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ARTICLE INFO ABSTRACT
Keywords: Background: Allergic rhinitis (AR) is one of the most common clinical allergic diseases. Early
Allergic rhinitis (AR) diagnosis and medical intervention will benefit patients with allergic rhinitis. In this study, we

TMT-labeled mass spectrometry

Proteomi focused on changes in urine proteomics in AR patients to investigate their potential clinical utility
roteomics

in AR diagnosis and evaluation.

Material and methods: TMT-labeled mass spectrometry-based proteomics was carried out to
identify differentially expressed proteins (DEPs) in urine between allergic rhinitis patients and
normal control groups. The molecular biological role of DEPs was investigated by Gene Ontology
(GO), Kyoto Encyclopedia of Genes and Genomes (KEGG) analysis, and protein-protein interac-
tion (PPI) network analysis.

Results: Enrichment analysis showed that the differentially expressed proteins were mainly related
to cell-cell adhesion, complement and coagulation cascades, peptidase activity regulation, MAP
kinase activity, etc. Compared with the NC group, HLA-DRB1, WFDC12, and DEFA4, among the
top ten up-regulated proteins in the urine of the AR group, were related to the biological process
of the humoral immune response. Among the top 10 down-regulated proteins, GUSB, SQSTM1,
and KIT are related to protein domain-specific binding in terms of molecular function.
Conclusions: We found differential protein changes between AR patients and normal subjects may
be related to the pathophysiological changes of AR, which provides the possibility for further
exploration of urinary proteomics biomarkers in the future.

1. Introduction

Allergic rhinitis (AR) is one of the most common clinical allergic diseases. Although the global incidence of AR varies by region, due
to the impact of global industrialization, the incidence has gradually increased in recent years [1,2]. The incidence of AR can reach up
to 40%, and more than 500 million patients worldwide have been affected by allergic rhinitis [3]. Patients with AR often have nasal
symptoms such as nasal itching, sneezing, and nasal congestion. AR can also lead to eye and lower respiratory symptoms. In addition,
AR is also one of the risk factors for asthma [4]. Studies have shown that AR affects the patient’s quality of life, psychological state, and
even the growth and development of children [5]. Early diagnosis and medical intervention will benefit patients with allergic rhinitis.
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The diagnosis of allergic rhinitis mainly relies on the patient’s medical history, characteristic symptoms and signs, and the presence
of allergen-specific IgE. However, patients’ symptoms and signs are often changeable and lack specificity [6]. An immediate hyper-
sensitivity skin test may cause a systemic allergy [7]. Serological IgE immunoassay is relatively expensive, and sensitivity varies widely
[8]. This requires finding new biomarkers that are easy to detect and have particular diagnostic specificity and sensitivity.

Urine proteomics refers to the systematic analysis of protein composition and biological functions in urine at an overall level using
proteomics techniques [9]. Urine is easily collected in large quantities and repeatedly through noninvasive procedures and is a good
resource for clinical proteomics research. The protein composition of urine is relatively stable compared to other biological fluids, such
as plasma or serum, that are prone to proteolytic degradation during and after sampling [9]. Although the total amount of protein in
normal urine is much smaller than in plasma, thousands of proteins have been found in urine. Because the protein components in urine
include proteins from the urinary system itself and proteins that are secreted into the blood from other organs and enter the proximal
tubule through the filtration barrier and are not entirely recovered [10], urine protein can be used to study the pathological process of
systemic and kidney diseases, and to discover new biomarkers [11]. With the development of technology, urine proteomics has become
one of the most prevalent research areas for biomarker discovery [12].

In our previous studies, we found differences between the urine protein of AR patients and the normal population [13]. This study
will analyze the bioinformatics characteristics of the above-mentioned differential proteins to investigate the potential clinical utility
of differential proteins in the urine of AR patients.

2. Materials and methods
2.1. Study population

From March 2020 to June 2020, a total of 20 patients with allergic rhinitis, according to the diagnostic and treatment principle for
allergic rhinitis and a recommended scheme [14], were included in the allergic rhinitis group (AR group). The exclusion criteria for
participants were as follows: (1) comorbidities of asthma, eczema, or any other allergic diseases; (2) pregnant women; (3) chronic
diseases such as chronic kidney disease, hypertension, diabetes, rheumatism, and hepatitis; (4) history of somatic or psychiatric ab-
normalities in the medical records; (5) taking antihistamines, glucocorticoids and other drugs within one week; and (6) concomitant
medication history during the preceding two weeks. All participants were permanent residents of the area and had lived there for more
than six months.

As described in our previous studies [13], the patients in the AR group were divided into the AR1 group with the total serum IgE >
125 IU/ml and the AR 2 group with the total IgE < 125 IU/ml. Ten healthy subjects without allergic diseases were enrolled in the NC
group. As our previous studies showed, there was no significant difference in age, gender, and CRP levels among the three groups [13].

This study was approved by the ethics committee of Beijing Shijitan Hospital, and the participants all gave their informed consent
following the provisions of the Helsinki Declaration.

2.2. Sample collection

Blood samples were collected from all subjects after an overnight fast following a standard protocol to minimize preanalytical bias.
The volunteers’ midstream urine samples were put into dry, clean containers and taken in the morning. Immediately after collection,
urine samples were centrifuged at 4000 r/min for 5 min. Then, we collected the supernatant and divide it into equal parts, and freeze it
at —80 °C. Patients with medicine usage (corticosteroids, antibiotics, et al.) 2 weeks before the urine sample collection should be
excluded. No urine samples exhibited hematuresis, and urinary albumin/creatinine ratios (A/Cr) were less than 30 mg/g. Ten urine
samples in each group were mixed and analyzed three times.

2.3. Total IgE measurements
Serum total IgE was measured using a protein analyzer (Siemens BNII, Siemens, Germany).
2.3.1. Urinary proteomics

2.3.1.1. Protein extraction and labeling. The samples were diluted until the final concentration falls within the range of the standard
curve. The Bradford method was used to measure the concentration of the extracted protein.

