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Oral squamous cell carcinoma (OSCC) accounts for approximately 90% of all oral
cancers, significantly impacting the survival and quality of life of patients.
Exosomes, small extracellular vesicles released by cells, play a crucial role in
intercellular communication in cancer. Nevertheless, their function and
mechanism in OSCC remain elusive. Search Pubmed, Web of Science, and
Cochrane Library using keywords OSCC, exome, diagnosis, and treatment to
review the research progress of exome in OSCC. Based on these results, this
review starting from the biosynthesis, structure, and contents of exosomes,
elaborates on the research progress of exosomes in the diagnosis and
treatment of OSCC. It explores the potential of exosomes in the diagnosis and
treatment of OSCC, and briefly describes the challenges researchers
currently face.
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1 Introduction

Exosomes represent one of the most prevalent types of extracellular vesicles (EVs) (1).
They encapsulate a diverse array of bioactive constituents, such as proteins, lipids, nucleic
acids, among others, and are abundantly found in saliva, blood, and various bodily fluids
(2). Through engaging in intercellular communication among cancer cells, exosomes
modulate cancer proliferation and migration (3). Wei et al. (4) demonstrated that OSCC
cells inhibited the expression of Phosphatase and tensin homolog deleted on chromosome
10 by releasing exosomes carrying miR-130b-3p, which promoted OSCC tumor
proliferation and angiogenesis. Guillaume (5) has demonstrated that proteins contained
in extracellular vesicles, such as CD63, can reprogram target cells by altering cholesterol
metabolism. However, there is still a lack of direct evidence regarding the precise regulatory
impact of extracellular vesicles on cancer growth. The communication mechanism of
extracellular vesicles needs further clarification, and their exact role in the early diagnosis
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and treatment of cancer deserves comprehensive investigation (6).
Consequently, this review provides a succinct depiction of exosome
structure, examines the mechanisms through which exosomes
regulate cancers, and evaluates the advancements made in
utilizing exosomes for the early detection and treatment of cancers.

2 Biological characteristics
of exosomes

EVs secreted by cells can be broadly categorized into two types:
ectosomes and exosomes. Ectosomes are vesicles released directly from
the plasma membrane, ranging in diameter from 50 nm to 1 um (7).
EVs exhibit clear heterogeneity and can be roughly categorized into
exosomes microvesicles and apoptotic bodies, with significant
differences in size, function, and formation processes (8). Apoptotic
bodies have the largest size, approximately 1000nm, and are vesicular
structures containing DNA and cellular organelles formed during the
process of cell apoptosis through cell membrane wrinkling and
invagination (9). The diameter of microvesicles has a wide range of
limitations and the mainstream view is that the diameter should be
between 50-1000 nm (10). They are composed of an outer membrane
with a lipid bilayer structure and various bioactive molecules, and play
arole in disease diagnosis, cell communication, and microenvironment
modulation (11). Exosomes are EVs with a smaller diameter and a
microvesicle-like structure, which participate in cellular
communication by carrying nucleic acids, proteins, metabolites,
etc (12).

This review centers on exosomes, which derive from the
endosomal pathway and typically exhibit a narrow diameter range
of approximately 40-160 nm (Figure 1) (13). Exosomes possess an
outer layer consisting of a double lipid membrane and exhibit a
density ranging from 1.13 to 1.19 g/ml (14). In an aqueous
environment, they display an almost perfectly spherical structure;
however, upon desiccation, they assume a distinctive cup-shaped
morphology (15). Internally, exosomes are enriched with
cholesterol and a diverse array of proteins (16). Initially
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FIGURE 1
The structure and process on biogenesis of exosomes. (A) The structure

Frontiers in Oncology

10.3389/fonc.2024.1502283

characterized as cellular “garbage bags” replete with discarded
cellular components, exosomes gained recognition in the 1990s
for their role in B cell antigen presentation, prompting a
reassessment of their significance in intercellular communication
(17). Recent research has unveiled that cancer cells release exosomes
containing cancer-specific molecules to engage in intercellular
communication, a process intricately linked to cancer progression.

The movement of exosomes within the extracellular space plays
a crucial role in mediating intercellular communication and is
contingent upon the stability of the bilateral lipid layer structure
of exosomes (18). Once exosomes are released into the extracellular
milieu, only a fraction of their structure remains intact for a brief
period (19). These exosomes have the capacity to promptly
discharge bioactive molecules they encapsulate, including
interleukin, transforming growth factor-B (TGF-B), vascular
endothelial growth factor(VEGF), among others, which can bind
to neighboring cells through specific receptors, facilitating
intercellular communication (20). The outer membrane of most
exosomes exhibits resistance to rupture due to the presence of
various enzymatically active surface components acquired during
intracellular modification (21). Consequently, these exosomes can
traverse intercellular or bodily fluids to reach proximal or distal
cells. This distinctive biological trait of exosomes implies their
potential profound involvement in cancer progression.

3 Biogenesis and extraction
of exosomes

3.1 Biogenesis of exosomes

The formation of intraluminal vesicles (ILVs) and
multivesicular bodies (MVBs) constitutes a pivotal stage in
exosome biogenesis, with the endosomal sorting complex
required for transport (ESCRT) mechanism being the most
crucial process in this pathway (22). The ESCRT machinery is a
sophisticated assembly of approximately 20 proteins, organized into
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four distinct complexes: ESCRT-0, ESCRT-I, ESCRT-II, and
ESCRT-III (23). ESCRT-0 functions as an endosomal cargo
adaptor, playing a significant role in MVB formation initiation
and serving as the trigger for the ESCRT cascade (24). While
ESCRT-0 follows a nomenclature akin to other ESCRT
complexes, it primarily kick-starts MVB formation without
actively engaging in lipid bilayer restructuring, a topic not
expounded upon here (25). The elongated structure of the
ESCRT-I complex enables it to recruit the ESCRT-II complex
(26). ESCRT-II, characterized by a Y-shaped configuration,
features two Vps20 proteins at its apex, facilitating linkage to the
underlying ESCRT-III complex (26). ESCRT-III, fundamental for
its capacity to interact with negatively charged membrane
components, is pivotal in mediating the separation of endosomal
membranes and ILVs, serving as the core machinery in MVB
formation (27). For an enumeration of the human ESCRT
complex protein constituents (Table 1).

TABLE 1 Protein composition of the ESCRT complex in humans.

