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EVs has spread from various medical fields to otorhinolaryngology, as well as head and neck surgery (ORL-HNS).
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| 1. Introduction

As defined by the International Society for Extracellular Vesicles (ISEV), EVs are particles naturally released from cells,
delimited by a lipid bilayer, which cannot replicate since they do not contain a functional nucleus .

| 2. Applicability of EVs in ORL-HNS

2.1. EV-Based Diagnostics
2.1.1. Head and Neck Cancer

HNSCC typically originates in deeper tissues and is usually harder to see or palpate. For that reason, it is often
discovered too late, i.e., when it has already progressed locally or metastasised to the cervical lymph nodes.
Approximately two-thirds of patients with HNSCC are diagnosed at an advanced stage, and more than half of them
experience a recurrence at least once, 90% of them within the first two years [&. This contributes to the high burden of
HNSCC; prompt diagnosis is therefore crucial BIAIEI6I7IE]

When it comes to diagnostics, some exosomal molecules’ unique and consistent expression patterns make them a
promising biomarker in some diseases of ORL-HNS. Since EVs are ubiquitous, they can be isolated from tumour liquid
biopsy samples or non-invasively collected body fluids, e.g., saliva, plasma, urine. Although using EVs in these settings is
becoming increasingly popular in diagnosis, their use is still limited due to the overlapping cellular structure and
composition of the tumour and normal cells &,

Recently, the most often studied potential EV-related biomarkers from different samples, including the above-mentioned
diagnostic methods, have been EV levels.

A study by Hoshino et al. (2020) provided a proteomic analysis of EV and particles (EVPs) from 426 human samples,
identifying pan-EVP markers, and biomarkers for EVP isolation, cancer detection and cancer type. In addition, a study of
EVP proteomes was run to identify universal EVP markers, improve the isolation of human EVPs and offer a resource for
early cancer detection with liquid biopsies. Among the exosome markers investigated, HSPA8 (Heat Shock Protein Family
A (Hsp70) Member 8), HSP90AB1 (Heat Shock Protein 90 Alpha Family Class B Member 1), CD9, and ALIX (apoptosis-
linked gene 2-interacting protein X), isolated from cells, tissues, and most biofluids, were found to be the most prominent
and represent the so-called pan-EVP markers (19,

Tumour tissue biopsies and fine-needle aspiration biopsies are the most commonly used diagnostic methods in ORL-
HNS. However, due to their invasive nature and inadequate representation of tumoral heterogeneity, liquid biopsies are
being explored as an alternative to track the dynamics of the disease. Liquid biopsy uses a non-solid tissue sample, such
as blood, saliva, urine or cerebrospinal fluid, for the same purposes as traditional biopsy. In addition, samples are
investigated for specific biomarkers related to the disease in question, most often circulating tumour cells (CTC),
circulation tumour DNA (ctDNA) or exosomes, which can confirm the diagnosis and enable a further follow-up [,

Utilisation of EV Levels as Diagnostic Tools

A comparison of salivary (i.e., derived from saliva) and plasma (i.e., derived from plasma) EVs from patients with oral
cancer showed that higher levels of salivary medium/large EVs were associated with higher levels of plasma
medium/large EVs, the presence of lymph node metastasis, and therefore, higher TNM stage (T referring to primary



tumour size and site, N describing (regional) lymph node involvement and M the presence of distant metastasis) 2.
Additional studies have revealed that salivary EVs in oral cancer are larger, have a more irregular morphology, aggregate
more quickly and show a unique infrared signature (i.e., features when analysed with infrared spectroscopy) L3124115] ¢
remains to be investigated why such morphological changes occur, but they confirm the variations in cancer EVs
morphology, which might be a consequence of the total increase in the size of secreted EVs or their aggregation after
excretion into body fluids. However, the changes in EV shape, size or structure demonstrate the influence of
pathophysiological conditions on modifications at the single-EV level.

