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Background: Progressive advances in proteomic technology has improved our understanding of the chronic rhinosinusitis (CRS)
pathogenesis and endotypes. This scoping review aims to present a comprehensive and descriptive analysis of nasal mucosa and
mucus proteome of CRS patients.

Methodology: Studies investigating the proteome of nasal mucosa and mucus from healthy and CRS patients via mass spectro-
metry were included. Critical appraisal of methodological quality was conducted with extraction of protein lists. Gene set enrich-
ment analysis (GSEA) was performed on studies including CRS patients.

Results: 2962 proteins were identified in the 21 studies included in this review. Eleven studies investigated the nasal mucus
proteome and ten studies investigated the nasal mucosa proteome. Studies demonstrated heterogeneity in patients, sampling
and mass spectrometry methodology. Samples from CRS patients suggested a trend in enrichment of immune system and pro-
grammed cell death pathways. Increased expression of proteins involved in cellular components including the cytoskeleton and
adherens junctions was also present in CRS.

Conclusions: Alterations in the healthy sinonasal proteome may lead to the increased immunological, metabolic and tissue remo-
deling processes observed in CRS. However, it is difficult to draw significant conclusions from the GSEA due to the heterogeneity
present in the limited literature available. These findings allow us to direct further research to better understand CRS pathogenesis

and its endotypes.
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Introduction

Chronic rhinosinusitis (CRS) is characterised by persisting
inflammation of the mucosa in the nasal cavity and paranasal
sinuses. The current phenotypic classification of CRS is divided
into CRS without nasal polyps (CRSsNP) or CRS with nasal polyps
(CRSWNP). These phenotypes, however, do not cover the diverse
cellular pathways involved in the complex pathogenesis of

CRS. Advances in laboratory techniques has led to investigating
CRS endotypes, enabling a better understanding of upstream
pathogenic factors that lead to CRS disease manifestation and
recalcitrance. Ultimately, CRS endotypes may allow clinicians to
predict disease prognosis and develop personalised treatment

regimes.

The mucosal barrier, in concert with an effective mucociliary
transport system and a protective mucus layer interact toge-
ther with the innate and humoral immune system to maintain
homeostasis in health. Tight junctions located on the apical
aspects of cell membranes inhibit the flow of solutes and water
into the paracellular space in addition to forming cell pola-
rity"-. Studies have demonstrated down regulation of tight
junction transmembrane and associated proteins with reduced
transmembrane electrical resistance in patients with CRS 9.
Furthermore various inflammatory cytokines including IL-17,



IL-33, TLSP have been implicated in the pathogenesis of CRS
and nasal polyp formation 719, The heterogeneity of immune
responses in CRS endotypes certainly plays a significant role in
the manifestation of the disease.

Nasal mucus, a vital component of the mucociliary clearance
system, is produced by seromucinous glands, goblet cells and
the transudation of plasma. It is composed of glycoproteins

and polysaccharide chains organised into two layers; the lower
periciliary layer and the superficial viscous layer ("2, The antimi-
crobial effects of nasal mucus have been well studied 2. The
overproduction of viscous nasal mucus is commonly reported
amongst CRS patients manifested as rhinorrhoea and postnasal
drip. This tenacious mucus adversely affects ciliary function, lea-
ding to stasis that may result in a nidus for bacterial growth 19,

The proteomic analysis of nasal mucus and mucosa is a rapidly
evolving field exploring the physiological and pathological
mechanisms involved in CRS. In this form of analysis, mucus and
tissue samples collected from patients undergo gel electrop-
horesis or liquid chromatography to separate the proteins 11,
Proteins are subjected to mass spectrometry (MS) for identifica-
tion of peptide sequences, which are compared against known
protein databases. Previous studies have provided insight into
the proteins involved in various immune responses from mucus
and mucosa collected from CRS patients ¢'®, The aim of this
scoping review was to perform a comprehensive review of the
current literature on the CRS proteome and to ascertain differen-
ces between CRS and healthy patients. Ultimately, improving
the knowledge of CRS endotypes through cellular pathways
present will guide prognostication and treatment regimens for
CRS patients.

Methods

The search strategy aimed to capture all English language
studies published in Pubmed, CINAHL, Embase and Cochrane
CENTRAL databases since their creation. A preliminary initial
search of the Pubmed database using the keywords “Chronic
rhinosinusitis’, “Mucus’, and “Proteomics” was initially performed
to identify further relevant key words to be included in the final
search strategy of all databases (Supplement 1). A second search
using all identified keywords and medical subject headings were
applied across all databases. This review adhered to the PRISMA
guidelines for reporting systematic reviews. The reference lists of
all selected studies were searched for additional studies.

Studies conducting proteomic analysis on patients 18 years or
older via mass spectrometry on mucus samples or nasal mucosa
collected from healthy or CRS patients were included. Studies
conducting bottom up proteomics were included, with studies
investigating select proteins were excluded. Patients diagnosed
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with acute sinusitis or allergic rhinitis or exposure to chemicals
or fumes were excluded. Studies utilizing tissue collected from
the olfactory bulb, olfactory epithelium, nerve tissue, or tissue
grown in vitro were excluded. Proteins mentioned in systemic

reviews, meta-analyses, literature reviews and conferences ab-
stracts were excluded to prevent duplication of data.

Papers retrieved that met all inclusion criteria were assessed by
two independent reviewers (SSK, AB) for methodological validity
prior to inclusion in the review. Differences in assessments
between reviewers were resolved through discussion with a
third reviewer (TC).

Data extraction focused on proteins identified through mass
spectrometry in healthy and CRS patients. Key data extracted in-
cluded disease status (Healthy or CRS), tissue collection method,
tissue specimen examined (Mucus or Mucosa), analytical plat-
form and protein composition. Proteins identified were stratified
by mucus or mucosa origin and disease status.

Statistical analysis

Statistical analysis was conducted with R statistical software

(R Core team, Vienna, Austria) 9. All proteins identified from
studies were matched manually with their Uniprot accession
numbers, protein name and gene. Proteins not in the Uniprot
database or not from Homo Sapiens genus were excluded from
the analysis. Proteins were stratified into their presence in either
CRS, healthy groups or both for mucus and mucosa samples.
Mucus and mucosa protein lists were processed separately, due
to their differing constituents. Gene set enrichment analysis
(GSEA) was conducted, clustering the available differentially
expressed genes for analysis. This was performed by uploading
protein lists to Enrichr™ (Ma'ayan Laboratory, USA), a web-based
software 22V, Reactome 2016 pathway database identified cel-
lular pathways, and the Gene Ontology database identified bio-
logical processes, cellular components and molecular functions.
Only significant results (Adjusted P-value <0.05 calculated by
Enrichr™) were included for further analysis. Mucus and mucosa
GSEA results were combined for analysis. No further analysis was
possible due to the lack of available numeric quantifiable data
from the studies included in the review.

The cellular pathways generated from CRS mucus and mucosa
were then combined. This was also performed for the biological
processes, cellular components and molecular functions. The
same was performed for proteins unique to the healthy group,
and proteins present in both healthy and CRS groups.

Results
The search identified a total of 591 studies in English, with 526
remaining after duplicates were removed. Titles and abstracts
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Table 1. Studies investigating proteomics of nasal mucus.

Collection MS Method

Method

Disease Patients

Status

Author

Benson CRSsNP 6 NLF Nano-LC-MS/MS
etal.®
Casado Healthy 10 NLF Micro-Capillary LC
etal®® ESI-Q-TOF MS
Debat Healthy 16 Suction MALDI-TOF-MS
et al.® (Olfactory

cleft)
Ghafouri Healthy 5 NLF MALDI-TOF MS
etal Nanoelectrospray

MS/MS

Lindahl Healthy 7 NLF MALDI-TOF-MS
etal3
Mortstedt Healthy 8 NLF Micro-LC-MS/MS
etal® Nano-LC-Q-TOF MS
Schoenebeck Healthy N/A NLF Nano-LC-MS/MS
etal? Micro-LC-MS/MS
Tewfik Healthy 4 Suction Micro-LC-MS/MS
etal.' CRSWNP 4
Tomazic Healthy 29 Suction Nano-LC-MS/MS
etal.®? (Middle

meatus)
Tomazic Healthy 12 Suction Nano-LC-MS/MS
etal.® (Middle

meatus)
Wahlen Healthy 13 NLF MALDI-TOF MS
etal?’

MS Equipment Proteins
Identified

LC (Michrom BioResources Inc; CA, USA) 129
LTQ Linear ion trap MS (ThermoFinnigan; CA, USA)

CapLC (Waters; Milford, USA) 111
ESI-Q-TOF MS (Micromass; Manchester, UK)

Voyager DE STR+ TOF-MS (Applied Biosystems; CA, USA) 75
Voyager DE PRO MS (Applied Biosystems; CA, USA) 20

API1 Q-STAR Pulzer i (Applied biosystems; CA, USA) with
nanoelectrospray ion source (MDS-Protana; Odense,

Denmark)

Voyager DE STR MS (PE-Biosystems; CA, USA) or 12
Bruker Reflex (Bruker Daltonics; Bremen, Germany)

LC (UFLCXR, Shimadzu Corporation; Kyoto, Japan) 331

QTRAP 5500 hybrid triple quadrupole/ linear ion trap MS
(Applied Biosystems/ MDS Sciex; MA, USA)

LC (Agilent 1100 series; CA, USA)

QSTAR pulsar hybrid quadrupole TOF MS (Applied Biosys-
tems/MDS Sciex; MA, USA)

LC (Ultimate HPLC system, Dionex; Idstein, Germany) 34
HCT ultra PTM analysis system (Bruker Daltonic; Bremen,
Germany)

LC (HP Ultimate 300 system, Dionex; Idstein, Germany)

LTQ OrbiTrap Velos MS (Thermofisher Scientific; MA, USA)

LC (Agilent Technologies; Ontario, Canada) 35
QTRAP 4000 (Sciex-Applied Biosystems; Ontario, Canada)
Nano-HPLC (Agilent 1200 series; Vienna, Austria) 247

LTQ-FT MS (Thermo Scientific; Vienna, Austria)

Nano-HPLC (Agilent 1200 series; Vienna, Austria) 366
LTQ-FT MS (Thermo Scientific; Vienna, Austria)

Voyager DE PRO (Applied Biosystems; CA, USA) 48

HPLC: High performance liquid chromatography; LC: Liquid Chromatography; NLF: Nasal lavage fluid; MS: Mass spectrometry; LC-MS/MS: Liquid chro-

matography-tandem mass spectrometry; ESI-Q-TOF: Electrospray-ionisation quadrupole time-of-flight mass spectrometry; LC-Q-TOF: Liquid chroma-

tography/ quadrupole time-of-flight mass spectrometry; MALDI-TOF MS: Matrix Assisted Laser Desorption/ lonisation mass spectrometry.

were reviewed against the inclusion criteria yielding a total of 52
studies for full text analysis. 21 studies met the inclusion criteria
(Supplement 2).

Studies included were published between 2004 to 2018 origina-
ting from Austria 222, Canada‘"®, China®¥, Finland®®®, France®®,
Germany!'®27, [taly®®, Portugal®* 39, South Korea®" 32, Sweden
(33-37) and USA(17,38,39)_

From the 21 studies, a total of 345 patients were included,
consisting of 302 healthy control patients and 43 CRS patients
(CRSWNP 34 and CRSsNP 9). Eleven studies involved mucus sam-
ples; seven collected by nasal lavage fluid washes and four by
suction. Ten studies involved sampling of the nasal mucosa, five

by mucosal brushing and five by intraoperative biopsies.

A total of 2962 proteins were identified after removal of dupli-
cates in the 21 studies. 549 proteins were identified in mucus
samples, consisting of 45 unique to CRS samples, 398 unique to
healthy and 106 common in both groups. 2829 proteins were
identified in mucosa samples, including six unique to CRS sam-
ples, 2771 unique to healthy and 52 common in both groups
(Supplement 3).

Critical analysis of included studies

All 21 studies included in this review focused on the identifica-
tion and analysis of the nasal mucus and mucosa proteome and
all included analysis of control donors and/or CRS patients. Only

420



Table 2. Studies investigating proteomics of nasal mucosa.

