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ABSTRACT

Background- Asthma is heterogeneous disease with different phenotypes, endotypes, and
severities. Definition of these subgroups requires the identification of biomarkers in biological
samples, and serum proteomics is a useful and minimally invasive method for this purpose.
Therefore, the aim of this study was to detect serum proteins whose abundance is distinctively

associated with different asthma phenotypes (allergic vs. non-allergic) or severities.
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Methods- For each group of donors (32 healthy controls, 43 allergic rhinitis patients, and 192
asthmatics with different phenotypes and severities), we generated two pools of sera that were
analysed by a shotgun MS approach based on combinatorial peptide ligand libraries and iTRAQ-
LC-MS/MS.

Results- MS analyses identified 18 proteins with a differential abundance. Functional/network
study of these proteins identified key processes for asthma pathogenesis, such as complement
activation, extracellular matrix organization, platelet activation and degranulation, or post-
translational protein phosphorylation. Furthermore, our results highlighted an enrichment of the
“Regulation of Insulin-like Growth Factor (IGF) transport and uptake by Insulin-like Growth Factor
Binding Proteins (IGFBPs)” route in allergic asthma and the lectin pathway of complement
activation in non-allergic asthma. Thus, several proteins (e.g., IGFALS, HSPG2, FCN2 or
MASP1) displayed a differential abundance between the different groups of donors. Particularly,

our results revealed IGFALS as a useful biomarker for moderate-severe allergic asthma.

Conclusion- Our data suggest a set of serum biomarkers, especially IGFALS, capable of
differentiating allergic from non-allergic asthma. These proteins reveal different
pathophysiological mechanisms and may be useful in the future for diagnosis, prognosis, or

targeted-therapy purposes.
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INTRODUCTION

Asthma is a heterogeneous disease with two major clinical phenotypes [1, 2], allergic asthma
(AA) and non-allergic asthma (NAA), which in turn are composed of several endotypes based on
the underlying molecular mechanisms [3]. The most prevalent phenotype is AA, which typically
develops in childhood and is less severe than NAA [2]. AA is driven by type-2 helper T-cells
(TH2) and eosinophilic airway inflammation, which explains the predominance of certain TH2
markers (T2Msh phenotype): IL-5, IL-13, exhaled nitric oxide fraction/FENO, blood/sputum

eosinophilia, and serum periostin [4].

The airway epithelium has also a key role in AA through the release of IL-25, IL-33, and TSLP, a
set of cytokines with a stimulatory role on dendritic cells, basophils, and innate type 2
lymphocytes (ILC2) [5]. Subsequently, ILC2 cells boost the differentiation of TH2 and IgE-
producing B cells through the release of IL-4 and IL-13 [5]. Allergen-specific IgE has also a
central role in AA via activation of mast cells [6]. AA patients may present eczema or food and
drug allergy as comorbidities [3], but about 90% suffer from allergic rhinitis (AR). Therefore, these

two pathologies could share similar immunopathogenic mechanisms and biomarkers [7].

Alternatively, 10-50% of adult patients with asthma display a less well-known NAA
phenotype [1]. This is associated with a negative skin prick test, a severe-persistent disease, the
absence of a TH2-signature, and poorer prognosis/response to anti-inflammatory treatment [1].
This asthma phenotype shows a higher prevalence amongst females and a later age of onset [1].
NAA is a more heterogeneous phenotype, including diverse endotypes (e.g., aspirin-exacerbated
respiratory disease, obesity-associated asthma, occupational asthma) and different cells involved
(e.g., TH17, neutrophils) [8]. However, the underlying immunopathological mechanisms in this

T2'°» phenotype are not well understood.

From the above mentioned, it seems necessary to perform new studies aimed to search
for new biomarkers in asthma. These bioindicators could: a) reveal novel pathophysiological
mechanisms; b) discriminate between different asthma phenotypes/endotypes; c) turn into novel
targets for treatment. In this way, Clinical Proteomics has paved the way for the discovery of
potential diagnostic/prognostic biomarkers in different diseases. Indeed, it has been successfully
applied to plasma/serum samples in asthma [9-11], even though there are a very limited number
of studies using high-throughput liquid chromatography coupled online to tandem mass
spectrometry (LC-MS/MS) [12]. In addition, to our knowledge, none of them were designed to
explore the differences in the serum proteome from allergic rhinitis and allergic/non-allergic

asthmatic subjects. For this reason, the goal of the present study was double: a) to develop a
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“shotgun”/“bottom-up” methodology for the quantitative analysis of the medium-low abundance
serum proteome; b) to perform a discovery/“non-targeted” proteomic analysis to detect candidate
biomarkers associated with the presence of allergic rhinitis or different asthma phenotypes
(allergic/non-allergic) or severities (moderate-severe and intermittent-mild), which could also
provide new insights into asthma pathogenesis and pathophysiology, as well as improve future

therapeutic interventions.
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MATERIALS AND METHODS
Please see Supplementary Information for further details.
Donors

