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Abstract. Exosomes, extracellular vesicles (30-150 nm in
diameter) released upon the fusion of multivesicular bodies
with the plasma membrane, are pivotal mediators of intercel-
lular communication through their cargo transport. The present
review aimed to provide further insight into the molecular
mechanisms by which exosomal non-coding RNAs (ncRNAs),
such as microRNAs, long non-coding RNAs and circular RNAs,
contribute to the development of cervical cancer (CC). There
are currently no US Food and Drug Administration-approved
exosome products for medical use. The present review highlights
the critical role of exosomal ncRNAs in the pathogenesis of CC,
including tumor initiation, progression, metastasis, angiogen-
esis and drug resistance, and discusses their potential as novel
biomarkers for diagnosis, therapeutic targets and prognostic
tools for CC. However, the long-term safety and efficacy of these
ncRNAs requires further confirmation by clinical trials, which
is essential before exosomes can be broadly adopted in CC.
Although exosomes hold significant potential in the diagnosis,
therapy and prognosis of CC, several challenges remain to be
addressed before their translation into therapeutic use, including
the standardization of exosome isolation and storage protocols,
the optimization of drug-loading efficiency, precise control over
cargo release kinetics and the completion of extensive clinical
trials.
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1. Introduction

Cervical cancer (CC) ranks as the fourth most prevalent
malignancy among females globally, with ~569,847 new cases
and 311,365 related deaths each year, according to the latest
GLOBOCAN statistics (1,2). Although early-stage CC exhibits
a high cure rate, the disease presents significant clinical chal-
lenges, including an increasing incidence rate, a trend towards
younger onset and poor prognosis in the advanced stages of
the disease. These factors underscore CC as a critical public
health issue, with its elimination recognized as a global health
priority. Current therapeutic strategies, such as chemotherapy
combined with targeted therapy, have improved the overall
survival and progression-free survival of patients with CC.
However, its incidence continues to increase, particularly in
cases of locally advanced disease, which is often associated
with low control rates, a high metastatic potential and adverse
prognostic factors. Consequently, the 5-year survival rate
remains suboptimal at ~60% (3). These limitations highlight
the urgent need for the identification of novel biomarkers to
enhance early diagnosis, guide targeted therapies and improve
prognostic assessment.

Exosomes are bilayer lipid membrane vesicles, 30-150 nm
in diameter, that facilitate intercellular communication by
transporting bioactive molecules, including proteins, lipids,
DNA and RNA. Their lipid membranes confer stability,
protecting cargo from degradation and enabling efficient
delivery to recipient cells, thereby modulating diverse
physiological and pathological processes (4). Ubiquitously
secreted by mammalian cells, such as dendritic cells,
adipocytes, endothelial cells and epithelial cells, exosomes
are abundant in plasma and other bodily fluids (5). Notably,
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cancer-derived exosomes are secreted at levels 10-fold
higher than those from normal cells and play pivotal roles
in tumor progression, including invasion, angiogenesis and
chemotherapeutic resistance, via autocrine, paracrine and
endocrine mechanisms (6,7). Due to their tumor-specific
cargo and stability, exosomes have emerged as promising
biomarkers for distinguishing malignant from non-malignant
tissues (8). Among their molecular constituents, non-coding
RNAs (ncRNAs), such as microRNAs (miRNAs/miRs),
long ncRNAs (IncRNAs) and circular RNAs (circRNAs),
are increasingly recognized for their regulatory roles in
the progression of CC. These ncRNAs represent potential
diagnostic, prognostic and therapeutic targets, providing new
avenues for the management of CC.

Systematic search strategy. A thorough literature search was
conducted on PubMed (https:/pubmed.ncbi.nlm.nih.gov/)
using specific MeSH, including ‘exosomes’, ‘cervical cancer’,
‘IncRNAS’, ‘miRNASs’, ‘circRNASs’, ‘ncRNAs’, ‘drug resistance’,
‘angiogenesis’, ‘EMT’ and ‘lymphangiogenesis’. The search
was limited to studies published in various countries within
the past 10 years (2015-2025). As a result, a total of 57 relevant
references were identified and reviewed.