100 pg protein of each sample was placed in a centrifuge tube. Adjust final volume to 100 pl with solution buffer. The pellet was
resuspended in a centrifuge tube with 5 pl 200 mM reducing agent buffer, and incubated at 55 °C for 1 h. Reduced proteins were
alkylated for 40 min at room temperature in the dark by adding IAA to a final concentration of 50 mM. A solution of iodoacetamide (5
pL 375 mM) was added to the sample and placed for incubation in the dark at room temperature for 30 min. The sample was
transferred to an ultrafiltration tube add 200 pL 100 mM dissolution buffer. After centrifugation, the upper phenol layer was trans-
ferred to a new tube. This procedure was repeated four times, and 100 mM dissolution buffer was used to bring the volume up to 100
pL. Finally, proteins were then digested with 2.5 pL of 1 pg/pL trypsin per sample for 14 h at 37 °C.

After thawing the TMT (Tandem mass tag) reagent at room temperature, add 41 pL absolute ethanol into 0.8 mg TMT reagent per
tube, centrifuge after shake for 5 min. 41 pL. TMT labeling reagent was added into 100 pg (100 pL/sample) of digested peptides and
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reacted for 1 h at 25 °C. Quenching Reagent (8 pL 5%) was added and incubated for 15 min to stop the reaction. The mixed labeled
samples were centrifuged to the bottom of the tube after vortex oscillation. The labeled mixed samples were stored after lyophilization.

2.3.1.2. Peptide identification. The peptide fractions were added in 20 pL buffer A (0.1% FA, 2% ACN) and centrifuged at 12,000 rpm
for 10 min. 10 pL of supernatant was injected into the nano UPLC-MS/MS system composed of an EASY nLC 1000 HPLC system
(Thermo Scientific) and an Orbitrap Fusion Lumos mass spectrometer (Thermo Scientific). The samples were added to an Acclaim
PepMap100C18 column and separation was started. The mass spectrometer operates in positive ion mode, and the full MS scans were
performed with 120,000 resolutions in the range of 300-1500 m/z. The 20 most abundant multiply charged ions were chosen for high-
energy collision dissociation fragmentation following a full MS scan. Human protein database UniProt HUMAN (2019.4.20) was used
in this experiment. The MS/MS data were processed by proteome discoverer 1.4.

2.3.1.3. Protein analysis. After mass spectrometry analysis, results were retrieved from the database, and relevant proteins were
separated. Differentially expressed proteins (DEPs) were identified based on fold changes (FC) calculated by comparing AR1 and NC, as
well as AR2 and NC groups, and p-values were obtained by t-tests. The protein was identified using the retrieval parameter settings
shown in Table 1. Proteins that were significantly differentially expressed had FC > 1.5, FC < 2/3, and a p-value of 0.05.

2.3.1.4. Functional enrichment and pathway analysis, and protein-protein interaction (PPI) network construction. We analyzed the
functions and signaling pathways of DEPs using Metascape (http://metascape.org). Gene Ontology (GO) terms and Kyoto Encyclo-
pedia of Genes and Genomes (KEGG) pathways were enriched based on Metascape for biological process, cellular component, and
molecular function categories. Only terms with a P-value < 0.01, a minimum count of 3, and an enrichment factor >1.5 were
considered significant. The most statistically significant term in the cluster is selected as the term representing the cluster. A subset of
enriched items is selected and presented as a network graph to identify further relationships between items, where items with a
similarity >0.3 are connected. Protein-protein interaction enrichment analysis was performed using the BioGrid, InWeb_IM, and
OmniPath databases. In addition, the Molecular Complex Detection (MCODE) algorithm was applied to identify significantly con-
nected protein networks.

2.3.1.5. Statistical analysis. All data are presented as the mean + standard deviation (SD). The student’s t-test was used to evaluate
differences among the NC group, AR1 group, and AR2 group. The Kruskal-Wallis test was used to compare nonnormal distributions
among groups. The Bonferroni correction test was used to compare the two groups. A P value less than 0.05 was considered statistically
significant (two-tailed). Statistical analyses were performed using SPSS 25.0 software (IBM Corp., Armonk, NY, USA) and GraphPad
Prism 6.0 statistical software (GraphPad Software Inc., La Jolla, USA).

3. Results
3.1. Clinical data and laboratory test characteristics

There were no significant differences among the three groups regarding smoking or not and the total number of neutrophils and
basophils. There was no significant difference in the total white blood cell count between the AR2 and NC groups. The total number of
eosinophils in the AR2 group was significantly higher than that in the NC group, but there was no significant difference compared with
the AR1 group. The total number of white blood cells of patients in the AR1 group was significantly higher than those in the control
group and the AR2 group. The specific IgE level of patients in the AR1 group was significantly higher than that in the AR2 group
(median 13.0 vs. 1.1 IU/mL, p = 0.030) (Table 2).

3.2. Functional enrichment analysis of proteins that are expressed differently in the urine of people with allergic rhinitis

To explore the possible functions of DEPs found in our previous study, we performed GO and KEGG functional enrichment analyses
in MetaScape (P-value < 0.05). The top 20 GO enrichment items were divided into three functional groups: biological process group,

Table 1
Parameter settings of the identification procedure.
Parameter Value
Enzyme Trypsin
Static modification C carboxyamidomethylation (57.021Da)
Dynamic modification Static modification,

Dynamic modifications,
Carboxyamidomethylation of Cys residues;
Oxidation modification of Met residues

Species Homo sapiens
Precursor ion mass tolerance +15 ppm
Fragment ion mass tolerance +0.02 Da
Max missed cleavages 2
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Table 2

Comparison of clinical data and laboratory test results among groups.
Variables NC group (n = 10) AR1 group (n = 10) AR2 group (n = 10) p
Active smoking, n (%) 3(30.0) 4 (40.0) 2 (20.0) 0.621
WBC, x10°/L 4.93 (0.84) 6.68 (1.26) 5.54 (1.31) 0.011
Neutrophil count, x10%/L 2.40 (2.10,3.10) 3.68 (3.09,4.20) 2.69 (2.49,4.05) 0.126
Basophil, ><109/L 0.01 (0.01,0.03) 0.02 (0.02,0.04) 0.02 (0.01,0.03) 0.378
Eosinophil, x10°/L 0.05 (0.04,0.07) 0.23 (0.18,0.58) 0.14 (0.07,0.30) <0.001
sIgE, IU/mL N/A 13.00 (5.90,90.80) 1.11 (0.01,5.20) 0.030

molecular function group, and cellular component group.

