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Abstract

Oral cancer includes about 2% of all malignancies, 
whereas the most prevalent kind is Oral Squamous Cell Car-
cinoma (OSCC), which constitutes for 90% of oral cancers 
with a poor prognosis and a superior local relapse. Since 
OSCC often spreads to lymph nodes in its advanced stages, 
the investigation of new treatment methods should be pri-
oritized. Head and Neck Squamous Cell Carcinoma (HNSCC) 
is one of the predominant malignant tumors influencing hu-
man health as a result of late diagnosis and a superior rate 
of invasion. HNSCC patients have an overall poor survival 
rate despite recent improvements in treatment techniques. 
Hence, developing more efficient strategies continues to be 
a major concern. Small membrane vesicles known as exo-
somes are found in bodily fluids and are produced by endo-
somes. They have a range of mRNAs, non-coding RNAs, pro-
teins, circular RNAs, ribosomal RNAs, tsRNAs, and piRNAs. 
Regulating the tumor microenvironment by exosomes pro-
vides the conditions for cancer expansion, and the transfer 
of their constituents to target cells is associated with the col-
onization, metastasis, and proliferation of OSCC and HNSCC. 
In the current study, we examine the part exosomes play 
in the emergence and identification of OSCC and HNSCC, 
besides their possible use in the therapy of these cancers.
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Introduction

The most prevalent oral malignancy, Oral Squamous Cell Car-
cinoma (OSCC), is a genetic condition characterized by a propen-
sity for lymph node metastasis (LNM) [1]. The 5-year endurance 
rate for OSCC is only 50%, which is still a poor prognosis despite 
recent enhancements in treatment outcomes. Therefore, late 
diagnosis leads to the infeasibility of curative resections [2]. The 
sixth most prevalent kind of cancer globally is head and neck 
squamous cell carcinoma (HNSCC) [3]. The pharynx, larynx, 
and oral cavity are all parts of the head and neck region, and 
because they are all covered in squamous epithelium, most of 
head and neck tumors are squamous cell carcinomas [4]. The 
main HNSCC development sources are some genetic alterations 
and environmental factors like Human Papillomavirus (HPV) 
infection, alcohol consumption, and tobacco use [5,6,7]. Even 
though there have been numerous developments in HNSCC 
treatment approaches and molecularly targeted techniques, 
the 5-year endurance rate has not yet increased notably and 
is approximately 60% [8,9]. Exosomes are small (diameter: 30-
150 nm), membranous, and extracellular endocytic microves-
icles that are created after endocytosis, MVB formation, and 
finally secretion [10-13]. Extracellular vesicles (EVs), so called 
microvesicles, exosomes, and apoptotic bodies, are nanoscale 
lipid bilayer vesicles that are normally discharged from cells into 
the extracellular matrix (ECM) [14-17](Figure 1). According to 
recent studies, EVs can carry proteins, mRNAs, DNA fragments, 
and non-coding RNAs (ncRNAs) as “cargo”, which can be used 
as diagnostic biomarkers for OSCC and HNSCC [12,13,18]. Exo-
somes have an important role in inducing long-distance inter-
cellular connection signals by microRNA (miRNAs), mRNAs, and 
proteins [19,20,21]. 

Exosomal miRNAs regulate the expression of proteins in-
cluded in the genomic instability, proliferation, apoptosis, and 
metastasis of tumor cells as well as immune responses, making 
them valuable diagnostic biomarkers for different malignancies. 
Serum miRNAs are able to be utilized as OSCC identification 
markers because research has shown that patients with OSCC 
have superior rates of exosomal miR-21 compared to healthy 
people and patients with chronic hepatitis [22]. Furthermore, 
exosomes are essential for the development of OSCC and HN-
SCC and their transformation manner should be investigated 
carefully to be able to obviously describe their role in diagno-
sis and treatment. This article reviews the recent advances of 
exosomes in the detection, progression, and treatment of OSCC 
and HNSCC and highlights the multifaceted functions of tumor 
micro environmental-derived EVs, exosomes exchanges be-
tween normal and cancer cells, and the noninvasive diagnostic/
therapeutic applications of exosomes. 