2. Exosomal miRNAs in CC

miRNAsaresingle-strandednon-codingRNAs (~22ntinlength)
that post-transcriptionally regulate gene expression through
mRNA degradation or translational inhibition, profoundly
influencing cellular phenotype and function (9). A previous
study demonstrated that cancer-related fibroblast-derived
exosomal miR-18a-5p can regulate the transmembrane protein
170B signaling axis, stimulating the proliferation and migra-
tion, and inhibiting the apoptosis of CC cells (10). Emerging
as critical regulators of tumor microenvironment homeostasis,
exosomal miRNAs exhibit distinct expression profiles in the
vaginal lavage fluid of patients with CC, including upregulated
oncogenic miRNAs (miR-483-5p and miR-1246) and down-
regulated tumor suppressors (let-7d-5p and miR-20a-5p) (11). In
addition, another study demonstrated that Th17 cells induced
the expression of miR-142-5p in CC cells, and identified the
subunits C and D of the succinate dehydrogenase complex as
novel targets of miR-142-5p responsible for enhanced migra-
tion and invasion (12). These findings position exosomal
miRNAs as promising molecular signatures for CC detection
and monitoring.

Exosomal miRNAs promote angiogenesis. Angiogenesis, the
formation of new blood vessels from pre-existing vascula-
ture, serves as a critical biological process driving tumor
growth, local invasion and distant metastasis in CC (13). This
process is fundamentally required for tumor progression
beyond the 1 to 2-mm diffusion limit imposed. Malignant
cells overcome this limitation through the robust secretion
of exosomes that reprogram the tumor microenvironment
to induce pathological angiogenesis (14). Given its central
role in tumor progression and metastasis, angiogenesis has
emerged as a promising therapeutic target for the manage-
ment of advanced-stage CC (15). At the molecular level,
CC-derived exosomal miRNAs orchestrate angiogenesis

through multiple mechanisms: i) miR-221-3p mediates the
inhibition of mitogen-activated protein kinase 10 (MAPK10).
The exosomal transfer of miR-221-3p from CC cells to
microvascular endothelial cells specifically targets and
modulates MAPK10 activity. This interaction stimulates
endothelial cell proliferation, invasion and migration, culmi-
nating in the formation of an aberrant tumor vasculature (16).
ii) miR-663b-dependent vascular remodeling: CC-secreted
exosomal miR-663b potently enhances tumor vascular
density by suppressing vinculin expression in vascular
endothelial cells. The downregulation of vinculin alters endo-
thelial cell adhesion dynamics, thereby promoting extensive
vascular network formation and significantly augmenting the
angiogenic potential of CC tissues (17).

These findings illustrate the sophisticated, multi-faceted
regulatory networks through which exosomal miRNAs coordi-
nate neovascularization in CC. The diversity of these pathways
highlights both the complexity of tumor angiogenesis and the
potential for developing targeted anti-angiogenic therapies
that disrupt specific exosomal miRNA-mediated mechanisms.

Exosomal miRNAs promote lymphangiogenesis.
Lymphangiogenesis, the formation of new lymphatic vessels
from pre-existing ones, plays a critical role in cancer
metastasis. Tumor cells often exploit lymphatic vessels
to enter the circulatory system, facilitating their spread to
distant organs and aggravating disease progression (18). In
a number of types of cancer, lymphatic metastasis occurs
at an early stage and serves as a major route for cancer
cell dissemination, with lymphangiogenesis being a key
driver of this process. For instance, exosomal miR-1468-5p
from CC cells promotes lymphangiogenesis and upregu-
lates programmed death-ligand 1 expression in lymphatic
vessels. This occurs through the suppression of homeobox
containing 1 (HMBOX1)-suppressor of cytokine signaling 1
(SOCSI) transcription and the activation of the Janus kinase
2 (JAK?2)/signal transducer and activator of transcription 3
(STAT3) pathway, which impairs CD8* T-cell immunity,
enabling immune evasion and metastatic spread (19).
Similarly, exosomes from cervical squamous cell carcinoma
(CSCC) enhance human lymphatic endothelial cell (HLEC)
migration and tube formation in vitro. Among their cargo,
miR-221-3p is highly enriched and delivered to HLECs,
where it downregulates vasohibin 1, further stimulating
lymphangiogenesis and lymphatic metastasis (20). Given its
functional role, miR-221-3p may serve as both a therapeutic
target and a diagnostic biomarker for metastatic CSCC.