Compared with normal people, the up-regulated proteins in the urine of AR patients mainly participate in the cellular components
of collagen-containing extracellular matrix, vesicle lumen lytic vacuole, etc. The participating biological processes mainly include cell-
cell adhesion, response to wounding, regulation of peptidase activity, the biological process involved in symbiotic interaction,
endocytosis, etc., the molecular functions of the protein are mainly cell adhesion molecule binding, calcium ion binding, and
glycosaminoglycan binding. (Fig. 1, Table 3). The top 20 KEGG pathways of urinary DEPs for AR patients are shown in Fig. 2 and
Table 4. KEGG pathway analysis showed that Complement and coagulation cascades, endocytosis, Lysosome, ECM-receptor interac-
tion, cell adhesion molecules, and other signaling pathways are related to AR.

The cellular components involved in the down-regulated protein in the urine of AR patients are mainly lytic vacuoles, and the
biological processes involved mainly include positive regulation of MAP kinase activity, response to inorganic substances, and
adaptive immune response. The molecular function of the protein is mainly manifested as protease binding. (Fig. 3, Table 5). KEGG
analysis failed to find significantly enriched signaling pathways.

To better understand the pathophysiological relationship between DEPs and AR, we performed a functional enrichment analysis of
the protein interaction network and MCODE components. As shown in Fig. 4, the biological functions of upregulated proteins in AR
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Fig. 1. GO enrichment analysis of urinary upregulated proteins in AR patients A: Enrichment analysis heat map; B: Network of GO enriched terms
colored by cluster ID, where nodes that share the same cluster-ID are typically close to each other.
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Table 3
The GO function enrichment analysis of up-expressed DEPs in AR.
GO Category Description Count % Log10(P) Log10(q)
G0:0062023 GO Cellular Components Collagen-containing extracellular matrix 170 11.39 —100 —96.12
G0:0031983 GO Cellular Components Vesicle lumen 129 8.65 —80.87 —77.22
G0:0000323 GO Cellular Components Lytic vacuole 182 12.2 —74.86 —71.46
G0:0030055 GO Cellular Components Cell-substrate junction 126 8.45 —61.06 -57.71
G0:0098552 GO Cellular Components Side of membrane 154 10.32 -57.9 —54.63
GO0:0005775 GO Cellular Components Vacuolar lumen 79 5.29 —54.67 —51.46
G0:0005788 GO Cellular Components Endoplasmic reticulum lumen 101 6.77 —53.63 —50.45
G0:0072562 GO Cellular Components Blood microparticle 68 4.56 —48.68 —45.61
G0:0030667 GO Cellular Components Secretory granule membrane 85 5.7 —38.5 —35.59
G0:0098609 GO Biological Processes Cell-cell adhesion 129 8.65 —51.63 —48.48
G0:0009611 GO Biological Processes Response to wounding 105 7.04 —41.55 —38.59
G0:0052547 GO Biological Processes Regulation of peptidase activity 104 6.97 —39.26 —36.32
G0:0044403 GO Biological Processes Biological process involved in symbiotic interaction 74 4.96 —34.94 —-32.12
G0:0006897 GO Biological Processes Endocytosis 103 6.9 —34.55 -31.76
G0:0031175 GO Biological Processes Neuron projection development 119 7.98 —34.45 —31.68
G0:0001568 GO Biological Processes Blood vessel development 102 6.84 —33.75 —31.02
G0:0030855 GO Biological Processes Epithelial cell differentiation 112 7.51 —33.43 -30.73
G0:0050839 GO Molecular Functions Cell adhesion molecule binding 165 11.06 —81.37 —77.61
G0:0005509 GO Molecular Functions Calcium ion binding 155 10.39 —56.47 —53.23
G0:0005539 GO Molecular Functions Glycosaminoglycan binding 78 5.23 —42.03 —39.06

patients are mainly related to cell adhesion molecule binding. As shown in Fig. 5, the down-regulated proteins in the urine of AR
patients were primarily associated with the regulation of MAP kinase activity.

3.3. Functional analysis of the top differentially expressed protein between the AR and NC groups

Among the up-regulated proteins in AR1 vs. NC and AR2 vs. NC, the top ten with the most significant changes are protein HLA-
DRB1, WFDC12, JAML, CREB3L4, TGM4, SPINT1, C8o0rf58, DEFA4, PDZK1IP1, and SUPT6H (Table 6). The top ten with the most
significant changes for the down-regulated proteins are LAIR1, STXBP2, SLC10A3, VIPR1, SDC1, IFT122, GUSB, SQSTM1, LYPD1, and
KIT (Table 7).

Enrichment analysis showed that HLA-DRB1, WFDC12, and DEFA4, among the top ten proteins in the up-regulation range, were
related to the biological process of the humoral immune response. Among the top 10 down-regulated proteins, STXBP2, SDC1, GUSB,
and SQSTM1 are related to the lytic vacuole in terms of cellular components, and GUSB, SQSTM1, and KIT are related to protein
domain-specific binding in terms of molecular function (Fig. 6).

4. Discussion

Urine proteome detection technology can provide helpful information for disease diagnosis and monitoring. Based on our previ-
ously identified differentially expressed proteins from the urine of AR patients [13], functional enrichment analysis in the present
study showed that these proteins might be potential biomarkers associated with AR pathogenesis.

The functional enrichment and protein interaction network analysis in this study found that, compared with normal people, the up-
regulated proteins in the urine of AR patients mainly participate in the biological processes involved in cell-cell adhesion, and the
signaling pathways are related primarily to complement and coagulation cascades. The adhesion and activation of inflammatory and
immune cells play an essential role in the immune response to allergic rhinitis [15,16]. Studies have found that various cell
adhesion-related molecules in nasal mucus and serum are associated with the severity of AR disease and have biomarker value [17,18],
however, there are no protein biomarkers related to cell adhesion in the urine of AR patients. reports. Complement is a serum protein
that mediates immune and inflammatory responses and is activated by antigen-antibody complexes [19]. The coagulation cascade is a
process in which calcium-dependent zymogen-serine proteases are coordinated to transform into thrombin. Animal studies have found
that the coagulation cascade is involved in the pathogenesis of allergic rhinitis [20]. Thwaites et al. found that allergens can induce
complement activation in nasal mucus and biphasic activation of the coagulation cascade system [21]. RNA-seq analysis for allergic
rhinitis by Li et al. found functional enrichment of complement and coagulation cascades in differentially expressed genes in nasal
fibroblasts [22]. The findings of this study suggest that changes in urinary proteomics in patients with allergic rhinitis may be
consistent with molecular biology in blood and nasal mucus.