A set of 267 adult subjects were recruited at the University Hospital of Santiago de Compostela
between 2014 and 2016 and divided into 6 study groups: moderate-severe allergic asthma
(MSAA; N=49), intermittent-mild allergic asthma (IMAA; N=53), allergic rhinitis (AR; N=43),
moderate-severe non-allergic asthma (MSNAA; N=43), intermittent-mild non-allergic asthma
(IMNAA; N=47), and healthy controls (HC; N=32). Asthmatic patients had a confirmed diagnosis
of asthma for at least one year (Global Strategy for Asthma Management and Prevention criteria,
GINA 2012; https://ginasthma.org/wp-content/uploads/2019/01/2012-GINA.pdf) and were in a
stable phase (>4 weeks). A positive bronchodilator test (>12% of FEV1 change after salbutamol)
or methacholine challenge were used to confirm asthma diagnosis. Rhinitis was defined as an
inflammation of the lining of the nose characterized by nasal symptoms including anterior or
posterior rhinorrhoea, sneezing, nasal blockage, and/or itching of the nose. These symptoms
occur during two or more consecutive days for more than 1 hour on most days [13]. Skin prick
test (SPT) or allergen-specific IgE against the common allergens (Dermatophagoides
pteronyssinus, Dermatophagoides farinae, Lepidoglyphus destructor, Tyrophagus putrescentiae,
Phelum pratense, Betula verrucosa, Olea europae, Canis familiaris, Felis domesticus, Parietaria
judaica, Artemisa vulgaris, Alternaria alternata, and Aspergillus fumigatus) in subjects who cannot
undergo SPT, were employed to verify the allergic phenotype. Specific IgE levels >0.35 kUa/L
were considered as indicative of sensitization [14]. Samples from the subjects sensitized to pollen
were taken outside the relevant pollen season. Haematology, biochemistry, spirometry, and skin
sensitization studies were also carried out. The research protocol was approved by the Ethics
Committee of Clinical Research of Galicia (2011/001), and all the participants signed an informed

consent.
Serum samples preparation.

Two pools of serum samples were created in each group of donors (pool A and pool B). Besides,
a reference sample (pooled sample; PS) consisting of all study serum samples was prepared.
Then, due to the high affinity of combinatorial peptide ligand libraries (CPLLs) for apolipoproteins,
sera delipidation was carried out by means of a LRA™ resin (Lipid Removal Agent, Sigma-
Aldrich); to this end, a concentration of 80 mg/mL of resin was selected based on the reduction of

apoAl in 1-DE gels (Supplementary figure 1). Afterwards, serum samples were enriched in low
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abundance proteins by reduction of the dynamic range of protein concentration with CPLLs
(ProteoMiner™ Protein Enrichment Kit, Bio-Rad). Then, protein samples were cleaned from
interfering substances by means of the 2-D Cleanup Kit (GE Healthcare), reduced ((tris(2-
carboxyethyl)phosphine; TCEP), alkylated (methyl methanethiosulfonate; MMTS), and
trypsinized. Finally, peptides were labelled by means of iTRAQ® Reagent-8PLEX Multiplex Kit
(Sigma-Aldrich) and combined in one single sample (Pools A from each group of donors + PS;

Pools B from each group of donors + PS).
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nanoLC/MS-MS identification and quantification of peptides

Peptide samples were reconstituted in 0.1% (v/v) formic acid in ultrapure dH,O and desalted by
Zip-Tips C18 (Millipore). Then, samples were analysed by LC-MS/MS by using a Proxeon EASY-
nLC 1000 UHPLC (Thermo Fisher Scientific) coupled online to an LTQ-Orbitrap ELITE (Thermo
Fisher Scientific). HCD-fragmentation was performed. Three technical replicates were analysed

on each biological replicate (Pools A + PS; Pools B + PS).
MS data analysis

Proteome Discoverer (version 2.1.1.21) was used for protein identification and iTRAQ
quantification. HCD spectra were analysed using Sequest HT with Percolator validation. The
intensities acquired in MS/MS were globally normalized on protein median. Then, all reporter
intensities were normalized by the reporter intensity of the PS (121). Different fold change criteria
(down-regulation, < 0.77; up-regulation, 21.3) in iTRAQ ratios, as well as a g-value <0.05, were

used to identify differentially abundant proteins between the groups of study.
Validation of biomarkers by ELISA