Exosomal miRNAs regulate drug resistance. Drug resistance
represents a major therapeutic challenge in cancer manage-
ment, with complex underlying mechanisms. Current research
has identified three primary exosome-mediated drug resistance
pathways in cancers: Antibody-based drug neutralization,
drug efflux and miRNA transfer via exosomes. Notably,
miRNA-mediated drug resistance is directly or indirectly
associated with multidrug resistance protein 1 expression (21).
The selective packaging of miRNAs into exosomes from
drug-resistant cells can induce P-glycoprotein overexpres-
sion, thereby enhancing the multidrug resistance phenotype
in cancer cells (22). Zhu et al (23) demonstrated that miR-651
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expression was significantly downregulated in the circula-
tion of patients with CC and in cisplatin-resistant HeLa cells
(HeLa/DDP) compared with their cisplatin-sensitive counter-
parts (HeLa/S). Functional analyses revealed that miR-651
overexpression reduced cisplatin resistance and proliferation,
while promoting the apoptosis of HeLa cells. Mechanistically,
exosomal miR-651 from CC cells has been shown to directly
target autophagy-related 3 (ATG3) to suppress cisplatin resis-
tance. Furthermore, miR-106a/b has been implicated in the
exosome-mediated modulation of cisplatin sensitivity in HeLa
cells (24).

In addition, the study by Li et al (25) demonstrated that
HIV-positive T cell-derived exosomal miR-155-5p promoted
IL-6 and IL-8 secretion via AT-rich interaction domain 2
(ARID?2) targeting and the subsequent activation of the ERCC
excision repair 5, endonuclease (ERCC5)-NF-«kB pathway,
thereby accelerating epithelial-mesenchymal transition
(EMT) and enhancing cervical cancer invasiveness. In CSCC,
tumor-derived exosomal miR-223 induced IL-6 secretion
from monocytes/macrophages in vitro, creating a positive
feedback loop through STAT3 activation in CSCC cells (26).
Moreover, highly metastatic HeLa cells transferred miR-29 via
exosomes to low-metastatic C-33A cells, thereby enhancing
their metastatic potential (27).

In summary, exosomal miRNAs play pivotal roles in the
progression of CC by regulating angiogenesis, lymphangiogen-
esis, drug resistance and metastasis. These findings highlight
their potential as biomarkers for early diagnosis, targets for
precision therapy and indicators for prognosis assessment in
the management of CC.

3. Exosomal IncRNAs in CC

IncRNAs are ncRNAs with a length of >200 nucleotides
that participate in various physiological processes, including
chromatin remodeling, epigenetic regulation, transcriptional
and post-transcriptional regulation, as well as cell prolif-
eration and differentiation (28). Accumulating evidence
indicates that IncRNAs are dysregulated in multiple malig-
nant tumors and modulate cancer cell phenotypes via the
cis- and trans-regulation of tumor-related genes, exerting
oncogenic or tumor-suppressive effects. Thus, the dysregu-
lated expression of IncRNAs has been proposed as one of the
hallmark features of malignant tumors (29). Previous studies
have demonstrated that IncRNAs play critical roles in CC
tumorigenesis, progression, metastasis and drug resistance,
suggesting their potential as diagnostic and prognostic
biomarkers for CC (30,31). Given these findings, exosomal
IncRNAs, functioning as intercellular communication medi-
ators, likely contribute to the development and progression
of CC.