Exosome Biogenesis

The formation of early endosomes (EEs), whose membranes 
bud to cytoplasmic contents and result in the formation of intra-
luminal vesicles (ILVs), is the beginning biogenesis of exosomes 
[23,24]. Multivesicular Bodies (MVBs) or “late endosomes” 
(LEs) are created by dozens of ILVs and can recycle vesicles after 
transport to the trans-Golgi network [25]. Exosome biogenesis 
necessitates an ESCRT-dependent and occasionally ESCRT-inde-
pendent regulated endosomal sorting complex for transfer. ES-
CRT is made up of associated proteins (VPS4, Tsg101, and ALIX) 
and four complexes (ESCRT-0, ESCRT-I, ESCRT-II, and ESCRT-III). 
The protein ubiquitin (ub) checkpoint determines a crossing 
point for the delivery of cargo which is located at the beginning 
part of the ESCRT-dependent route and includes all the ESCRT 

subunits. ESCRT-0 recognizes ubiquitinated cargo proteins by 
using STAM1/2 and HRS heterodimer [26,27,28]. The mem-
brane is then deformed by the addition of ESCRT-I and ESCRT-
II to ESCRT-0, which stabilizes the membrane neck. ESCRT-III 
cleaves the vesicle neck using the Vps4 complex, releasing the 
buds into the endosome [26]. Finally, lysosomes are ready to 
degrade ILVs whose cargo has not been deubiquitinated by deu-
biquitylating enzymes (DUBs) [29].

ESCRT-independent pathway in exosome biogenesis occurs 
in melanosomes and consists of lipids and related proteins such 
as tetraspanin [30]. Tetraspanin CD63 participates in invagina-
tion of melanosome membrane independently from ESCRT and 
ceramide [31]. A different marker protein called ALIX delivers 
unubiquitinated cargoes to the ILVs by interacting with ESCRT-III 
and binding to Tetraspanin CD63 [32]. Pmel17, a melanosomal 
protein, interacts with lipids and its luminal domains to cause 
the formation of ILV [33]. According to the latest discoveries, 
the lipid-rich areas of an endosomal membrane, like sphingo-
myelin, ceramide, and cholesterol are where the protein PLP 
(proteolipid protein) is transported to the ILVs independently 
of ESCRT. A defect in sphingomyelinase (SMase or SMPD2), the 
enzyme that converts sphingomyelin to ceramide, prevents the 
formation of ILV because ceramide-rich regions of endosomes 
are more prone to inward budding [32]. The incoming MVBs 
reach their ultimate intracellular location after completing all of 
these steps. There are two possible outcomes for MVBs: either 
they move toward the plasma membrane and discharge their 
ILVs into the extracellular space, or their ubiquitinated cargo 
causes them to fuse with lysosomes and degrade [34.35]. With 
the aid of the soluble N-ethyl maleimide (NEM)-sensitive fac-
tor attachment protein receptor (SNARE) complex, membrane 
fusion and subsequent exosome secretion are accomplished. 
The process of membrane fusion is triggered by synaptotagmin, 
a calcium-sensing protein, interacting with MVBs. The trans-
SNARE complex then allows accumulated MVBs to dock with 
the membrane, releasing exosomes into the extracellular envi-
ronment [36]. Understanding exosome biogenesis and release 
(Figure 1) is certainly crucial as it can be beneficial in developing 
new therapeutic strategies.

Figure 1: Biogenesis and secretion of exosome inside endo-
somal system. Early endosomes (EEs) are composed by endodontic 
vesicles binding. EEs go through two routes as illustrated: Either by 
getting back to the plasma membrane or being converted into LEs/
MVBs by means of sprouting inside of the membrane, resulting in 
packing of cargos into ILVs. ILVs are later categorized as ESCRT in-
dependent or dependent proteins which are composed of four dif-
ferent types including ESCRT-O, ESCRT-1, ESCRT-II and ESCRT-111, 
constituting ESCRT mechanism that wide spreads the under lay-
ers on the part of the concave sprouting endosomal membrane. 
Afterwards, ILVs either get degraded by lysosomes or rescued by 
DUBs. Later, MVBs are guided toward the cell periphery by means 
of Rab27A and Rab27B. After all, MVBs are combined with plasma 
membrane by getting aid from SNARE complex and ILVs are freed 
into the extracellular scope, now known as exosomes.
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Exosome contents

Exosomes, which are secreted by various cells, contain a col-
lection of biomolecules, like nucleic acids, lipids, and proteins 
[37,38]. Exosome composition is also influenced by a collection 
of proteins, containing enzymes, transcription factors, recep-
tors, extracellular matrix proteins, nucleic acids (miRNA, mRNA, 
and DNA), and lipids [39]. Exosome content also contains dif-
ferent cell-specific lipids, which are crucial for exosome bio-
genesis, regulating recipient cell homeostasis, and maintaining 
exosome morphology [40-42]. The internal membrane of MVBs 
contains the high-density lipid lyosbisphosphatidic acid (LBPA), 
which promotes the formation of ILV [43]. Many ILVs such as 
tetraspanins, Tsg101, and Alix constitute exosome content. 
Moreover, many exosome nucleic acids consisting of mRNAs 
and non-coding RNAs like lncRNAs, miRNAs, ribosomal RNAs 
(rRNAs), circRNAs, piwi-interacting RNAs (piRNAs), small nucle-
ar RNAs (snRNAs), transfer RNAs (tRNAs), and small nucleolar 
RNAs (snoRNAs) have been found recently [44]. 

