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Abstract: The diagnostic and therapeutic potential of extracellular vesicles (EVs) has been recognised
in many fields of medicine for several years. More recently, it has become a topic of increasing interest
in otorhinolaryngology, head and neck surgery (ORL-HNS). With this narrative review, we have
aspired to determine different aspects of those nanometrically sized theranostic particles, which seem
to have promising potential as biomarkers in some of the most common diseases of the ORL-HNS
by being available via less invasive diagnostic methods. At the same time, a better understanding
of their activity provides us with new possibilities for developing specific target treatments. So far,
most research has been oriented towards the role of EVs in the progression of head and neck cancer,
notably head and neck squamous cell cancer. Nonetheless, some of this research has focused on
chronic diseases of the ears, nose and paranasal sinuses. However, most research is still in the
preclinical or experimental phase. It therefore requires a further and more profound understanding
of EV content and behaviour to utilise their nanotheranostic capacities to their fullest potential.

Keywords: extracellular vesicles; exosomes; liquid biopsy; squamous-cell carcinoma; chronic rhinosi-
nusitis; cholesteatoma; immunomodulation; drug delivery carriers

1. Introduction

With growing interest in the use of nanotechnologies in medicine, research on EVs
has spread from various medical fields to otorhinolaryngology, as well as head and neck
surgery (ORL-HNS). In the last three years, there has been a significant increase in the
literature discussing their potential use in diagnostics and the treatment of diseases covered
by ORL-HNS [1]. Much of the research has focused on the particular roles and content of
EVs, which helps us to understand better the development and progression of diseases on
a molecular level and, therefore, improve diagnostics and targeted therapy. On the other
hand, some research has used a more general approach, reviewing the so-far known activity
of these nano-sized particles and developing additional ideas for their use in the future.

We aimed to research general and already established bases of the use of EVs and to
find more concrete examples, demonstrating the potential of EVs in specific cases. The first
part of the review therefore focuses on the structure and physiology of EVs, followed by an
explanation of methods used for their isolation from body fluids and a further specification
of their characteristics. The second part briefly focuses on general principles of the use of
EVs for diagnostic and therapeutic purposes, followed by a more detailed description of
their use in ORL-HNS, supported by examples based on specified studies.

As dictated by the availability of new literature, most examples refer to cancerous
diseases, since their burden probably stimulates the most interest for possible treatment
options. In conclusion, we have summarised the latest discoveries, with an emphasis on
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the most apparently promising ones, bearing in mind that future research in this relatively
new chapter in otorhinolaryngology still has many questions to answer.

2. Background of EVs

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].

They should be described at least by their (1) physical characteristics based on their
size (small < 200 nm, medium/large > 200 nm) and density (low, middle or high); (2) bio-
chemical composition (e.g., Annexin A5-stained EVs) and (3) condition of origin (e.g.,
hypoxic EVs) or cells of origin (e.g., apoptotic bodies, podocyte EVs). If these three minimal
requirements are not met, and the identification of the EV is not achieved, the EV should
be termed an extracellular particle [2]. Recently, a new type of nano-sized extracellular
particle, called an exosphere, has been discovered. However, a lipid bilayer does not
delimit their exospheres; they are not therefore EVs [3].

In addition to these requirements, EVs should be characterised in detail based on
more specific protein markers to determine the EV nature and the degree of purity of an
EV preparation, so as to enable specific analysis of small EVs and to document functional
activities of EVs [2].

Moreover, EVs can be classified according to the pathway of their biogenesis, if it
is clearly assigned (e.g., documented with live imaging technique), to endosome-origin
exosomes and plasma-derived ectosomes (microvesicles, microparticles, ectosomes, large
oncosomes and apoptotic bodies) (Figure 1) [2,3].
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Figure 1. Subtypes of EVs. The scheme illustrates the classification of EVs according to their biogenesis pathway.

Despite the requirements mentioned above, there is still controversy ongoing with
regard to EV nomenclature. Some authors use the term small EVs, but others prefer
exosomes. The term exosome seems to be a somewhat more popular term among authors,
and the term small EV is regularly replaced by this less accurate and exact expression,
which is often used as a generic descriptor of EVs [4]. In this review, we stand by the term
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EV—however, when presenting the results of studies mentioned below, the term may have
been replaced by whatever was initially used by the authors, which was mostly exosome.