Disease Patients Collection Method

Status

Author

MS Method

Chronic rhinosinusitis proteomics

Proteins
Identified

MS Equipment

Farajzadeh CRSwNP 3 Biopsy MALDI-TOF-MS Proteome-Analyser 4700 (Applied Biosystems; 11
Deroede (Polyp tissue) CA, USA)
etal.'®
Gelardi Healthy 4 Nasal brushing MALDI-TOF-MS Voyager DE PRO MS (Applied Biosystems; CA, 18
etal.?® (Inferior turbinate) USA)
Kim CRSwWNP 13 Biopsy Nano-LC-MS/MS  Agilent 1100 Series LC/MSD Trap XCT MS 15
etal? (Polyp tissue) (Agilent Technologies; Ontario, Canada)
Lee Healthy 10 Biopsy MALDI-TOF MS Voyager DE STR MS (Applied biosystems; CA, 78
et al.®? (Inferior turbinate) USA)
Min-Man Healthy 7 Biopsy MALDI-TOF MS N/A 30
etal® CRSsNP 7 (Ethmoid sinuses — CRS, ESI-Q-TOF MS
CRSWNP 7 Middle turbinate - Healthy)
Ndika Healthy 10 Nasal Brushing Nano-LC-MS/MS  LC (EASY nano LC 1000 (Proxeon, Thermo Fischer Spring
et al.3¢ (Middle meatus) Scientific; CA, USA) 2090
Electrospray ionization quadrapole-orbitrap MS Autumn
(Q Exactive, Thermo Fisher Scientific; CA, USA) 2107
Roxo-Rosa  Healthy 8 Nasal Brushing MALDI-TOF MS Biflex Il (Bruker Daltonik; Bremen, Germany) 65
etal.® (Middle meatus) Voyager DE STR MS (Applied Biosystems; Ontario,
Canada)
Simoes Healthy 129 Nasal Brushing Micro-LC-MS/MS ~ Thermo LTQ linear ion trap spectrometer 1482
etal® (Inferior turbinate) (Thermo Scientific, Waltham, MA)
Suojalehto  Healthy 27 Nasal Brushing ESI-Q-TOF MS LC (EASY nano LC 1000 (Proxeon, Thermo Fischer 77
etal.® (Inferior turbinate) Scientific; CA, USA)
Electrospray ionization quadrapole-orbitrap MS
(Q Exactive, Thermo Fisher Scientific; CA, USA)
Upton DC  Healthy 3 Biopsy MALDI-TOF MS Voyager DE Pro mass spectrometer 15
etal.” CRSwWNP 3 (Ethmoid, Sphenoid (Protein Core Facility)
sinuses)

HPLC: High performance liquid chromatography; LC: Liquid Chromatography; MS: Mass spectrometry; LC-MS/MS: Liquid chromatography-tandem

mass spectrometry; ESI-Q-TOF MS: Electrospray-ionisation quadrupole time-of-flight mass spectrometry; LC-Q-TOF MS: Liquid chromatography/

quadrupole time-of-flight mass spectrometry; MALDI-TOF MS: Matrix Assisted Laser Desorption/ lonisation mass spectrometry; Spring: Number of

proteins identified in spring; Autumn: Number of proteins identified in autumn.

data from healthy and CRS patients was extracted and included
in this review. The focus of the included studies was to identify
and ascertain differences in the nasal mucus or tissue proteome
between CRS patients and controls, however, there was consi-
derable variability in patient demographics and clinical status.
Four studies obtained samples from healthy and allergic rhinitis
patients before and after pollen seasons to compare changes

in proteome 253336 The allergic rhinitis protein content was
excluded from this review, and only the healthy proteome was
included in the overall protein list. One study did not document
the number of patients included ?”, and two studies did not
include patient age 33, These three studies consisted of only
healthy patients, and the proteins identified were included in
the catalogue of proteins in this review (Supplement 2). CRS was
diagnosed via nasoendoscopic examination in all cases, with the
addition of CT imaging in three studies 723", Minimal details
were given across the included studies regarding polyp grades
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and CT scores with one study grading polyp severity in CRS
patients "9, Studies defined healthy patients who demonstrated
no clinical or CT evidence of allergic rhinitis or CRS. One study
included two smokers ®” and two studies utilized oral steroids
1718 These details are summarised in Supplement 4.

There was heterogeneity between studies regarding sample
collection and preparation prior to analysis with the mass
spectrometer. Nasal mucus was collected via nasal lavage fluid
(NLF) in seven studies and suction in four studies (Table 1). Nasal
tissue samples were collected as nasal brushings in five studies
and biopsy of nasal mucosa (inferior turbinate, polyp, ethmoid
or sphenoid sinuses) in five studies (Table 2). Heterogeneity in
sample collection method and site of tissue extraction is a po-
tential for confounding bias. Seven studies performed additional
immunochemistry on cells to identify cellular changes in healthy
and CRS patients (17:2428:29,31.32.34 These studies identified a range
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A B

Figure 1.Venn diagram demonstrating total proteins identified in CRS

and healthy patients in nasal mucus (A) and nasal mucosa (B).

W Homeostasis ® Metabolism

W Immune system

% Programmed cell death ® Signal transduction m Vesicle-mediated transport

Figure 2. CRS cellular pathways. Twenty-six cellular pathways identified,
classified into six common groups. (%) Percentage of all identified cel-

lular pathways in CRS samples.

of nasal mucosal and inflammatory cells, however, there is limi-
ted reporting of which specific cell types were tested during the
proteomic experiments.

Nasal tissue sample preparation prior to mass spectrometry
analysis was variable, however, followed the same principles
across all the studies. Nasal mucus samples were run through 2D
Gel electrophoresis in seven studies ?22326:27:33,3437) Protein spots
of interest were cut and underwent trypsin digestion prior to
mass spectrometry analysis. Nasal tissue samples all underwent
tissue lysis through combinations of lysis buffers and mechani-
cal disruption via sonification. Protein was collected from these
lysed cells and run through 2D gel electrophoresis in eight of
the StudieS (17,18,24, 25,28, 29,31,32)'

Various techniques of mass spectrometry were employed across
the 21 included studies, where some studies used two dif-
ferent techniques. lon trap LC-MS/MS was used in ten studies,
matrix assisted laser desorption/ ionisation mass spectrometry
(MALDI-TOF) was used in ten studies, electrospray-ionisation
quadrupole time-of-flight mass spectrometry (ESI-Q-TOF) was
used in three studies and liquid chromatography/ quadrupole
time-of-flight mass spectrometry (LC-Q-TOF) was used in one

m Adheren junction ® Cytop vesicle ® Cy ion M Secretory granule M Vacuole

Figure 3. CRS cellular components. Eighteen cellular components classi-
fied in six common groups. (%) Percentage of all identified cellular com-

ponents in CRS samples.

m Cell activation

W Antomical structure development B Biological regulation

Cell death m Cellular or, m Cellular ic process

mImmune system process m Localisation W Metabolic process

m Regulation of molecular function M Reponse to stimulus W Sensory perception

m System development W Tissue homeostasis

Figure 4. CRS biological processes. Sixty-one biological processes classi-
fied into 14 common groups. (%) Percentage of all identified biological

processes in CRS samples.

study (Table 1 and Table 2). Notably, the most recent of these
studies was published 8 years ago, and since then, there have
been considerable advances in MS equipment speed, resolu-
tion and sensitivity. Furthermore, various protein identification
criteria were employed, including 2-4 peptides present, 10-20%
sequence coverage and false discovery rates of less than 5%.

Nasal mucus and mucosa proteome gene set enrichment
analysis

There was substantial skew of studies investigating healthy mu-
cus and mucosa samples compared to CRS samples. Thus, GSEA
was only performed on the proteins identified in the six studies
that sampled CRS patients. Two of these studies investigated na-
sal mucus‘®3® and four studies examined the nasal mucosa "7:'®
2431 Three of these six studies directly compared the proteomes
of CRS and healthy patients %729 This was to reduce methodo-
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mBinding M Catalytic activity ~ ® Molecular function regulator

Figure 5. CRS molecular functions. Eleven molecular functions classified
into three common groups. (%) Percentage of all identified molecular

functions in CRS samples.

m Cellular responses to external stimuli ® Disease

® Homeostasis Metabolism

m Signal transduction m Vesicle-mediated transport
Figure 6. Healthy and CRS cellular pathways. Thirteen cellular pathways
identified and stratified into six common pathways. (%) Percentage of all

identified cellular pathways in both healthy and CRS samples.

logical bias in the analysis.

151 proteins were identified in the two studies investigating the
nasal mucus proteome (Supplement 5 and Figure 1)1%38), 136
proteins were uniquely expressed in CRS mucus and 15 were
found in both CRS and healthy mucus samples whilst no pro-
teins were found to be unique to the healthy mucus proteome.
58 proteins were identified across four studies investigating the
proteomics of nasal mucosa‘"”-'8 243", 21 proteins were uniquely
expressed in CRS mucosa, 37 proteins were present in both heal-
thy and CRS mucosa and no proteins were unique to the healthy
mucosa proteome (Figure 1).

CRS proteome

Twenty-six cellular pathways were identified in the 136 uniquely
expressed CRS mucus proteins and classified into six common
groups (Supplement 5). The pathways included immune system
(42%), programmed cell death (19%), metabolism (16%), vesicle
mediated transport (15%), homeostasis (4%) and signal trans-
duction (4%) (Figure 2). No significant cellular pathways were
identified in CRS mucosa samples.

Chronic rhinosinusitis proteomics

m Adherens junction B Cytoplasmic vesicle B Cytoskeleton @ Mitochondria M Secretory granule

Figure 7. Healthy and CRS cellular components. Fifteen cellular compo-
nents identified and classified in five common groups. (%) Percentage of

all identified cellular components in both healthy and CRS samples.

m Cell-cell adhesion

m Cell death

u Cellular metabolic process Cellular reponse to chemical stimulus

m Circulatory system m Export from cell

mImmune system process m Localisation

W Metabolic process W Reponse to stimulus

W System process W Tissue homeostasis
Figure 8. Healthy and CRS biological processes. Thirty-one biologi-
cal processes classified in twelve common biological processes. (%)

Percentage of all identified biological processes.

Eighteen cellular components were uniquely identified in CRS
mucus and mucosa samples, classified into six common groups
consisting of secretory granules (44%), cytoskeleton (28%), ad-
herens junction (11%), vacuoles (6%), mitochondrion (6%) and
cytoplasmic vesicles (5%) (Supplement 5 and Figure 3).

Sixty-one biological processes were identified in CRS mucus

and mucosa samples, stratified into 14 common groups (Sup-
plement 5). These processes included mainly immune system
process (24%), cellular metabolic process (15%), metabolic
process (13%), regulation of molecular function (6%) as well as
anatomical structure development, biological regulation, cell ac-
tivation, cellular component organisation, localisation, function,
response to stimulus, sensory perception, system development
and tissue homeostasis (all <5%) (Figure 4).
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Eleven molecular functions were significantly present in CRS
mucus, classified into three common functions consisting of
binding (55%), molecular function regulation (27%) and cata-
lytic activity (18%) (Supplement 5 and Figure 5). No molecular
functions were identified in CRS mucosa samples.

Common proteome in CRS and healthy

All proteins identified in healthy mucus > and mucosa ©¢”
samples were also present in CRS mucus and mucosa samples,
respectively.

Thirteen cellular pathways were identified in both healthy and
CRS mucus and mucosa samples were classifed into six common
pathways: homeostasis (29%), metabolism (22%), vesicle-medi-
ated transport (14%), signal transduction (14%), disease (14%)
and cellular responses to external stimuli (7%) (Supplement 5
and Figure 6).

Fifteen cellular components were found to be present in both
healthy and CRS mucus and mucosa samples. These were grou-
ped into five common groups consisting of secretory granules
(40%), cytoplasmic vesicles (27%), cytoskeleton (20%), mito-
chondrion (7%) and adherens junctions (6%) (Supplement 5 and
Figure 7).

Thirty-one biological processes were present in both healthy
and CRS mucus and mucosa samples (Supplement 5). These
were grouped into twelve common biological processes consis-
ting mainly of immune processes (16%), response to stimulus
(13%), metabolic process (10%), cellular metabolic process
(10%), cellular response to chemical stimulus (10%), cell death
(10%), cellular metabolic process (10%), export from cell (7%),
as well as localisation, system processes, tissue homeostasis and
tissue homeostasis, cell-cell adhesion and circulatory system (all
<6%) (Figure 8).

Signal recognition particle binding (GO:0005047) was the only
significant molecular function present in both CRS and healthy
mucus samples (Supplement 5). No other molecular functions

were identified in either the healthy or CRS mucosa samples.

Discussion

Chronic rhinosinusitis is a multifactorial disease believed to

be secondary to a complex interplay between pathogens, the
immune system and environmental factors “%. This results in
chronic mucosal inflammation and recurrent infections. The cur-
rently used phenotypic classification which is based on the pre-
sence or absence of polyps has been shown to be inadequate

in defining the numerous inflammatory subtypes within CRS. To
better define the heterogeneous disease process in CRS, there
have been numerous studies investigating the pathophysiology

and classification of CRS endotypes 749, This scoping review has
identified 21 studies investigating the nasal mucus and mucosa
proteome of healthy and CRS patients that may give insights
into the protein composition and down-stream alterations that
occur in sinus disease. The various methodologies of all included
studies were summarised and critically appraised. There was sig-
nificant heterogeneity in methodology and patients across the
current available literature. Gene set enrichment analysis (GSEA)
was conducted on six proteomic studies that had data compa-
ring the proteome of CRS and healthy cohorts (16:18:2431.38 These
results suggest an increased proportion of both innate and
adaptive immunologic pathways including complement, phago-
cytosis and B cell functions, with increases to tissue remodelling
pathways, apoptosis and metabolic processes in CRS patients
compared to the common proteome group. These differences
as well as their associated imbalances in cellular pathways may
account for the disease manifestation observed in CRS, however,
further studies are required to confirm these findings.

Dysregulation of the innate and adaptive immune system
response has been proposed as a contributing factor to the
underlying chronic inflammatory state observed in CRS “143),
Using GSEA this review demonstrated an increased presence of
complement activation processes (GO:0006958) and phagocyte
activity (GO:0006909) in the CRS group. Both these factors are
part of the innate immune system which is vital against inhaled
pathogens in the airway. Studies have identified upregulation of
complement components and deposition along the basement
membrane in CRS nasal polyp tissue “+4%. This deposition is as-
sociated with epithelial-to-mesenchymal transition, a form of tis-
sue remodelling observed in CRS mucosa “¢47). Additionally, C5a
has been found to induce production of Oncostatin M, a potent
cytokine, known to disrupt epithelial barrier integrity in CRSWNP
“8, Macrophages and neutrophils are prominent phagocytic
cells in CRS, with their dysregulation potentially accounting for
the epithelial injury and increased paracellular permeability
observed in CRS #4959 The increased expression of these innate
immune system pathways in CRS patients may account for the
barrier dysfunction associated with the sinonasal inflammatory
response. In turn, differences in pathway expression can used to
endotype CRS and aid in prognostication and treatment.