IGFALS was selected for further validation by ELISA. For this aim, the Immunotag™ Human
IGFALS (Insulin-Like Growth Factor Binding Protein, Acid Labile Subunit) ELISA from G-

Biosciences was used. Protocol was performed according to the manufacturer’s guidelines.
Statistical and bioinformatic analysis of the data

Multiple t-test analyses with two-stage linear step-up procedure of Benjamini, Krieger and
Yekutieli to determine False Discovery Rate (FDR: g < 0.05) were used for the detection of
differentially abundant proteins across the different groups (biomarker discovery study). To
analyse the changes in the clinical and haematological variables between the different groups, as
well as for ELISA results, Kruskal-Wallis one-way analysis of variance followed by Dunn's tests
were performed. All these analyses, as well as the receiver operating characteristic (ROC)

analyses, were carried out with GraphPad Prism.

Gene Ontology (GO) annotation, GO terms overrepresentation test, and Reactome pathway
overrepresentation analyses against the plasma proteome database (Version 2015-02-02) were
performed in the PANTHER Classification System (version 13.1). Protein-protein interaction
analyses were also performed by means of the Search Tool for the Retrieval of Interacting Genes
(STRING v11; http://string-db.org/).
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RESULTS
Clinical characteristics of the study patients

This work includes 267 adult patients with different asthma phenotypes (AA and NAA) and
severities (Intermittent-mild and moderate-severe), a group with allergic rhinitis (AR) and another
group of healthy controls (HC). The characteristics of the different study groups are outlined in
Table 1. As expected, patients with moderate-severe asthma had a decrease in forced expiratory
volume in one second (FEV1%) and FEV1/forced vital capacity (FVC) compared with patients
with intermittent-mild asthma, although the reduction of FEV1% is only significant in the case of
the NAA (Table 1). In addition, both FEV1% and FEV1/FVC ratio were also decreased in
moderate-severe asthmatic patients with respect to AR (Table 1). AA was also characterized by
higher levels of IgE than the remaining groups, except for AR patients (Table 1). On the other
hand, BMI and erythrocyte sedimentation rate (ESR) measures were slightly higher in NAA
patients compared to AR (Table 1). Leukocyte count was also performed, showing an increase in
the number of circulating eosinophils in AA and moderate-severe NAA patients compared to HC,
and above AR in the case of moderate-severe AA (Table 1). Other biochemical or haematological

parameters studied remained unchanged (Table 1).

Qualitative data analysis and classification of detected proteins according to GO terms.

Serum samples from each group (MSAA, IMAA, AR, MSNAA, IMNAA, and HC) were randomly
split into 2 pooled subgroups (Pool A and B; i.e., 2 “biological replicates” per group; see
Supplementary tables 1 and 2 for characteristics), which were analysed three times (3 technical
replicates). Candidate biomarkers for different phenotypes and severities were identified in serum
by using a high-throughput mass-spectrometry (MS) approach, which combined lipid removal with
LRA resin to facilitate the identification of proteins other than apolipoproteins, enrichment of low
abundance proteins by combinatorial peptide ligand libraries (CPLL; ProteoMiner™), and iTRAQ-

LC-MS/MS analysis. The experimental design is shown in Figure 1.

We identified a total of 9157 peptide-spectrum matches, 1403 peptides, and 217 proteins
from all study groups. All the proteins were detected in each of the seven groups of the present
study at least in one out of three technical replicates from each biological replicate. Classification
by biological process (GO-Slim BP) indicated that 4 categories, including cellular and metabolic
processes, immune system process, and response to stimulus, represented more than 60% of

the proteome detected (Figure 2a). Indeed, there was an enrichment of processes related to the
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immune system compared to the plasma proteome, such as complement activation, B cell-
mediated immunity, or defence response to bacteria; all of them play a key role in asthma
pathophysiology (Table 2; biological process). As expected from a serum sample, classification
by cellular component (GO-Slim CC) indicated that many proteins still belonged to the
extracellular space (47.5%) or macromolecular complexes (19.1%) (Figure 2b); the enrichment
analysis also agreed with these results (Table 2; cellular component). Finally, classification by
molecular function (GO-Slim MF) indicated that >80% of proteins displayed binding (44.3%) or
catalytic activities (40.2%) (Figure 2c); the GO terms overrepresentation test yielded the same