The functional enrichment and protein interaction network analyses in this study confirmed that the down-regulated proteins in the
urine of AR patients are mostly involved in the biological process of regulating MAP kinase activity in a positive way. The mitogen-
activated protein (MAP) kinase signaling pathway plays a crucial role in many aspects of immune-mediated inflammatory responses
[23], and phosphorylation of MAPK can lead to the production of inflammatory mediators and promote allergic inflammatory re-
actions [24]. Studies have shown that mitogen-activated protein kinase (MAPK) is involved in allergic rhinitis activation [25]. MAPK is
an essential target for suppressing allergic inflammation [26]. This study found that the proteins related to the activation of MAPK
were downregulated in the urine of AR patients, which was speculated to be associated with the negative feedback of the body’s
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Fig. 2. KEGG pathway analysis of urinary proteins upregulated in AR patients. A: Enrichment analysis heat map; B: Network of KEGG enriched
pathways colored by cluster ID, where nodes that share the same cluster-ID are typically close to each other.

immune regulation.

We then identified and analyzed the top ten differentially expressed proteins in urine that were up-regulated and down-regulated.
Among the up-regulated proteins, the most differentially expressed protein was the HLA class II histocompatibility antigen, DRB1-10
beta chain (HLA-DRB1), a beta chain of an antigen-presenting major histocompatibility complex class II (MHCII) molecule. Together
with the chain, they form a functional protein complex known as the HLA-DR antigen-binding heterodimer, which presents foreign
peptides to the immune system to initiate an immunological response [27,28]. Regarding biomarker applications, Klimenta et al. found
that patients with HLA-DRB1 gene mutations had an increased risk of developing rheumatoid arthritis [29]. HLA-DRB1 gene poly-
morphisms are associated with the efficacy of allergen-specific immunotherapy in Chinese AR patients [30]. Zhang et al. conducted
gene expression profiling analysis in nasal epithelial cells and found that HLA-DRBI1 is a hub gene for differentially expressed genes.
However, unlike the results of this study, the study found that the expression of HLA-DRB1 was down-regulated [31]. In the future,
more studies with a large sample population will help to make sense of this paradox.

The most differentially down-regulated protein was leukocyte-associated immunoglobulin-like receptor 1 (LAIR-1). LAIR-1 is
widely expressed on most immune cells and is a targeted receptor suppressing immune responses. It plays a vital role in avoiding
excessive activation of the immune system and maintaining immune homeostasis [32]. Currently, there is no research on using LAIR-1
as a biomarker in allergic diseases. This study suggests that the expression of LAIR-1 in urine is significantly down-regulated, which
may be related to the imbalance of immune function in patients with allergic rhinitis. The clinical diagnosis and predictive value of
LAIR-1 should be further studied.

This study has certain limitations. As an exploratory study, although we found differential expression of urinary proteins at the level
of urine proteomics, there may be inconsistent changes in the expression of other body fluids or tissues. In addition, whether the
differential proteins found by the highly sensitive TMT marker quantitative proteomics detection can be found in the corresponding
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Table 4

The KEGG function enrichment analysis of up-expressed DEPs in AR.
GO Category Description Count % Log10(P) Log10(q)
hsa04610 KEGG Pathway Complement and coagulation cascades 40 2.68 —28.93 —26.39
hsa04144 KEGG Pathway Endocytosis 63 4.22 —26.55 —24.31
hsa04142 KEGG Pathway Lysosome 46 3.08 —26.23 —24.17
hsa04512 KEGG Pathway ECM-receptor interaction 34 2.28 —-21.25 —-19.31
hsa04514 KEGG Pathway Cell adhesion molecules 44 2.95 —20.79 —18.95
hsa04145 KEGG Pathway Phagosome 43 2.88 —20.5 —18.74
hsa04810 KEGG Pathway Regulation of actin cytoskeleton 48 3.22 —17.83 -16.29
hsa05150 KEGG Pathway Staphylococcus aureus infection 31 2.08 -16.8 -15.3
hsa05146 KEGG Pathway Amoebiasis 31 2.08 —15.95 -14.49
hsa04974 KEGG Pathway Protein digestion and absorption 30 2.01 —-14.9 -13.5
hsa01200 KEGG Pathway Carbon metabolism 31 2.08 —14.33 -12.99
hsa00010 KEGG Pathway Glycolysis/Gluconeogenesis 24 1.61 —14.32 -12.99
hsa05205 KEGG Pathway Proteoglycans in cancer 39 2.61 -12.43 -11.12
hsa04915 KEGG Pathway Estrogen signaling pathway 31 2.08 —12.01 -10.72
hsa04360 KEGG Pathway Axon guidance 34 2.28 -10.7 —9.46
hsa04612 KEGG Pathway Antigen processing and presentation 21 1.41 -9.92 -8.7
hsa00270 KEGG Pathway Cysteine and methionine metabolism 17 1.14 —9.76 —8.57
hsa05418 KEGG Pathway Fluid shear stress and atherosclerosis 27 1.81 —9.03 —7.87
hsa04520 KEGG Pathway Adherens junction 19 1.27 —8.99 —-7.85
hsa04015 KEGG Pathway Rapl signaling pathway 34 2.28 —8.97 —7.85

A

| |G0:0043406: positive regulation of MAP kinase activity
] G0:0002020: protease binding
] G0:0000323: lytic vacuole

107

] GO0:0010035: response to inorganic substance 10°
] G0:0002250: adaptive immune response o :g:
T T r T T T T 10%
0.0 0.5 1.0 15 2.0 2.5 3.0 3.5 I 10%
40g10(P)
B o ) o
[e)
[ J o

M positive regulation of MAP kinase activity

M protease binding

M lytic vacuole

M response to inorganic substance

M adaptive immune response
created by
http://metascape.org

Fig. 3. GO enrichment analysis of urinary down-regulated proteins in AR patients. A: Enrichment analysis heat map; B: Network of GO enriched
terms colored by cluster ID, where nodes that share the same cluster-ID are typically close to each other.