A study by Theodoraki et al. (2019) compared the total exosomal protein levels, ratios between tumour-derived exosome
(TEX) levels and total exosome levels, and specific immune cell-derived exosomes in patients with HNSCC who remained
disease-free at two years after therapy, with those whose disease had recurred in the 2-year follow-up. In addition, the
study evaluated the value of plasma-derived CD3(+) exosomes as an alternative for T cell isolation and CD3(-) TEX as an
alternative for tumour biopsies. Patients with locally advanced HNSCC included in the study received a combination
therapy with cetuximab, ipilimumab and radiation therapy. In cases that responded to treatment, ultimately, the total
exosomal protein levels, TEX levels/total exosome levels ratios, and levels of total CD3+, CD3(-)PD-L1+ and CD3+15s+
(regulatory T cells) exosomes decreased or remained unchanged compared to pre-treatment. In contrast, their levels
increased in patients who had experienced a recurrence 28l These results support the predictive role of exosomes as
non-invasively acquired biomarkers in HNSCC.

Diagnosis Based on DNA Content in EVs

Little research has been done on EV DNA and its relation to HNC and cancer other than HNC. Some studies suggest that
EVs may contain tumour-specific DNA 78] and others have additionally shown that EVs are loaded with DNA
fragments without any apparent selectivity 2. In relation to HNC, more research is yet to be done on the topic, and
should focus on detecting tumour and human papillomavirus (HPV)-specific DNA, which plays a vital role in HNSCC
pathogenesis.

Diagnosis Based on RNA Content in EVs

More recently, the ability of EVs to transport different types of RNAs, such as messenger RNAs (mMRNAs), micro RNAs
(miRNAs or miR), long non-coding RNAs (IncRNAs) and circular RNAs (circRNAs), to target cells has become an
essential topic of research. So far, the most frequently studied have been miRNAs, which are small, non-coding RNAs
that take part in RNA silencing and the post-transcriptional regulation of gene expression. miRNAs are therefore involved
in dysregulations, which lead to the development and invasion of many types of cancer. For that reason, EV-derived
miRNAs have been studied as potential biomarkers in different types of tumours, including HNSCC 29, |n a recent
systemic review, specific exosomal miRNAs from saliva that showed tremendous potential for use as oral and
oropharyngeal cancer biomarkers included miR-10b-5p, miR-486-5p, miR-24-3p and miR-200a. All of these are involved
in sustaining a favourable microenvironment for tumour growth, whether through modulation of the immune response,
tumour cell cycle and proliferation, growth and migration, or invasion and metastasis 24,

Another critical aspect in HNC diagnosis that has been considered in EV profiling is HPV status. HPV+ oropharyngeal
cancer shows different molecular, histopathologic and clinical characteristics, affects a different group of patients, and may
require less aggressive therapy, with a better outcome than HPV- cancer 24, An analysis of exosomes produced by
HNSCC showed a distinction between HPV+ and HPV- cancer cells. In terms of their immune response, only HPV- cell-
derived exosomes suppressed the maturation of dendritic cells and the expression of proteins involved in antigen
processing machinery. Further investigations of exosomal miRNA revealed the overexpression of specific miRNAs, such
as miR-1972 in HPV- cells and miR-205-5p in HPV+ cells, which may indicate their role in the alteration of antigen
processing machinery and tumour immune responses 23],

Another study, by Ramayanti et al. (2019), performed exosomal miRNA sequencing in patients with nasopharyngeal
cancer, which is proven to be associated with EBV (Epstein—Barr virus) infection. The study identified a crucial positive
correlation between higher circulating EV BART13-3p miRNA levels and nasopharyngeal cancer compared to healthy
individuals or those with asymptomatic EBV infection. miR-BART13-3p promotes the migration of tumour cells and
metastasis by driving epithelial-mesenchymal transition via the downregulation of the tumour suppressor AB12 [24],
Compared to healthy individuals, its detection appeared to be most specific and selective for nasopharyngeal cancer
status in the early and late stages of the disease. This EV biomarker seems to outperform the more classic EBV-DNA load
or EBV IgA serology, since it showed higher sensitivity and specificity than the other two more traditional methods (23,



circRNA consists of large, non-coding RNA, which plays a vital role in gene expression regulation by inhibiting miRNAs.
Due to its more excellent stability because of its circular structure, it has been thought to have more potential use as a
biomarker than linear RNA. The upregulation of specific types of circRNA has been related to laryngeal cancer 28 and the
staging of oral cancer 22,