The protein content of the exosome is mainly composed 
of specific and non-specific proteins. Cell adhesion molecules 
(CAMs), tetraspanins, integrins, MHC class I, and II, and trans-
ferrin receptors (TfR) belong to specific protein types. Simulta-
neously, non-specific exosome proteins are flotillin, Rab2, Rab7, 
annexin, cytoskeleton proteins including tubulin, actin, myosin, 
heat shock molecules like Hsc70 and Hsc90, and proteins such 
as Alix that regulate the genesis of MVBs [39,45]. 

According to the latest discoveries, exosomes can influ-
ence target cells' hemostasis by changing the recipient cells' 
lipid composition, particularly their levels of cholesterol and 
sphingomyelin. A database called ExoCarta contains more than 
47,000 entries for mRNA, lipid, and protein and contains both 
unpublished and published information about exosome con-
tent. Furthermore, the data saved in ExoCara can be useful for 
exosome characterization [46].

Exosome characterization 

Characterization of exosomes is mainly accomplished using 
several biophysical, molecular, and microfluidic methods such 
as dynamic light scattering, nanoparticle tracking analysis, re-
sistive pulse sensing, transmission electron microscopy, atomic 
force microscopy, and flow cytometry (Table 1). 

One of the biophysical techniques named Nanoparticle 
Tracking Analysis (NTA) is used to ascertain the concentration 
and size dispensation of exosomes with a size range of 10 nm to 
2 µm. In this technique, the movement of exosomes is tracked 
using image analysis of each particle [47]. NTA has many advan-
tages, such as the ability to measure extremely small particles 
(30 nm) and to detect various Evs, including exosomes. Another 
advantage of this method is very quick and easy sample prep-
aration that only takes a few minutes [48]. The application of 
fluorescently labeled antibodies can also be used to find anti-
gens on Evs [47]. 

A different method known as photon correlation spectros-
copy, also referred to as Dynamic Light Scattering (DLS), is uti-
lized for determining the size of exosomes. DLS operates by a 
monochromatic coherent laser beam passing through a suspen-
sion of particles [49]. Positive and negative interference as well 
as time-dependent fluctuations in scattering intensity are the 
results of Brownian motions of the particles in a sample. This 
technique is not complicated to use, however, it does not in-
volve particle visualization. This method is excellent for being 

able to measure monodispersed suspension particles with sizes 
ranging from 1 nm to 6 µm. 

When larger vesicles are present, even in trace amounts, 
they prevent the detection of smaller particles in the suspen-
sion [50,51]. Analyzing size and location of Evs in red blood cells 
has shown the effectiveness of this technique [52]. 

Exosome concentration and size dispensation are deter-
mined by means of Tunable Resistive Pulse Sensing (TRPS), a 
novel approach for distinguishing colloidal pieces with sizes 
ranging from about 50 nm in diameter to the size of cells [52]. 
A collection of nanoparticle suspensions composed of magnetic 
beads and different biomolecules are measured successfully 
by TRPS. This method's main drawback, which results in pore 
blocks from particles, is a stability issue with the system. An-
other drawback is that the sensitivity problem makes it impos-
sible to identify very small particles opposed to the background 
noise of the system. It has been discovered that the stability 
and sensitivity of the system can be increased by optimizing the 
system's parameters, including accuracy, system noise, and sen-
sitivity cutoff limits [53]. Using this method, the extracellular 
matrix-binding of leukemia-derived Evs to particles with diam-
eters between 200 and 300 nm was examined [54]. By analyzing 
the size distributions of Evs made to transport enzymes, TRPS 
has also been used to treat Alzheimer's disease and deliver an-
ticancer miRNAs to tumor cells [55,56]. 