Complex Protein composition

TSG 101
VPS 28
VPS 37A
VPS 37B

VPS 37C

ESCRT-I VPS 37D
MVB 12A
MVB 12B
UBAP 1
UBA 1L
UMAD 1
EAP 30
ESCRT-II EAP 45
EAP 20
CHMP 6
CHMP 4A
CHMP 4B
CHMP 4C
CHMP 3
CHMP 2A
ESCRT-III
CHMP 2B
CHMP 1A

CHMP 1B

IST 1
CHMP 7

CHMP 5
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ESCRT has been shown to be involved in exosome formation
and functional regulation, and is closely related to the intracellular
transport exosome release of Extracellular vesicles (MVEs),
generally considered to be a monolayer of membrane-coated
microvesicles containing multiple ILVs. Deborah (28) found that
inhibition of the expression of ESCRT-III proteins Charged
multivesicular body protein (CHMP)1A, CHMP1B, CHMP5 and
IST1 homolog (IST1) could promote MVE cleavage and further
inhibit Rab11a cell exosome activity by blocking MVE trafficking. Li
et al. (29)provide that recombinant IQ motif Containing GTPase
activating protein 1 (IQGAP1) protein can promote the release of
IL-1P through exosomes and mediate intracelluar communication
by bridging Gasdermin D (GSDMD) to the exosome’s ESCRT
protein. However, currently there is still a lack of more systematic
evidence regarding the mechanisms of ESCRT regulation in the
occurrence and release of exosome (22). The role of ESCRT proteins
in tumor invasion and migration in OSCC still requires
further research.

3.2 Isolation of exosomes

Exosomes are ubiquitously present in the body and are
accessible in various bodily fluids, including urine, serum, plasma,
lymph, and cerebrospinal fluid (30). The isolation of exosomes
marks the initial step in elucidating their functions; however, this
process currently lacks standardized and universally accepted
procedures (31). Presently, the most prevalent techniques for
exosome isolation encompass ultracentrifugation, ultrafiltration,
and immunocapture methods (32). The efficacy of
ultracentrifugation in exosome isolation predominantly hinges on
the exosome concentration within bodily fluids, yielding an overall
efficiency ranging from 5% to 25% (33). Ultrafiltration, often
employed in conjunction with ultracentrifugation, involves the
use of a filter membrane with a diameter less than 800 nm to
eliminate oversized vesicles, followed by a 200 nm filter membrane
to capture exosomes (34). While this approach is simpler and more
efficient, blockage of the filter membrane by a substantial number of
particles can impede effective separation (35). Precipitation, a
method that leverages the differential solubility of distinct
exosome types to isolate specific exosomes, offers high efficiency
and rapidity but may compromise the structural integrity of
exosomes (35, 36).

In the Minimal information for studies of extracellular vesicles
(MISEV2023) published by the International Society for
Extracellular Vesicles (ISEV) on the topic “From basic to advanced
approaches”, which stated that differential ultracentrifugation (dUC)
is still the most mainstream exosome extraction method (37).
Unfortunately, dUC alone cannot perfectly isolate exosomes, and
further separation/concentration is carried out by relying on the
biophysical properties of exosomes such as size, density, charge, and
surface composition. Size exclusion chromatography (SEC) is a
commercially available, highly reproducible method for exosome
separation based on differences in molecular size and matrix elution
rate (38). Its separation efficiency is influenced by various factors
such as the chromatography column, buffer solution, and pressure
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(39). ImmunoAffinity Capture is an exosome separation method
based on ‘Affinity Separation’ technology, the basic principle of
which is to use the Pull down/flow away mechanism of the screening
matrix to concentrate the exosome by binding the specific immune
probe to the surface protein of the exosome (40). The stable and
mature exosome separation technology has laid a solid foundation
for its clinical diagnosis and therapeutic applications.

4 Research progress on the biological
role of exosome in OSCC

The biological functionality of exosomes predominantly relies
on the transportation of their bioactive contents. In this section, we
will elaborate on the various biological roles of distinct exosome
types in Oral Squamous Cell Carcinoma (OSCC) based on their
diverse contents.

4.1 Exosome regulates OSCC growth by
transporting growth factors

Exosomes promote cancer progression by transporting various
growth factors, such as epidermal growth factor (EGF), VEGF, and
fibroblast growth factor (FGF), to the tumor microenvironment
(41). These growth factors trigger the proliferation and metastasis of
cancer cells, leading to tumor enlargement. Angiogenesis, the
development of new blood vessels, is a pivotal process crucial for
cancer progression and metastasis (42). The research conducted by
the Liu team (43) indicates that VEGF secreted by OSCC can bind
to heparan sulfate proteoglycans (HSPG) proteins on exosomes,
thereby increasing local levels of heparan sulfate proteoglycans
(HSPG) and promoting OSCC growth. Zeng et al.’s (44) research
has demonstrated that TGF-B can inhibit Smad4 nuclear
translocation and promote the metastasis and migration of OSCC
tumors. The PDFG-containing exosomes released by OSCC can up-
regulate the expression of MiR-3529-3p by regulating cancer-
associated fibroblasts (CAFs), and promote the proliferation of
OSCC with positive feedback (45). Exosomes released by OSCC
cells possess the ability to promote angiogenesis by transporting
pro-angiogenic factors such as VEGF, platelet-derived growth
factor (PDGF), and transforming growth factor-beta (TGF-B) to
neighboring endothelial cells (46). These factors induce the
formation of new blood vessels, supplying essential nutrients and
oxygen to the OSCC, thereby enhancing its progression (47).

4.2 Exosome regulates OSCC growth by
transporting nucleic acids

Exosomes have the capacity to transport a plethora of RNA
molecules, encompassing mRNA, miRNA, and ncRNA, actively
participating in the regulation of cancer growth and migration (48).
Cintia et al. (49) found that the dysregulation of miR-497-5p and
miR-4417 in OSCC promotes growth and proliferation through the
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regulation of the Chondroitin sulfate/Dermatan Sulfate (CSPG/
DSPG) and Keratan Sulfate (KSPG) proteoglycans molecular
pathway. Although exosomal miRNAs have been shown to have
regulatory effects in a variety of tumors, more evidence is needed on
the role and mechanism of exosomal miRNAs in the growth,
migration, and mesenization of OSCC (49, 50).

Noncoding RNA (ncRNA), a prevalent RNA type found in
exosomes, comprises short RNA molecules transcribed from DNA
that do not encode proteins (51). In their research, Du et al.
demonstrated that exosomes containing long noncoding RNA
(IncRNA) extracted from OSCC culture substrates could impede
the proliferation and migration of OSCC by modulating the miR-
17-5p/SOCS6 axis in OSCC (52).

Current findings suggest that neighboring cells of cancer can
influence the growth and migration of OSCC by releasing RNA-
loaded exosomes (53). Wang et al. (54) discovered that Cancer-
Associated Fibroblasts (CAFs) release exosomes containing mRNA,
which suppress immune responses and boost OSCC proliferation
through mRNA-miRNA interactions.

These observations underscore the crucial role of cancer cell-
released exosomes in fostering cancer development, angiogenesis,
invasion, and metastasis (55). Hence, deciphering the mechanisms
by which exosomes impact cancer progression could potentially
pave the way for innovative cancer treatment strategies.