Table 5

The GO function enrichment analysis of down-expressed DEPs in AR.
GO Category Description Count % Logl10(P) Log10(q)
G0:0000323 GO Cellular Components Lytic vacuole 5 18.52 —3.33 0.00
G0:0043406 GO Biological Processes Positive regulation of MAP kinase activity 3 11.11 -3.81 0.00
G0:0010035 GO Biological Processes Response to inorganic substance 4 14.81 —-2.91 0.00
G0:0002250 GO Biological Processes Adaptive immune response 4 14.81 —2.64 0.00
G0:0002020 GO Molecular Functions Protease binding 3 11.11 -3.59 0.00
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Description Log10(P)
cell adhesion molecule binding -15.7
secretory granule lumen 134
cytoplasmic vesicle lumen -134
cell adhesion molecule binding -128
comified envelope 106
cadherin binding 104
ficolin-1-rich granule 9.8
cortical actin cytoskeleton -8.9
cortical cytoskeleton 8.1
structural constituent of skin epidermis  -26.1
protein-lipid complex 267
plasma lipoprotein particle -235

Fig. 4. A protein-protein interaction (PPI) network of urinary up-regulated proteins and functional enrichment analysis of the four most important
MCODE components. A: Modules selected from PPI network using MCODE. B: Functional enrichment analysis of MCODE components.

A
o) o
. O
®
o [o} s o
O
o R o
o
o o
o
o
[©) MMCODE1
B
GO Description Log10(P)
G0:0043406 positive regulation of MAP kinase activity 4.3
GO0:0043405 regulation of MAP kinase activity -3.7
G0:0009612 response to mechanical stimulus -3.5
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.FGFR1

.SDC 1
o
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Fig. 5. Protein-protein interaction (PPI) of down-regulated proteins in the urine of AR patients. A: PPI network and most important MCODE
components; B: independent functional enrichment analysis of MCODE components.

differential changes in routine laboratory inspection methods also needs further verification. The sample size of this study was small,
and ROC analysis could not be performed on the diagnostic and predictive ability of differentially expressed proteins. Given the above
limitations, we will verify the expression level, function, and predictive diagnostic value of potential urinary protein biomarkers in a
larger sample population in the future based on the results of this exploratory study.

In conclusion, we found 1517 up-regulated and 27 down-regulated proteins in AR patients compared with normal control through
urine proteomics research. Bioinformatics analysis showed that these differentially expressed proteins might be related to the path-
ophysiological changes of AR, which provides the possibility for further exploration of urinary proteomics biomarkers in the future.
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Table 6

The top 10 proteins in the AR and NC groups in terms of up-regulation.
Protein Name Description Ratio.AR1_NC pValue Ratio.AR2_NC pValue
HLA-DRB1 HLA class II histocompatibility antigen, DRB1-10 beta chain 24.93939 p < 0.001 28.06061 p < 0.001
WFDC12 WAP four-disulfide core domain protein 12 24.33333 p < 0.001 26.38164 p < 0.001
JAML Junctional adhesion molecule-like 20.94054 p < 0.001 17.08649 p < 0.001
CREB3L4 Cyclic AMP-responsive element-binding protein 3-like protein 4 15.68857 p < 0.001 21.52857 p < 0.001
TGM4 Protein-glutamine gamma-glutamyltransferase 4 15.32889 p < 0.001 17.84444 p < 0.001
SPINT1 Kunitz-type protease inhibitor 1 (Fragment) 13.24542 p < 0.001 20.44689 p < 0.001
C8orf58 Uncharacterized protein C80rf58 (Fragment) 13.09058 p < 0.001 15.04348 p < 0.001
DEFA4 Neutrophil defensin 4 12.30435 p < 0.001 26.53044 p < 0.001
PDZK1IP1 PDZK1-interacting protein 1 11.71028 p < 0.001 16.18692 p < 0.001
SUPT6H Transcription elongation factor SPT6 11.06349 p < 0.001 29.54762 p < 0.001

Table 7

The top 10 proteins in the down-regulated proteins between the AR and NC groups.
Gene Name Description Ratio.AR1_NC pValue Ratio.AR2_ NC pValue
LAIR1 Leukocyte-associated immunoglobulin-like receptor 1 (Fragment) 0.082131 p < 0.001 0.060436 p < 0.001
STXBP2 Syntaxin-binding protein 2 (Fragment) 0.152518 p < 0.001 0.22446 p < 0.001
SLC10A3 P3 protein 0.261772 p < 0.001 0.543291 p < 0.001
VIPR1 Vasoactive intestinal polypeptide receptor 1 0.328012 p < 0.001 0.340371 p < 0.001
SDC1 Syndecan-1 0.339803 p < 0.001 0.454819 p < 0.001
IFT122 Intraflagellar transport protein 122 homolog (Fragment) 0.411765 p < 0.001 0.423762 p < 0.001
GUSB Beta-glucuronidase 0.421182 p < 0.001 0.39647 p < 0.001
SQSTM1 Sequestosome-1 0.469168 p < 0.001 0.28789 p = 0.001
LYPD1 Ly6/PLAUR domain-containing protein 1 0.477229 p < 0.001 0.540025 0.00011
KIT Mast/stem cell growth factor receptor Kit 0.489996 p = 0.003 0.583503 p = 0.004
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Fig. 6. Enrichment analysis of the top 10 urine differentially expressed proteins in the up-regulated and down-regulated ranges. A: GO heat map of
the top 10 differentially expressed proteins that are upregulated; B: GO heatmap of down-regulated top 10 differentially expressed proteins.

Ethics statement

This study was approved by the ethics committee of Beijing Shijitan Hospital (2019 No. 74), and the participants all gave their
informed consent following the provisions of the Helsinki Declaration.

Consent for publication
All the authors consent to the publication of the manuscript.

Author contribution statement
Na Liu: Performed the experiments; Analyzed and interpreted the data; Wrote the paper.
Jitu Wang: Analyzed and interpreted the data; Wrote the paper.

Xueyan Wang: Contributed reagents, materials, analysis tools or data.
Man Zhang: Conceived and designed the experiments; Contributed reagents, materials, analysis tools or data.



N. Liu et al. Heliyon 9 (2023) e17323

Funding statement

This study was funded by the Beijing Key Clinical Specialty Program (2020ZDZK2), the Beijing Municipal Administration of
Hospitals Incubating Program (PX2022031) and China National Railway Group Research Program (J2022Z611).

Data availability statement
Data will be made available on request.
Declaration of competing interest

The authors declare that they have no known competing financial interests or personal relationships that could have appeared to
influence the work reported in this paper.