By detecting and documenting interactions between a sam-
ple's surface and a probing tip, atomic force microscopy (AFM) 
can be utilized to study exosomes instead of optical and electron 
diffraction methods. This method is renowned for its capacity to 
analyze samples in their natural settings while requiring little 
sample preparation and without compromising the process 
[57,58]. Characterizing morphology, abundance, biomolecular 
make-up, and biomechanics of exosome is facilitated by us-
ing AFM as a nanoscale tool [57]. Under various experimental 
conditions, such as temperature, the condition of the AFM tip, 
varying scan speed, or the power between the probe and the 
sample, the sample is characterized using external analyses. 
AFM has been found practical for characterizing Evs derived 
from saliva [59], synovial fluid [60], and blood [61,62]. 

Transmission electron microscopy, known as TEM, is an ap-
proach that is frequently utilized for describing the dimension, 
shape, and composition of a wide variety of biological compo-
nents. TEM generates images by first sending an electron beam 
through a specimen and then generating a second electron. 
TEM and cryo-electron microscopy (cryo-EM) are the two pri-
mary forms of electron microscopy that are utilized in the ma-
jority of biological research settings. Specimens require being 
fixed in glutaraldehyde and then dehydrated before they can 
be viewed using TEM. Additionally, the images need to be ob-
tained in a vacuum environment. Numerous drawbacks of TEM 
include the extensive, destructive, and difficult preparation that 
may change the morphology of the Evs. Furthermore, biologi-
cal samples can get damaged by TEM electron beams. Cryo-EM 
is used for EV analysis to minimize damage from TEM electron 
beams. Since the samples are submerged in liquid nitrogen dur-
ing cryo-EM, there are no ultrastructural alterations or element 
reallocation. Cryo-EM is the most effective technique for gener-
ating proteins and nanoparticles free of artifacts caused by de-
hydration. Finding specific proteins within exosomes, which are 
often labeled and visualized using particular fluorescent dyes, 
is the most essential part of investigating the biological roles of 
exosomes. Exosomes are typically labeled and visualized using 
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unique fluorescent dyes. However, due to inflated fluorescence 
signals, exosomes are not able to be distinguished by means 
of this method [63,64]. Therefore, immunogold EM has been 
used as a substitute method for figuring out how certain pro-
teins work. 

Another technique for quantifying exosome size and struc-
ture through a molecular approach is flow cytometry [65]. Ultra-
centrifugation, followed by western blotting and NTA, is one of 
the most reliable techniques for this method because the initial 
samples are so important [66]. Particles smaller than 300 nm 
are too nanoscopic for conventional flow cytometers to detect 
[67]. In order for a flow cytometer to perform its intended func-
tion, a laser beam with a particular wavelength must be sent via 
a fluid stream that contains suspended particles. In addition, by 

employing this technology, fluorescently dyed particles are able 
to be assessed, which makes it possible for flow cytometry to 
investigate the granulation and sizes of the particles compared 
to one another [68]. Because of the limitations imposed by their 
size on detection, conventional flow cytometers are not able to 
detect a sizable number of particles. Recent research has result-
ed in the development of a flow cytometer that possesses high-
resolution imaging, fluorescence amplification, and improved 
sensitivity forward scatter detection. This allows researchers 
to differentiate labeled exosomes from background pollutants 
[69,70]. The latest generation of flow cytometers has the abil-
ity to identify Evs with a diameter of less than 300 nm, enables 
the rapid identification of suspended exosomes, and quantifies 
and categorizes exosomes depending on the amount of antigen 
expression they display [71].

Table 1: Exosome characterization methods.

Method Advantages Disadvantages Throughput References

Nanoparticle tracking 
analysis

minimal sample provision, quick, 
and reusable samples

Because of the requirement for a high level of sample purity, 
polydispersed particles cannot be used.

High [48,72,73,74] 

Dynamic light scattering
Quick (minutes), samples are 
reusable

The bias for larger particles makes it unsuitable for polydis-
persed particles, and a minimum sample concentration is 
needed.

High  [72,74,75,76]

Tunable resistive pulse 
sensing 

Appropriate for polydispersed 
samples

Multiple membranes are required for the various sizes of 
exosomes, which are ascertained by the size and shape of 
the membrane pores, the vesicle surface characteristic, and 
membrane clogging.