Secretory granules are important constituents in phagocyte
function in the innate immune response, with similar composi-
tions found between the CRS and common proteome groups
following GSEA. Elevated levels of neutrophils observed in CRS
patients may lead to over production of neutrophil granules and
serine proteases, which may lead to barrier disruption as col-
lateral damage ®°. This review identified differences in endopep-
tidase (GO:0052548) and peptidase (GO:0052547) activity in CRS
mucus which was not present in the common group. Neutrophil
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elastase, an endopeptidase, is vital in the fight against patho-
gens has been associated with epithelial barrier disruption ©°.
The imbalance between proteases and protease inhibitors at
the epithelial barrier is hypothesised to be an initiating and
perpetuating factor in inflammatory airway disease ©"52. Further
targeted studies are required to determine if differences in
protein expression of these inflammatory mediators reflect the
increased infiltration of inflammatory cells with consequent bar-
rier disruption.

The adaptive immune response is also implicated in the patho-
genesis of CRS. Our GSEA confirms this with increased proporti-
on of B cell activation (GO:0050871) and function (GO:0050853)
pathways in CRS mucus samples. These findings correlate with
previous studies identifying elevated levels of B cells and plasma
infiltrates in CRS ©3%%, B cells are fundamental in the adaptive im-
mune response, by evolving into plasma cells or memory B cells
upon activation. From research by our department, we have
also recently demonstrated immune cell infiltrates clustering
into germinal centres called tertiary lymphoid organs (TLO). We
proposed that the presence of TLO in nasal polyp samples in
recalcitrant CRS patients may be secondary to chronic antigen
presentation 9, Studies have speculated the role of TLO in the
activation of autoreactive B and T cell clones in chronic inflam-
mation and autoimmunity “257:58, Further research is required to
understand the contribution of the innate and adaptive immune
response in CRS endotypes, and its role of tissue remodelling
and the development of polyps.

GSEA also demonstrated an impairment in immune response
against pathogen invasion including the defence response
biological processes against bacterium (GO:0042742) and
fungus (GO:0050832), that were only found to be present in the
CRS group. These pathways need to be explored to determine
if the proteins involved are downregulated or upregulated in
CRS patients. Furthermore, three sensory perception proces-
ses identified in CRS mucus were involved with bitter taste. The
bitter taste receptor gene family, particularly T2R38, has been
associated with activation of the local innate immune response
through increased mucociliary clearance and bactericidal
activity %%, It has been proposed that polymorphisms in bitter
taste receptors play a role in sinonasal immunity in CRS ©". The
impairment in immunological pathways present may account
for the impaired innate and adaptive immune response with
secondary bacterial dysbiosis observed in CRS ©%63),

Tissue remodelling with associated barrier dysfunction secon-
dary to inflammation is a hallmark feature of CRS ©*. Epithelial-
to-mesenchymal transition (EMT) is a remodelling process
where epithelial cells lose their normal morphology, polarity
and junctional attachments to neighbouring cells becoming
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spindle shaped mesenchymal cells in response to chronic
inflammation ©. These cellular changes with loss of tight and
adherens junctions from CRS mucosa are well documented ©%67.
This review identified increased proportion of cytoskeletal and
adherens junction components in the CRS group compared to
the common proteome group. Furthermore, proteins involved
in cell-cell binding played the largest role in molecular functi-
ons of the CRS group. These differences may reflect the cellular
morphological changes observed in CRS described in the barrier
disruption hypothesis of CRS pathogenesis. Lastly, the increased
proportion of actin-filaments (GO:0005884) and intermediate
filament cytoskeleton (GO:0045111) present in the CRS group
may account for increased activity during tissue remodelling.
Further research is required to identify differences in expression
of barrier and cytoskeletal structure proteins that reflect the
changes observed in CRS.

Interestingly, our review also showed an increased expression
of programmed cell death pathways and biological processes to
be present in CRS patients. Apoptosis has a fundamental role in
regulating tissue homeostasis via the elimination of unwanted
cells. The apoptotic cleavage pathway of cell adhesion proteins
leads to rearrangements of tight junctions, adherens junctions
and desmosomes. Immune-mediated apoptosis of intestinal
epithelial cells demonstrated increased permeability with as-
sociated restructuring of epithelial cells ©®. Caspases released
during apoptosis causes cleavage of desmosomal proteins
leading to disruption of cell-cell contacts. This is followed by
remodelling of the intermediate filament cytoskeleton, as a
homeostatic mechanism observed in colonic epithelial cells

to maintain barrier function ©°. These findings correlate with
cytokine-mediated changes in tight junctions with increased
paracellular permeability present in inflammatory bowel disease
(7072 This pathway may account for the increased paracellular
permeability without epithelial cell cytotoxicity observed in
human nasal epithelial cells exposed to CRS mucus ©. Further
research is required to determine differences in the upstream
regulation of apoptotic pathways present in CRS, followed by
clarifying if apoptosis-induced morphological changes in nasal
epithelial is associated with barrier dysfunction and paracellular
permeability.

The dysregulation of the coagulation cascade has been hy-
pothesised to play a role in the pathogenesis of many inflam-
matory conditions including asthma, rheumatoid arthritis and
Crohn’s disease 7. This review identified the platelet degranula-
tion pathways with similar distributions in both groups. Elevated
expression of platelet-derived growth factor (PDGF) has been
identified in nasal polyps suggesting involvement in epithe-

lial proliferation observed in CRS “%. PDGF is chemotactic and
mitogenic for fibroblasts, and involved in the pathogenesis of
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fibrosis 79, Additionally, factor XIII-A in the coagulation cascade,
present in platelets and macrophages, is also elevated in nasal
polyp tissues of CRSWNP patients 7°. It was hypothesised that
overproduction of factor XllI-A may lead to an accelerated coa-
gulation cascade with subsequent excessive fibrin deposition,
leading to tissue remodelling and oedema of the submucosa
within nasal polyp tissue 7. Further research is required to
ascertain the differences in protein regulation upstream in plate-
let pathways which may be responsible for the increased fibrin
deposition in tissue remodelling.

The maintenance of cellular metabolism is vital in healthy tissue
homeostasis. This review identified increased expression of me-
tabolic processes, particularly with carbohydrate metabolism,
was present in the CRS-only group. Persistent exposure of nasal
epithelial cells to external pathogens and irritants leads to injury
with chronic healing and remodelling. Reactive oxygen species
released in response to pathogens further add to the oxidative
stress in chronic disease 7. This process is counterbalanced by

a range of antioxidant pathways identified in both healthy and
CRS mucus. Previous studies have demonstrated reduced levels
of antioxidant enzymes in CRS patients compared to healthy
individuals 7®79. Consequently, the increased energy demand
from their epithelial cells require a constant glucose reservoir

for the maintenance of cell function and tissue integrity .
Elevated breath glucose has been identified in patients with
cystic fibrosis without diabetes with inflammatory lung changes.
It was hypothesised the elevated glucose in airway fluid was due
to increased paracellular permeability and glucose leakage into
respiratory fluid or impaired glucose removal . Further studies
are required to investigate imbalances between oxidant and
antioxidant processes likely contributing to the inflammation of
the epithelium observed in CRS patients ©". Additionally, further
research is required to determine if elevated levels of glucose
are present in the nasal secretions of CRS patients, and its associ-
ation with disease severity and barrier dysfunction.

Limitations

The proteomic analysis of nasal mucosa and mucus samples is a
powerful technique in understanding CRS pathogenesis and its
endotypes. Heterogeneity in methods of sample collection and
location of tissue collected are potential areas of bias. Studies
are required to determine if the proteome collected from nasal
brushings are as representative as mucosal biopsy specimens.
Furthermore, future research is required to determine differen-
ces between the nasal mucosa and mucus proteome samples
from the same patients. Cellular lysates obtained from nasal mu-
cosa are more challenging to process due to the magnitude of
proteins present compared to mucus. Additionally, the protein
composition between healthy and CRS cells are likely similar as
all cells require similar organelle to survive. The lack of cellular

pathways identified from the GSEA of CRS mucosa is likely due
to the decreased number of unique proteins (21 vs 136) identi-
fied and inputted into the analysis. Therefore secretions, such as
mucus, may be more representative of the disease process.

Researchers should aim for a standardised mucus and muco-
sal collection method to reduce sample variability. Targeted
methods of sample collection from specific subsites of the

nasal cavity, such as with an absorbable sponge or suctioning,
will provide more detailed information. Further studies should
determine if samples collected from different subsites contain
similar quantities of inflammatory cytokines and cells. Further-
more, differing sample processing methods, in conjunction with
differing mass spectrometry methods adds confounding bias.
Advances in mass spectrometry resolution and sensitivity will
allow for the detection of lower abundance proteins present in
mucus and mucosa samples to improve our understanding of
CRS. GSEA was unable to be performed on all 21 studies due
the skew of studies containing only healthy patients. This factor
in conjunction with the heterogeneity in sample preparation
and analysis across the studies was a potential for cumulative
methodological bias. Therefore, this is a potential explanation
for the lack of unique healthy proteins identified. The included
studies reporting protein qualification was limited and thus this
review was only able to comment on the presence of certain
proteins and not the quantity. Due to this lack of standardized
reporting of up-regulated and/or down-regulated proteins
across the studies, we could not collate the data and express

it in a meaningful and semi-quantitative way. This is a poten-
tial avenue for future research. Thus, GSEA conducted was

only capable of presenting pathways present, and not which
pathways were up- or down-regulated. Ultimately, more studies
with direct comparisons between healthy and CRS proteomes
are required. This includes quantitative studies to determine
differences in protein and cellular pathway expressions. Lastly,
future studies require standardised reporting and methodology
to allow improved comparisons in future reviews. Despite these
limitations this review has been able to collate a comprehensive
list of the nasal proteome, with a descriptive analysis of different
cellular processes between healthy and CRS patients.

Conclusion

Proteomic analysis of nasal mucus and mucosa is a vital step

in better understanding the pathophysiology of CRS and its
endotypes. This descriptive scoping review has identified 2962
proteins from healthy and CRS patients in the current literature.
Preliminary GSEA from the current limited and heterogenous
literature suggests a trend of increased presence of immunolo-
gical, metabolic, tissue remodelling and apoptotic pathways in
CRS. Furthermore, the lack of standardisation in methodology
across the current literature has been identified. We hope this
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review provides a reference resource of the current literature
to improve standardisation of methodology and direct further
research to improve the knowledge of CRS pathogenesis and

endotypes.
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SUPPLEMENTARY INFORMATION

Supplement 1: Database search.

Pubmed 26/03/2019

Sinusitisimh] OR Sinus*[tw] OR Sinusitides[tw] OR Chronic
rhinosinusitis[tw] OR CRS[tw] OR CRSWNP[tw] OR CRSsNP[tw] OR Nasal
polyps[mh] OR Papillom*[tw] Polyps[mh] OR Polyp*[tw] OR Nose[mh]
OR Nose[tw] OR Nasal*[tw]

AND

Mucus [mh] OR Mucus [tw] OR Bodily secretions [mh] OR Secret* [tw]
OR Fluids and Secretions [mh] OR Fluid* [tw] OR Mucus membrane [mh]
OR Mucus membrane [tw] OR Respiratory mucosa [mh] OR Respiratory
mucosa [tw] OR Nasal mucosa [mh] OR Nasal mucosa [tw] OR Mucosa*
[tw] OR Epitheli*[tw] OR Tissue* [tw]

AND

Proteomics [mh] OR Proteom* [tw] OR Proteogenomic [mh] OR

Proteogenomic [tw] OR Secretome[tw]

Embase 26/03/2019

Sinusitis/syn OR Sinusitis/exp OR Sinus*:ti,ab OR "Chronic
rhinosinusitis":ti,ab OR CRS:ti,ab OR CRSsNP:ti,ab OR "Nose polyp"/syn
OR "Nose polyp"/exp OR "Nose polyp*":ti,ab OR "Nasal polyp*":ti,ab OR
Papillom*:ti,ab Polyp/syn OR Polyp/exp OR Polyp*:ti,ab OR Nose/syn OR
Nose/exp OR Nos*:ti,ab

AND

Mucus/syn OR Mucus/exp OR Mucus:ti,ab OR Mucosa*:ti,ab OR "Nose
mucus"/syn OR "Nose mucus"/exp OR "Nose fluid":ti,ab OR "Nasal
fluid":ti,ab OR Bodily secretions/syn OR Bodily secretions/exp OR Bodily
secretion*:ti,ab OR Secret*:ti,ab OR Bodily fluid/syn OR Bodily fluid/exp
OR Fluid*:ti,ab OR Mucosa/syn OR Mucosa/exp OR Nose mucosa/syn OR
Nose mucosa/exp OR Paranasal sinus mucosa/syn OR Paranasal sinus
mucosa/exp OR Nasal tissue/syn OR Nasal tissue/exp OR Tissue*:ti,ab OR
Nose epithelium/syn OR Nose epithelium/exp OR Epitheli*:ti,ab