5 Applications of exosomes in
OSCC diagnosis

The detection of exosomes in OSCC harbors substantial
potential in cancer diagnosis. In a systematic analysis conducted
by Sahu et al. (56), it was concluded that various biomarkers
including human papillomavirus type 16 protein E7 (HPV-16-
E7), Mucin 16, signal-regulatory-protein-o. (SIRPA), annexin Al,
phosphorylated epidermal growth factor receptor antibody
(phospho-EGFR) and heat shock protein 90 (HSP90) serve as
promising early diagnostic indicators for OSCC, offering
significant enhancements in patient prognosis. Kisho et.al (57)
has found that knocking down HSP90 can effectively inhibit
lymphatic metastasis in OSCC, and detecting HSP90 can
effectively determine the presence of lymphatic metastasis in
OSCC. The transmembrane glycoprotein SIRPA can induce
heterotrimeric G protein signaling by interacting with integrins of
the B1, B2, and B3 families, promoting the evasion of OSCC from
macrophage phagocytosis, and has the potential to be used as a
diagnostic marker (58). Utilizing body fluid biopsies to analyze
exosome contents like miRNA, mRNA, and ncRNA for OSCC
screening presents advantages such as cost reduction, minimal
invasiveness, and early detection (59).

The composition of exosomes in the cancer microenvironment
exhibited significant variations across distinct stages of OSCC (60).
Investigating the exosome content profiles in OSCC, the disease
progression statuses, and the potential targeted therapeutic
approaches holds theoretical promise. Regrettably, owing to the
current deficiency in detection techniques, the limited
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understanding of exosome subtypes, and the incomplete
comprehension of OSCC pathogenesis, this framework remains
purely theoretical, necessitating further empirical validation.

Prognostic assessment is another important application of
exosome testing in diagnosis. Detecting the contents of exosomes
in OSCC also aids in assessing the prognosis of cancer patients (61).
Chen et al. (62) observed that up-regulation of miRNA-155 and
miRNA-21 in exosomes corresponded with a significant down-
regulation of gene of phosphate and tension homology deleted on
chromosome ten (PTEN) and B-cell CLL/lymphoma 6 (Bcl-6)
expression in OSCC, indicating heightened proliferative activity
and invasion potential in the cancer. MiR-21, which is transported
by exosomes, can target PTEN and programmed cell death 4
(PDCD4) proteins by reprogramming the NF-kB pathway in
OSCC cells, conferring cisplatin-resistance in OSCC cells (63).
Patients with high miR-21 expression may have a less favorable
prognosis. Pang et al. (64) demonstrated that elevated levels of CKLF-
like MARVEL transmembrane domain-containing 6 in exosomes
were associated with a notably poorer prognosis in OSCC.

Some of the exosome tumor diagnosis tests have entered the
clinical trial stage. Krug utilizes the changes in exoRNA from the
peripheral exosomes to diagnose nonsmall-cell-lung-cancer with a
sensitivity of 98% using epidermal growth factor receptor (EGFR)
mutations (65). Lee (66) extracted extracellular vesicles from 310
urine samples and amplified the extracellular vesicle miRNA ¢cDCA
library using RT-PCR and qPCR were used to measure the content
of bkv-miR-B1-5p, achieving positive results in the assessment of
immunologic risk and tolerance in kidney transplantation
(ARKTK). However, clinical trials using exosomes and related
assays for the diagnosis of OSCC have not been reported.

Currently, utilizing exosomes for diagnosing OSCC offers several
advantages over traditional pathological biopsy methods: (i)
Exosome-based diagnosis requires only a small sample, enabling
the assessment of OSCC with minimal specimen sizes following a
straightforward extraction and purification process (67); (ii)
Exosomes exhibit high sensitivity, directly interacting with cancer
cells to provide immediate feedback on the current state of OSCC
development (61); (iii) Advancements in detection technologies and
theoretical understanding enhance the potential application of
exosome-based diagnostics for early detection and grading of
OSCC (68). The team led by LEE (66)has successfully utilized
urinary exosomes to detect whether the BK virus (BKV) has
recurred, thereby assessing the risk of tumors after kidney
transplantation. This demonstrates the potential clinical
application of exosomes. Despite the numerous benefits of
exosome-based OSCC diagnosis, its diagnostic accuracy still lags
behind that of tissue biopsy, conventionally regarded as the gold
standard for OSCC diagnosis (59). Cheng et al. (69) found in
diagnostic testing for high-risk ground-glass opacities in the lungs
that exosome testing detected 9 out of 10 cases, while
immunohistochemistry achieved a detection rate of 100%. The
reason for the problem is insufficient technology in the extraction,
classification, and purification of exosomes (70). Microfluidic-based
exosome isolation technology uses an automated centrifugal
microfluidic disc system with functionalized membranes to
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concentrate and collect exosomes in as rapid as 8 minutes (71).
Unfortunately, the integration of the concentration, purification, and
identification steps in this plan has not yet been achieved. Further
research and evidence are still required for clinical translation (71).
Unfortunately, there have been no reported specific methods for
isolating OSCC tumor-derived extracellular vesicles at present.

In conclusion, further refinement of detection techniques is
essential for the diagnostic strategy involving exosome-related
OSCC, along with the accumulation of additional clinical
evidence to support these methods. These investigations remain
focal areas in the field of exosome-related OSCC diagnosis.

6 Application of exosome in the
treatment of OSCC

Exosomes possess significant potential for cancer therapy owing to
their excellent biosafety profile and effective delivery capabilities. In
the realm of cancer treatment, exosomes can be categorized into
artificially modified exosomes and naive exosomes based on their
characteristics (72). Naive exosomes, extracted unaltered from cells in
vivo, harbor bioactive molecules from their cellular source and
demonstrate therapeutic efficacy accordingly (73). Modified
exosomes are typically generated through two primary methods: (i)
Genetic engineering techniques are employed to induce low or high
expression of specific proteins/nucleic acids in secretory cells, yielding
modified exosomes (74). (ii) Exogenous nucleic acids or nanoparticles
are introduced into exosomes via processes such as electroporation,
liposome transfection, or ultrasound (75). Modified exosomes, in
contrast to naive exosomes, exhibit enhanced therapeutic potential
due to their richer cargo of bioactive molecules (72).

Currently, several clinical trials investigating exosome-based
therapeutics are in progress. For instance, mesenchymal stem cell-
derived exosomes are being explored for the treatment of conditions
such as diabetes mellitus (NCT02138331), lymphoma
(NCT04223622), osteoarthritis (NCT04223622), Alzheimer’s
disease (NCT04388982), and ischemic stroke (NCT02458755)
(62, 76). Despite these advancements, the efficacy of exosome-
based drugs in managing OSCC remains uncertain. This review
aims to delve into the effects and underlying mechanisms of
exosome-related therapeutics in OSCC treatment.

6.1 Naive exosome on OSCC treatment

Research has illustrated that the fusion of naive exosomes
discharged by immune cells, notably NK cells, with cancer cells
can facilitate cancer cell apoptosis (77). Nikfarjam et al. (77)
documented that exosomes emitted by dendritic cells exhibit a
substantial capacity to impede the proliferation of epithelial-derived
cancer cells. While extensive evidence supports the inhibitory effects
of naive exosomes on the proliferation and invasion of epithelial-
derived cancers, further substantiation is required to elucidate the
therapeutic efficacy and underlying mechanisms of naive exosomes
in the context of OSCC.
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6.2 Modified exosome on OSCC treatment

In comparison to naive exosomes, modified exosomes offer the
benefits of enhanced targeting, heightened efficacy, and simplified
operation, making them increasingly preferred by researchers (78).

