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Abstract The objective of this manuscripts to review current knowledge regarding exosomes

as they relate to the physiology and pathology of the human nose as well as their role as bio-
markers of chronic rhinosinusitis with nasal polyps (CRSwNP).

Exosomes are 30e150 nm membrane-bound vesicles secreted by virtually all cell types. Exo-
somes contribute to the rapid inter-epithelial transfer of proteins and mediate innate immu-
nosurveillance and defense mechanisms in the human nasal cavity. Exosomes also protect
their cell specific cargo from degradation by nucleases and proteases and mirrorCRS related
tissue protein perturbations more effectively than whole mucus. Thus, exosomal isolation
and analysis may be used to non-invasively monitor disease severity, prognosis, and potentially
even treatment response.

Recent studies of exosomes in CRS suggest they can be used to study the immunopathology
of chronic sinonasal inflammation. Furthermore, their relative accessibility suggests that exo-
somal proteomescan be used as non-invasive, serial, and quantitative biosignatures for rhino-
sinusitis that can be sampled in clinic in order to predict disease severity, prognosis, and
treatment response. Exosomal research has also led to important revelations regarding their
physiologic function as they seem to play an important role in innate immunosurveillance
and defense. However, exosomal research is still nascent and cost-effectiveness as well as
feasibility of implementation in the routine workup for CRS have to be further explored.
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Introduction

Chronic rhinosinusitis without (CRSsNP) and with nasal
polyps (CRSwNP) represent two different endotypes.
CRSwNPis a chronic inflammatory mucosal disease of the
nose and sinuses. It is moderately common within the
population with a prevalence of 2%e5%1e3 and occurs
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mainly after the age of 30.4 The prevalence increases with
age (5% at 60 years of age and older) and the annual direct
cost for CRS is estimated to be approximately $10 bil-
lion.5�11Associations between CRSwNP and ciliary impair-
ment,12 asthma,13,14 aspirin sensitivity4 and
immunocompromised state15,16 have been described.
Furthermore, exogenic (chemical-physical or infectious) as
well as endogenic (genetic, hormonal, immunological and
metabolic) factors have been explored.15,17e26 Histologi-
cally eosinophilic infiltration of the mucosa and secretions
can be detected.27,28 The degree of tissue eosinophilia
correlates with objective disease severity and co-morbid
asthma.5,7,21,29,30 Despite recent advances in our under-
standing of CRSwNP, the etiopathology of the disease state
remains unclear. Consequently, optimal diagnostic and
treatment algorithms remain elusive as no single accurate
biosignature of CRSwNP has yet been developed.21

Exosomes are spherical to cup-shaped,
30e150 nm31,32membrane-bound vesicles. They consist of
a lipid bilayer derived from their host cell and incorporate
proteins, lipids, DNA and RNA that are specific to their cell
of origin.33e35 Exosomes are secreted by virtually all cell
types into almost all body fluids including nasal mucus.36

Due to their ubiquitous presence, their specificity to their
cell of origin, and their easy accessibility, exosomes exhibit
great potential for non-invasive diagnostics.37 Biomarkers
may be defined as biological substances that are specific
and sensitive to a particular physiological or pathological
condition. Because exosomes are cell specific and reflective
of particular cell functions, they may be used to develop
novel biomarkers for clinical diagnosis. Moreover, exosomes
protect their cargo from degradation by nucleases and
proteases thereby increasing biomarker half-life which can
serve to facilitate downstream molecular analyses.38 The
objective of this article is to therefore review the current
knowledge regarding the role of exosomes as contributors
to both health and disease and as sources of diagnostic
material in CRSwNP.
Physiologic and pathophysiologic function of
exosomes in the human nasal cavity

There are several hypotheses regarding the physiologic
function of exosomes. Generally, exosomes are thought to
act as intercellular shuttles by transferring functional
nucleic acids and proteins between cells.35,39 The nasal
cavity is a mucosal barrier that represents one of the first
sites of contact between the environment and the body. As
a consequence, this barrier harbors a variety of protective
mechanisms to defend against pathogens. Amongst those,
mucociliary clearance (MCC)40 and epithelial expression of
toll-like receptors (TLRs) have been described. The stimu-
lation of TLRs by microbial structural motifs known as
pathogen-associated molecular patterns (PAMPs)41,42 has
been shown to release antimicrobial peptides (AMPs)43e45

into the nasal mucus (unpublished data). Early evidence
suggests that nasal mucosa derived exosomes (NMDEs)may
transport these AMPs directly to the surface of the path-
ogen thereby inducing direct microbiocidal effects as well
as donating these AMPs to adjacent, pathogen naive,
epithelia (unpublished data). Finally, NMDEs are able to
promote the migration of several immune cells in vitro
including monocytes, neutrophils and NK cells further
contributing to mucosal immune defense.46