Exosomal IncRNAs promote the proliferation and
differentiation of CC cells. It has been well-established
that cell proliferation and differentiation are fundamental
processes in the development and progression of CC. Recent
studies have demonstrated that exosomal IncRNAs promote
the proliferation and differentiation of CC cells. For instance,
it was previously demonstrated that the level of serum
exosomal IncRNA DLX6-ASI1 was significantly elevated in
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patients with CC compared with those with cervical intraepi-
thelial neoplasia (CIN) or healthy controls (32). Functionally,
DLX6-AS1 enhanced the proliferation, migration and EMT of
CC cells by modulating the miR-16-5p/CAMP-regulated phos-
phoprotein 1 (ARPP19) axis or degrading fused in sarcoma
protein in a xenograft mouse model (33), suggesting that the
serum exosomal DLX6-AS1 may serve as a diagnostic and
prognostic biomarker for CC.

Additionally, IncRNAs such as HOX transcript antisense
intergenic RNA (HOTAIR) and metastasis-associated lung
adenocarcinoma transcript 1 (MALAT1) have been found
to be highly enriched in CC-derived exosomes isolated
from cervicovaginal lavage samples, with expression levels
significantly higher than those in HPV-infected patients
or healthy controls (34). Mechanistically, HOTAIR and
MALATI! function as competitive endogenous RNAs
(ceRNAs): HOTAIR binds to miR-214-3p to activate the
Wnt/B-catenin signaling pathway, while MALATI seques-
ters miR-485-5p to upregulate MAT2A expression, thereby
promoting CC cell proliferation (35,36). In a separate study,
Gao et al (37) reported that exosomes derived from CaSki
cells enhanced the self-renewal and differentiation capacities
of CC stem cells, these exosomes carry IncRNA urothelial
carcinoma-associated 1 (UCA1), which functions as a ceRNA
for miR-122-5p to upregulate SRY-Box transcription factor
2 (SOX2) expression. Notably, silencing exosomal UCA1
or overexpressing miR-122-5p suppressed the self-renewal
and differentiation of CC stem cells, subsequently inhibiting
the invasion, migration and proliferation of CaSki cells.
These interventions also induced cancer cell apoptosis and
reduced tumor volume and weight in nude mouse models.
Furthermore, IncRNA H19 was found to be upregulated in
CC cell lines and detectable in extracellular vesicles from
cell culture supernatants. Functional assays revealed that H19
promoted cell proliferation and multicellular tumor spheroid
formation without significantly affecting apoptosis or migra-
tion, suggesting its potential as a diagnostic and therapeutic
target in CC (38).

Exosomal IncRNAs promote angiogenesis. Exosomal
IncRNAs have been implicated in facilitating CC metastasis
through pro-angiogenic mechanisms analogous to those
mediated by miRNAs. Emerging evidence suggests that
CC-derived exosomal IncRNAs can modulate vascular
endothelial cell behavior by either upregulating pro-angio-
genic factors or sequestering anti-angiogenic miRNAs,
thereby promoting tumor vascularization (39). The seminal
study by Lei and Mou (40) identified the IncRNA taurine
upregulated 1 (TUGI) as significantly overexpressed in
both CC cells and their secreted exosomes. Mechanistically,
CC-derived exosomal TUGI was internalized by human
umbilical vein-derived endothelial cells (HUVECsS), where
it suppressed caspase-3 activity and altered the expression
of apoptosis-related proteins, ultimately enhancing endo-
thelial cell proliferation and survival. These findings posit
exosomal TUGI as a potential diagnostic biomarker for
early-stage CC.