Exosomes can enhance the specificity of cancer cell targeting and
facilitate precise delivery by tailoring specific proteins or molecules on
their surface. For instance, the bone-targeting protein WYRGRL has
been engineered onto exosome surfaces to precisely direct them
towards bone tissue for addressing joint inflammation (79). Zhou
et al. (68) have also engineered exosome surfaces with immunogenic
cell death triggers, indicating their potential for targeting pancreatic
cancer to bolster therapeutic outcomes. Some researchers have
developed pH-responsive exosomes that capitalize on the acidity of
the cancer microenvironment, enabling rapid breakdown within acidic
conditions to achieve accurate drug delivery (80). Building on these
approaches, Kase et al. integrated genetic engineering and
electroporation techniques to craft OSCC-targeting exosomes
containing siLCP1, effectively impeding OSCC progression (81).
Enhancing the specificity of exosome targeting toward OSCC cells
remains a focal point within exosome-based cancer therapy research.

The exceptional biological safety and targeting attributes of
exosomes for efficient drug conveyance continue to underpin the
treatment paradigm for OSCC with exosomes. Li et al. (82) loaded
photosensitive nanoparticles, such as Indocyanine green, into
exosomes, delivering them to OSCC cells to induce potent cellular
damage and impede OSCC advancement. Huang et al. (83)
engineered exosomes with heightened expression of miR-144/
451a via transfection. Leveraging the synergistic regulatory effects
of miR-144/451a on OSCC cell invasion and proliferation, a notable
reduction in the survival, migration, and invasion capabilities of
OSCC cells was observed. Sayyed et al. (84) pursued an exosome
adjuvant therapy strategy utilizing exosomes enriched with miR-
155 to counteract OSCC resistance to cisplatin, thus enhancing the
efficacy of chemotherapy agents. Collectively, these findings
underscore the substantial advantages of exosomes in precision
drug delivery for OSCC treatment.

Nonetheless, the mechanisms governing drug delivery into
OSCC cells remain elusive. Effectively regulating local drug
release and mitigating drug-related side effects present ongoing
challenges, warranting further investigation.

7 Conclusions and challenges of
exosomes on OSCC diagnosis
and treatment

Although the potential application of exosomes in OSCC
diagnosis and treatment holds promise, there are several associated
challenges. One such challenge pertains to isolation and purification
of exosomes. Being minute, membrane-bound vesicles that can be
difficult to isolate and purify from other EVs and contaminants in
biological fluids. The methods employed for isolation and purification
can significantly impact the purity, and quality of exosomes, which
affects their therapeutic efficacy. Therefore, standardized isolation and
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purification protocols need to be developed to ensure consistent and
reproducible results (33).

Another challenge is the scalability of exosome production.
Exosomes are typically produced in small quantities, and the
process of isolating and purifying exosomes can be time-
consuming and costly. To facilitate the clinical utilization of
exosomes, it is crucial to devise scalable production techniques
capable of generating substantial quantities of exosomes
cost-effectively.

Furthermore, the safety of exosome-based therapy necessitates
thorough evaluation. While exosomes have exhibited good
tolerance in animal trials, the enduring impacts of exosome
therapy on human well-being remain inadequately elucidated.
Moreover, the probability of off-target repercussions and
inadvertent outcomes stemming from exosome treatment
demands meticulous scrutiny.

Finally, the regulatory framework for exosome-based therapies
in OSCC is still evolving. Exosomes are considered biological
products by regulatory agencies, such as the U.S. Food and Drug
Administration (FDA), and their clinical use is subject to regulation
and approval. Therefore, establishing a regulatory pathway for the
development and approval of exosome-based therapies in dental
medicine is important.

In general, challenges related to the utilization of exosomes in
OSCC diagnosis and treatment encompass isolation and
purification, scalability, safety, and regulatory aspects. Effectively
tackling these challenges will be vital in unlocking the complete
therapeutic potential of exosomes within the realm of
dental medicine.

Author contributions

BZ: Writing - original draft. ZL: Writing - review & editing. RL:
Writing - review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This study
was sponsored by Key Laboratory of Advanced Intelligent Protective
Equipment Technology (Hebei University of Technology) open
projects (2024).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that no Generative AI was used in the
creation of this manuscript.

frontiersin.org


https://doi.org/10.3389/fonc.2024.1502283
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Zhao et al.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated

References

1. Benecke L, Coray M, Umbricht S, Chiang D, Figueir() F, Muller L. Exosomes:
small EVs with large immunomodulatory effect in glioblastoma. Int ] Mol Sci. (2021)
22:3600-19. doi: 10.3390/ijms22073600

2. Kalluri R, McAndrews KM. The role of extracellular vesicles in cancer. Cell. (2023)
186:1610-26. doi: 10.1016/j.cell.2023.03.010

3. Akoto T, Saini S. Role of exosomes in prostate cancer metastasis. Int ] Mol Sci.
(2021) 22:3528-47. doi: 10.3390/ijms22073528

4. Yan W, Wang Y, Chen Y, Guo Y, Li Q, Wei X. Exosomal miR-130b-3p promotes
progression and tubular formation through targeting PTEN in oral squamous cell
carcinoma. Front Cell Dev Biol. (2021) 9:616306. doi: 10.3389/fcell.2021.616306

5. Palmulli R, Couty M, Piontek MC, Ponnaiah M, Dingli F, Verweij FJ, et al. CD63
sorts cholesterol into endosomes for storage and distribution via exosomes. Nat Cell
Biol. (2024) 26:1093-109. doi: 10.1038/s41556-024-01432-9

6. Kalluri R, LeBleu VS. The biology, function, and biomedical applications of
exosomes. Science. (2020) 367:eaau6977. doi: 10.1126/science.aau6977

7. Meldolesi J. Unconventional protein secretion dependent on two extracellular
vesicles: exosomes and ectosomes. Front Cell Dev Biol. (2022) 10:877344. doi: 10.3389/
fcell.2022.877344

8. Ridler J, Gupta D, Zickler A, Andaloussi SE. Exploiting the biogenesis of
extracellular vesicles for bioengineering and therapeutic cargo loading. Mol Ther.
(2023) 31:1231-50. doi: 10.1016/j.ymthe.2023.02.013

9. Yu L, Zhu G, Zhang Z, Yu Y, Zeng L, Xu Z, et al. Apoptotic bodies: bioactive
treasure left behind by the dying cells with robust diagnostic and therapeutic
application potentials. J Nanobiotechnol. (2023) 21:218. doi: 10.1186/s12951-023-
01969-1