Beyond their innate immune physiologic activity, NMDEs
are also believed to play a role in the spread of pathologies
such as cancer or inflammatory disease via autocrine,
endocrine and paracrine pathways of secretion as well as
through mucociliary clearance.47 Exosomal P-glycoprotein
(P-gp), an efflux pump which drives type-2 helper T-cell
inflammation in CRSwNP, has been shown to be present and
significantly enriched in CRSwNP exosomes relative to
controls.47,48 High P-gp secretion has also been associated
with worse subjective as well as objective measures of
disease severity.48Previous studies have shown that NMDEs
are capable of the rapid inter-epithelial transfer of pro-
inflammatory proteins, including P-gp, which function to
propagate inflammation in the setting of CRS and create a
field inflammatory effect.47
Exosomes as noninvasive biomarkers in CRS

The development of a reproducible, non-invasive, serial,
and quantitative “liquid biopsy” for rhinosinusitis repre-
sents a holy grail in rhinology. Ideally, these biomarkers
would mirror the sensitivity and specificity of a tissue bi-
opsy while allowing non-invasive outpatient sampling. This
would also enable prospective, serial testing in clinic for
diagnostic and prognostic purposes. In the comparison be-
tween whole mucus and exosomes isolated from whole
nasal mucus, the proteomic perturbations indicative of
CRSwNP within tissue are highly reflected in the exosomal
population leading to a 20-fold increase in the number of
overlapping differentially regulated proteins within exo-
somes as compared to whole mucus. Additionally, inter-
patient variance is significantly lower in the exosomes than
in matched whole mucus samples (unpublished data). To
increase reproducibility and specificity of the “liquid bi-
opsy”, a high signal-to-noise ratio is crucial. Exosomes
represent encapsulated proteins, lipids, DNA and RNA from
the cell of origin whereas whole mucus represents a
heterogenous mixture of cellular debris, cytokines and
degraded proteins fragments. Furthermore, the exosomal
proteome is protected from degradation by nucleases and
proteases there by contributing to its stability as a
biomarker substrate.

Historically, two major challenges with exosomal prote-
omic work have been described. The first has been the low
sample volume available after ultracentrifugation depen-
dent purification. However, there are techniques including
SOMAscan (SomaLogic), a highly multiplexed, sensitive, and
quantitative immune-like proteomic tool, which are capable
of handling the small sample size and a 12e13 log difference
in expression.59 The second challenge lies in the relatively
easy but long and expensive exosome isolation. The most
common technique for concentrating exosomes is ultra-
centrifugation. Other techniques include immunoaffinity-
based isolation techniques, commercial precipitation kits,
acoustic nano-filter systems and the nanowire-on-
micropillar technique. Optimization and validation of the
most effective methods remain a barrier to the adoption of
exosomal analysis in routine clinical practice.50
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As previously noted, exosomal P-gp represents a non-
invasive biomarker that can be used to predict pathological
patterns and disease severity. For this reason, P-gp has also
been identified as a potential drug target for treating
CRSwNP. A recent double-blind placebo-controlled ran-
domized clinical trial demonstrated that verapamil, a well-
known and tolerated inhibitor of P-gp, was capable of
reducing both subjective and objective measures of
CRSwNP.51 Other exosomal biomarkers which have been
identified in CRS include proteins of the fibrinolysis coagu-
lation cascades. The fibrinolysis pathway was shown to be
down regulated whereas the coagulation cascade was
upregulated (unpublished data). These findings lend further
support to the hypothesis that proteolytic imbalances may
play an important role in the etiopathogenesis of
CRSwNP.52,53 Due to the reproducible protein expression
pattern, the exosomal proteins of these pathways could
potentially be utilized as a disease biosignature.

Conclusion

Recent studies of exosomes in CRS have suggested that they
not only participate in disease pathogenesis but may also
be used as a substrate for stable, non-invasive biomarkers
of disease. Simultaneously, this research has led to impor-
tant revelations about the physiologic function of exosomes
as they seem to play an important role ininnate nasal
immunosurveillance and antimicrobial defense.
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