Diagnosis Based on Protein Content in EVs

Since EVs function as carriers for signal molecules, most of which are proteins, several studies have investigated this type
of cargo as a potential biomarker. So far, some of the potential candidates with overexpression in HNSCC-derived EVs
are EGFR (epidermal growth factor receptor), PD-L1 (programmed death-ligand 1) and CD44, promoting increased
proliferation, migration and metastatic potential in tumoral cells, as well as a poor prognosis [&. Another example was the
isolation of EV proteins from metastatic oral cancer cells, whereby the molecular chaperones HSP90 (heat shock protein
90), TRAPL(TNF receptor associated protein 1) and HSP105 (heat shock protein 105) were shown to be the most
promising metastatic and prognostic biomarkers. They play an essential role in protein-folding, stabilising growth factor
receptors and regulating anti-apoptotic pathways, with their increased expression coinciding with a worse prognosis (28],

A study by Qu et al. (2021) has identified a set of EV proteins, dysregulated in EVs, isolated from the plasma of patients
with oral tongue squamous cell cancer with or without neck lymph node metastasis. Thus, out of many potential
candidates, a lot of them have been established as a potential biomarker for oral tongue squamous cell cancer, some of
them (such as platelet factor 4 variant, tubulin beta-4A chain, histone H2B type 2-E, and collagen alpha-1) being
informative of nodal status as well (22,

2.1.2. Sino-Nasal Diseases
Diagnosis Based on EV miRNA Profile

A recent study compared healthy individuals, analysing EVs and their miRNA profiles in nasal lavage fluid from patients
with chronic rhinosinusitis (CRS). The results showed a statistically significant difference in the expression of specific EV
miRNAs (five upregulated and seven downregulated) between patients with CRS and healthy subjects. There was also a
statistically significant difference in the expression of miRNAs between patients with CRS with nasal polyposis (CRSwWNP)
and patients with CRS without nasal polyposis (CRSsNP). The altered miRNA expression allegedly promotes the
biosynthesis of specific glycans, which are an essential mechanism for CRS development. In addition, other upregulated
or downregulated miRNAs act on specific signalling pathways in the nasal mucosa responsible for tissue remodelling in
nasal polyps (2],

A different analysis has suggested the essential role of miR-22-3p isolated from nasal lavage fluid exosomes of patients
with CRSWNP, whose overexpression increases vascular permeability by targeting endothelial membrane proteins,
aggravating inflammation and tissue oedema 29,

Diagnosis Based on EV Protein Content

Researchers have suggested that exosomes derived from the nasal mucosa epithelial cells of patients with CRSwWNP are
partially responsible for creating conditions for abnormal epithelial growth. At the same time, these exosomes contain
CRSwNP-specific proteins, which could potentially serve as biomarkers of the persistence or recurrence of nasal polyps
after treatment, and facilitate the development of targeted delivery for antagonistic exosomes or anti-exosomal antibodies
to neutralise the effects of endogenous exosomes 4.

Several studies have confirmed the altered protein structure and function, or overexpression, of specific proteins in
exosomes isolated from nasal mucosa of patients with CRSWNP and CRSsNP. The overexpression of serine protease
inhibitors with the downregulation of the fibrinolysis pathway has also been found. This leads to fibrin accumulation in
polypoid tissue, a pro-inflammatory environment, and tissue remodelling with fibrosis Bl. Moreover, integrin B6
upregulation and the upregulation of the biomarkers involved in endothelial to mesenchymal transformation have been
found in basal cells of patients with severe CRSWNP 2, |n exosomes isolated from nasal lavage fluid, airway mucin 5AC
upregulation, which promotes tissue remodelling and angiogenesis, was found in patients with nasal polyposis 231,

2.1.3. Hearing Disorders

In a study investigating the role of exosomes in middle ear cholesteatoma, keratinocytes and fibroblasts were collected
during mastoidectomy and then isolated. The study showed that miRNA-17 from keratinocyte exosomes upregulates
fibroblast protein expression, promoting the differentiation of osteoclasts and, therefore, bone destruction, and is the
essential factor in cholesteatoma pathogenesis .