AND

Proteomics/syn OR Proteomics/exp OR Proteom*:ti,ab OR
Proteogenomics/syn OR Proteogenomics/exp OR Proteogenomic*:ti,ab

OR Secretome:ti,ab

CINAHL 26/03/2019

MH Sinusitis ORTI Sinus* OR AB Sinus* OR TA Chronic rhinosinusitis

OR AB Chronic rhinosinusitis OR TI CRS OR AB CRS OR TI CRSsNP OR AB
CRSsNP OR MH Nasal polyps OR Tl Nasal polyp* OR AB Nasal polyp* OR
TI Nose polyp* OR AB Nose polyp* ORTI Papillom* OR AB Papillom* OR
MH Polyps OR Tl Polyp* OR AB Polyp*

AND

MH Mucus OR Tl Muc* OR AB Muc* OR Tl Nasal muc* OR AB Nasal muc*
ORTI Nasal fluid* OR AB Nasal fluid* OR MH Secretions OR MH Fluids and
secretions OR Tl Secret* OR AB Secret* OR Tl Fluid* OR AB Fluid OR MH
Mucus membrane OR MH Nasal mucosa OR MH Paranasal sinuses OR

MH Tissue OR Tl Tissue* OR AB Tissue* OR MH Epithelium OR Tl Epitheli*

430

OR AB Epitheli*

AND

MH Proteomics OR Tl Proteomic* OR AB Proteomic* ORTI
Proteogenomic* OR AB Proteogenomic* OR Tl Secretome OR AB

Secretome

Cochrane 26/03/2019

Sinus* OR Chronic rhinosinusitis OR CRS OR CRSsNP OR Nose polyp* OR
Nasal polyp* OR Papillom* OR Polyp*

AND

Mucus* OR Muc* OR Secret* OR Fluid* OR Epitheli* OR Tissue*

AND

Proteom* OR Proteogenomic OR Secretome

Supplement 2. PRISMA Flow Diagram. lllustration of the systematic

review process of study inclusion and exclusion.
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Supplement 3: Comprehensive protein list.
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RSPH1
RSPH3
RSPH4A
RSPH9
RSU1
RTCA
RTCB
RTN3
RTN4
RTRAF
RUNX2
RUVBL1
RUVBL2
S100A10
S100A11
S100A12
S100A13
S100A14
S100A16
S100A2
S100A4
S100A6
S100A7
S100A8
S100A9
S100P
SAA1
SAE1
SAFB
SAFB2
SAG
SAMD9
SAMHD1
SAMM50
SARTA
SAR1B
SARG
SARS
SART3
SAXO2
SBDS
SCAMP1
SCAMP2

UniProt Acces-
sion Number

P62070
Q9P2E9
Q96723
076021
Q8WYR4
Q86UC2
Q5TD9%
Q9H1X1
Q15404
000442
QoY3I0
095197
QI9NQC3
QoY224
Q13950
Q9Y265
Q9Y230
P60903
P31949
P80511
Q99584
Q9HCY8
Q96FQ6
P29034
P26447
P06703
P31151
P05109
P06702
P25815
PODJI8
Q9UBEO
Q15424
Q14151
P10523
Q5K651
Q9Y3Z3
Q9Y512
QI9NR31
Q9Y6B6
Q9BW04
P49591
Q15020
Q658L1
Q9Y3A5
015126
015127
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SCAMP3
SCARB2
SCCPDH
SCEL
SCFD1
SCGB1A1
SCGB1D1
SCGB1D2
SCGB2A1
SCGB2A2
SCGN
SCIN
SCLY
SCP2
SCPEP1
SCRIB
SCRN1
SCRN2
SDC1
SDC4
SDF4
SDHA
SDHB
SDR39U1
SEC11A
SEC11C
SEC13
SEC14L2
SEC14L3
SEC16A
SEC22B
SEC23A
SEC23B
SEC23IP
SEC24A
SEC24C
SEC24D
SEC31A
SEC61A1
SEC62
SEC63
SEL1L3
SELENBP1
SELENOS
SEMG1
SEMG2
SEPHS1

UniProt Acces-
sion Number

014828
Q14108
Q8NBX0
095171
Q8WVM8
P11684
095968
095969
075556
Q13296
076038
Q9Y6U3
Q96115
P22307
Q9HB40
Q14160
Q12765
Q96FV2
P18827
P31431
G3V1E2
P31040
P21912
QINRG7
P67812
Q9BY50
P55735
076054
QoUDX4
015027
075396
Q15436
Q15437
QIY6Y8
095486
P53992
094855
094979
P61619
Q99442
QoUGP8
Q68CR1
Q13228
Q9BQE4
P04279
Q02383
P49903
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2420
2421
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2423
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2425
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2429
2430
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2432
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SEPHS2
SEPTIN10
SEPTINT1
SEPTIN2
SEPTING
SEPTIN7
SEPTIN8
SEPTIN9
SERBP1
SERINC1
SERPINA1
SERPINA3
SERPINA4
SERPINA6
SERPINB1

SERPINB10

SERPINB12
SERPINB13
SERPINB2
SERPINB3
SERPINB4
SERPINB5
SERPINB6
SERPINB9
SERPINC1
SERPIND1
SERPINF1
SERPINF2
SERPING1
SET
SF3A1
SF3A3
SF3B1
SF3B2
SF3B3
SFN

SFPQ
SEXNT1
SFXN2
SFXN3
SFXN4
SGPL1
SGTA
SH2D4A
SH3BGRL
SH3BGRL2
SH3BGRL3

UniProt Acces-
sion Number

Q99611
Q9POV9
QI9NVA2
Q15019
Q14141
Q16181
Q92599
Q9UHD8
Q8NC51
QI9NRX5
P01009
P01011
P29622
P08185
P30740
P48595
Q96P63
Qoulv8
P05120
P29508
P48594
P36952
P35237
P50453
P01008
P05546
P36955
P08697
P05155
Q01105
Q15459
Q12874
075533
Q13435
Q15393
P31947
P23246
Q9H9B4
Q96NB2
Q9BWM7
Q6P4A7
095470
043765
Q9H788
075368
QoUJC5
Q9H299
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Gene UniProt Acces- Studies Gene UniProt Acces- Studies
sion Number sion Number

2437  SH3GLB1 Q9Y371 | 2484  SLC44A4 Q53GD3 [¢)
2438  SH3GLB2 Q9NR46 | 2485  SLC4A1 P02730 l,o
2439  SHMT1 P34896 | 2486  SLC4A4 Q9Y6R1 ()
2440  SHMT2 P34897 [¢) 2487  SLC5A1 P13866 [¢)
2441  SHPK Q9UHJ6 | 2488 SLC6A14 Q9UN76 o
2442  SHTN1 AOMZ66 | 2489  SLC9A1 P19634 o
2443  SIGIRR Q6IA17 (o) 2490  SLC9A3R1 014745 l,o
2444  SKIV2L Q15477 | 2491 SLK Q9H2G2 |
2445  SKP1 P63208 | 2492 SLPI P03973 srk,q.clqg
2446  SLC12A2 P55011 l,o 2493  SMAD9 015198 |
2447  SLC12A6 HOYMQ9 h,0 2494  SMAP2 Q8WU79 |
2448  SLC12A7 Q9Y666 o 2495  SMARCA2 P51531 o
2449  SLC16A1 P53985 [¢) 2496  SMARCA5 060264 [¢)
2450 SLC16A3 015427 (o) 2497  SMARCC1 Q92922 S
2451  SLC16A6 015403 S 2498 SMCI1A Q14683 ol
2452  SLC1A4 P43007 [¢) 2499  SMC3 Q9UQE7 ol
2453  SLC1A5 Q15758 o 2500 SMPD2 060906 o/l
2454 SLC22A18 Q968BI1 [¢) 2501 SMPD3 QINY59 [¢)
2455  SLC22A4 Q9HO15 [¢) 2502 SMPD4 QINXE4 [¢)
2456  SLC25A1 P53007 ol 2503 SMR3B P02814 k
2457  SLC25A10 Q9UBX3 [¢) 2504  SMS P52788 |
2458  SLC25A11 Q02978 l,o 2505 SMU1 Q2TAY7 |
2459  SLC25A12 075746 o/l 2506 SMYD5 Q6GMV2 |
2460  SLC25A13 Q9UJSO l,o 2507  SNAP23 000161 [¢)
2461  SLC25A17 043808 [¢) 2508  SNAP91 060641 |
2462  SLC25A20 043772 [o) 2509 SNCA P37840 |
2463  SLC25A22 Q9H936 [¢) 2510 SNCG 076070 |
2464  SLC25A24 Q6NUK1 | 2511 SND1 Q7KZF4 ol
2465  SLC25A3 Q00325 l,o 2512 SNRNP200 075643 ol
2466  SLC25A4 P12235 l,o 2513  SNRNP40 Q96DI7 |
2467  SLC25A5 P05141 l,o 2514  SNRNP70 P08621 ol
2468  SLC25A6 P12236 I1,0,0 2515  SNRPA P09012 |
2469  SLC27A1 Q6PCB7 o 2516  SNRPA1 P09661 |
2470  SLC27A2 014975 ol 2517  SNRPB P14678 |
2471 SLC27A3 Q5K4L6 o 2518  SNRPDI1 P62314 s
2472  SLC27A4 Q6P1MO o 2519  SNRPD2 P62316 |
2473  SLC2A1 P11166 [¢) 2520 SNRPD3 P62318 l,o
2474  SLC2A14 Q8TDB8 o 2521 SNRPE P62304 |
2475  SLC33A1 000400 [¢) 2522 SNRPF P62306 l,o
2476  SLC35A1 P78382 [¢) 2523  SNU13 P55769 |
2477  SLC35A3 Q9Y2D2 o 2524  SNX11 Q9Y5W9 h
2478  SLC35B2 Q8TB61 [¢) 2525 SNX16 P57768 h
2479  SLC35F6 Q8N357 (o) 2526 SNX2 060749 |
2480 SLC37A4 043826 (o) 2527  SNX3 060493 |
2481  SLC3A2 P08195 [¢) 2528  SNX5 Q9Y5X3 |
2482  SLC44A1 Q8WWI5 [o) 2529  SNX6 Q9UNH7 |
2483  SLC44A2 Q8IWA5 o 2530 SOAT1 P35610 [¢)
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2531
2532
2533
2534
2535
2536
2537
2538
2539
2540
2541
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2545
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2552
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2557
2558
2559
2560
2561
2562
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2574
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Gene

SOD1
SOD2
SOD3
SORD
SORL1
SP100
SPA17
SPACA9
SPAG6
SPAG9
SPATA18
SPATA6
SPCS1
SPCS2
SPCS3
SPEN
SPNS1
SPR
SPRR1A
SPRR1B
SPRR2B
SPRR3
SPTAN1
SPTBN1
SPTBN2
SQOR
SRI
SRP14
SRP68
SRP72
SRPRA
SRPRB
SRRM1
SRRM2
SRRT
SRSF1
SRSF10
SRSF11
SRSF2
SRSF3
SRSF5
SRSF7
SSB
SSBP1
SSH3
SSR1
SSR3

UniProt Acces-
sion Number

P00441
P04179
P08294
Q00796
Q92673
P23497
Q15506
Q96E40
075602
060271
Q8TC71
QINWH?7
Q9Y6A9
Q15005
P61009
Q96T58
Q9H2V7
P35270
P35321
P22528
P35325
Q9UBC9
Q13813
Q01082
015020
QI9Y6N5
P30626
P37108
Q9UHB9
076094
P08240
Q9Y5M8
Q8IYB3
QouQ35
Q9BXP5
Q07955
075494
Q05519
Q01130
P84103
Q13243
Q16629
P05455
Q04837
Q8TE77
P43307
Q9UNL2
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2578
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2580
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2582
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2584
2585
2586
2587
2588
2589
2590
2591
2592
2593
2594
2595
2596
2597
2598
2599
2600
2601
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2603
2604
2605
2606
2607
2608
2609
2610
2611
2612
2613
2614
2615
2616
2617
2618
2619
2620
2621
2622
2623
2624

Gene

SSR4
SSRP1
ST13
ST14
ST3GAL4
STARD10
STAT1
STAT2
STAT3
STAT6
STATH
STAU1
STIM1
STIM2
STIP1
STK24
STK33
STK38
STK39
STK4
STMNT1
STOM
STOML2
STOML3
STRAP
STS
STT3A
STT3B
STX11
STX12
STX18
STX4
STX5
STX7
STX8
STXBP3
SUB1
SUCLA2
SUCLG1
SUCLG2
SUGT1
SULT1A2
SULTTA3
SULT2A1
SUMF2
SUN1
SUN2

UniProt Acces-
sion Number

P51571
Q08945
P50502
Q9Y5Y6
Q11206
Q9Y365
P42224
P52630
P40763
P42226
P02808
095793
Q13586
Q9P246
P31948
Q9Y6EQ
Q9BYT3
Q15208
QOUEWS
Q13043
P16949
P27105
QouJz1
Q8TAV4
Q9Y3F4
P08842
P46977
Q8TCJ2
075558
Q86Y82
Q9P2W9
Q12846
Q13190
015400
Q9UNKO
000186
P53999
Q9P2R7
P53597
Q96199
Q9Y2z0
P50226
PODMM9
Q06520
Q8NBJ7
094901
Q9UH99
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2625
2626
2627
2628
2629
2630
2631
2632
2633
2634
2635
2636
2637
2638
2639
2640
2641
2642
2643
2644
2645
2646
2647
2648
2649
2650
2651
2652
2653
2654
2655
2656
2657
2658
2659
2660
2661
2662
2663
2664
2665
2666
2667
2668
2669
2670
2671