10. Mackman N, Hisada Y. Therapeutic potential of granulocyte microvesicles in
sepsis. Blood. (2022) 139:2269-71. doi: 10.1182/blood.2021015280

11. Han C, Yang J, Sun J, Qin G. Extracellular vesicles in cardiovascular disease:
Biological functions and therapeutic implications. Pharmacol Ther. (2022) 233:108025.
doi: 10.1016/j.pharmthera.2021.108025

12. Wang J, Jing J, Zhou C, Fan Y. Emerging roles of exosomes in oral diseases
progression. Int J Oral Sci. (2024) 16:4. doi: 10.1038/s41368-023-00274-9

13. Zeng H, Guo S, Ren X, Wu Z, Liu S, Yao X. Current strategies for exosome cargo
loading and targeting delivery. Cells. (2023) 12:1416-39. doi: 10.3390/cells12101416

14. Rai A, Fang H, Fatmous M, Claridge B, Poh QH, Simpson RJ, et al. A protocol
for isolation, purification, characterization, and functional dissection of exosomes.
Methods Mol Biol. (2021) 2261:105-49. doi: 10.1007/978-1-0716-1186-9_9

15. Zhang Y, Wang J. Inflammasome-derived exosomes isolation and imaging by
transmission electron microscopy. Methods Mol Biol. (2022) 2459:131-6. doi: 10.1007/
978-1-0716-2144-8_13

16. Skotland T, Llorente A, Sandvig K. Lipids in extracellular vesicles: what can be
learned about membrane structure and function? Cold Spring Harb Perspect Biol.
(2023) 15:a041415. doi: 10.1101/cshperspect.a041415

17. Raposo G, Nijman HW, Stoorvogel W, Liejendekker R, Harding CV, Melief CJ,
et al. B lymphocytes secrete antigen-presenting vesicles. ] Exp Med. (1996) 183:1161-
72. doi: 10.1084/jem.183.3.1161

18. Mondal J, Pillarisetti S, Junnuthula V, Saha M, Hwang SR, Park IK, et al. Hybrid
exosomes, exosome-like nanovesicles and engineered exosomes for therapeutic
applications. J Control Release. (2023) 353:1127-49. doi: 10.1016/j.jconrel.2022.12.027

19. Jin ], Xiao T, Zhang YF, Zheng H, Wang H, Wang R, et al. Hierarchical MXene/
transition metal chalcogenide heterostructures for electrochemical energy storage and
conversion. Nanoscale. (2021) 13:19740-70. doi: 10.1039/D1NR05799E

20. Han J, Zhang Y, Ge P, Dakal TC, Wen H, Tang S, et al. Exosome-derived CIRP:
An amplifier of inflammatory diseases. Front Immunol. (2023) 14:1066721.
doi: 10.3389/fimmu.2023.1066721

21. Leel, Choi Y, Shin DU, Kwon M, Kim S, Jung H, et al. Small extracellular vesicles
as a new class of medicines. Pharmaceutics. (2023) 15:325-50. doi: 10.3390/
pharmaceutics15020325

22. Vietri M, Radulovic M, Stenmark H. The many functions of ESCRTs. Nat Rev
Mol Cell Biol. (2020) 21:25-42. doi: 10.1038/s41580-019-0177-4

23. Remec Pavlin M, Hurley JH. The ESCRTs - converging on mechanism. J Cell Sci.
(2020) 133:jcs240333. doi: 10.1242/jcs.240333

Frontiers in Oncology

07

10.3389/fonc.2024.1502283

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

24. Wang C, Chen Y, Hu S, Liu X. Insights into the function of ESCRT and its role in
enveloped virus infection. Front Microbiol. (2023) 14:1261651. doi: 10.3389/
fmicb.2023.1261651

25. Lawrence JA, Aguilar-Calvo P, Ojeda-Juarez D, Khuu H, Soldau K, Pizzo DP,
et al. Diminished neuronal ESCRT-0 function exacerbates AMPA receptor
derangement and accelerates prion-induced neurodegeneration. ] Neurosci. (2023)
43:3970-84. doi: 10.1523/JNEUROSCI.1878-22.2023

26. Meng B, Ip NCY, Abbink TEM, Kenyon JC, Lever AML. ESCRT-II functions by
linking to ESCRT-I in human immunodeficiency virus-1 budding. Cell Microbiol.
(2020) 22:13161. doi: 10.1111/cmi.13161

27. Larios J, Mercier V, Roux A, Gruenberg J. ALIX- and ESCRT-III-dependent
sorting of tetraspanins to exosomes. J Cell Biol. (2020) 219:¢201904113. doi: 10.1083/
jcb.201904113

28. Marie PP, Fan §J, Mason ], Wells A, Mendes CC, Wainwright SM, et al.
Accessory ESCRT-III proteins are conserved and selective regulators of Rablla-
exosome formation. ] Extracell Vesicles. (2023) 12:e12311. doi: 10.1002/jev2.12311

29. Liao Y, Chen X, Miller-Little W, Wang H, Willard B, Bulek K, et al. The Ras
GTPase-activating-like protein IQGAP1 bridges Gasdermin D to the ESCRT system to
promote IL-1B release via exosomes. EMBO J. (2023) 42:110780. doi: 10.15252/
embj.2022110780

30. DaiJ, SuY, Zhong S, Cong L, Liu B, Yang J, et al. Exosomes: key players in cancer
and potential therapeutic strategy. Signal Transduct Target Ther. (2020) 5:145.
doi: 10.1038/s41392-020-00261-0

31. Lai JJ, Chau ZL, Chen SY, Hill JJ, Korpany KV, Liang NW, et al. Exosome
processing and characterization approaches for research and technology development.
Adv Sci (Weinh). (2022) 9:¢2103222. doi: 10.1002/advs.202103222

32. Kimiz-Gebologlu I, Oncel SS. Exosomes: Large-scale production, isolation, drug
loading efficiency, and biodistribution and uptake. J Control Release. (2022) 347:533—
43. doi: 10.1016/j.jconrel.2022.05.027

33. Le MN, Fan ZH. Exosome isolation using nanostructures and microfluidic
devices. BioMed Mater. (2021) 16:022005. doi: 10.1088/1748-605X/abde70

34. Sidhom K, Obi PO, Saleem A. A review of exosomal isolation methods: is size
exclusion chromatography the best option? Int J Mol Sci. (2020) 21:6466-85.
doi: 10.3390/ijms21186466

35. Ansari FJ, Tafti HA, Amanzadeh A, Rabbani S, Shokrgozar MA, Heidari R, et al.
Comparison of the efficiency of ultrafiltration, precipitation, and ultracentrifugation
methods for exosome isolation. Biochem Biophys Rep. (2024) 38:101668. doi: 10.1016/
j.bbrep.2024.101668

36. Guo SC, Tao SC, Dawn H. Microfluidics-based on-a-chip systems for isolating
and analysing extracellular vesicles. ] Extracell Vesicles. (2018) 7:1508271. doi: 10.1080/
20013078.2018.1508271