2.1. Formation of EVs

Since most of the literature refers to exosomes, this section focuses on a description of
exosomes. The initial step in forming exosomes is the aggregation of proteins and lipids (i.e.,
microdomain formation) on the membrane of large intracellular vesicles, generally of an
endocytic origin. This results in twisting the vesicle membrane inward and the formation of
intraluminal vesicles (ILVs). The resulting large vesicle with ILVs is called a multivesicular
endosome (MVE). Some resulting ILVs are later excreted into the extracellular space as
exosomes via the exocytosis of MVE, and some ILVs are degraded within the cell. At this
stage, ILVs have been renamed exosomes [3–6].

2.2. Cargo Composition of EVs

In addition to proteins essential for EV biogenesis, transport and fusion, EVs can
carry other proteins crucial for cell targeting and lipid metabolism, components of the
extracellular matrix, cell surface receptors, cytoskeletal components, signalling molecules
and metabolic enzymes. At the same time, their membrane is enriched with different
types of lipids, which provide them with stability. Another essential aspect is EVs’ ability
to carry functional ribonucleic acids (RNAs), which may be of cellular origin, distinct,
tissue-specific or universal among all exosomes. For instance, some exosomes released
by tumours may contain single-stranded deoxyribonucleic acid (ssDNA), genomic DNA,
circular DNA (cDNA) and other transposable elements (i.e., transposons, DNA sequences
that may change their position within the genome, responsible for genetic mutations) [7,8].
However, the role of exosomal DNA (ExoDNA) is much less studied compared to RNA.
It has been reported that ExoDNA plays a role in tumour immunity modulation and, being
secreted out of cancer cells in exosomes, provides a relevant liquid biopsy material for the
detection of important genetic mutations [9]. On the other hand, a recent reassessment
of exosome content has shown that small EVs do not contain or actively release DNA,
suggesting autophagy and MVE-dependent but exosome-independent mechanisms in the
active secretion of extracellular DNA [10].

Evidence shows that EVs of different cellular origins often share highly expressed
vesicular proteins (e.g., CD63, CD9 or CD81). On the other hand, they carry another less
abundant protein component, which reflects their specific mother cell and varies among
different EV subpopulations, and this also provides the basis for particular biomarker
development. However, there is no typical single biomarker that can be identified on
EVs only, so EV discrimination usually depends on their containing protein aggregates or
viruses associated with EVs [11].

2.3. Dynamics and Kinetics of EVs

When released into the extracellular space, EVs can further exert effects on their target
cell (i.e., mother, adjacent or distant cell) by two modes of action: (1) binding with a plasma
membrane receptor, which induces intracellular signalling; or (2) fusing with the target cell
membranes, which induces EV uptake [6,12]. Mulcahy et al. (2014) described EV uptake
mechanisms, including clathrin-dependent endocytosis, caveolin-mediated endocytosis,
phagocytosis, the interaction of EV with the lipid rafts, and macropinocytosis [11,12].

Once EVs enter the systemic circulation, they target distant tissues. Since exosomes
cross the blood–brain barrier, they also exert essential roles in developing brain metasta-
sis [13]. As a result, they are eliminated through the liver, lungs and kidneys, or may, at the
same time, be inactivated by the immune system [11].

2.3.1. Role of EVs in the Modulation of the Tumoral Microenvironment

The role of EVs in intercellular communication, especially in cancer development,
has been well studied. They play a crucial role in the modulation of the tumoral microen-
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vironment (TME). TME refers to the surroundings of the tumour cells, which encloses
them and actively contributes to the tumour’s development, progression, metastasis,
and drug resistance. TME is composed of heterogeneous cellular components such as
cancer-associated fibroblasts, myofibroblasts, adipocytes, endothelial and epithelial cells,
immune cells, and the extracellular components surrounding them [14].