Another study examined the protective role of exosomes in the inner ear. Exosomes isolated from mice utricle, especially
supporting cells, exhibited a specific surface-associated protein, HSP70 (70 kilodalton heat shock protein), which interacts
with sensory cell surface protein TLR4 (toll-like receptor 4) and further promotes its survival. The exact intracellular
signalling pathway of promotion has not been well studied so far. However, since it has been proven that exosomes have
an essential role in intracellular communication, protection and promotion of survival in the inner ear, they make a good
potential therapeutic deliverer to the site [,

A new potential use of exosomes has been discovered in terms of their neuroprotective abilities and hearing loss
protection in the inner ear. A first in vivo study used human UC-MSC (umbilical cord-derived mesenchymal stem cells)
EVs to investigate their ability to prevent auditory neuronal damage after exposure to noise trauma. Their use appears to
be beneficial, with support of neuronal survival and noise-induced damage repair, presumably by a combination of the
EVs’ effects on immunomodulatory cytokines, the modification of the intracellular transduction of hair cell function, the
morphology of auditory neurons and the release of EV miRNA, which further regulates signalling in target cells, primarily
to alter their immune response €.

Similarly, another study investigated the potential of exosomes isolated from mouse inner ear stem cells and their effect
on gentamicin-induced ototoxicity. The study showed that isolated miRNA-182-5p could inhibit pro-apoptotic factors and
their signalling pathways, which are deregulated during gentamicin-induced hair cell apoptosis. Again, this discovery
provides some new therapeutic options, but has yet to be studied further 241,

2.2. EV-Based Therapy

When delivering therapeutics to the site of action, the main obstacles are low accumulation and bioavailability in the target
tissue, fast clearance, and the off-target toxicity of the therapeutic. Out of all nanoparticles available, liposomes have been
proven to be the most successful delivery vehicles. In terms of their similar properties, EVs also make a probable nano
therapy candidate 2. However, their clinical application remains a challenge. To overcome this challenge, several
platforms have been designed to isolate and harvest EVs. These platforms are divided based on their origin: native EVs,

EVs from genetically engineered cells, post-modified EVs (drug-loaded or surface modified), and EV-inspired liposomes
s8]

2.2.1. Regenerative Therapy

To date, a considerable amount of research has been done on the therapeutic use of platelet- and extracellular vesicle-
rich plasma (PVRP). PVRP contains a high concentration of platelets and platelet-derived EVs that are primarily known for
their regenerative effect. It has been used for years in various surgical fields. In ORL-HNS, PVRP has been chiefly applied
for better post-operative wound healing and pain reduction, usually in a gel BZ. The procedures include chronic temporal
bone inflammation treatment 38, repair of auricle trauma B2 and eardrum perforation, posterior external ear canal wall
reconstruction 4%, mastoid reconstruction 44, rhinoplasty ¥2 in post-surgical nasal packing 3!, frontal sinus obliteration
(441 anterior skull base CSF leakage 2, aesthetic procedures on the skin of the face and neck 8, cleft lip 42, lesions of
the oral mucosa 8, osteoradionecrosis of the mandible 49, pharyngoplasty in obstructive sleep apnea syndrome B9,
esophagocutaneous 52 and pharyngocutaneous fistula 52, and suprafacial parotidectomy B753],

In contrast to PVRP, EVs have been used in regenerative medicine as isolates in some non-ORL-HNS preclinical settings,
e.g., a study by Otahal et al. (2020) investigating the chondroprotective effects of EVs from autologous blood-derived
products in the treatment of osteoarthritis. The characterisation of EVs from CPRP (citrate-anticoagulated platelet-rich
plasma) revealed that EVs from enriched blood products are sufficient to cause changes in chondroprotective and
chondrogenic gene expression and the modulation of pro-inflammatory signalling on mRNA and protein levels in
osteoarthritis chondrocytes, surpassing total blood products[24.