37. Welsh JA, Goberdhan DCI, O’Driscoll L, Buzas EI, Blenkiron C, Bussolati B,
et al. Minimal information for studies of extracellular vesicles (MISEV2023): From
basic to advanced approaches. ] Extracell Vesicles. (2024) 13:¢12404. doi: 10.1002/
jev2.12404

38. Karimi N, Cvjetkovic A, Jang SC, Crescitelli R, Hosseinpour Feizi MA,
Nieuwland R, et al. Detailed analysis of the plasma extracellular vesicle proteome
after separation from lipoproteins. Cell Mol Life Sci. (2018) 75:2873-86. doi: 10.1007/
s00018-018-2773-4

39. Lark DS, Stemmer K, Ying W, Crewe C. A brief guide to studying extracellular
vesicle function in the context of metabolism. Nat Metab. (2024) 6:1839-41.
doi: 10.1038/s42255-024-01112-w

40. Suwatthanarak T, Thiodorus IA, Tanaka M, Shimada T, Takeshita D, Yasui T,

et al. Microfluidic-based capture and release of cancer-derived exosomes via peptide-
nanowire hybrid interface. Lab Chip. (2021) 21:597-607. doi: 10.1039/DOLC00899K

41. Paskeh MDA, Entezari M, Mirzaei S, Zabolian A, Saleki H, Naghdi MJ, et al.
Emerging role of exosomes in cancer progression and tumor microenvironment
remodeling. ] Hematol Oncol. (2022) 15:83. doi: 10.1186/s13045-022-01305-4

42. Carmeliet P, Jain RK. Molecular mechanisms and clinical applications of
angiogenesis. Nature. (2011) 473:298-307. doi: 10.1038/nature10144

43. Zhou J, Liu X, Dong Q, Li J, Niu W, Liu T. Extracellular vesicle-bound VEGF in
oral squamous cell carcinoma and its role in resistance to Bevacizumab Therapy.
Cancer Cell Int. (2024) 24:296. doi: 10.1186/s12935-024-03476-1

frontiersin.org


https://doi.org/10.3390/ijms22073600
https://doi.org/10.1016/j.cell.2023.03.010
https://doi.org/10.3390/ijms22073528
https://doi.org/10.3389/fcell.2021.616306
https://doi.org/10.1038/s41556-024-01432-9
https://doi.org/10.1126/science.aau6977
https://doi.org/10.3389/fcell.2022.877344
https://doi.org/10.3389/fcell.2022.877344
https://doi.org/10.1016/j.ymthe.2023.02.013
https://doi.org/10.1186/s12951-023-01969-1
https://doi.org/10.1186/s12951-023-01969-1
https://doi.org/10.1182/blood.2021015280
https://doi.org/10.1016/j.pharmthera.2021.108025
https://doi.org/10.1038/s41368-023-00274-9
https://doi.org/10.3390/cells12101416
https://doi.org/10.1007/978-1-0716-1186-9_9
https://doi.org/10.1007/978-1-0716-2144-8_13
https://doi.org/10.1007/978-1-0716-2144-8_13
https://doi.org/10.1101/cshperspect.a041415
https://doi.org/10.1084/jem.183.3.1161
https://doi.org/10.1016/j.jconrel.2022.12.027
https://doi.org/10.1039/D1NR05799E
https://doi.org/10.3389/fimmu.2023.1066721
https://doi.org/10.3390/pharmaceutics15020325
https://doi.org/10.3390/pharmaceutics15020325
https://doi.org/10.1038/s41580-019-0177-4
https://doi.org/10.1242/jcs.240333
https://doi.org/10.3389/fmicb.2023.1261651
https://doi.org/10.3389/fmicb.2023.1261651
https://doi.org/10.1523/JNEUROSCI.1878-22.2023
https://doi.org/10.1111/cmi.13161
https://doi.org/10.1083/jcb.201904113
https://doi.org/10.1083/jcb.201904113
https://doi.org/10.1002/jev2.12311
https://doi.org/10.15252/embj.2022110780
https://doi.org/10.15252/embj.2022110780
https://doi.org/10.1038/s41392-020-00261-0
https://doi.org/10.1002/advs.202103222
https://doi.org/10.1016/j.jconrel.2022.05.027
https://doi.org/10.1088/1748-605X/abde70
https://doi.org/10.3390/ijms21186466
https://doi.org/10.1016/j.bbrep.2024.101668
https://doi.org/10.1016/j.bbrep.2024.101668
https://doi.org/10.1080/20013078.2018.1508271
https://doi.org/10.1080/20013078.2018.1508271
https://doi.org/10.1002/jev2.12404
https://doi.org/10.1002/jev2.12404
https://doi.org/10.1007/s00018-018-2773-4
https://doi.org/10.1007/s00018-018-2773-4
https://doi.org/10.1038/s42255-024-01112-w
https://doi.org/10.1039/D0LC00899K
https://doi.org/10.1186/s13045-022-01305-4
https://doi.org/10.1038/nature10144
https://doi.org/10.1186/s12935-024-03476-1
https://doi.org/10.3389/fonc.2024.1502283
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Zhao et al.

44. Lv S, Luo T, Yang Y, Li Y, Yang J, Xu J, et al. NaalOp and IKKo interaction
regulates EMT in oral squamous cell carcinoma via TGF-B1/Smad pathway. J Cell Mol
Med. (2021) 25:6760-72. doi: 10.1111/jcmm.v25.14

45. You D, Wang Y, Xu J, Yang R, Wang W, Wang X, et al. MiR-3529-3p from
PDGF-BB-induced cancer-associated fibroblast-derived exosomes promotes the
Malignancy of oral squamous cell carcinoma. Discovery Oncol. (2023) 14:166.
doi: 10.1007/s12672-023-00753-9

46. Sun L, Kang X, Wang C, Wang R, Yang G, Jiang W, et al. Single-cell and spatial
dissection of precancerous lesions underlying the initiation process of oral squamous
cell carcinoma. Cell Discovery. (2023) 9:28. doi: 10.1038/s41421-023-00532-4

47. Pomella S, Melaiu O, Dri M, Martelli M, Gargari M, Barillari G. Effects of
angiogenic factors on the epithelial-to-mesenchymal transition and their impact on the
onset and progression of oral squamous cell carcinoma: an overview. Cells. (2024)
13:1294-320. doi: 10.3390/cells13151294

48. Flemming A. RNA exosome essential for early B cell development. Nat Rev
Immunol. (2022) 22:462-3. doi: 10.1038/s41577-022-00758-5

49. Chamorro Petronacci CM, Pérez-Sayans M, Padin Iruegas ME, Suarez
Penaranda JM, Lorenzo Pouso Al Blanco Carrion A, et al. miRNAs expression of
oral squamous cell carcinoma patients: Validation of two putative biomarkers. Med
(Baltimore). (2019) 98:¢14922. doi: 10.1097/MD.0000000000014922

50. Lakshmi S, Hughes TA, Priya S. Exosomes and exosomal RNAs in breast cancer:
A status update. Eur J Cancer. (2021) 144:252-68. doi: 10.1016/j.ejca.2020.11.033