EVs from cancer cells activate receptors or change RNA expression in adjacent target
cancer cells, promoting uncontrollable independent growth. This results in the indepen-
dent growth of cancerous cells, the stimulation of their survival, tumour invasion and the
evasion of immune surveillance [15]. Furthermore, EVs from cancer cells enable communi-
cation between cancer cells and between cancer and normal stromal cells. Since stromal
cells accept cancer EVs, they promote the growth of the pro-tumoral microenvironment,
and stromal cells release EVs to target cancer cells in reverse. The latter upregulates en-
dothelial cell proliferation and angiogenesis in cancer tissue, leading to cancer growth
and invasion [16]. The effects of EVs reach stromal cells in distant tissues, where they
modify and create more favourable microenvironments (i.e., pre-metastatic niches) before
the arrival of metastatic cells. These investigations imply a critical role of EVs in the process
of metastasis [15,17].

The potential of oral cancer-derived EVs to change the TME by initiating epithelial
cell transformation and promoting the tumorigenic and invasive capabilities of oral cancer
cells has been demonstrated with the siRNA (small interfering RNA)-mediated triple
silencing of the CDC37/HSP90α/HSP90β complex, which substantially diminishes the
pro-malignant activities of oral cancer cells as a result of the weakened EV transmission
activity in cell-to-cell communication in the TME [18].

2.3.2. Immuosuppressive Roles of EVs in Cancer Progression

The progression of head and neck cancer (HNC), including oral squamous cell carci-
noma, partially results from profound immunosuppression, often defined by low lympho-
cyte counts, altered T-cell and natural killer cell activity, disposition for T-cell apoptosis and
impaired antigen-presenting function. Various mechanisms of tumour-induced immune
suppression have been described [19].

Abundantly produced by tumorous cells, EVs, and more specifically tumour-derived
exosomes, have recently risen as an essential factor in regulating anti-tumour immunity.
Razzo et al. (2019) studied the effects of immunosuppressive exosomes carrying PD-
L1 (programmed death-ligand 1) and FasL (Fas ligand), isolated from supernatants of
murine or human head and neck squamous cell carcinoma (HNSCC) cell lines. A single
intravenous injection of tumour-derived exosome (TEX) into immunocompetent mice with
premalignant oral/oesophageal lesions, induced by the carcinogen 4-nitroquinoline 1-oxide
(4NQO), increased the number of developing tumours, and reduced the numbers of CD4+
and CD8+ T cells infiltrating the growing tumours [20].

Exosomes isolated from the serum of hypopharyngeal carcinoma patients have been
proven to inhibit CD8+ T cell function, and at the same time increase the expression of
PD-1 (programmed death-ligand 1) and PD-1/PD-L1 pathway activation, which plays
an essential role in hypopharyngeal carcinoma immune escape and lowers the response
of the immune system to cancer cells. This revelation presents a potential target of the
immunosuppression of hypopharyngeal carcinoma, which would lead to improvements in
tumour immunotherapy [21].

Another study investigated the role of exosomes in the interference with immune
response in patients with different types of HNSCC after treatment. After treatment,
exosomes isolated from the plasma of patients with active HNSCC seem to induce much
stronger apoptosis of CD8+ T cells, the more significant inhibition of T-cell proliferation
or NKG2D (activating receptor of the NKG2 family) expression on natural killer cells,
and the better up-regulation of suppressor functions in CD4+CD39+ Treg (regulatory T
cells), compared to patients with no evident disease. The suppression of immune response
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seems to correlate with disease activity and indicates the valuable role of exosomes as
biomarkers in HNSCC progression [22].

2.4. Protocols and Methods for EV Isolation

EV harvest and isolation from extracellular fluids, either body fluids or a cell-cultured
media, is one criterion that defines EVs. The collection of these fluids should be as gentle
as possible, minimising cell disruption, which could cause the isolation of EVs from
intracellular compartments, compromising the pureness of the isolated EVs [23].

However, there has not yet been a definite description of a standard protocol for EV
harvest and isolation, since it depends on the body fluid or cell-cultured media used for
the examination. In addition, EVs share a similar size and density within their subtypes
and with some lipoproteins and viruses, which further complicates their size- or density-
based isolation [24].