Exosomal IncRNAs regulate drug resistance. Accumulating
evidence has confirmed that tumor-derived exosomal
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IncRNAs play a critical role in mediating drug resistance
in cancers. In CC, the IncRNA hepatocyte nuclear factor
1 homeobox A antisense RNA 1 (HNF1A-ASl) is highly
enriched in exosomes secreted by cervical cancer cells.
Functionally, HNF1A-ASI1 acts as a ceRNA to sponge
miR-34b, thereby promoting the expression of tuftelin 1
(TUFT1). This mechanism enhances cisplatin (DDP) resis-
tance in CC cells, concurrently promoting proliferation,
conferring drug resistance and inhibiting apoptosis (41).
Furthermore, recent studies have revealed that exosomal
MALATI is markedly upregulated in DDP-resistant CC
cells. The pro-resistance effect of MALATI1 can be attenu-
ated by targeting miR-370-3p, suggesting that the exosomal
MALAT1/miR-370-3p/STAT3 axis modulates DDP resis-
tance via PI3K/Akt pathway activation (42). Thus, exosomal
MALATI represents a potential diagnostic biomarker for
patients with CC who are resistant to DDP. Another key
finding demonstrated that IncRNA maternally expressed
gene 3 (MEG3) expression was significantly downregulated
in CC tissues compared with adjacent normal tissues. The
silencing of MEG3 not only promoted CC cell prolif-
eration and migration, but also suppressed apoptosis.
Mechanistically, MEG3 enhanced DDP sensitivity by
acting as a ceRNA to regulate the miR-21/PTEN axis (43).
Additionally, exosomal LINC01305 was shown to contribute
to chemoresistance by activating the Wnt/B-catenin
signaling pathway, thereby maintaining cancer stemness
through the upregulation of (-catenin, transcription factor
7 and NADH dehydrogenase subunit 2 (31). In summary,
given the pivotal roles of exosomal IncRNAs in modulating
the tumor microenvironment and malignant phenotypes,
they emerge as promising biomarkers for CC. Their
clinical applications span early screening, therapeutic
decision-making, and prognostic evaluation, highlighting
their translational significance.

4. Exosomal circRNAs in CC

circRNAs are a newly identified class of endogenous ncRNAs
that exhibit an abundant expression in eukaryotic transcrip-
tomes. They are characterized by their covalently closed
circular structure, the absence of 5' caps and 3' poly(A) tails,
and exonuclease resistance due to the lack of free termini.
These features confer greater stability compared with their
linear RNA counterparts (44). Functionally, circRNAs
often contain miRNA response elements, enabling them to
modulate gene expression at transcriptional or post-tran-
scriptional levels through interactions with miRNAs or
other RNA-binding proteins. They can function as miRNA
sponges or ceRNAs to regulate diverse physiological and
pathological processes, such as cancer cell proliferation,
invasion and metastasis. For instance, circ_0000069 was
shown to sponge miR-873-5p to de-repress tumor suppressor
candidate 3, thereby promoting CC progression (45), and
circ_0005576 was demonstrated to upregulate kinesin
family member 20A by sequestering miR-153, which
accelerated the pathogenesis of CC (46). Notably, circRNAs
are enriched and stably preserved within exosomes. For
example, circSLC26A4 was detected in biofluids (such as
blood and urine), rendering them promising liquid biopsy

biomarkers (47,48). Emerging evidence highlights dysregu-
lated exosomal circRNA profiles in patients with CC,
suggesting their clinical potential for diagnosis and thera-
peutic targeting.

Exosomal circRNAs promote the EMT of CC cells. EMT is
a fundamental biological process whereby epithelial cells
undergo phenotypic conversion into mesenchymal cells.
During this process, under stimulation by external factors, the
expression of epithelial phenotypic markers is decreased, and
intercellular junctions are disrupted. Conversely, mesenchymal
phenotypic markers are re-expressed or upregulated, accom-
panied by a morphological shift from a cuboidal, polarized
distribution to a spindle-shaped, randomly oriented distribu-
tion (49). As a key mechanism in cancer progression, EMT
enables epithelial-derived malignant tumor cells to acquire
migratory and invasive properties. Wang et al (50) found that
the levels of hsa_circ_0009143 (circPVT1) in both plasma-
and urine-derived exosomes from patients with CC were
significantly elevated. Functional assays demonstrated that
the overexpression of circPVT1 promoted the migration and
invasion of C33A CC cells, concomitant with the upregulation
of mesenchymal markers (vimentin, N-cadherin and Snail),
and the downregulation of the epithelial marker, E-cadherin,
all established EMT biomarkers. These findings suggest that
exosomal circPVT1 may facilitate CC metastasis by activating
EMT pathways.