51. Tang XH, Guo T, Gao XY, Wu XL, Xing XF, Ji JF, et al. Exosome-derived
noncoding RNAs in gastric cancer: functions and clinical applications. Mol Cancer.
(2021) 20:99. doi: 10.1186/s12943-021-01396-6

52. DuY, Shuai Y, Wang H, Li H, Li Y. Exosome-mediated long noncoding RNA
(IncRNA) PART1 suppresses Malignant progression of oral squamous cell carcinoma
via miR-17-5p/SOCS6 axis. Turk J Med Sci. (2023) 53:630-9. doi: 10.55730/1300-
0144.5625

53. He L, Guo J, Fan Z, Yang S, Zhang C, Cheng B, et al. Exosomal miR-146b-5p
derived from cancer-associated fibroblasts promotes progression of oral squamous cell
carcinoma by downregulating HIPK3. Cell Signal. (2023) 106:110635. doi: 10.1016/
j.cellsig.2023.110635

54. Wang WZ, Cao X, Bian L, Gao Y, Yu M, Li YT, et al. Analysis of mRNA-miRNA
interaction network reveals the role of CAFs-derived exosomes in the immune
regulation of oral squamous cell carcinoma. BMC Cancer. (2023) 23:591.
doi: 10.1186/s12885-023-11028-5

55. Mao X, Xu J, Wang W, Liang C, Hua J, Liu J, et al. Crosstalk between cancer-
associated fibroblasts and immune cells in the tumor microenvironment: new
findings and future perspectives. Mol Cancer. (2021) 20:131. doi: 10.1186/s12943-
021-01428-1

56. Sahu S, Routray S. Assessing the analytical efficacy of TEX in diagnosing oral
cancer using a systematic review approach. J Oral Pathol Med. (2021) 50:123-8.
doi: 10.1111/jop.13126

57. Ono K, Eguchi T, Sogawa C, Calderwood SK, Futagawa J, Kasai T, et al. HSP-
enriched properties of extracellular vesicles involve survival of metastatic oral cancer
cells. J Cell Biochem. (2018) 119:7350-62. doi: 10.1002/jcb.v119.9

58. Kitsukawa Y, Fukumoto C, Hyodo T, Komiyama Y, Shiraishi R, Koike A, et al.
Difference between keratinized- and non-keratinized-originating epithelium in the
process of immune escape of oral squamous cell carcinoma. Int | Mol Sci. (2024)
25:3821-33. doi: 10.3390/ijms25073821

59. Adeola HA, Bello IO, Aruleba RT, Francisco NM, Adekiya TA, Adefuye AO,
et al. The practicality of the use of liquid biopsy in early diagnosis and treatment
monitoring of oral cancer in resource-limited settings. Cancers (Basel). (2022) 14:1139-
53. doi: 10.3390/cancers14051139

60. Prakash N, Pradeep GL. Circulating biomarkers in oral cancer: Unravelling the
mystery. ] Oral Maxillofac Pathol. (2022) 26:300-6. doi: 10.4103/jomfp jomfp_338_22

61. Wang X, Huang J, Chen W, Li G, Li Z, Lei J. The updated role of exosomal
proteins in the diagnosis, prognosis, and treatment of cancer. Exp Mol Med. (2022)
54:1390-400. doi: 10.1038/s12276-022-00855-4

62. Birtwistle L, Chen XM, Pollock C. Mesenchymal stem cell-derived extracellular
vesicles to the rescue of renal injury. Int ] Mol Sci. (2021) 22:6596-623. doi: 10.3390/
ijms22126596

63. Law ZJ, Khoo XH, Lim PT, Goh BH, Ming LC, Lee WL, et al. Extracellular
vesicle-mediated chemoresistance in oral squamous cell carcinoma. Front Mol Biosci.
(2021) 8:629888. doi: 10.3389/fmolb.2021.629888

64. Pang X, Wang SS, Zhang M, Jiang J, Fan HY, Wu JS, et al. OSCC cell-secreted
exosomal CMTM6 induced M2-like macrophages polarization via ERK1/2 signaling

Frontiers in Oncology

08

10.3389/fonc.2024.1502283

pathway. Cancer Immunol Immunother. (2021) 70:1015-29. doi: 10.1007/500262-020-
02741-2

65. Krug AK, Enderle D, Karlovich C, Priewasser T, Bentink S, Spiel A, et al.
Improved EGFR mutation detection using combined exosomal RNA and circulating
tumor DNA in NSCLC patient plasma. Ann Oncol. (2018) 29:700-6. doi: 10.1093/
annonc/mdx765

66. Jung SW, Cho WH, Seo JW, Kim YG, Moon JY, Kim JS, et al. Urine exosomal
bkv-miR-B1-5p and BK virus nephropathy in kidney transplant recipients. J Infect Dis.
(2023) 227:1185-93. doi: 10.1093/infdis/jiac440

67. Zhu L, Sun HT, Wang S, Huang SL, Zheng Y, Wang CQ, et al. Isolation and
characterization of exosomes for cancer research. | Hematol Oncol. (2020) 13:152.
doi: 10.1186/s13045-020-00987-y

68. Zhou W, Zhou Y, Chen X, Ning T, Chen H, Guo Q, et al. Pancreatic cancer-
targeting exosomes for enhancing immunotherapy and reprogramming tumor
microenvironment. Biomaterials. (2021) 268:120546. doi: 10.1016/
j.biomaterials.2020.120546

69. Cheng B, Li C, Li ], Gong L, Liang P, Chen Y, et al. The activity and immune
dynamics of PD-1 inhibition on high-risk pulmonary ground glass opacity lesions:
insights from a single-arm, phase II trial. Signal Transduct Target Ther. (2024) 9:93.
doi: 10.1038/541392-024-01799-z

70. Jia Y, Yu L, Ma T, Xu W, Qian H, Sun Y, et al. Small extracellular vesicles
isolation and separation: Current techniques, pending questions and clinical
applications. Theranostics. (2022) 12:6548-75. doi: 10.7150/thno.74305

71. Zhao L, Wang H, Fu J, Wu X, Liang XY, Liu XY, et al. Microfluidic-based
exosome isolation and highly sensitive aptamer exosome membrane protein detection
for lung cancer diagnosis. Biosens Bioelectron. (2022) 214:114487. doi: 10.1016/
j.bi0s.2022.114487

72. Heo J, Kang H. Exosome-based treatment for atherosclerosis. Int J Mol Sci.
(2022) 23:1002-15. doi: 10.3390/ijms23021002

73. Shao J, Zaro J, Shen Y. Advances in exosome-based drug delivery and tumor
targeting: from tissue distribution to intracellular fate. Int ] Nanomed. (2020) 15:9355—
71. doi: 10.2147/1JN.S281890

74. Zhang M, Hu S, Liu L, Dang P, Liu Y, Sun Z, et al. Engineered exosomes from
different sources for cancer-targeted therapy. Signal Transduct Target Ther. (2023)
8:124. doi: 10.1038/541392-023-01382-y

