
diators in the dynamic interplay within the TME, conducting a
symphony of cellular interactions that promote tumor progres-
sion and resilience. These circular non-coding RNAs, deftly
Mechanism signal axis Cell function References

circ_0044516/miR-29a-3p Promotes cell proliferation and
metastasis

[136]

circ-XIAP/miR-1182/TPD52 Contributes to docetaxel resistance [137]
circ_0081234/miR-1/MAP
3K1

Promotes tumor growth and
metastasis

[138]

circ-DHPS/miR-214-3p/
CCL5

Impacts cell recruitment to bone
microenvironment

[139]

circ_0000199/miR-145-5p/
miR-29b-3p

Associated with poor survival
outcome

[140]

lls circ_0069313/miR-325-3p-
Foxp3

Promotes immunity escape [141]

Not specified Enhances tumor proliferation and
invasion

[142]

circFNDC3B/miR-1178/
TLR4

Promotes tumor progression [143]

circ-CYP24A1/cSCS2/
MAVS/SOGA

Modulates PTC progression [144]

circular RNA_400068/miR-
210-5p/SOCS1 axis

Promotes EMT, invasion, and
migration

[145]

circ-PRKCI/miR-545-3p/
CCND1 Axis

Diagnostic biomarker, associated
with metastasis

[146]

circ-E2F3/Not specified Acts as tumor promoter gene [147]

uamous cell carcinoma; PTC: papillary thyroid carcinoma; RB: retinoblastoma; EMT:
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encapsulated within exosomes, traverse the intricate battlefield
of the TME, influencing the behavior of distant cells and swaying
them towards a pro-tumorigenic state. They engage in this mo-
lecular dialogue by modulating key signaling pathways and gene
expression, thereby aiding cancer cells in evading immune sur-
veillance, enhancing metastatic potential, and fostering angio-
genesis [148].

Exosomal circRNAs play a role that goes beyond simple
communication. These biomarkers are used to identify cancer
types, predict outcomes, and guide treatments. Their stability and
abundance in bodily fluids make them prime candidates for non-
invasive liquid biopsies, paving the way for a new era in cancer
diagnostics and patient monitoring. Furthermore, the potential of
exosomal circRNAs to influence the TME holds promise for inno-
vative therapeutic strategies. By unraveling the complex molecular
networks these circRNAs engage in, we can develop targeted in-
terventions to disrupt their pro-cancerous missions or even re-
engineer them to deliver therapeutic molecules directly to the
heart of the tumor.

The clinical significance of exosomes in the TME lies in their dual
role as facilitators of tumor progression and as potential thera-
peutic targets. As carriers of genetic material and proteins, exo-
somes contribute to the modulation of immune responses and
enhancement of tumor growth and metastasis. Research has
identified circRNA as a potential prognostic biomarker for HCC
patients undergoing curative surgery, emphasizing that hsa_-
circ_0036683 is the most useful biomarker [149]. Other studies
have demonstrated that circRNA is a promising prognostic
biomarker in mantle cell lymphoma (MCL). The circSCORE en-
hances the identification of high-risk MCL in patients receiving
cytarabine-based chemoimmunotherapy and autologous stem cell
transplantation [150]. These findings open avenues for the devel-
opment of targeted therapies that disrupt exosomal signaling or
utilize these exosomal circRNAs for the precise delivery of thera-
peutic agents, thereby innovating treatment strategies and
improving clinical outcomes.

Looking forward, exploring exosomal circRNAs in the TME rep-
resents a promising frontier in cancer research. As our under-
standing deepens, so does the potential to exploit these molecular
messengers for clinical benefit. The development of novel tech-
nologies for isolating and characterizing exosomal circRNAs will
accelerate their transition from bench to bedside, offering hope for
more precise and personalized cancer therapies. Embracing the
complexity of these molecular interactions will enable us to better
navigate the TME, turning exosomal circRNAs from foes into allies
in our ongoing battle against cancer.
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