References

[1] L. Cheng, J. Chen, Q. Fu, S. He, H. Li, Z. Liu, G. Tan, Z. Tao, D. Wang, W. Wen, R. Xu, Y. Xu, Q. Yang, C. Zhang, G. Zhang, R. Zhang, Y. Zhang, B. Zhou, D. Zhu,
L. Chen, X. Cui, Y. Deng, Z. Guo, Z. Huang, Z. Huang, H. Li, J. Li, W. Li, Y. Li, L. Xi, H. Lou, M. Lu, Y. Ouyang, W. Shi, X. Tao, H. Tian, C. Wang, M. Wang,
N. Wang, X. Wang, H. Xie, S. Yu, R. Zhao, M. Zheng, H. Zhou, L. Zhu, L. Zhang, Chinese society of allergy guidelines for diagnosis and treatment of allergic
rhinitis, Allergy Asthma Immunol. Res. 10 (4) (2018) 300-353.
J. Bousquet, H.J. Schiinemann, A. Togias, C. Bachert, M. Erhola, P.W. Hellings, L. Klimek, O. Pfaar, D. Wallace, I. Ansotegui, I. Agache, A. Bedbrook, K.
C. Bergmann, M. Bewick, P. Bonniaud, S. Bosnic-Anticevich, I. Bossé, J. Bouchard, L.P. Boulet, J. Brozek, G. Brusselle, M.A. Calderon, W.G. Canonica,
L. Caraballo, V. Cardona, T. Casale, L. Cecchi, D.K. Chu, E.M. Costa, A.A. Cruz, W. Czarlewski, G. D’Amato, P. Devillier, M. Dykewicz, M. Ebisawa, J.L. Fauquert,
W.J. Fokkens, J.A. Fonseca, J.F. Fontaine, B. Gemicioglu, R.G. van Wijk, T. Haahtela, S. Halken, D. Ierodiakonou, T. linuma, J.C. Ivancevich, M. Jutel,
I. Kaidashev, M. Khaitov, O. Kalayci, J. Kleine Tebbe, M.L. Kowalski, P. Kuna, V. Kvedariene, S. La Grutta, D. Larenas-Linnemann, S. Lau, D. Laune, L. Le,
P. Lieberman, K.C. Lodrup Carlsen, O. Lourenco, G. Marien, P. Carreiro-Martins, E. Melén, E. Menditto, H. Neffen, G. Mercier, R. Mosgues, J. Mullol, A. Muraro,
L. Namazova, E. Novellino, R. O'Hehir, Y. Okamoto, K. Ohta, H.S. Park, P. Panzner, G. Passalacqua, N. Pham-Thi, D. Price, G. Roberts, N. Roche, C. Rolland,
N. Rosario, D. Ryan, B. Samolinski, M. Sanchez-Borges, G.K. Scadding, M.H. Shamji, A. Sheikh, A.T. Bom, S. Toppila-Salmi, I. Tsiligianni, M. Valentin-Rostan,
A. Valiulis, E. Valovirta, M.T. Ventura, S. Walker, S. Waserman, A. Yorgancioglu, T. Zuberbier, Allergic rhinitis and its impact on asthma working group, Next-
Generation allergic rhinitis and its impact on asthma (ARIA) guidelines for allergic rhinitis based on grading of recommendations assessment, development and
evaluation (GRADE) and real-world evidence, J. Allergy Clin. Immunol. 145 (1) (2020), 70-80.e3.
G.K. Scadding, H.H. Kariyawasam, G. Scadding, R. Mirakian, R.J. Buckley, T. Dixon, S.R. Durham, S. Farooque, N. Jones, S. Leech, S.M. Nasser, R. Powell,
G. Roberts, G. Rotiroti, A. Simpson, H. Smith, A.T. Clark, BSACI guideline for the diagnosis and management of allergic and non-allergic rhinitis (revised edition
2017; first edition 2007), Clin. Exp. Allergy 47 (7) (2017) 856-889.
S. Toppila-Salmi, R. Lemmetyinen, S. Chanoine, J. Karjalainen, J. Pekkanen, J. Bousquet, V. Siroux, Risk factors for severe adult-onset asthma: a multi-factor
approach, BMC Pulm. Med. 21 (1) (2021) 214.
[5] A. Linneberg, K. Dam Petersen, J. Hahn-Pedersen, E. Hammerby, N. Serup-Hansen, N. Boxall, Burden of allergic respiratory disease: a systematic review, Clin.
Mol. Allergy 14 (2016) 12.
[6] S.M. Nur Husna, H.T. Tan, N. Md Shukri, N.S. Mohd Ashari, K.K. Wong, Allergic rhinitis: a clinical and pathophysiological overview, Front. Med. 9 (2022),
874114.
[7] P. Sellaturay, S. Nasser, P. Ewan, The incidence and features of systemic reactions to skin prick tests, Ann. Allergy Asthma Immunol. 115 (3) (2015) 229-233.
[8] 1.J. Ansotegui, G. Melioli, G.W. Canonica, L. Caraballo, E. Villa, M. Ebisawa, G. Passalacqua, E. Savi, D. Ebo, R.M. Gémez, O. Luengo Sanchez, J.J. Oppenheimer,
E. Jensen-Jarolim, D.A. Fischer, T. Haahtela, M. Antila, J.J. Bousquet, V. Cardona, W.C. Chiang, P.M. Demoly, L.M. DuBuske, M. Ferrer Puga, R. Gerth van Wijk,
S.N. Gonzélez Diaz, A. Gonzalez-Estrada, E. Jares, A.F. Kalpaklioglu, L. Kase Tanno, M.L. Kowalski, D.K. Ledford, O.P. Monge Ortega, M. Morais Almeida,
O. Pfaar, L.K. Poulsen, R. Pawankar, H.E. Renz, A.G. Romano, N.A. Rosario Filho, L. Rosenwasser, M.A. Sanchez Borges, E. Scala, G.E. Senna, J.C. Sisul, M.L.
K. Tang, B.Y. Thong, R. Valenta, R.A. Wood, T. Zuberbier, IgE allergy diagnostics and other relevant tests in allergy, a world allergy organization position paper,
World Allergy Organ. J. 13 (2) (2020), 100080.
[9] S. Kalantari, A. Jafari, R. Moradpoor, E. Ghasemi, E. Khalkhal, Human urine proteomics: analytical techniques and clinical applications in renal diseases, Int. J.
Proteomic. 2015 (2015), 782798.
[10] B.A. Julian, H. Suzuki, Y. Suzuki, Y. Tomino, G. Spasovski, J. Novak, Sources of urinary proteins and their analysis by urinary proteomics for the detection of
biomarkers of disease, Proteonomic. Clin. Appl. 3 (9) (2009) 1029-1043.
[11] S. Aitekenov, A. Gaipov, R. Bukasov, Review: detection and quantification of proteins in human urine, Talanta 223 (Pt 1) (2021), 121718.
[12] L. Dayon, O. Cominetti, M. Affolter, Proteomics of human biological fluids for biomarker discoveries: technical advances and recent applications, Expert Rev.
Proteomics 19 (2) (2022) 131-151.
[13] N. Liu, J. Wang, X. Wang, S. Qiu, M. Zhang, Bilirubin level is decreased in patients with allergic rhinitis, J. Proteonomics 272 (2022 Dec 5), 104787.
[14] Editorial Board of Chinese Journal of Otorhinolaryngology Head and Neck Surgery; Chinese Otorhinolaryngology Society of Chinese Medical Association,
[Diagnostic and treatment principle for allergic rhinitis and a recommended scheme], Zhonghua er bi yan hou tou jing wai ke za zhi 40 (3) (2005) 166-167.
[15] S. Gao, L. Yu, J. Zhang, X. Li, J. Zhou, P. Zeng, X. Zhang, Expression and clinical significance of VCAM-1, IL-6, and IL-17A in patients with allergic rhinitis, Ann.
Palliat. Med. 10 (4) (2021) 4516-4522.
[16] H. Liu, J. Ai, T. Wang, G. Tan, Adhesion promotes allergic rhinitis CD4-+IL4-+ T cell differentiation via ICAM1 and E-selectin, Am. J. Rhinol. Allergy (2022 Mar
16), 19458924221086061.
[17] S.Xie, H. Zhang, F. Wang, Y. Liu, K. Gao, J. Zhang, R. Fan, S. Xie, Z. Xie, W. Jiang, Activated leukocyte cell adhesion molecule as a biomarker for disease severity
and efficacy of sublingual immunotherapy in allergic rhinitis, Int. Inmunopharm. 88 (2020), 106975.
[18] G. Drazdauskaité, J.A. Layhadi, M.H. Shamji, Mechanisms of allergen immunotherapy in allergic rhinitis, Curr. Allergy Asthma Rep. 21 (1) (2020) 2.
[19] N.D. Schartz, A.J. Tenner, The good, the bad, and the opportunities of the complement system in neurodegenerative disease, J. Neuroinflammation 17 (1)
(2020) 354.
[20] S.N. Hong, Y.L. Zhang, C.S. Rhee, D.Y. Kim, Probable roles of coagulation cascade and fibrinolysis system in the development of allergic rhinitis, Am. J. Rhinol.
Allergy 33 (2) (2019) 137-144.
[21] R.S. Thwaites, N.C. Gunawardana, V. Broich, E.H. Mann, J. Ahnstrom, G.A. Campbell, S. Lindsley, N. Singh, T. Tunstall, D.A. Lane, P.J. Openshaw, C.
M. Hawrylowicz, T.T. Hansel, Biphasic activation of complement and fibrinolysis during the human nasal allergic response, J. Allergy Clin. Immunol. 141 (5)
(2018) 1892-1895.e6.
[22] Z.Li, W. Zou, J. Sun, S. Zhou, Y. Zhou, X. Cai, J. Zhang, A comprehensive gene expression profile of allergic rhinitis-derived nasal fibroblasts and the potential
mechanism for its phenotype, Hum. Exp. Toxicol. 41 (2022), 9603271211069038.
[23] J. Lloberas, L. Valverde-Estrella, J. Tur, T. Vico, A. Celada, Mitogen-activated protein kinases and mitogen kinase phosphatase 1: a critical interplay in
macrophage biology, Front. Mol. Biosci. 3 (2016) 28.