Exosomal circRNAs promote angiogenesis. Exosomal
circRNAs also contribute to multiple stages of vascular
development, including intercellular crosstalk, the secretion
of pro-angiogenic factors, the degradation of the vascular
basement membrane, endothelial cell proliferation, tube
formation, and alternative microvascular patterning such
as vasculogenic mimicry (51). Previously, an in vitro study
demonstrated that circ_0087432 is significantly upregulated
in serum exosomes from patients with CC. The overexpres-
sion of exosomal circ_0087432 derived from CC cells has
been shown to enhance the proliferation and migration of
HUVECs (52), indicating its involvement in CC metastasis
via angiogenesis. Wang et al (53) found that circ_0064516
was highly expressed in CC cells, and exosomes derived from
CC cells carried circ_0064516 to HUVECs. circ_0064516
increased mitogen-activated protein kinase 1 (MAPKI1)
expression by sponging miR-6805-3p, thereby enhancing
angiogenesis.

Exosomal circRNAs regulate drug resistance. Drug resis-
tance remains a major challenge in cancer therapy. Emerging
evidence suggests that the aberrant expression of exosomal
circRNAs may contribute to chemoresistance. Unlike intracel-
lular circRNAs, exosomal circRNAs appear to be selectively
packaged and actively shuttled between exosomes and the
cytoplasm (54). Chen et al (55) analyzed 46 patients with
CC who received radiotherapy and chemotherapy combined
with surgical resection and found that circ_0074269 expres-
sion was elevated in exosomes from DDP-resistant CC cells.
Mechanistically, it may upregulate TUFT1 by sponging
miR-485-5p, thereby promoting resistance to DDP in patients
with CC. As demonstrated in another in vivo and in vitro study,
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Table I. Summary of exosomal non-coding RNAs in cervical cancer.
Specific
Category molecule Function Mechanism of action (Refs.)
miRNAs miR-221-3p Promotes Inhibits MAPK 10, stimulating endothelial cell (16)
angiogenesis proliferation and migration.
miR-663b Promotes Suppresses vinculin, altering endothelial 17)
angiogenesis adhesion and promoting vascular network
formation.
miR-1468-5p Promotes Suppresses HMBOX1-SOCS1, activating (19)
lymphangio-genesis JAK2/STAT3 to impair CD8+ T-cell immunity.
and immune evasion
miR-221-3p Promotes Downregulates VASH]1, stimulating lymphatic (20)
lymphangiogenesis endothelial cell migration and tube formation.
miR-651 Suppresses cisplatin Directly targets ATG3 to inhibit autophagy and (23)
resistance reduce drug resistance.
miR-106a/b Modulates cisplatin Transferred via exosomes to alter drug response 24)
sensitivity in recipient cells.
miR-155-5p Promotes EMT and Targets ARID2, activating the ERCC5-NF-«xB (25)
invasion pathway.
miR-223 Promotes TME Induces IL-6 secretion from monocytes/ (26)
inflammation macrophages, creating a STAT3-mediated
feedback loop.
miR-29 Promotes metastasis Transfer from high- to low-metastatic cells 27
enhances their metastatic potential.
IncRNAs DLX6-AS1 Promotes prolifera- Modulates the miR-16-5p/ARPP19 axis or 32)
tion, migration, and degrades the FUS protein.
EMT
HOTAIR Promotes Functions as a ceRNA for miR-214-3p, activa- 35)
proliferation ting the Wnt/B-catenin pathway.
MALAT1 Promotes Functions as a ceRNA for miR-485-5p, upregu- (36
proliferation lating MAT?2A expression.
UCALl Promotes stemness Functions as a ceRNA for miR-122-5p, upregu- 37
and differentiation lating SOX2.
H19 Promotes Mechanism not fully elucidated; enhances (38)
proliferation spheroid formation.
TUG1 Promotes Suppresses caspase-3 activity, enhancing (40)
angiogenesis endothelial cell survival and proliferation.
HNFI1A-AS1 Promotes cisplatin Functions as a ceRNA for miR-34b, upregu- 41)
resistance lating TUFT1.
MALAT1 Promotes cisplatin Regulates the miR-370-3p/STAT3 axis, 42)
(Resistance) resistance activating the PI3K/Akt pathway.
MEG3 Enhances cisplatin Functions as a ceRNA to regulate the miR-21/ 43)
sensitivity PTEN axis, suppressing proliferation.
LINCO01305 Promotes Activates Wnt/B-catenin signaling to maintain 31
chemoresistance cancer stemness.
circRNAs circPVT1 Promotes EMT and Upregulates mesenchymal markers (vimentin, (50)
metastasis N-cadherin) and downregulates E-cadherin.
circ_0087432 Promotes Enhances the proliferation and migration of 52)
angiogenesis HUVECs.
circ_0064516 Promotes Sponges miR-6805-3p, upregulating MAPK1. (53)
angiogenesis
circ_0074269 Promotes cisplatin Sponges miR-485-5p, leading to TUFT1 upre- (55)
resistance gulation.
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Table I. Continued.