High [72,78,79,80]

Atomic force microscopy
Clear disparity on flat samples, 
more detailed images 

Influenced by vesicle immobilization No [74,78,82,83,84]

Flow cytometry Single particle detection Influenced by particle aggregates High [76,86]

Transmission electron 
microscopy

High-resolution images Sample preparation (fixation and staining) No [15,87]

The role of exosomes in the pathogenesis of OSCC and HN-
SCC

Exosome derived miRNAs’ role in cancer pathogenesis has 
been an interesting subject of research in recent years. Exosom-
al miRNAs are considered important arbitrators in the cross-talk 
between cancer cells and macrophages. Tumor-related mac-
rophages (TAMs), which be classified into two groups (M1 and 
M2) according to their task, are vital constituents of the tumor 
microenvironment and have a crucial part in cancer pathogen-
esis [88]. Different cells containing immune and tumor cells in 
TME can transfer nucleotides and proteins during the cancer 
progression and lead to pathogenesis of tumor growth and 
metastasis [89,90]. The uptake of exosomes from OSCC cells 
by monocytes activates the NF-κB route and creates a pro-in-
flammatory environment [91]. Proteomes vary from on another 
including compatibility with cisplatin therapy inside exosomes 
which leads to notable alterations in the secreted exosomes 
[92]. 

MiRs can apply both anti- and pro-tumorigenic influences 
using miR-specific and context-reliant mechanisms [93]. It has 
been found that the reduction of miR-34a levels leads to the 
pathogenesis of different kinds of cancer such as HNSCC [94]. 
Hypoxia induces caveolin-1 secretion in HNSCC cells through 
trafficking by Evs, which can create a pseudo-hypoxic environ-
ment and result in lepathogenesis and tumor development 
[95,96].

Proliferation 

Exosome derived miRNAs are conceivable identifying bio-
markers for different malignancies, which aid in adjusting ex-
pression of protein in proliferating cell and immune response 
[97]. Exosomal miR-34a-5p and miR-382-5p from CAFs have a 
crucial duty in the proliferating, migrating, and invading OSCC 
[98,99]. MiR-24-3p, miR-891a, miR-106a-5p, miR-2a-5p, and 
miR-1908 which are derived from OSCC cells suppress the 
feedback from T-cell in the tumor body and manipulate cell dif-
ferentiation and proliferation [100]. Furthermore, TGFBR1 ac-
tivity is diminished by miR-142-3p originated from exosomes 
which results in proliferating OSCC cell in vitro and in vivo [101]. 
MiR-101-3p and MiR-223 have been discovered to impede cell 
proliferation due to their tumor suppressor properties. In addi-
tion, miR-34a-5p restrains proliferating SCC-15 and CAL-27 cells 
[102]. OSCC originated exosomes lead to production of LncRNA 
FLJ22447 which aids in activation of CAFs and promotes OSCC 
cell proliferation through IL-33 [103]. 

Angiogenesis has a crucial part in cancer progression. Ac-
cording to a recent study, TGF-β containing exosomes that are 
originated from HNSCC encourage angiogenesis in vitro and in 
vivo [104].

Furthermore, miR-3188 carrying exosomes that are originat-
ed from CAF are able to affect the proliferation of HNSCC cells 
in vitro and in vivo. Therefore, exosome-delivered miR-3188 can 
have a therapeutic value in prohibiting HNSCC development 
[105]. As salivary exosomal miRNAs are promising diagnostic 
biomarkers for OSCC, the proliferation of recipient malignant 
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cells also increases following the effect of exogenous exosome 
miR-24-3p by targeting the PER1 protein [106]. HNSCC cell pro-
liferation and resistance to apoptosis occur due to two tumor 
suppressors named CDKN1B and ING5 [107].

Metastasis

Exosomes induce OSCC metastasis by means of conveying 
their substance to target cells. Metastatic invasion results in 
poor OSCC prognosis, with a tendency for local recurrence and 
distant metastasis [124]. Exosomal miRNAs are capable of being 
diagnostic biomarkers for different malignancies, tumor metas-
tasis, and immune responses [108]. OSCC develops following 
increased miRNA expression in exosomes [109]. 

MiR-342-3p and miR-1246 have an extensive part in metas-
tasis of OSCC and raising the chance of cell motility and invasive 
ability [110]. Exosomes originated from tumors are able to op-
erate as message carriers in the tumor environment, resulting 
in tumor enlargement and metastasis [98]. CAFs are one of the 
most prevalent constituents of the TME and have a crucial part 
in tumor progression and metastasis [111]. Latest discoveries 
have shown that metastasis of OSCC cells is improved by exo-
somes that are originated from CAFs. Tumor growth and metas-
tasis are commonly associated with angiogenesis. OSCC metas-

tasis can be influenced by exosome-derived OSCC cells acting as 
preventative or promotive agents on angiogenesis [112]. 