[2

—

[3

=

[4

=

10


http://refhub.elsevier.com/S2405-8440(23)04531-0/sref1
http://refhub.elsevier.com/S2405-8440(23)04531-0/sref1
http://refhub.elsevier.com/S2405-8440(23)04531-0/sref1
http://refhub.elsevier.com/S2405-8440(23)04531-0/sref1
http://refhub.elsevier.com/S2405-8440(23)04531-0/sref2
http://refhub.elsevier.com/S2405-8440(23)04531-0/sref2
http://refhub.elsevier.com/S2405-8440(23)04531-0/sref2
http://refhub.elsevier.com/S2405-8440(23)04531-0/sref2
http://refhub.elsevier.com/S2405-8440(23)04531-0/sref2
http://refhub.elsevier.com/S2405-8440(23)04531-0/sref2
http://refhub.elsevier.com/S2405-8440(23)04531-0/sref2
http://refhub.elsevier.com/S2405-8440(23)04531-0/sref2
http://refhub.elsevier.com/S2405-8440(23)04531-0/sref2
http://refhub.elsevier.com/S2405-8440(23)04531-0/sref2
http://refhub.elsevier.com/S2405-8440(23)04531-0/sref2
http://refhub.elsevier.com/S2405-8440(23)04531-0/sref3
http://refhub.elsevier.com/S2405-8440(23)04531-0/sref3
http://refhub.elsevier.com/S2405-8440(23)04531-0/sref3
http://refhub.elsevier.com/S2405-8440(23)04531-0/sref4
http://refhub.elsevier.com/S2405-8440(23)04531-0/sref4
http://refhub.elsevier.com/S2405-8440(23)04531-0/sref5
http://refhub.elsevier.com/S2405-8440(23)04531-0/sref5
http://refhub.elsevier.com/S2405-8440(23)04531-0/sref6
http://refhub.elsevier.com/S2405-8440(23)04531-0/sref6
http://refhub.elsevier.com/S2405-8440(23)04531-0/sref7
http://refhub.elsevier.com/S2405-8440(23)04531-0/sref8
http://refhub.elsevier.com/S2405-8440(23)04531-0/sref8
http://refhub.elsevier.com/S2405-8440(23)04531-0/sref8
http://refhub.elsevier.com/S2405-8440(23)04531-0/sref8
http://refhub.elsevier.com/S2405-8440(23)04531-0/sref8
http://refhub.elsevier.com/S2405-8440(23)04531-0/sref8
http://refhub.elsevier.com/S2405-8440(23)04531-0/sref9
http://refhub.elsevier.com/S2405-8440(23)04531-0/sref9
http://refhub.elsevier.com/S2405-8440(23)04531-0/sref10
http://refhub.elsevier.com/S2405-8440(23)04531-0/sref10
http://refhub.elsevier.com/S2405-8440(23)04531-0/sref11
http://refhub.elsevier.com/S2405-8440(23)04531-0/sref12
http://refhub.elsevier.com/S2405-8440(23)04531-0/sref12
http://refhub.elsevier.com/S2405-8440(23)04531-0/sref13
http://refhub.elsevier.com/S2405-8440(23)04531-0/sref14
http://refhub.elsevier.com/S2405-8440(23)04531-0/sref14
http://refhub.elsevier.com/S2405-8440(23)04531-0/sref15
http://refhub.elsevier.com/S2405-8440(23)04531-0/sref15
http://refhub.elsevier.com/S2405-8440(23)04531-0/sref16
http://refhub.elsevier.com/S2405-8440(23)04531-0/sref16
http://refhub.elsevier.com/S2405-8440(23)04531-0/sref17
http://refhub.elsevier.com/S2405-8440(23)04531-0/sref17
http://refhub.elsevier.com/S2405-8440(23)04531-0/sref18
http://refhub.elsevier.com/S2405-8440(23)04531-0/sref19
http://refhub.elsevier.com/S2405-8440(23)04531-0/sref19
http://refhub.elsevier.com/S2405-8440(23)04531-0/sref20
http://refhub.elsevier.com/S2405-8440(23)04531-0/sref20
http://refhub.elsevier.com/S2405-8440(23)04531-0/sref21
http://refhub.elsevier.com/S2405-8440(23)04531-0/sref21
http://refhub.elsevier.com/S2405-8440(23)04531-0/sref21
http://refhub.elsevier.com/S2405-8440(23)04531-0/sref22
http://refhub.elsevier.com/S2405-8440(23)04531-0/sref22
http://refhub.elsevier.com/S2405-8440(23)04531-0/sref23
http://refhub.elsevier.com/S2405-8440(23)04531-0/sref23