Gene

SURFT
SURF4
SVIL
SWAP70
SYNCRIP
SYNET
SYNE2
SYNGR1
SYNGR2
SYNJ2BP
SYPL1
SYTLY
SYVNT
TACC2
TACSTD2
TAF15
TAGLN2
TALDOT
TAOK1
TAP1
TAP2
TAPBP
TAPBPL
TARDBP
TARS
TAX18BP3
TBC1D1
TBC1D15
TBCA
TBCB
TBCD
TBL2
TCERG1
TCF3
TCIRG1
TCN1
TCOF1
TCP1
TECR
TEKT1
TEKT2
TERT
TES
TEX10
TF
TFAM
TFF3

UniProt Acces-
sion Number

Q15526
015260
095425
Q9UH65
060506
Q8NF91
Q8WXHO
043759
043760
P57105
Q16563
Q8lYJ3
Q86TM6
095359
P09758
Q92804
P37802
P37837
Q7L7X3
Q03518
Q03519
015533
Q9BX59
Q13148
P26639
014907
Q86TI0
Q8TC07
075347
Q99426
Q9BTW9
Q9Y4P3
014776
P15923
Q13488
P20061
Q13428
P17987
QI9NZ01
Q969Vv4
QOUIF3
014746
QoUGI8
QINXF1
P02787
Q00059
Q07654
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2677
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2679
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2684
2685
2686
2687
2688
2689
2690
2691
2692
2693
2694
2695
2696
2697
2698
2699
2700
2701
2702
2703
2704
2705
2706
2707
2708
2709
2710
2711
2712
2713
2714
2715
2716
2717
2718

Gene

TFG
TFRC
TGM2
TGM3
TGOLN2
THOP1
THRAP3
THUMPD!1
THYN1
TIGAR
TIMM17B
TIMM50
TIMMDC1
TIMP1
TIPRL
TIP2
TJP3
TKFC

TKT

TLN1
TLR3
TM7SF2
TMOSF1
TMOSF2
TMO9SF3
TMOSF4
TMBIM6
TMCO1
TMED1
TMED10
TMED2
TMED4
TMED7
TMED9
TMEM109

TMEM126A

TMEM128
TMEM14C
TMEM165
TMEM173

TMEM200C

TMEM205
TMEM231

TMEM245
TMEM259
TMEM30A
TMEM30B
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UniProt Acces-
sion Number

Q92734
P02786
P21980
Q08188
043493
P52888
QIY2W1
QINXG2
Q9P016
QINQ88
060830
Q3zCQ8
QONPL8
P01033
075663
QouUDY2
095049
Q3LXA3
P29401
Q9Y490
015455
076062
015321
Q99805
Q9HDA45
Q92544
P55061
Q9UMO0
Q13445
P49755
Q15363
Q7Z7H5
Q9Y3B3
Q9BVK6
Q9BVC6
Q9HO061
Q5BJH2
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2760
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2764
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Gene

TMEM33
TMEM63A
TMEM63B
TMEM65
TMEM67
TMOD3
TMPO
TMPRSS11D
TMPRSS4
TMSBAX
TMTC3
TMUBI
TMX1
TMX3
TMX4
TNC
TNFAIP8
TNIK
TNPO1
TNXB
TOM1
TOMM22
TOMM34
TOMM40
TOMM70
TOP2B
TOR1AIP1
TP53I13
TP53RK
TPBG
TPD52
TPD52L2
TPI1
TPM1
TPM3
TPM4
TPMT
TPP1
TPP2
TPPP
TPPP3
TPR
TPRKB
TPT1
TRA2A
TRA2B
TRADD

UniProt Acces-
sion Number

P57088
094886
Q5T3F8
Q6PI78
Q5HYA8
QINYL9
P42166
060235
QINRS4
P62328
Q6ZXV5
Q9BVT8
Q9H3N1
Q96JJ7
QO9H1E5
P24821
095379
QI9UKE5
Q92973
P22105
060784
QINS69
Q15785
096008
094826
Q02880
Q5JTV8
Q53FA7
Q96544
Q13641
P55327
043399
P60174
P09493
P06753
P67936
P51580
014773
P29144
094811
Q9BW30
P12270
QoY3C4
P13693
Q13595
P62995
Q15628
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2810
2811
2812

Gene

TRAM1
TRANKT1
TRAPPC3
TRBC1
TRBV16
TRIM2
TRIM25
TRIM28
TRIM29
TRIM56
TRIP11
TRIP12
TRIP6
TRMT112
TRMT12
TRMT61A
TRPM4
TSC22D1
TSG101
TSGA10
TSN
TSNAX
TSPAN1
TSPAN3
TST
TSTA3
TSTD1
TTBK1
TTC21A
TTC25
TTC26
TTLL12
TTN
TTR
TUBATA
TUBA1B
TUBA1C
TUBA4A
TUBA8
TUBB
TUBB1
TUBB2B
TUBB3
TUBB4A
TUBB4B
TUBB6
TUBB8

UniProt Acces-
sion Number

Q15629
015050
043617
P01850
AOA087WV62
Q9C040
Q14258
Q13263
Q14134
Q9BRZ2
Q15643
Q14669
Q15654
QoUI30
Q53H54
Q96FX7
Q8TD43
Q15714
Q99816
Q9BZW7
Q15631
Q99598
060635
060637
Q16762
Q13630
Q8NFU3
Q5TCY1
Q8NDW38
Q96NG3
AOAVF1
Q14166
Q8WZz42
P02766
Q71U36
P68363
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Gene UniProt Acces- Studies Gene UniProt Acces- Studies
sion Number sion Number

2813 TUFM P49411 cm,l,0 2860 UGDH 060701 5,0,
2814  TUSC3 Q13454 o 2861 UGGT1 QINYU2 ol
2815  TWF1 Q12792 | 2862 UGP2 Q16851 |
2816  TWF2 Q6IBSO | 2863 UGT1A6 P19224 [¢)
2817 TXN P10599 so,lp,e 2864 UGT2A1 Q9Y4X1 ol
2818  TXN2 Q99757 | 2865 UMPS P11172 |
2819  TXNDC12 095881 | 2866  UNC93B1 Q9H1C4 [¢)
2820 TXNDC17 Q9BRA2 | 2867  UPF1 Q92900 |
2821  TXNDC5 Q8NBS9 jilj 2868 UQCR10 QoUDWI1 |
2822  TXNL1 043396 | 2869 UQCRB P14927 l,o
2823  TXNRD1 Q16881 rs,| 2870  UQCRC1 P31930 cl,0,jj
2824  TXNRD2 QINNW7 | 2871 UQCRC2 P22695 l,o
2825 TYMP P19971 s,ro/l 2872  UQCRFS1 P47985 [¢)
2826  U2AF1 Q01081 o 2873  UQCRFS1P1 POC7P4 |
2827 U2AF1L4 Q8WU68 | 2874  UQCRH P07919 |
2828 U2AF2 P26368 | 2875 UQCRQ 014949
2829  UAP1 Q16222 | 2876  URB2 Q14146
2830 UBA1 P22314 s,r0/l 2877  UROD P06132 |
2831 UBA2 Q9UBT2 | 2878  USO1 060763 |
2832 UBA3 Q8TBC4 | 2879 USP14 P54578 |
2833  UBAS Q9GZZ9 | 2880  USP5 P45974 lLtot
2834  UBA52 P62987 | 2881  USP7 Q93009 |
2835 UBA6 AOAVT1 | 2882  USP9X Q93008 l,o
2836 UBC POCG48 s,0,a 2883  UTRN P46939 ol
2837  UBE2A P49459 | 2884 VAMP2 P63027 [¢)
2838 UBE2D3 P61077 | 2885 VAMP8 Q9BV40 ol
2839  UBE2I P63279 | 2886  VANGL1 Q8TAA9 [¢)
2840 UBE2K P61086 | 2887  VAPA Q9POLO ol
2841 UBE2L3 P68036 | 2888 VAPB 095292 |
2842  UBE2L6 014933 | 2889  VARS P26640 l,o
2843  UBE2M P61081 | 2890  VASP P50552 ol
2844  UBE2N P61088 ol 2891  VAT1 Q99536 l,o
2845  UBE20 Q9C0C9 | 2892  VBP1 P61758 |
2846  UBE2V1 Q13404 | 2893 VCL P18206 ol
2847  UBLCP1 Q8WVY7 | 2894  VCP P55072 rcs/l,o
2848  UBQLNT1 QoUMX0 | 2895 VDACI P21796 ol
2849 UBR4 Q5T4S7 | 2896  VDAC2 P45880 ol
2850 UBXNI1 Q04323 | 2897 VDAC3 Q9Y277 ol
2851 UBXN11 Q5T124 | 2898  VILL 015195 |
2852  UBXN4 Q92575 [o) 2899 VIM P08670 srola
2853  UBXN6 Q9BZV1 | 2900 VMOI1 Q7Z5L0 |
2854  UCHL3 P15374 | 2901  VPS13C Q709C8 l,o
2855  UCHL5 Q9Y5K5 | 2902  VPS26A 075436 |
2856  UFC1 Q9Y3C8 | 2903  VPS29 Q9UBQO |
2857  UFD1 Q92890 | 2904  VPS35 Q96QK1 |
2858  UFL1 094874 l,o 2905  VPS36 Q86VNI1 |
2859  UFM1 P61960 | 2906  VPS4A Q9UN37 |
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Gene UniProt Acces- Studies Gene UniProt Acces- Studies
sion Number sion Number
2907  VPS4B 075351 | 2935  YARS2 QoY274 o
2908  VPS9D1 Q9Y2B5 o 2936  YBXI1 P67809 (o)
2909  VTA1 QI9NP79 | 2937 YBX3 P16989 ol
2910 VTIB Q9UEUO o 2938  YIF1A 095070 o
2911 VIN P04004 | 2939  YIPF3 Q9GZM5 [¢)
2912 VWASA 000534 | 2940  YIPF6 Q96EC8 (o)
2913  WARS P23381 rlp,o 2941 YMEIL1 Q96TA2 o
2914  WASF2 Q9Y6WS5 | 2942  YWHAB P31946 5,0
2915  WASHC2A Q641Q2 | 2943  YWHAE P62258 s,0l,p
2916  WASHC4 Q2M389 | 2944  YWHAG P61981 s,0,l
2917  WDRI1 075083 o/l 2945  YWHAH Q04917 ol
2918 WDR13 Q9H1Z4 | 2946  YWHAQ P27348 sl,o
2919  WDR54 Q9H977 | 2947 YWHAZ P63104 srolpa
2920 WDR61 Q9GZS3 | 2948  ZC3H15 Q8WU90 |
2921  WDR77 Q9BQAT1 | 2949  ZDHHC13 Q8IUH4 (o)
2922  WDR92 Q96MX6 | 2950 ZFAND1 Q8TCF1 |
2923  WFDC2 Q14508 skl 2951  ZFP2 Q6ZN57 m
2924  WFS1 076024 o 2952 ZG16B Q96DA0 kb,srl
2925 WHAMM Q8TF30 | 2953  ZMPSTE24 075844 l,o
2926  WRB 000258 [¢) 2954 ZMYND10 075800 |
2927  XDH P47989 | 2955  ZNF106 Q9H2Y7 S
2928  XPNPEP1 Q9NQW?7 | 2956  ZNF165 P49910 s
2929 XPO1 014980 | 2957  ZNF185 015231 o/l
2930 XPO7 Q9UIA9 | 2958  ZNF207 043670 |
2931  XRCC5 P13010 ol 2959  ZNF263 014978 s
2932  XRCCé P12956 ol 2960 ZNF609 015014 g
2933  XRN2 Q9HOD6 | 2961  ZSCAN31 Q96LW9 h
2934 YARS P54577 | 2962 ZW10 043264 |
Studies.

Author Title

a Bensonetal Extensive fractionation and identification of Proteins within nasal lavage fluids from allergic rhinitis and asthmatic
chronic rhinosinusitis patients

b Casado etal. Identification of human nasal mucous proteins using proteomics

c Debatetal. Identification of human olfactory cleft mucus proteins using proteomic analysis

d Farajzadeh Deroee etal. Regression of polypoid nasal mucosa after systemic corticosteroid therapy: a proteomics study

e Gelardietal. Proteomic analysis of human nasal mucosa: different expression profile in rhino-pathologic states

f  Ghafourietal. Comparative proteomics of nasal fluid in seasonal allergic rhinitis

g Kimetal. Fatty acid binding protein 1 is related with development of aspirin-exacerbated respiratory disease

h Leeetal. Proteomic analysis of normal human nasal mucosa: Establishment of a two-dimensional electrophoresis reference
map

i Lindahletal. Nasal lavage fluid and proteomics as means to identify the effects of the irritating epoxy chemical dimethylben-

zylamine
j  Min-Manetal. Differential proteomic analysis of nasal polyps, chronic sinusitis, and normal nasal mucosa tissues

k  Mortstedt et al. Screening method using selected reaction monitoring for targeted proteomics studies of nasal lavage fluid
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Author Title

I Ndika et al. Epithelial proteome profiling suggests the essential role of interferon-inducible proteins in patients with allergic
rhinitis

Proteomic analysis of nasal cells from cystic fibrosis patients and non-cystic fibrosis control individuals: search for
novel biomarkers of cystic fibrosis lung disease

m  Roxo-Rosa et al.

n Schoenebecketal. Improved preparation of nasal lavage fluid (NLF) as a noninvasive sample for proteomic biomarker discovery
o Simoesetal. Molecular profiling of the human nasal epithelium: A proteomics approach

p Suojalehtoetal. Nasal protein profiles in work-related asthma caused by different exposures

q Tewfiketal. Proteomics of nasal mucus in chronic rhinosinusitis

r  Tomazic et al. Nasal mucus proteomic changes reflect altered immune responses and epithelial permeability in patients with

allergic rhinitis

Seasonal proteome changes of nasal mucus reflect perennial inflammatory response and reduced defence mecha-
nisms and plasticity in allergic rhinitis

s Tomazicetal.

t Uptonetal Chronic Rhinosinusitis With Nasal Polyps: A Proteomic Analysis

u  Wahlenetal. Protein profiles of nasal lavage fluid from individuals with work-related upper airway symptoms associated with

moldy and damp buildings

Supplement IV: Study demographics.