Over 90% of all head and neck cancers are categorized as 
HNSCC with superior rates of tumor recurrence/metastasis and 
poor patient endurance [113]. Li et al. showed that cancer cell 
encroachment, metastasis, and angiogenesis were induced by 
exosomes originated from HCC transferring LOXL4 between 
HCC cells and human umbilical vein endothelial cells (HUVECs) 
[114]. Epithelial To Mesenchymal Conversion (EMT) has a cru-
cial role in tumor progress and induces the encroachment and 
metastasis of tumor cells into the stroma. Exosome-derived in-
tercellular connection results in EMT, and investigation of this 
process has resulted in great advances cancer metastasis field 
[115]. After the plasma from 44 patients with HNSCC and 7 
healthy donors were evaluated , superior levels of immunosup-
pressive proteins in CD44v3+ exosomes were found in compari-
son with CD44v3(-) exosomes. The relative fluorescence magni-
tude of the mentioned markers was related to more developed 
disease phases and lymph node metastasis [116]. Recently, 
researchers have discovered that tumor cell-derived exosomes 
are able to produce Heat Shock Proteins (HSP), that are present 
at superior rates in patients with HNSCC and may be utilized as 
biomarkers for cancer metastasis [117,118].

Table 2: Exosomes’ influence on the tumor microenvironment.

Origin/cell line of exosome Isolation method Outcome Ref.

PCI-13 HNSCC 
Differential centrifugation and
mini-SEC

Apoptosis of triggered CD8+ T cells by TEX and cell surface signaling used for 
regulating Treg restrainer purposes.

[119]

PCI-13 HNSCC SEC and ultracentrifugation
Proliferation and signaling of activated CD8+ T cells were impeded by TEX and led 
to Treg enlargement.

[120]

PCI-13 HNSCC SEC and ultracentrifugation
Treg’s production, growth, biological activity and abiding against apoptosis was 
incited by TEX.

[121]

C15 and C17 PDX (originat-
ed from patient’s xenograft) 
NPC 

Differential centrifugation and
sucrose gradient flotation

TEX expedited Treg engagement and enlargement of CD25high FOXP3high Treg. [122]

PCI-13 HNSCC 
Differential centrifugation, SEC,
and ultracentrifugation

The expression of genes associated with immune-function in T cell subdivisions 
interpreting into elevated adenosine generation and lack of CD69 expression on 
triggered T cells.

[123]

UM-SCC-1 
and 96-VU-147T-UP-6 
HNSCC 

Differential ultracentrifugation and 
iodixanol gradient centrifugation

TEX and patient-originated exosomes (from both plasma and tumor) induced 
neurite projection in PC12 neuronal replica cells. [124]

PCI-13 and UM-SCC47 
HNSCC 

Differential centrifugation and
mini-SEC

Endothelial cells were proliferated and migrated by TEX which induced tube 
formation and angiogenesis.

[125]

HOC313 OSCC SEC and ultracentrifugation
TEX induced cell growth of highly metastatic cells and promoted cell motion of 
cells that are poorly metastasized by means of delivering miR-1246.

[109]

RT-7 OSCC and HSC-3
Differential centrifugation and
Total Exosome Isolation Kit
(Invitrogen)

Alteration of normal epithelial cells to a mesenchymal phenotype by EGFR-posi-
tive TEX that was impeded by cetuximab.

[126]

SVpgC2a, 
SQCC/Y1, and SVFN8 OSCC

Differential centrifugation and
ultracentrifugation

Transcriptome profile in oral keratinocytes was altered by TEX concerning path-
ways associated with matrix remodeling and immune modulation.

[127]

CAL-27 OSCC and SCC-9
ExoQuick Exosome Precipitation
Kit (System Biosciences)

TEX originated from hypoxic cells escalated migration and encroachment of nor-
moxic cells by delivering miR-21.

[128]

HPV(+) UM-SCC-2, HPV(-) 
PCI-13, and PCI-30 HNSCC 

Differential centrifugation and
mini-SEC

Immune modulatory proteins were transferred by HPV(+) and HPV(-) TEX and T 
cell activity was impeded. Dendritic cell activity was restrained only by HPV(-) TEX 

[129]

HPV(+) UM-SCC-2,
HPV(-) PCI-13, and PCI-30 
HNSCC 

Differential centrifugation and
mini-SEC

HPV(-) and HPV(+) TEX received the proteomic load. CD276 and CD47 were 
abundantly present in HPV(+) TEX , while more MUC-1, tumor-protective/growth-
improving antigens and HLA-DA were found in HPV(-) TEX. 

[130]

HPV(+) SCC-90,
HPV(-) SAS, and CAL-33 
HNSCC 

Differential centrifugation and
ultracentrifugation

Macrophages were modified into the M1 phenotype by iR-9-improved TEX from 
HPV(+) HNSCC and resulted in accretion of radiosensitivity of HPV(+) HNSCC 
patients. 