N. Liu et al. Heliyon 9 (2023) e17323

[24]

[25]
[26]

[27]
[28]
[29]
[30]
[31]

[32]

A. Bao, H. Yang, J. Ji, Y. Chen, W. Bao, F. Li, M. Zhang, X. Zhou, Q. Li, S. Ben, Involvements of p38 MAPK and oxidative stress in the ozone-induced
enhancement of AHR and pulmonary inflammation in an allergic asthma model, Respir. Res. 18 (1) (2017) 216.

J. Xiang, Z. Yang, Q. Zhou, Lidocaine relieves murine allergic rhinitis by regulating the NF-xB and p38 MAPK pathways, Exp. Ther. Med. 23 (3) (2022) 193.
W.C. Huang, C.H. Huang, S. Hu, H.L. Peng, S.J. Wu, Topical spilanthol inhibits MAPK signaling and ameliorates allergic inflammation in DNCB-induced atopic
dermatitis in mice, Int. J. Mol. Sci. 20 (10) (2019) 2490.

A.L. Revenfeld, R. Steffensen, L.H. Pugholm, M.M. Jgrgensen, A. Stensballe, K. Varming, Presence of HLA-DR molecules and HLA-DRB1 mRNA in circulating
CD4(+) T cells, Scand. J. Immunol. 84 (4) (2016) 211-221.

M.Y. Tepebasi, N. Sahin Calapoglu, 0. Oztiirk, O. Sancer, T. Gonca, HLA-DRB1 allele frequency and immunological response in obstructive sleep apnea
syndrome in Turkish population, Clin. Res. J 12 (10) (2018) 2505-2512.

B. Klimenta, H. Nefic, N. Prodanovic, R. Jadric, F. Hukic, Association of biomarkers of inflammation and HLA-DRB1 gene locus with risk of developing
rheumatoid arthritis in females, Rheumatol. Int. 39 (12) (2019) 2147-2157.

Y. Zhao, Y. Zhao, Y. Zhang, L. Zhang, HLA-II genes are associated with outcomes of specific immunotherapy for allergic rhinitis, Int. Forum. Allergy Rhinol. 9
(11) (2019 Nov) 1311-1317.

Y. Zhang, Y. Huang, W.X. Chen, Z.M. Xu, Identification of key genes in allergic rhinitis by bioinformatics analysis, J. Int. Med. Res. 49 (7) (2021),
3000605211029521.

M. Son, Understanding the contextual functions of C1q and LAIR-1 and their applications, Exp. Mol. Med. 54 (5) (2022) 567-572.

11


http://refhub.elsevier.com/S2405-8440(23)04531-0/sref24
http://refhub.elsevier.com/S2405-8440(23)04531-0/sref24
http://refhub.elsevier.com/S2405-8440(23)04531-0/sref25
http://refhub.elsevier.com/S2405-8440(23)04531-0/sref26
http://refhub.elsevier.com/S2405-8440(23)04531-0/sref26
http://refhub.elsevier.com/S2405-8440(23)04531-0/sref27
http://refhub.elsevier.com/S2405-8440(23)04531-0/sref27
http://refhub.elsevier.com/S2405-8440(23)04531-0/sref28
http://refhub.elsevier.com/S2405-8440(23)04531-0/sref28
http://refhub.elsevier.com/S2405-8440(23)04531-0/sref29
http://refhub.elsevier.com/S2405-8440(23)04531-0/sref29
http://refhub.elsevier.com/S2405-8440(23)04531-0/sref30
http://refhub.elsevier.com/S2405-8440(23)04531-0/sref30
http://refhub.elsevier.com/S2405-8440(23)04531-0/sref31
http://refhub.elsevier.com/S2405-8440(23)04531-0/sref31
http://refhub.elsevier.com/S2405-8440(23)04531-0/sref32

	Analysis of urine differential proteins in patients with allergic rhinitis
	1 Introduction
	2 Materials and methods
	2.1 Study population
	2.2 Sample collection
	2.3 Total IgE measurements
	2.3.1 Urinary proteomics
	2.3.1.1 Protein extraction and labeling
	2.3.1.2 Peptide identification
	2.3.1.3 Protein analysis
	2.3.1.4 Functional enrichment and pathway analysis, and protein-protein interaction (PPI) network construction
	2.3.1.5 Statistical analysis



	3 Results
	3.1 Clinical data and laboratory test characteristics
	3.2 Functional enrichment analysis of proteins that are expressed differently in the urine of people with allergic rhinitis
	3.3 Functional analysis of the top differentially expressed protein between the AR and NC groups

	4 Discussion
	Ethics statement
	Consent for publication
	Author contribution statement
	Funding statement
	Data availability statement
	Declaration of competing interest
	References