Ultracentrifugation remains the gold standard and most popular method for EV
isolation. The procedure consists of three centrifugation steps with increasing forces, which
separate EVs from cells, sizeable cellular debris, organelles, microvesicles and, finally,
the supernatant. However, the procedure is time-consuming and expensive, uses large
amounts of untreated samples, and possibly damages the EVs [25].

Size-based techniques include different ultrafiltration methods that use nanomem-
branes with defined molecular weight cut-offs, and widely isolate EVs from more diluted
samples [24]. The increasingly popular size exclusion chromatography distinguishes
macromolecules based on their molecular size or hydrodynamic volumes. Flow field-flow
fractionation distinguishes macromolecules based on their diffusion coefficients. These
methods are usually less damaging to EVs, but are quite time-consuming and may not be
as accurate since they cannot distinguish EVs from other similarly sized molecules [24–26].

The polymer precipitation method uses hydrophobic polymers to precipitate EVs
through changing solubility and dispensability. It has been used to isolate viruses and
macromolecules for many years, but has the downside of the co-precipitation of other
proteins or lipoproteins [26].

Affinity-based techniques utilise selective interactions between proteins or receptors
on the EV membrane and their corresponding ligands. The method usually consists of
specific antibodies attached to a magnetic bead, which allow a binding reaction with
particular surface proteins expressed by EVs. This method provides high-purity isolates,
but is expensive and thus not suitable for isolating large amounts of EVs [24].

Charge-based techniques are classified as ion-exchange techniques, using the interac-
tions between negatively charged EV membranes and positively charged anion exchangers
and electrophoresis [24].

2.5. Characterisation of EVs

The characterisation of EVs is based on their physiochemical properties, for example,
shape, size, surface charge or density. In 2020, the ISEV Rigor and Standardization Sub-
committee performed a worldwide survey on methods to distinguish and characterise EVs.
Most participants reported using Western blotting for the characterisation, with single-
particle tracking being a close second, followed by protein concentration and electron
microscopy, flow cytometry, functional assay, mass spectrometry, and other less common
characterisation methods [27]. When profiling the characteristics of EVs, most studies used
a combination of the methods mentioned above.

The MISEV2014 guidelines define the recommended steps for EV characterisation.
First, the source of EVs and EV preparation should be described quantitively, providing
the number of cultured cells, and the volume of biofluid or tissue used, followed by global
quantification of EVs, with the most common methods using total protein amount and
total particle number. As of 2018, a more detailed table of EV proteins has been provided,
with some categories presenting mandatory and some recommended sets of proteins that
should be determined for the specification of EV subtypes, depending on the focus of the
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study. To characterise a single EV, techniques providing high-resolution images, the most
common being electron microscopy and related techniques, scanning probe microscopy
(SPM), atomic-force microscopy (AFM) and super-resolution microscopy, should be used.
Other single-particle analysis techniques that measure the biophysical features of EVs
may also be used, such as size measured by resistive pulse or light scattering properties,
high-resolution flow cytometry, multi-angle light scattering coupled to asymmetric flow
field-flow fractionation, or fluorescence analysis. In addition, assessment of the topology of
EV-associated components, regarding whether the component is luminal or on the surface,
is recommended [2].

3. Applicability of EVs in ORL-HNS

In recent years, studies of the role of EVs in disease progression, diagnostics, treatment,
control of its efficacy and prognosis regarding ORL-HNS diseases have increased, offering
new approaches for diagnostics and more specified therapy.

In the recent literature, the prevailing point of interest has been the role of EVs in
HNC, most commonly exosomes in head and neck squamous cell cancer (HNSCC) [28].
A few other publications explore EVs’ role in relation to chronic rhinosinusitis [29], nasal
polyposis [30], sensory hair cell protection in the inner ear [31], traumatic hearing loss [32],
middle ear cholesteatoma [33] and taste bud regeneration [34].

3.1. EV-Based Diagnostics
3.1.1. 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 [35]. This contributes to the
high burden of HNSCC; prompt diagnosis is therefore crucial [29–34].

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 [36].

Recently, the most often studied potential EV-related biomarkers from different sam-
ples, including the above-mentioned diagnostic methods, have been EV levels, EV DNA,
RNA and protein cargo, as summarised in Table 1.