2.2.2. Head and Neck Cancer Treatment

In HNC, EVs have strong potential use as targets of treatment, and also as treatment substances. EVs can be targeted at
their synthesis, secretion and internalisation. EVs’ unique properties enable them to encapsulate drugs or other bioactive
molecules and, therefore, function as drug delivery systems. Moreover, they can directly modulate the immune response
in carcinogenesis via the bioactive substances they carry from the mother celll@.

Treatment via Modulation of EV Synthesis, Secretion and Uptake

There has been much research on this topic since EVs’ biosynthesis and release mechanisms could be modulated, which
could be applied to treat various diseases.



It was shown by Zhang et al. (2019) that macrophages stimulated with ODN (CpG oligodeoxynucleotides), a TLR9 (Toll-
like receptor) agonist, release EVs carrying ODN and Cdc42. These EVs synergistically stimulate naive macrophages to
propagate an intracellular immune response. This study offers a possible efficient approach to treat various inflammatory
diseases based on the modulation of EV secretion and uptake[22,

In investigations of the genetic manipulation of exosome secretion in tumoral cells, the RAB family have been proved to
regulate exosome secretion®8, More specifically, Rab27A/B proteins regulate cancer cell-intrinsic properties while also
being involved in exchanging exosomes between different cells within the tumour microenvironment in HNSCC. The
genetic deletion of both Rab27A and Rab27B in HNSCC cells reduced the exosome-mediated induction of innervation in
vitro and in vivol®Z,

A study by Madeo et al. (2018) showed that GW4867, a neutral sphingomyelinase inhibitor, reduces the release of
CD9+/CD81+ EVs from HNC, which further reduces the infiltration of nerves into tumoral tissue and therefore the
progression of the diseasel®8l. Targeting EV release or blocking the ability of neurons to spread further in the tumour is
thus a good focus in HNSCC treatment. However, it is known that EVs are not involved only in tumorigenesis and disease
progression, but also in tumour suppression and immune cell activation®,

Treatment via Inhibition of EV Internalisation

There are many different pathways of EV endocytosis, and they usually depend on proteins expressed on the surface of
EV and the target cell. It is therefore likely that EVs are taken up by more than one route. There are several substances
known to block EV internalisation, but there is still little evidence of the effects of this inhibition. There is also a lack of
knowledge of specific steps in this process in relation to HNC. So far, it has been reported that chemotherapeutic
cetuximab could have blocking effects on EVs derived from oral tongue cancer, which may be related to surface EGFREY,

Treatment via Modulation of EV Cargo Components

With the ability of EVs to transfer biomolecules, they make good drug delivery carrier candidates. There are several
known methods of loading EVs with cargo, such as direct incubation with EVs, passive loading by incubation with donor
cells, electroporation, sonication, the freeze/thaw method, extrusion, chemical conjugation, and the creation of
nanoparticle drug complexes 1. The goal is to use EVs as carriers and provide better bioavailability and stability to
therapeutic molecules . For example, one of the first studies in this field showed that EVs rich with miR-185, derived
from mesenchymal stem cells, modulate inflammation, inhibit cell proliferation and angiogenesis, promote apoptosis, and
thus inhibit the progression of disease in mice with potential oral malignant disorders€2,

Treatment via Inmunomodaulation Induced by EVs

The cancer immune cycle includes presenting antigens to antigen presentation cells (APCs) and activating effector T-cells
by APCs. Effector T-cells then infiltrate the tumour, where cytotoxic T-cells recognise and kill cancer cells. There are
several stimulatory and inhibitory factors included in this pathway, which provide a potential therapeutic target. One of the
critical pathways involved in the cancer-immunity cycle, called STING (stimulator of interferon genes), stimulates the
interferon genes required to present cancer antigens to T-cells. Recently, a STING agonist combined with the
prostaglandin F receptor negative regulator, which activates APCs, has been developed, loaded into EVs, and delivered
intratumorallyl®3]. |t was proven that the STING pathway plays an essential role in HPV-related carcinogenesis in HNSCC,
which makes it a promising therapeutic for HNC, especially when combined with other already established
immunotherapeutics (e.g., cetuximab)©4!,
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