Patient selection Diagnostic crit Smoking  Oral steroid

Benson et al. NR NR Asthma 0 0

Casado etal. Outpatient Clinic ~ Clinical symptoms (Facial pain, tenderness, 0 NR 0
mucopurulent discharge)

Debat et al. Hospital Clinic Nasoendoscopy 0 0 0

Ghafouri et al. NR Nasal symptoms scores 0 0 0
Nasoendoscopy

Lindahl et al. NR Nasoendoscopy DMBA expo- 0 NR

sure

Mortstedt et al. NR NR NR NR NR

Schoenebeck et al. NR NR 0 NR NR

Tewfik et al. Outpatient Clinic  Nasoendoscopy 0 0 0
CT Sinuses (Sinus Health Allergy Partnership criteria)

Tomazic et al. NR Nasoendoscopy (EPOS Criteria) 0 NR 0

Tomazic etal. NR Nasoendoscopy (EPOS Criteria) 0 0 0

Wahlen et al. NR NR 0 0 NR

Farajzadeh Deroee etal. Hospital Clinic Nasoendoscopy 0 0 3

Gelardi et al. Hospital Clinic Clinical symptoms 0 NR NR
Nasoendoscopy

Kim et al. NR Clinical symptoms Asthma ATA 2 0
Nasoendoscopy ATA 8
CT Sinuses AERD 5

Lee etal. NR Clinical symptoms 0 NR 0
Nasoendoscopy

Min-Man et al. Hospital Clinic Nasoendoscopy 0 NR 0
CT Sinuses

Ndika J et al. Hospital Clinic Seasonal allergy symptoms questionnaire 0 0 NR

Roxo-Rosa et al. NR Clinical symptoms 0 0 0

Simoes et al. NR NR NR NR NR

Suojalehto et al. Hospital Clinic NR 0 0 NR

Upton DC et al. Outpatient Clinic  Nasoendoscopy NR 0 3

CT Sinuses (AAO-HNS CRS TF criteria)

AAO-HNS: American Academy of Otolaryngology-Head and Neck Surgery Chronic Rhinosinusitis Task Force; ATA: Aspirin-tolerant asthma; AERD:

Aspirin-exacerbated respiratory disease; DMBA: Dimethylbenzylamine; EPOS: European Position Paper on Chronic Rhinosinusitis and Nasal Polyps;

NR: Not reported.
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Supplement V: Cellular pathways/ cellular components/ biological processes/ molecular functions /

cellular pathways.

Pathway

Antigen activates B Cell Receptor (BCR) leading
to generation of second messengers_Homo
sapiens_R-HSA-983695

Apoptosis_Homo sapiens_R-HSA-109581

Apoptotic cleavage of cell adhesion proteins_
Homo sapiens_R-HSA-351906

Apoptotic cleavage of cellular proteins_Homo
sapiens_R-HSA-111465

Apoptotic execution phase_Homo sapiens_R-
HSA-75153

Binding and Uptake of Ligands by Scavenger
Receptors_Homo sapiens_R-HSA-2173782

Binding and Uptake of Ligands by Scavenger
Receptors_Homo sapiens_R-HSA-2173782

CD22 mediated BCR regulation_Homo
sapiens_R-HSA-5690714

Classical antibody-mediated complement acti-
vation_Homo sapiens_R-HSA-173623

Complement cascade_Homo sapiens_R-
HSA-166658

Creation of C4 and C2 activators_Homo
sapiens_R-HSA-166786

Detoxification of Reactive Oxygen Species_
Homo sapiens_R-HSA-3299685

Diseases associated with visual transduction_
Homo sapiens_R-HSA-2474795

FCERI mediated Ca+2 mobilization_Homo
sapiens_R-HSA-2871809

Fcgamma receptor (FCGR) dependent phagocy-
tosis_Homo sapiens_R-HSA-2029480

FCGR activation_Homo sapiens_R-HSA-2029481

Gluconeogenesis_Homo sapiens_R-HSA-70263

Glucose metabolism_Homo sapiens_R-
HSA-70326

Glycolysis_Homo sapiens_R-HSA-70171

Initial triggering of complement_Homo
sapiens_R-HSA-166663

Metabolism of carbohydrates_Homo sapiens_R-
HSA-71387

Metabolism of fat-soluble vitamins_Homo
sapiens_R-HSA-6806667

Metabolism_Homo sapiens_R-HSA-1430728

Platelet degranulation_Homo sapiens_R-
HSA-114608

Platelet degranulation_Homo sapiens_R-
HSA-114608

Classification

Immune system

Programmed cell
death

Programmed cell
death

Programmed cell
death

Programmed cell
death

Vesicle-mediated
transport

Vesicle-mediated
transport
Immune system
Immune system
Immune system
Immune system
Cellular responses
to external stimuli
Disease

Immune system

Immune system

Immune system

Metabolism

Metabolism

Metabolism

Immune system

Metabolism

Metabolism

Metabolism

Homeostasis

Homeostasis

Source

Mucus CRS

Mucus CRS

Mucus CRS

Mucus CRS

Mucus CRS

Mucus CRS

Mucus Healthy + CRS

Mucus CRS

Mucus CRS

Mucus CRS

Mucus CRS

Mucosa Healthy + CRS

Mucosa Healthy + CRS

Mucus CRS

Mucus CRS

Mucus CRS

Mucus CRS
Mucus CRS

Mucus CRS

Mucus CRS

Mucus CRS

Mucosa Healthy + CRS

Mucosa Healthy + CRS

Mucosa Healthy + CRS

Mucus CRS
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Adjusted
P-value

0.00148

0.00152

0.00373

0.00054

0.00199

0.00000

0.00017

0.00059

0.00001

0.00017

0.00001

0.02341

0.02021

0.04948

0.00003

0.00001

0.00462
0.00017

0.00028

0.00003

0.04885

0.02495

0.00556

0.02114

0.04631

Genes

IGHM;IGKC;IGHV3-
23;IGLCT;CALM1

DSP;UBCLMNA;PKP1;DSG1;SF
N;VIM;YWHAZ

DSP;DSG1;PKP1

DSP;LMNA;DSG1;PKP1;VIM

DSP;LMNA;DSG1;PKP1;VIM

COL1A1;COL1A2;IGKC;IGHV3-
23;HP;IGLC1;HBAT;HPR;IGHA2

IGKV1-5;ALB;HBB;IGHA1

IGHM;IGKGIGHV3-23;1GLC1

IGHG3;IGHG4;IGHGT;IGHG2;1G
KGIGHV3-23;IGLC1

IGHG3;IGHG4;IGHGT;IGHG2;1G
KGCIGHV3-23;IGLC1

IGHG3;IGHG4;IGHGT;IGHG2;1G
KGIGHV3-23;IGLC1

PRDX2;CAT;SOD1

RBP4;TTR

IGKGIGHV3-23;IGLCT;CALM1

IGHG3;IGHG4;IGHGT1
;IGHG2;1GKCIGHV3-
23;MYH9;IGLCT;ACTB

IGHG3;IGHG4;IGHGT;IGHG2;1G
KGCIGHV3-23;IGLC1

TPI1;ENO1;ALDOA;GAPDH

TPI1;PKM;UBCENO1;ALDOA;C
ALM1;GAPDH

TPI1;PKM;ENO1;ALDOA;
GAPDH

IGHG3;IGHG4;IGHGT;IGHG2;
IGKGIGHV3-23;1GLC1

TPI1;PKM;AMY2B;UBCENO1;
CALM1;ALDOA;GAPDH

RBP4;TTR;APOA1

ECHS1;APOAT1;NME4;PDHB;C
A1;RBP4;TTR;NDUFS8;ALDH1
A1;CAT,CMPK1;UQCRC1;PSM
E1;,GAPDH

SERPINAT;FGG;APOA1;SOD1

SERPINA3;SERPINAT;AHSG;CA
LM1;ALDOA



Pathway

Platelet degranulation_Homo sapiens_R-
HSA-114608

Programmed Cell Death_Homo sapiens_R-
HSA-5357801

Regulation of actin dynamics for phagocytic cup
formation_Homo sapiens_R-HSA-2029482

Response to elevated platelet cytosolic Ca2+_
Homo sapiens_R-HSA-76005

Response to elevated platelet cytosolic Ca2+_
Homo sapiens_R-HSA-76005

Retinoid cycle disease events_Homo sapiens_R-
HSA-2453864

Retinoid metabolism and transport_Homo
sapiens_R-HSA-975634

RHO GTPases activate PKNs_Homo sapiens_R-
HSA-5625740

Role of phospholipids in phagocytosis_Homo
sapiens_R-HSA-2029485

Scavenging of heme from plasma_Homo
sapiens_R-HSA-2168880

Scavenging of heme from plasma_Homo
sapiens_R-HSA-2168880

Signal Transduction_Homo sapiens_R-
HSA-162582

Translocation of GLUT4 to the plasma mem-
brane_Homo sapiens_R-HSA-1445148

Vesicle-mediated transport_Homo sapiens_R-
HSA-5653656

Cellular components.

Cellular Component

Classification

Homeostasis

Programmed cell
death

Immune system

Homeostasis

Homeostasis

Disease

Metabolism, Sig-
nal transduction

Signal transduc-
tion

Immune system

Vesicle-mediated
transport

Vesicle-mediated
transport

Signal transduc-
tion

Vesicle-mediated
transport

Vesicle-mediated
transport

Classification

Chronic rhinosinusitis proteomics

Source Adjusted Genes
P-value
Mucus Healthy + CRS 0.03116 ORMT1;TF;ALB
Mucus CRS 0.00155 DSP;UBC,LMNA;PKP1;DSG1;SF
N;VIM;YWHAZ
Mucus CRS 0.00001 IGHG3;IGHG4;IGHG1

;IGHG2;1GKCIGHV3-
23;MYH9;IGLC1;ACTB

Mucosa Healthy + CRS 0.01902 SERPINA1;FGG;APOA1;SOD1

Mucus Healthy + CRS 0.02685 ORM1;TF;ALB

Mucosa Healthy + CRS 0.02274 RBP4;TTR

Mucosa Healthy + CRS 0.01948 RBP4;TTR;APOA1

Mucus CRS 0.04735 HIST1H4A;MYH9;SFN;YWHAZ

Mucus CRS 0.00003 IGHG3;IGHG4;IGHG1;IGHG2;1G
KG;IGHV3-23;IGLC1

Mucus CRS 0.00001 IGKC;IGHV3-
23;HP;IGLC1;HPR;HBA1;IGHA2

Mucus Healthy + CRS 0.00005 IGKV1-5;ALB;HBB;IGHA1

Mucosa Healthy + CRS 0.01752 ANXA1;FGG;PEBP1;APOAT1;PD
HB;ACTB;ACTG1;ADCYAP1;RB
P4;TTR;ARHGDIA;ARHGDIB;AL
DH1A1;PSME1

Mucus CRS 0.04940 MYH13;SEN;CALM1;YWHAZ

Mucus CRS 0.00017 SERPINAT;IGHV3-23;HP;HPR;H

BA1;YWHAZ;,COL1A1;COL1A2;
IGKGUBC;MYH13;SEN;IGLCT;C
ALM1;IGHA2

Source Adjusted Genes
P-value

actin filament (GO:0005884)
azurophil granule (GO:0042582)

azurophil granule lumen (GO:0035578)

cytoplasmic vesicle lumen (GO:0060205)

cytoplasmic vesicle lumen (GO:0060205)

cytoplasmic vesicle lumen (GO:0060205)

cytoskeleton (GO:0005856)

cytoskeleton (GO:0005856)

endocytic vesicle lumen (GO:0071682)