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 [37].

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 inad-
equate 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 sam-
ple, 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 [38].



J. Nanotheranostics 2021, 2 214

Table 1. Use of EVs in diagnostics of diseases covered by ORL-HNS.

Use of EVs in Diagnostics of Diseases Covered by ORL-HNS

Diagnosis based on EV levels

• Higher levels of salivary EVs predict lymph node
metastasis and higher TNM stage

• Specific salivary or plasma EV levels may also prove
helpful for follow-up of HNSCC

Diagnosis based on EV
DNA content

• More research is yet to be done on whether EVs isolated
from patients with HNC contain tumour-specific DNA,
especially concerning HPV infection

Diagnosis based on EV
RNA content

• Various types of EV miRNAs have been proposed as
potential biomarkers of HNSCC due to their high
specificity and non-invasive sampling

• Dysregulation of specific EV miRNAs has been
associated with tissue remodeling in CRS, representing a
potential biomarker of the disease

Diagnosis based on the protein
content of extracellular vesicles

• Various signal molecules responsible for cancer
regulation and progression seem to have potential as
biomarkers. Upregulation of specific proteins isolated
from EVs is related to nasal mucosa remodelling in CRS

In recent studies, there has been emphasis on finding potential biomarkers and sampling with non-invasive
methods, useful for disease detection and follow up, especially for HNSCC. ORL-HNS—otorhinolaryngology,
head and neck surgery; EVs—extracellular vesicles; DNA—deoxyribonucleic acid; RNA—ribonucleic acid;
HNSCC—head and neck squamous cell cancer; HNC—head and neck cancer; HPV—human papillomavirus;
miRNAs—micro RNAs; CRS—chronic rhinosinusitis.

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) [39]. 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) [40–42]. It re-
mains 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 [43]. These results support the
predictive role of exosomes as non-invasively acquired biomarkers in HNSCC.
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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 [44,45],
and others have additionally shown that EVs are loaded with DNA fragments without any
apparent selectivity [10]. 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 messen-
ger RNAs (mRNAs), micro RNAs (miRNAs or miR), long non-coding RNAs (lncRNAs)
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 [46]. In 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 microenviron-
ment for tumour growth, whether through modulation of the immune response, tumour
cell cycle and proliferation, growth and migration, or invasion and metastasis [47].

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 [48]. 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 [49].

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 [50]. 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 [51].

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 [52] and
the staging of oral cancer [53].

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 in-
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creased proliferation, migration and metastatic potential in tumoral cells, as well as a poor
prognosis [36]. Another example was the isolation of EV proteins from metastatic oral
cancer cells, whereby the molecular chaperones HSP90 (heat shock protein 90), TRAP1(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 [54].

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 [55].

3.1.2. 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 (CRSwNP) 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 [29].

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 [56].

Diagnosis Based on EV Protein Content

Researchers have suggested that exosomes derived from the nasal mucosa epithelial
cells of patients with CRSwNP 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 [30].

Several studies have confirmed the altered protein structure and function, or over-
expression, of specific proteins in exosomes isolated from nasal mucosa of patients with
CRSwNP and CRSsNP. The overexpression of serine protease inhibitors with the downreg-
ulation 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 [57].
Moreover, integrin β6 upregulation and the upregulation of the biomarkers involved in
endothelial to mesenchymal transformation have been found in basal cells of patients with
severe CRSwNP [58]. In exosomes isolated from nasal lavage fluid, airway mucin 5AC
upregulation, which promotes tissue remodelling and angiogenesis, was found in patients
with nasal polyposis [59].

3.1.3. Hearing Disorders

In a study investigating the role of exosomes in middle ear cholesteatoma, ker-
atinocytes and fibroblasts were collected during mastoidectomy and then isolated. The study
showed that miRNA-17 from keratinocyte exosomes upregulates fibroblast protein expres-
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sion, promoting the differentiation of osteoclasts and, therefore, bone destruction, and is
the essential factor in cholesteatoma pathogenesis [33].