[131]
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HSC-3 and SCC-9 OSCC
Differential centrifugation and
ultracentrifugation

TEX originated from cisplatin-resistant cells produced chemoresistance in platin-
naive cells and resulted in abatement of DNA destruction signaling in reaction to 
cisplatin.

[108]

Primary, HNSCC patient-
derived cancer-associated 
fibroblasts

Differential centrifugation and
ultracentrifugation

TEX originated from cisplatin-resistant cancer-associated fibroblasts awarded 
chemoresistance and transferring functional miR-196a led to formation of an ag-
gressive phenotype in cancer cells.

[106]

KYSE30
and KYSE180 ESCC

Differential centrifugation and
ultracentrifugation

Radioresistant cells revealed different miRNA expression profiles in comparison 
with normal cells and exosome derived miR-339-5p arbitrated in controlling 
radiosensitivity.

[132]

UM-SCC-6 HNSCC Differential centrifugation and SEC
After irradiated cells disengaged TEX, a proteomic analysis showed overexpres-
sion of proteins included as a result of reaction to radiation, ROS metabolism, and 
DNA restoration.

[133]

FaDu HNSCC 
Total Exosome Isolation Kit
(Invitrogen) and ultracentrifugation

Irradiated cells disengaged the proteomic profile of TEX which was notably 
changed in comparison with TEX from nonirradiated cells.

[134]

BHY and FaDu HNSCC 
Differential centrifugation and
ultracentrifugation

TEX originated from irradiated cells aided in endurance and proliferation and 
awarded a moving phenotype to receiver cancer cells.

[135]

Resistance to conventional therapy 

Improved resistance against conventional OSCC therapies 
has contributed to numerous problems in combating malignant 
OSCC. Exososmes derived from miRNAs have a crucial part in 
growing, metastasis, and resistance against drugs [108]. Based 
on studies by Liu et al., exosomes target PDCD4 and PTEN to 
award the cisplatin abidance of the parental OSCC cells after 
miR-21 is transferred by cisplatin-resistant OSCC cells[136]. 
Hence, factors related to resistance are ought to be included 
as therapeutic targets for the productive therapy of OSCC as 
exosomes might be a potential vector for abidance shifting 
in cancer cells. In addition to OSCC, gastrointestinal cancer is 
also resistant to chemotherapy agents like cisplatin. Exosome 
derived lncRNAs induce tumor cell’s chemo resistance and the 
progress in TME by various procedures. lncRNA HOTTIP derived 
from exosomes attaches to miR-218 for triggering HMGA1 and 
has an important part in awarding cisplatin abidance to impres-
sionable cancer cells[137].

Tumor abidance to conventional chemotherapy drugs is still 
a substantial challenge in combating HNSCC[138]. Exosomes 
can promote resistance by sequestering, efflux, or protecting 
cells from the influence of drugs and inhibiting its intracellular 
accretion [139], or by external therapeutic resistance by pro-
moting intercellular connection and transferring mRNAs, miR-
NAs, DNAs, and/or proteins[106]. 

Targeting CDKN1B and ING5 contributes to HNSCC cell pro-

liferation and resistance to apoptosis [140]. Exosomes provide 
cellular communications in TME, which aids them in anticancer 
therapy resistance. A significant amount of information about 
the effect of exosomes on the TME was obtained following an 
analysis of TEX originated from supernatants of human tumor 
cell origins (Table 2). An established theory suggests that upreg-
ulation of AKT signaling has an important part in radioresistance 
in HNSCC cells [141].

The role of exosomes in the diagnosis of OSCC and HNSCC 

As late OSCC diagnosis is risky, prevention, early diagnosis, 
and treatment productiveness require urgent improvement 
[142]. In this regard, the duty of exosomes and their transport 
pattern in the diagnosis and therapy of OSCC should be consid-
ered. A disruption in miRNAs regulation leads to the progression 
of miscellaneous kinds of cancers like OSCC. Hence, miRNAs 
are promising diagnostic biomarkers for OSCC [143-145]. Exo-
somal protein markers like TRAP1, EGFR, heat shock protein 90 
(HSP-90), and MMP-13, that are able to influence the intracel-
lular activity of genes are potential diagnostic markers for early 
OSCC diagnosis [146,147]. According to Li et al., there are free 
exosomes in blood with contents associated with OSCC, which 
include proteins such as PF4V1, CXCL7, F13A1, and ApoA1 and 
have the potential to be used for diagnosing OSCC [148]. As an 
alternative method for tissue-based sampling, a more noninva-
sive technique known as liquid biopsy is used for the diagnosis 
of OSCC [149]. Liquid biopsies identify exosomes, circulating tu-
mor DNA, and circulating tumor cells for diagnosing oral cancer 

Figure 2: The extracted exosomes from blood or saliva were experimented in the research facility. MiR-10b-5p, 
miR-486, miR-517b-3p, miR-3-2b-3p, CEP55, FOXM1 and CD63 are carried by exosomes and are able to be utilized 
as possible biomarkers for HNSCC diagnosis, therapy and prognosis assessment. 
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using blood and saliva [97]. 