Cytoskeleton

Secretory granule

Secretory granule

Cytoplasmic
vesicle

Cytoplasmic
vesicle

Cytoplasmic
vesicle

Cytoskeleton

Cytoskeleton

Cytoplasmic
vesicle

Mucosa Healthy + CRS 0.01684 ANXAT;TPM1;ACTG1

Mucus CRS 0.00049 SERPINB3;SERPINA3;PIGR;ANXA2;FAB
P5;DEFAT1;S100A7;HRNR

Mucus CRS 0.00014 SERPINB3;SERPINA3;ANXA2;FABP5;D
EFA1;S100A7;HRNR

Mucus CRS 0.00000 EEF1A1;SERPINA3;CSTB;PKM;AHSG;G

STP1;HBA1;ALDOA;S100A8;S100A11
Mucus Healthy + CRS 0.00735 TF;HBB;S100A9

Mucosa Healthy + CRS 0.01417 CAT;APOA1;ST100A8;HSP90B1

Mucus CRS 0.00232 KRT4;JUP;HSPB1;KRT77;ACTB;TUBA1
A;KRT17;KRT16;MYH9;VIM;ALDOA;G
APDH;S100A8

Mucosa Healthy + CRS 0.00089 ARHGDIA;ARHGDIB;TPM1;KRT8;GAP
DH;ACTB;S100A8;ACTG1

Mucus Healthy + CRS 0.00593 HBB;LTF
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Cellular Component Classification

endocytic vesicle lumen (GO:0071682) Cytoplasmic

vesicle

ficolin-1-rich granule (GO:0101002) Secretory granule

ficolin-1-rich granule lumen (GO:1904813) Secretory granule

ficolin-1-rich granule membrane (GO:0101003)
focal adhesion (GO:0005925)

Secretory granule

Adheren junction

focal adhesion (GO:0005925) Adheren junction

focal adhesion (GO:0005925)
intermediate filament (GO:0005882)

Adheren junction

Cytoskeleton

intermediate filament cytoskeleton
(GO:0045111)

Cytoskeleton

keratin filament (GO:0045095)
mitochondrial matrix (GO:0005759)
mitochondrion (GO:0005739)

Cytoskeleton
Mitochondria

Mitochondria

platelet alpha granule lumen (GO:0031093)
polymeric cytoskeletal fiber (GO:0099513)

Secretory granule

Cytoskeleton

polymeric cytoskeletal fiber (GO:0099513) Cytoskeleton

secretory granule lumen (GO:0034774) Secretory granule

secretory granule lumen (GO:0034774) Secretory granule

secretory granule lumen (GO:0034774) Secretory granule

specific granule (GO:0042581)
specific granule lumen (GO:0035580)
tertiary granule (GO:0070820)

Secretory granule
Secretory granule

Secretory granule

tertiary granule (GO:0070820)
tertiary granule lumen (GO:1904724)
vacuolar lumen (GO:0005775)

Secretory granule
Secretory granule

Vacuole

Biological pathways

Classification

Biological Process

Source Adjusted Genes
P-value

Mucosa Healthy + CRS 0.03186 APOA1;HSP90B1

Mucus CRS 0.00000 EEF1A1;DSP;CSTB;SERPINB12;SERPIN
A1;PKM;CALMLS5;JUP;GSTP1;PKP1;D
SG1;ALDOA

Mucus CRS 0.00012 EEF1A1;CSTB;SERPINA1;PKM;CALML
5;JUP;GSTP1;ALDOA

Mucus CRS 0.02500 DSP;SERPINB12;DSG1;PKP1

Mucus CRS 0.02430 ANXA1;JUP;HSPB1;MYH9;VIM;B2M;Y
WHAZ;ACTB;S100A7

Mucosa CRS 0.00632 HSPA9;ACTR3;HSPA5;IQGAP1;P4HB

Mucosa Healthy + CRS 0.03570 ANXA1;CAT;ACTB;HSP90B1;ACTG1

Mucus CRS 0.00000 KRT82;FLG;DSP;KRT4;KRT3;
KRT2;KRT7;KRT5;KRT10;KRT76;
KRT20;KRT84;KRT16;KRT14;PKP1;VI
M;KRT6A

Mucus CRS 0.00000 DSP;FLG;KRT4;KRT3;KRT2;KRT7;KRT5;
KRT76;KRT10;KRT20;KRT17;KRT16;KR
T14;PKP1;VIM;S100A8;KRT6A

Mucus CRS 0.00000 KRT82;KRT4;KRT3;KRT14;KRT5;KRT84

Mucosa CRS 0.00631 HSPA9;ALDH4A1;RIDA;CPS1;HSPD1

Mucosa Healthy + CRS 0.04277 ECHS1;NDUFS8;CAT;UQCRC1;NME4;P
DHB;PARK7;SOD1

Mucus CRS 0.03316 SERPINA3;SERPINA1;AHSG;ALDOA

Mucus CRS 0.00000 FLG;DSP;ANXA1;KRT4;KRT3;KRT2;KRT
7;KRT5;KRT76;KRT10;KRT20;TUBA1A;
KRT16;KRT14;PKP1;VIM;KRT6A

Mucosa Healthy + CRS 0.04082 ANXA1;TPM1;KRT8;ACTG1

Mucus CRS 0.00000 SERPINB3;SERPINA3;CSTB;SERPINAT1;
JUP;ANXA2;AHSG;GSTP1;DEFA1;HRN
R;EEF1A1;PKM;FABP5;ALDOA;B2M;S1
00A8;S100A11;S100A7

Mucus Healthy + CRS 0.00000 ORMT;TF;SLPI;ALB;LYZ;S100A9;LTF

Mucosa Healthy + CRS 0.00073 SERPINA1;TTR;FGG;CAT;APOA1;S100
A8;TXNDC5

Mucus Healthy + CRS 0.00057 ORMT;SLPI,LYZ,LTF

Mucus Healthy + CRS 0.00002 ORMT;SLPI,LYZLTF

Mucus CRS 0.00470 DSP;CSTB;SERPINB12;PKP1;DSG1;AL
DOA;B2M

Mucus Healthy + CRS 0.00051 ORM1;HBB;LYZ,LTF

Mucus Healthy + CRS 0.00002 ORM1;HBB;LYZLTF

Mucus CRS 0.00454 SERPINB3;SERPINA3;ANXA2;FABP5;D

EFA1;S100A7;HRNR

Source Adjusted Genes

P-value

4-hydroxyproline metabolic process

(GO:0019471) process

antibacterial humoral response (GO:0019731)  Immune system

process

antibacterial humoral response (GO:0019731)  Immune system

process

Cellular metabolic

Mucosa CRS 0.02989 ALDH4A1;P4HB

Mucus CRS 0.00004 IGHM;BPIFA1;SEMG2;SEMG1;DEFA1
;JIGHA2

Mucus Healthy + CRS 0.00003 SLP;IGHAT;JCHAIN;LTF
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Classification Source Genes

Biological Process

Adjusted
P-value

antigen receptor-mediated signaling pathway
(GO:0050851)

antimicrobial humoral immune response me-
diated by antimicrobial peptide (GO:0061844)

ATP generation from ADP (GO:0006757)

B cell receptor signaling pathway
(G0O:0050853)

canonical glycolysis (GO:0061621)
carbohydrate catabolic process (GO:0016052)

cellular protein metabolic process
(GO:0044267)

cellular response to oxidative stress
(GO:0034599)

cellular response to superoxide (GO:0071451)

complement activation, classical pathway
(GO:0006958)

defense response to bacterium (GO:0042742)

defense response to bacterium (GO:0042742)

defense response to fungus (GO:0050832)

detection of chemical stimulus involved
in sensory perception of bitter taste
(GO:0001580)

detection of chemical stimulus involved in
sensory perception of taste (GO:0050912)

endocytosis (GO:0006897)

endocytosis (GO:0006897)
epidermal cell differentiation (GO:0009913)

epidermis development (GO:0008544)

establishment of skin barrier (GO:0061436)

Fc receptor mediated stimulatory signaling
pathway (GO:0002431)

Fc-gamma receptor signaling pathway
(G0O:0038094)

Fc-gamma receptor signaling pathway in-
volved in phagocytosis (GO:0038096)

glomerular filtration (GO:0003094)
gluconeogenesis (GO:0006094)

glucose catabolic process to pyruvate
(GO:0061718)

glycolytic process (GO:0006096)

Immune system
process

Immune system
process

Cellular metabolic
process

Immune system
process

Metabolic process
Metabolic process

Cellular metabolic
process

Cellular response
to chemical
stimulus

Cellular reponse to
chemical stimulus

Immune system
process

Reponse to
stimulus

Reponse to
stimulus

Reponse to
stimulus

Sensory percep-
tion

Sensory percep-
tion

Localisation

Localisation

Antomical struc-
ture development

Antomical struc-
ture development

Antomical struc-
ture development

Immune system
process

Immune system
process

Immune system
process

System process
Metabolic process

Metabolic process

Cellular metabolic
process

Mucus CRS

Mucus CRS

Mucus CRS

Mucus CRS

Mucus CRS
Mucus CRS
Mucus Healthy + CRS

Mucosa Healthy + CRS

Mucosa Healthy + CRS

Mucus CRS

Mucus CRS

Mucus Healthy + CRS

Mucus Healthy + CRS

Mucus CRS

Mucus CRS
Mucus CRS
Mucus Healthy + CRS

Mucus CRS

Mucus CRS

Mucus CRS

Mucus CRS

Mucus CRS

Mucus CRS

Mucus Healthy + CRS
Mucus CRS
Mucus CRS

Mucus CRS
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0.00144

0.00020

0.00269

0.00001

0.00016
0.01105
0.01029

0.00231

0.04045

0.00004

0.00000

0.00002

0.02586

0.01812

0.02456

0.04151

0.00066

0.00000

0.00000

0.00059

0.00063

0.00062

0.00060

0.01092
0.01912
0.00015

0.00199

IGHG3;IGHG4;IGHM;IGHGT;IGHG2;1G
KGIGHV3-23;UBGIGLCT;IGHA2

BPIFA1;SEMG1;DEFA1;GAPDH;KRT6
A;ST00A7

LDHA;TPI1;PKM;ALDOA

IGHG3;IGHG4;IGHM;IGHGT;IGHG2;1G
KGIGHV3-23;IGLCT;IGHA2

TPI1;PKM;ENO1;ALDOA;GAPDH
LDHA;TPI1;PKM;ALDOA
TF;BPIFB2;ALB;LYZLTF

PRDX2;TPM1;CAT;PARK7;SOD!1

PRDX2;SOD1

IGHG3;IGHG4;IGHM;IGHGT;IGHG2;1G
KGIGHV3-23;IGLCT;IGHA2

IGHM;IGHV3-23;DEFAT;IGHG3;IGHG4;
IGHG1;BPIFAT;IGHG2;IGKC;SEMG2;PR
B3;SEMGT;IGLC1;IGHA2;LACRT;ST00A
8,KRT6A;S100A7

SLPLLYZ;IGHA1;S100A9;JCHAIN;LTF

S100A9;LTF

PIGR;AZGP1;PIP;CST4

PIGR;AZGP1;PIP;CST4

ANXAT;IGKC;AHSG;IGHV3-
23;IGLCT;HPR;HBAT;IGHA2

IGKV1-5;ALB;HBB;IGHAT;JCHAIN

DSP;FLG;CSTA;ANXAT;KRT16;KRT10
;SPRR2B;SPRR1A;TGM3;IVL;SPRR1B;
S100A7

DSP;FLG;CALML5;KRT2;KRT34;KRT5;K
RT32;KRT31;KRT85;KRT9;KRT83;HRN
R;CASP14;KRT17;FABP5;KRT16;KRT14
;SPRR2B;SPRR1A;SPRR1B;S100A7

FLG;KRT16;SFN;HRNR

IGHG3;IGHG4;IGHG1;IGHG2;IGKCIG
HV3-23;IGLC1;ACTB

IGHG3;IGHG4;IGHGT;IGHG2;IGKCIG
HV3-23;IGLC1;ACTB

IGHG3;IGHG4;IGHGT;IGHG2;IGKCIG
HV3-23;IGLC1;ACTB

IGHAT;JCHAIN
TPIT;ENO1;ALDOA;GAPDH
TPI1;PKM;ENO1;ALDOA;GAPDH

LDHA;TPI1;PKM;ALDOA
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Biological Process

Classification

Genes

glycolytic process through glucose-6-phosp-
hate (GO:0061620)

heart contraction (GO:0060047)
hexose biosynthetic process (GO:0019319)
homotypic cell-cell adhesion (GO:0034109)

humoral immune response mediated by circu-
lating immunoglobulin (GO:0002455)

hydrogen peroxide metabolic process
(GO:0042743)

intermediate filament organization
(GO:0045109)

keratinocyte differentiation (GO:0030216)

negative regulation of apoptotic process
(GO:0043066)

negative regulation of apoptotic process
(GO:0043066)

negative regulation of cellular protein meta-
bolic process (GO:0032269)

negative regulation of endopeptidase activity
(GO:0010951)

negative regulation of peptidase activity
(GO:0010466)

negative regulation of programmed cell death
(GO:0043069)

negative regulation of programmed cell death
(GO:0043069)

negative regulation of proteolysis
(GO:0045861)

neutrophil activation involved in immune
response (GO:0002283)

neutrophil activation involved in immune
response (GO:0002283)

neutrophil degranulation (GO:0043312)

neutrophil degranulation (GO:0043312)

neutrophil mediated immunity (GO:0002446)

neutrophil mediated immunity (GO:0002446)

nicotinamide nucleotide metabolic process
(GO:0046496)

pattern recognition receptor signaling pa-
thway (GO:0002221)