Another study examined the protective role of exosomes in the inner ear. Exosomes iso-
lated 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, protec-
tion and promotion of survival in the inner ear, they make a good potential therapeutic
deliverer to the site [31].

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 [32].

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 path-
ways, which are deregulated during gentamicin-induced hair cell apoptosis. Again, this
discovery provides some new therapeutic options, but has yet to be studied further [60].

3.2. EV-Based Therapy

When delivering therapeutics to the site of action, the main obstacles are low accumu-
lation 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 proba-
ble nano therapy candidate [61]. 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 [11].

3.2.1. 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 ef-
fect. 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 [1]. The procedures include chronic temporal bone inflammation treatment [62],
repair of auricle trauma [63] and eardrum perforation, posterior external ear canal wall
reconstruction [64], mastoid reconstruction [65], rhinoplasty [66] in post-surgical nasal
packing [67], frontal sinus obliteration [68], anterior skull base CSF leakage [69], aesthetic
procedures on the skin of the face and neck [70], cleft lip [71], lesions of the oral mucosa [72],
osteoradionecrosis of the mandible [73], pharyngoplasty in obstructive sleep apnea syn-
drome [74], esophagocutaneous [75] and pharyngocutaneous fistula [76], and suprafacial
parotidectomy [1,77].

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 treat-
ment of osteoarthritis. The characterisation of EVs from CPRP (citrate-anticoagulated
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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 [78].

3.2.2. Head and Neck Cancer Treatment

In HNC, EVs have strong potential use as targets of treatment, and also as treat-
ment 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
cell [36].

Treatment via Modulation of EV Synthesis, Secretion and Uptake

There has been much research on this topic since EVs’ biosynthesis and release mecha-
nisms 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 naïve 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 [79].

In investigations of the genetic manipulation of exosome secretion in tumoral cells,
the RAB family have been proved to regulate exosome secretion [13]. 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 vivo [80].

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 disease [81].
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 [82].

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 EGFR [83].

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 [84]. The goal is to use EVs as carriers and provide
better bioavailability and stability to therapeutic molecules [36]. 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
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apoptosis, and thus inhibit the progression of disease in mice with potential oral malignant
disorders [85].

Treatment via Immunomodulation 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 tar-
get. 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 de-
livered intratumorally [86]. It 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) [87].

4. Conclusions

For quite some time, EVs have been used in spheres of medicine other than ORL-HNS,
but these discoveries have enabled the advancement of this trending topic to ORL-HNS.
Moreover, research into EVs for theranostic purposes has undoubtedly spread within
ORL-HNS areas in the past few years.

To the best of our knowledge, this is the first literature review on the applicability of
EVs in ORL-HNS. Research predominates on using EVs in diagnostics and the treatment
of HNC. However, new interest has arisen in non-malignant diseases of the ears and
sino-nasal area. In terms of diagnostics, most attention has been devoted to non-invasive
sampling from body fluids (mainly blood and saliva) and the use of EVs and their specific
content as potential biomarkers of HNC. These may be used for making a diagnosis,
establishing how far the disease has spread, and following its progression (or regression)
before, during and after treatment. The novel, less invasive methods of diagnostics seem to
be quite promising, though there is yet more research to be done on whether they offer as
accurate a follow-up tool as the current gold standards. Since those methods operate on a
molecular level, using particular biomarkers, there are probably more studies to be done
on whether these markers are solely for the disease in question, and whether it is possible
for them to be an indicator of another condition and be present in healthy tissues as well.
While most studies have focused on the role of EV content in relation to the progression of
disease, and their potential as biomarkers, some have shed light on their protective abilities,
which opens further possibilities for treatment development.

The beneficial effects of EVs in the treatment of ORL-HNS diseases have so far been
proven in the use of PVRP, predominantly known for its regenerative effects. When focusing
solely on EVs, treatment options become more specific and could, by changing EV creation,
function and content, offer a precise cure on a molecular level. The use of EVs in ORL-HNS
is a relatively new subject that provides space for much further research. It should concern
the most studied types of HNC, which carry the highest disease burden in ORL-HNS and
other chronic diseases that can significantly impact the quality of life. These novelties and
more specific treatments would offer patients significant health improvements.
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