Evs are potential cancer biomarkers due to being present in 
body fluids like blood and saliva (Figure 2). Diagnostics based 
on Evs are the most suitable noninvasive diagnosis candidates 
[150]. Exosomal Centrosomal protein 55 (CEP55) and forkhead 
box protein M1 (FOXM1) mRNA carriers in the blood are poten-
tial noninvasive cancer biomarkers in the diagnosis and progno-
sis of HNSCC [127].

The role of exosomes in the treatment of OSCC and HNSCC 

Over the past few years, the treatment of OSCC has im-
proved significantly. MiRNAs are potential treatment options 
for OSCC treatment [105,144,145]. Exosomal miRNAs such as 
salivary exosome MiR-24-3p have been identified as potential 
therapeutic targets in the treatment of OSCC [151]. Xie et al. 
used lenti-miR-138 virus gd T cell-derived exosomes (gdTDEs) 
as a drug delivery system in the treatment of OSCC [152]. Con-
flicting effects identified in normal prostatic epithelial cells 
with treatment of exosome-containing miR-143 have resulted 
in bio-safety confirmation [153]. According to Rosenberg et al., 
exosome therapy suppresses angiogenic activity, including ves-
sel density and vascular area as exosomes control VEGF secre-
tion by preventing the angiogenic activity [97]. Liquid biopsy 
aids in repeated sampling to monitor the treatment response 
in cancers such as OSCC screening programs [154]. Moreover, 
the constitution of target-specific exosomes demonstrates an 
increase in the efficacy of cancer treatment [155]. 

Even though there have been numerous improvements in 
HNSCC surgical treatment, chemoradiotherapy, and immu-
notherapy, there’s still no effective way to control more than 
two-thirds of HNSCC patients’ clinical progression [156]. The 
use of biomarkers in the detection of HNSCC has gained pop-
ularity because it increased the effectiveness of treatment in 
recent years [157]. Disease-associated exosomal miRNAs such 
as HPV or EGFR, which are overexpressed in 90% of HNSCC, 
are considered highly valuable, as they have the potential to 
guide HNSCC therapy [158,159,160]. According to Theodoraki 
and colleagues, patients’ plasma-derived exosomes at defined 
time points before, during, and after therapy could be reliable 
noninvasive biomarkers in the treatment of patients cured with 
surgery/©RT and those with advanced HNSCC relapse [161]. 
Synthetic exosome-mimics, which have limited bioavailability, 
are useful for inducing endogenous and exogenous delivery in 
the treatment of HNSCC [162]. According to Kobayashi et al., 
soluble inhibitors of UCH-L1 have been seen to be effective in 
diminishing lymph node metastasis of HNSCC [131]. MiRNA-9-
rich EXOs derived from HPV (+) HNSCC result in polarization of 
macrophage M1 by downregulating peroxisome proliferator-
activated receptor δ (PPARδ) and developing the radiosensitiv-
ity of tumors, making miRNA-9 a useful potential treatment for 
HNSCC [163]. The first-line treatment for HNSCC is Cisplatin-
based chemotherapy regimens, which are mostly used in com-
bination with 5-Fluorouracil (5-FU) or taxane.

Conclusion 

In this review, we highlighted exosome biogenesis and the 
main mechanisms for exosome-derived metastasis and chemo-
resistance. Understanding the role of exosomes in influencing 
tumor phenotype, angiogenesis, immune modulation, metas-
tasis, and drug resistance is an essential point that should not 
be ignored. There are still numerous challenges in separating, 
expanding, and identifying clinically relevant exosomes, espe-

cially in heterogeneous cancers such as OSCC and HNSCC. On 
the other hand, cancer-derived specific exosomes seem to be 
promising for early cancer diagnosis and therapy. Moreover, ac-
curate identification of exosomes and their cargos provides a 
more opportunistic future as efforts to evolve new exosome-
based therapeutics and diagnostics are necessary to increase 
the survival of cancer patients. 
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