Specific
Category molecule Function Mechanism of action (Refs.)
circ_0004488 Promotes paclita- Sponges miR-136, upregulating its target (56)

xel resistance MEX3C.

miRNA/miR, microRNA; MAPK 10, mitogen-activated protein kinase 10; HMBOX1, homeobox containing 1; SOCS1, suppressor of cytokine
signaling 1; JAK?2, Janus kinase 2; STAT3, signal transducer and activator of transcription 3; VASH1, vasohibin 1; ATG3, autophagy-related 3;
EMT, epithelial-mesenchymal transition; ARID2, AT-rich interaction domain 2; ERCCS, ERCC excision repair 5, endonuclease; TME, tumor
microenvironment; IncRNA, long non-coding RNA; ARPP19, CAMP-regulated phosphoprotein 1; FUS, fused in sarcoma; ceRNA, competing
endogenous RNA; UCAI, urothelial carcinoma-associated 1; SOX2, SRY-Box transcription factor 2; TUGI, taurine upregulated 1;
HNF1A-AS1, hepatocyte nuclear factor 1 homeobox A antisense RNA 1; TUFT1, tuftelin 1; MEG3, maternally expressed gene 3; circRNAs,
circular RNAs; HUVECs, human umbilical vein-derived endothelial cells; MAPK1, mitogen-activated protein kinase 1; MEXC3, Mex-3
RNA-binding family member C.
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Figure 1. Summary of exosomal non-coding RNAs in cervical cancer. miRNA/miR, microRNA; HOTAIR, HOX transcript antisense intergenic RNA;
MALATI, metastasis-associated lung adenocarcinoma transcript 1; EMT, epithelial-mesenchymal transition; TUGI, taurine upregulated 1; HNFI1A-ASI,
hepatocyte nuclear factor 1 homeobox A antisense RNA 1; MEG3, maternally expressed gene 3.

circ_0004488, as a miR-136 sponge, increased the expression
of Mex-3 RNA-binding family member C (MEX3C), which
is a direct target gene of miR-136, ultimately increasing the
resistance of CC to paclitaxel (56). These findings highlight
the potential of exosomal circRNAs as biomarkers and thera-
peutic targets for CC. Further research is required however,
to elucidate their precise mechanisms in tumor invasion and
metastasis, which may provide a foundation for novel clinical
interventions.

5. Conclusion and future prospects

Exosomes in malignant tumors have emerged as a key
focus of research in recent years. These vesicles facilitate
intercellular communication by transporting functional
biomolecules, including ncRNAs, which play critical roles in
cancer progression. Exosomal ncRNAs contribute to tumor
growth, proliferation, invasion, metastasis and drug resis-
tance by modulating key oncogenic pathways. The present
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review comprehensively summarized the involvement of
exosomal ncRNAs in the development of CC, particularly
their regulatory effects on cell proliferation, differentiation,
angiogenesis, lymphangiogenesis, EMT and chemoresis-
tance (Table I). These mechanisms collectively promote CC
initiation, progression and metastatic dissemination (Fig. 1).
However, the current evidence base has significant limita-
tions. A large amount of the supporting data is derived from
in vitro studies and preclinical animal models, raising ques-
tions about the direct translatability of these findings to the
complex human tumor microenvironment (12,23,32). For
example, numerous studies rely on HeLa cell lines, while their
well-documented genetic and phenotypic drift after decades
of in vitro culture raises questions about their representative-
ness of native cancers (16,20,24). Findings in a single cell line
cannot capture the vast heterogeneity among patients with CC.
Therefore, the translational validity of these findings in vitro
is necessarily limited at this stage. To bridge the gap between
observations in vitro and potential clinical application, a
multi-tiered validation framework is necessary. First, studies
need to be conducted in a broader range of CC cell lines to
assess their prevalence outside of a single cell line. Second,
the association between the expression levels of key molecular
markers and their clinicopathological characteristics, such as
stage, grade and prognosis need to be analyzed using patient
tissue samples. Finally, relevant animal models of xenograft
tumors need to be established to verify the effectiveness and
safety of targeted intervention in an in vivo environment.
Furthermore, attributing specific biological effects solely to
exosomal ncRNAs remains challenging due to the heteroge-
neity of exosome populations and the potential co-isolation of
contaminating non-exosomal vesicles or free ncRNAs using
common isolation techniques. The functional validation of
specific exosomal ncRNAs in driving CC phenotypes often
lacks rigorous genetic gain/loss-of-function experiments
within the relevant cellular context.