Cellular metabolic
process

Circulatory system
Metabolic process
Cell-cell adhesion

Immune system
process

Cellular metabolic
process

Cellular compo-
nent organisation

System develop-
ment

Cell death

Cell death

Cellular metabolic
process

Regulation of mo-
lecular function

Regulation of mo-
lecular function

Cell death

Cell death

Cellular metabolic
process

Immune system
process

Immune system
process

Immune system
process

Immune system
process

Immune system
process

Immune system
process

Cellular metabolic
process

Immune system
process

Source Adjusted
P-value
Mucus CRS 0.00016
Mucosa Healthy + CRS 0.04000
Mucus CRS 0.02409
Mucosa Healthy + CRS 0.03709
Mucus CRS 0.00004
Mucosa Healthy + CRS 0.00024
Mucus CRS 0.00001
Mucus CRS 0.00000
Mucosa CRS 0.02026
Mucosa Healthy + CRS 0.00048
Mucus CRS 0.03466
Mucus CRS 0.00003
Mucus CRS 0.00000
Mucosa CRS 0.01505
Mucosa Healthy + CRS 0.00112
Mucus CRS 0.00133
Mucus CRS 0.00000
Mucus Healthy + CRS 0.00069
Mucus CRS 0.00000
Mucus Healthy + CRS 0.00079
Mucus CRS 0.00000
Mucus Healthy + CRS 0.00062
Mucus CRS 0.02575
Mucosa Healthy + CRS 0.03975
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TPI1;PKM;ENO1;ALDOA;GAPDH

MYL4;TPM1;SOD1
TPIT;ENOT;ALDOA;GAPDH
FGG;ACTB;ACTG1

IGHG3;IGHG4;IGHM;IGHGT;IGHG2;1G
KGIGHV3-23;IGLCT;IGHA2

PRDX2;CAT;PARK7;SOD1

DSP;KRT14;PKP1;KRT20;KRT9

DSP;FLG;CSTA;ANXAT;KRT16;KRT10
;SPRR2B;SPRR1A;TGM3;IVL;SPRR1B;
S100A7

HSPA9;FABP1;HSPA5;GSTP1;GLO1;
HSPD1

PRDX2;ANXA1;ARHGDIA;CAT;PARK7;
TPT1;HSP90B1;TXNDC5;SOD1

SERPINB3;CSTB;CSTA;GAPDH;CST4

SERPINB3;SERPINA3;SERPINB4;SERPI
NB12;SERPINA1;AHSG;GAPDH;CST4

SERPINB3;SERPINA3;SERPINB4;CST
B;SERPINB12;CSTA;SERPINAT;AHSG
;GAPDH

HSPA9;FABP1;HSPA5;GSTP1;GLO1;
HSPD1

PRDX2;ANXA1;ARHGDIA;CAT;PARK7;
TPT1;HSP90B1;TXNDC5

SERPINB3;CSTB;SERPINB4;CSTA;CST4

DSP;SERPINB3;SERPINA3;PIGR;CSTB;S
ERPINB12;SERPINAT;CALML5;JUP;AN
XA2;AHSG;GSTP1;DEFAT;HRNR;EEF1
A1;PKM;FABP5;PKP1;DSG1;ALDOA;B2
M;S100A8;ST00A11;S100A7

ORMT;SLPI;HBB;LYZ;S100A9;LTF

DSP;SERPINB3;SERPINA3;PIGR;CSTB;S
ERPINB12;SERPINAT;CALML5;JUP;AN
XA2;AHSG;GSTP1;DEFAT;HRNR;EEF1
A1;PKM;FABP5;PKP1;DSG1;ALDOA;B2
M;S100A8;S100A11;S100A7

ORMT;SLPI;HBB;LYZ;S100A9;LTF

DSP;SERPINB3;SERPINA3;PIGR;CSTB;S
ERPINB12;SERPINAT;CALML5;JUP;AN
XA2;AHSG;GSTP1;DEFAT;HRNR;EEF1
A1;PKM;FABP5;PKP1;DSG1;ALDOA;B2
M;S100A8;S100A11;S100A7

ORMT1;SLPI;HBB;LYZ;S100A9;LTF

LDHA;TPI1;PKM;ALDOA

FGG;S100A8;HSP90B1



Biological Process

Classification

Chronic rhinosinusitis proteomics

Source Adjusted Genes

P-value

peptide cross-linking (GO:0018149)

peptidyl-cysteine modification (GO:0018198)

phagocytosis (GO:0006909)

phagocytosis, engulfment (GO:0006911)

plasma membrane invagination (GO:0099024)

platelet aggregation (GO:0070527)

platelet degranulation (GO:0002576)
platelet degranulation (GO:0002576)

positive regulation of B cell activation
(GO:0050871)

positive regulation of lymphocyte activation
(GO:0051251)

positive regulation of metabolic process
(GO:0009893)

positive regulation of respiratory burst
(GO:0060267)

protein heterooligomerization (GO:0051291)

pyruvate metabolic process (GO:0006090)

receptor-mediated endocytosis (GO:0006898)

regulation of acute inflammatory response
(GO:0002673)

regulation of apoptotic process (GO:0042981)

regulation of apoptotic process (GO:0042981)

regulation of B cell activation (GO:0050864)

regulation of complement activation
(GO:0030449)

regulation of endopeptidase activity
(GO:0052548)

regulation of humoral immune response
(G0O:0002920)

regulation of immune effector process
(GO:0002697)

regulation of peptidase activity (GO:0052547)

regulation of protein activation cascade
(GO:2000257)

regulation of protein processing (GO:0070613)

regulation of proteolysis (GO:0030162)
regulation of respiratory burst (GO:0060263)

Cellular metabolic
process

Cellular metabolic
process

Localisation

Localisation

Cellular compo-
nent organisation

Reponse to
stimulus

Export from cell
Export from cell

Cell activation

Cell activation

Metabolic process

Metabolic process

Cellular compo-
nent organisation
or biogenesis

Cellular metabolic
process

Localisation

Reponse to
stimulus

Cell death

Cell death

Cell activation

Immune system
process

Regulation of mo-
lecular function

Immune system
process

Immune system
process

Regulation of mo-
lecular function

Metabolic process

Metabolic process

Metabolic process

Metabolic process

Mucus CRS 0.00000 FLG;DSP;CSTA;ANXA1;KRT2;KRT10;SP
RR2B;SPRR1A;TGM3;SPRR1B;IVL

Mucosa Healthy + CRS 0.03937 PARK7;S100A8

Mucus CRS 0.00000 IGHG3;IGHG4;IGHM;IGHGT;
IGHG2;ANXA1;IGKC;IGHV3-
23;MYH9;IGLCT;IGHA2

Mucus CRS 0.00000 IGHG3;IGHG4;IGHM;IGHG1;IGHG2;1G
KGIGHV3-23;MYH9;IGLCT;IGHA2

Mucus CRS 0.00000 IGHG3;IGHG4;IGHM;IGHGT;IGHG2;1G
KGIGHV3-23;MYH9;IGLCT;IGHA2

Mucosa Healthy + CRS 0.02851 FGG;ACTB;ACTG1

Mucus Healthy + CRS 0.03274 ORMT;TF;ALB

Mucosa Healthy + CRS 0.03797 SERPINA1;FGG;APOA1;SOD1

Mucus CRS 0.00003 IGHG3;IGHG4;IGHM;IGHGT;IGHG2;1G
KC;IGHV3-23;IGLC1;IGHA2

Mucus CRS 0.00001 IGHG3;IGHG4;IGHM;IGHG1;IGHG2;IG
KGIGHV3-23;IGLC1;IGHA2

Mucus Healthy + CRS 0.02714 IGHA1;JCHAIN

Mucus Healthy + CRS 0.00831 IGHAT;JCHAIN

Mucus CRS 0.00266 HISTT1H4A;ANXA2;SEMG2;SEMGT;
HBA1

Mucus CRS 0.02748 LDHA;TPI1;PKM;ALDOA

Mucus Healthy + CRS 0.00025 IGKV1-5;ALB;HBB;IGHAT;JCHAIN

Mucus CRS 0.00033 IGHG3;IGHG4;IGHG1;IGHG2;IGKC;
GSTP1;
IGHV3-23;IGLC1

Mucosa CRS 0.01647 HSPA9;FABP1;HSPA5;GSTP1;GLOT;TA
OK1;HSPD1

Mucosa Healthy + CRS 0.00197 PRDX2;ANXA1;ARHGDIA;CAT;NME4;P
ARK7;TPT1;HSP90B1;TXNDC5;SOD1

Mucus CRS 0.00001 IGHG3;IGHM;IGHG4;IGHG1;IGHG2;1G
KC;IGHV3-23;IGLC1;IGHA2

Mucus CRS 0.00137 IGHG3;IGHG4;IGHG1;IGHG2;IGKC;IG
HV3-23;IGLC1

Mucus CRS 0.00009 SERPINB3;SERPINA3;SERPINB4;SERPI
NB12;SERPINA1;AHSG;GAPDH

Mucus CRS 0.00165 IGHG3;IGHG4;IGHG1;IGHG2;IGKC;IG
HV3-23;IGLC1

Mucus CRS 0.00170 IGHG3;IGHG4;IGHG1;IGHG2;IGKG;IG
HV3-23;IGLC1

Mucus CRS 0.00085 SERPINB3;SERPINB4;CSTB;CSTA

Mucus CRS 0.00133 IGHG3;IGHG4;IGHG1;IGHG2;IGKC;IG
HV3-23;IGLC1

Mucus CRS 0.00327 IGHG3;IGHG4;IGHG1;IGHG2;IGKC;IG
HV3-23;IGLC1

Mucus CRS 0.00828 SERPINB3;SERPINB4;CSTB;CSTA;CST4

Mucus Healthy + CRS 0.01001 IGHA1;JCHAIN
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Biological Process Classification Source Adjusted
P-value
regulation of water loss via skin (GO:0033561)  Biological regu- Mucus CRS 0.00058 FLG;KRT16;SFN;HRNR
lation

removal of superoxide radicals (GO:0019430) Cellular reponse to  Mucosa Healthy + CRS 0.04334 PRDX2;SOD1
chemical stimulus

renal filtration (GO:0097205) System process Mucus Healthy + CRS 0.01129 IGHA1;JCHAIN
response to hydrogen peroxide (GO:0042542)  Reponse to Mucosa Healthy + CRS 0.04154 CAT;PARK7;SOD1
stimulus
response to unfolded protein (GO:0006986) Reponse to Mucosa CRS 0.02186 HSPA9;HSPA5;HSPD1
stimulus
retina homeostasis (GO:0001895) Tissue homeo- Mucus CRS 0.00000 IGHG3;PIGR;AZGP1;IGKC;PIP;HSPB1
stasis LCN1;B2M;IGHA2;ACTB;CST4
retina homeostasis (GO:0001895) Tissue homeo- Mucus Healthy + CRS 0.00000 TF;ALB;LYZ;IGHAT;JCHAIN;LTF
stasis
retina homeostasis (GO:0001895) Tissue homeo- Mucosa Healthy + CRS 0.03245 ACTB;ACTG1;SOD1
stasis
sensory perception of bitter taste Sensory percep- Mucus CRS 0.01951 PIGR;AZGP1;PIP;CST4
(GO:0050913) tion
skin development (GO:0043588) System develop- Mucus CRS 0.00000 DSP;FLG;CSTA;ANXA1;KRT10;ASPRV
ment 1;KRT9;HRNR;COL1A1;COL1A2;KRT1
6;SFN;SPRR2B;SPRR1A; TGM3;IVL;SPR
R1B;S100A7

Molecular function

Molecular Function Classification Group Adjusted Genes
P-value

cadherin binding (GO:0045296) Binding Mucus CRS 0.00294 LDHA;ANXA1;PKM;JUP;ANXA2;MYH9
;SEN;ENO1;ALDOA;YWHAZ;S100A11

cadherin binding involved in cell-cell adhe- Binding Mucus CRS 0.03519 ANXAT;ANXA2;S100A11

sion (GO:0098641)

cysteine-type endopeptidase inhibitor activity Molecular function Mucus CRS 0.00625 SERPINB3;CSTB;CSTA;LCN1;CST4

(GO:0004869) regulator

endopeptidase activity (GO:0004175) Catalytic activity Mucus CRS 0.02312 IGHG3;IGHG4;CASP14;IGHG1;IGHG2;1
GKG;PIP;IGHV3-23;IGLC1;ASPRV1

endopeptidase inhibitor activity (GO:0004866) Molecular function Mucus CRS 0.00000 SERPINB3;SERPINA3;SERPINB4;CSTB;

regulator SERPINB12;CSTA;SERPINAT;AHSG;LC

N1;GAPDH;CST4

immunoglobulin receptor binding Binding Mucus CRS 0.00000 IGHG3;IGHM;IGHG4;IGHG1;IGHG2;IG

(GO:0034987) KC;IGHV3-23;IGLC1;IGHA2

intermediate filament binding (G0:0019215) Binding Mucus CRS 0.00802 KRT14;PKP1;VIM

protease binding (GO:0002020) Binding Mucus CRS 0.00000 COL1A1;SERPINB3;SERPINB4;CSTB;C
STA;COL1A2;SERPINAT;ANXA2;SEMG
2;,UBC;CST4

protein binding involved in cell-cell adhesion  Binding Mucus CRS 0.04508 ANXA1;ANXA2;S100A11

(G0O:0098632)

serine-type endopeptidase activity Catalytic activity Mucus CRS 0.04657 IGHG3;IGHG4;IGHG1;IGHG2;IGKC;IG

(GO:0004252) HV3-23;IGLC1

serine-type endopeptidase inhibitor activity Molecular function Mucus CRS 0.00817 SERPINB3;SERPINA3;SERPINB4;SERPI

(G0O:0004867) regulator NB12;SERPINA1

signal recognition particle binding Binding Mucus Healthy + CRS 0.01688 TF,LTF

(G0O:0005047)
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