75. Chen H, Xue R, Huang P, Wu Y, Fan W, He X, et al. Modified Exosomes: a Good
Transporter for miRNAs within Stem Cells to Treat Ischemic Heart Disease. ]
Cardiovasc Transl Res. (2022) 15:514-23. doi: 10.1007/s12265-022-10216-1

76. Galimberti S, Genuardi E, Mazziotta F, Iovino L, Morabito F, Grassi S, et al. The
minimal residual disease in non-hodgkin’s lymphomas: from the laboratory to the
clinical practice. Front Oncol. (2019) 9:528. doi: 10.3389/fonc.2019.00528

77. Bao H, Chen Y, Zhang Y, Lan H, Jin K. Exosomes-based immunotherapy for
cancer: Effective components in the naive and engineered forms. Int
Immunopharmacol. (2024) 139:112656. doi: 10.1016/j.intimp.2024.112656

78. Zhang M, Liang J, Yang Y, Liang H, Jia H, Li D. Current trends of targeted drug
delivery for oral cancer therapy. Front Bioeng Biotechnol. (2020) 8:618931. doi: 10.3389/
fbioe.2020.618931

79. Wan J, He Z, Peng R, Wu X, Zhu Z, Cui J, et al. Injectable photocrosslinking
spherical hydrogel-encapsulated targeting peptide-modified engineered exosomes for
osteoarthritis therapy. J Nanobiotechnol. (2023) 21:284. doi: 10.1186/s12951-023-
02050-7

80. Nie W, Wu G, Zhang ], Huang LL, Ding J, Jiang A, et al. Responsive exosome
nano-bioconjugates for synergistic cancer therapy. Angew Chem Int Ed Engl. (2020)
59:2018-22. doi: 10.1002/anie.201912524

81. Kase Y, Uzawa K, Wagai S, Yoshimura S, Yamamoto JI, Toeda Y, et al.
Engineered exosomes delivering specific tumor-suppressive RNAi attenuate oral
cancer progression. Sci Rep. (2021) 11:5897. doi: 10.1038/541598-021-85242-1

82. LiM, Yin S, Xu A, Kang L, Ma Z, Liu F, et al. Synergistic phototherapy-molecular
targeted therapy combined with tumor exosome nanoparticles for oral squamous cell
carcinoma treatment. Pharmaceutics. (2023) 16:33-54. doi: 10.3390/
pharmaceutics16010033

83. LiK, QiuY, Liu X, Huang F. Biomimetic nanosystems for the synergistic delivery

of miR-144/451a for oral squamous cell carcinoma. Balkan Med J. (2022) 39:178-86.
doi: 10.4274/balkanmedj.galenos.2022.2021-11-1

84. Sayyed AA, Gondaliya P, Mali M, Pawar A, Bhat P, Khairnar A, et al. MiR-155
inhibitor-laden exosomes reverse resistance to cisplatin in a 3D tumor spheroid and
xenograft model of oral cancer. Mol Pharm. (2021) 18:3010-25. doi: 10.1021/
acs.molpharmaceut.1c00213

frontiersin.org


https://doi.org/10.1111/jcmm.v25.14
https://doi.org/10.1007/s12672-023-00753-9
https://doi.org/10.1038/s41421-023-00532-4
https://doi.org/10.3390/cells13151294
https://doi.org/10.1038/s41577-022-00758-5
https://doi.org/10.1097/MD.0000000000014922
https://doi.org/10.1016/j.ejca.2020.11.033
https://doi.org/10.1186/s12943-021-01396-6
https://doi.org/10.55730/1300-0144.5625
https://doi.org/10.55730/1300-0144.5625
https://doi.org/10.1016/j.cellsig.2023.110635
https://doi.org/10.1016/j.cellsig.2023.110635
https://doi.org/10.1186/s12885-023-11028-5
https://doi.org/10.1186/s12943-021-01428-1
https://doi.org/10.1186/s12943-021-01428-1
https://doi.org/10.1111/jop.13126
https://doi.org/10.1002/jcb.v119.9
https://doi.org/10.3390/ijms25073821
https://doi.org/10.3390/cancers14051139
https://doi.org/10.4103/jomfp.jomfp_338_22
https://doi.org/10.1038/s12276-022-00855-4
https://doi.org/10.3390/ijms22126596
https://doi.org/10.3390/ijms22126596
https://doi.org/10.3389/fmolb.2021.629888
https://doi.org/10.1007/s00262-020-02741-2
https://doi.org/10.1007/s00262-020-02741-2
https://doi.org/10.1093/annonc/mdx765
https://doi.org/10.1093/annonc/mdx765
https://doi.org/10.1093/infdis/jiac440
https://doi.org/10.1186/s13045-020-00987-y
https://doi.org/10.1016/j.biomaterials.2020.120546
https://doi.org/10.1016/j.biomaterials.2020.120546
https://doi.org/10.1038/s41392-024-01799-z
https://doi.org/10.7150/thno.74305
https://doi.org/10.1016/j.bios.2022.114487
https://doi.org/10.1016/j.bios.2022.114487
https://doi.org/10.3390/ijms23021002
https://doi.org/10.2147/IJN.S281890
https://doi.org/10.1038/s41392-023-01382-y
https://doi.org/10.1007/s12265-022-10216-1
https://doi.org/10.3389/fonc.2019.00528
https://doi.org/10.1016/j.intimp.2024.112656
https://doi.org/10.3389/fbioe.2020.618931
https://doi.org/10.3389/fbioe.2020.618931
https://doi.org/10.1186/s12951-023-02050-7
https://doi.org/10.1186/s12951-023-02050-7
https://doi.org/10.1002/anie.201912524
https://doi.org/10.1038/s41598-021-85242-1
https://doi.org/10.3390/pharmaceutics16010033
https://doi.org/10.3390/pharmaceutics16010033
https://doi.org/10.4274/balkanmedj.galenos.2022.2021-11-1
https://doi.org/10.1021/acs.molpharmaceut.1c00213
https://doi.org/10.1021/acs.molpharmaceut.1c00213
https://doi.org/10.3389/fonc.2024.1502283
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Exosomes in oral squamous cell carcinoma: functions, challenges, and potential applications
	1 Introduction
	2 Biological characteristics of exosomes
	3 Biogenesis and extraction of exosomes
	3.1 Biogenesis of exosomes
	3.2 Isolation of exosomes

	4 Research progress on the biological role of exosome in OSCC
	4.1 Exosome regulates OSCC growth by transporting growth factors
	4.2 Exosome regulates OSCC growth by transporting nucleic acids

	5 Applications of exosomes in OSCC diagnosis
	6 Application of exosome in the treatment of OSCC
	6.1 Na&iuml;ve exosome on OSCC treatment
	6.2 Modified exosome on OSCC treatment

	7 Conclusions and challenges of exosomes on OSCC diagnosis and treatment
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher’s note
	References