Compared to synthetic nanoparticles, exosomes exhibit
superior biocompatibility, low immunogenicity, high stability
and intrinsic targeting capabilities, rendering them promising
candidates for clinical applications. Nevertheless, translating
this promise into reality faces substantial hurdles beyond the
mentioned technical challenges. First of all, standardization
is the cornerstone. The Minimal Information for Studies of
Extracellular Vesicles (MISEV) 2023 guidelines launched by
the International Society for Extracellular Vesicles (ISEV)
provide a more comprehensive framework for research;
however, their full adoption and practice still require time,
which is a prerequisite for ensuring data comparability and
repeatability (57). Secondly, the path to clinical transformation
is a complex one. The recent rejection of Deramiocel, the first
exosome mechanism therapy, by the FDA, profoundly reveals
the high standards of regulatory authorities for substantive
efficacy evidence (from rigorously designed controlled trials)
and a robust Chemistry, Manufacturing and Controls (CMC)
system, sounding the alarm for clinical development strategies
across the entire field. Furthermore, the regulatory framework
is evolving rapidly. Countries worldwide have clearly included
exosomes in the management of advanced therapeutic drugs,
laying a regulatory foundation for their development as drugs.
This also implies higher technical thresholds and quality
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requirements. Finally, a critical concern is the potential for
tumor-derived exosomes themselves to exert pro-tumorigenic
effects; using them as therapeutic carriers requires meticulous
engineering to eliminate residual oncogenic cargo and ensure
safety. The scalability and cost-effectiveness of producing
clinical-grade exosomes at sufficient quantities and purity for
widespread therapeutic use are also major unresolved issues.
Additionally, the immunogenicity of exosomes, while gener-
ally low, can vary significantly, depending on the source cell
type and isolation method, necessitating careful evaluation
for each application. However, several additional challenges
need to be addressed before their translation into therapeutic
use, including the standardization of exosome isolation and
storage protocols, optimization of drug-loading efficiency and
precise control over cargo release kinetics. Furthermore, the
current understanding of exosome biogenesis, particularly
the spatiotemporal regulation of exosomal cargo sorting,
molecular transport mechanisms and definitive exosome
markers, remains limited. Crucially, current knowledge of
the in vivo biodistribution, pharmacokinetics and long-term
fate of administered therapeutic exosomes in humans remains
limited, posing significant barriers to clinical trial design and
regulatory approval.

In conclusion, future studies are required to focus on eluci-
dating these aspects while also prioritizing the development of
robust methods to track exosome delivery and function in vivo,
and to rigorously assess the safety profile of engineered
exosomes in relevant models, to harness the full therapeutic
potential of exosomes in oncology. Further research is
warranted to provide a more in-depth understanding of the
in vivo and molecular mechanisms of exosomes in scientific
research. Technically, it is of utmost significance to develop
efficient and controllable engineering transformation and
large-scale production processes. The highest standards of
randomized controlled trials and strict quality control norms
need to be followed in clinical translation. In terms of regula-
tions, a more detailed and scientific evaluation system needs to
be established. By overcoming these challenges, the marked
therapeutic potential of exosomes may prove to be beneficial
to human health.
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