results (Table 2; molecular function).
Quantitative data analysis of proteins identified by shotgun proteomics

iTRAQ reporter intensity values for each group were normalized by the iTRAQ reporter intensity
of the pooled sample. Then, multiple t-test analyses with two-stage linear step-up procedure of
Benjamini, Krieger and Yekutieli to determine False Discovery Rate (FDR < 0.05) were used for
the detection of differentially abundant proteins across the different groups (Fold change >1.3, q <
0.05). Only proteins identified in more than two “technical replicates” for each “biological
duplicate” were used for quantification purposes (N = 145). Eighteen out of 145 proteins identified
showed significant changes between the different groups of donors (Supplementary Table 3). In
the following paragraphs we report the most significant changes in the proteome of patients with
MSAA, AR or MSNAA compared to other donor groups.

Proteins with changes in MSAA compared to other study groups (HC, IMAA, MSNAA)
were shown in Figure 3. Seven proteins (AMBP, IGFALS, PROS1, KNG1, CALU, C4B, and C1R),
were found increased in MSAA compared to HC (Supplementary Table 3). Three of them
(PROS1, KNG1, and CALU) were proteins implicated in platelet activation and degranulation
(HLA-76002, HLA-114608) that display a high level of interrelation (0.900) (Figure 3). The same
strong interaction was found for two proteins from the complement cascade, C4B and C1R
(Figure 3). On the other hand, nine proteins were found upregulated in MSAA compared to
MSNAA (AMBP, NCAM1, AHSG, F2, CALU, C4B, IGFALS, HSPG2, and SOD3) (Figure 3).
Interactome analyses of these proteins indicate a high interaction score (0.900) for five of these
proteins: AMBP, AHSG, F2, CALU, and IGFALS (Figure 3). Interestingly, four of them (IGFALS,
AHSG, F2, and CALU) belong to the Reactome pathway “Regulation of Insulin-like Growth Factor
(IGF) transport and uptake by Insulin-like Growth Factor Binding Proteins (IGFBPs)” (HLA-
381426) (Figure 3). Indeed, PANTHER overrepresentation test against plasma proteome
database highlighted a 46.69-fold enrichment of this pathway (FDR, 2.33E-03) in MSAA. Other
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interesting proteins that increased their levels in MSAA compared to MSNAA included HSPG2
and NCAM1; both proteins are implicated in extracellular matrix organization (HLA-1474244)
(Figure 3). We also found an increase of proteins from the Reactome pathways “Metabolism of
proteins” (HLA-392499), “Formation of Fibrin Clot” (HLA-140877), and “Post-Translational Protein
Phosphorylation” (HLA-8957275) (Figure 3) in MSAA vs. MSNAA. Finally, only one protein,
ORM1, was found increased in MSAA compared to IMAA patients (Figure 3).

On the other hand, proteins related to extracellular matrix organization (HSPG2 and
NCAM1) (HLA-147-4244) and proteins from the reactome pathway “Regulation of complement
cascade” (CPN1 and C1R; HLA-977606) were found increased in allergic rhinitis compared to HC
(Figure 4). In addition, certain proteins linked to platelet activation and degranulation (HLA-76002;
HLA-114608), such as CALU, AHSG, and FGB, were upregulated in allergic rhinitis patients
compared to MSNAA (Figure 4; Supplementary Table 3), something similar to what happens in
MSAA vs. MSNAA patients (Figure 3). Interestingly, only one out of nine proteins displayed a
reduced abundance in allergic rhinitis compared to MSNAA patients; that protein was a
component of the lectin pathway of complement activation called mannan-binding lectin serine
protease 1 (MASP1).

Interestingly, only two proteins were upregulated in MSNAA compared to allergic rhinitis
patients and HC: the above-mentioned MASP1 serine-protease and a pattern-recognition
molecule (ficolin-2 / FCN2), respectively (Figure 5). Classification of those proteins by biological
processes indicated that both proteins were related to lectin pathway of complement activation
(GO0001867). On the contrary, most proteins were found downregulated in MSNAA compared to
allergic patients (both allergic rhinitis and allergic asthma). Between them, proteins related to
extracellular matrix organization (HSPG2, NCAM1, or FGB; HLA-1474244), proteins associated
to platelet activation/degranulation (CALU, AHSG, F2, or FGB; HLA-76002; HLA-114608) or, as
described before, proteins related to the IGF-family (HLA-381426). AHSG, F2, CALU, and
especially IGFALS (Figure 5; Supplementary Table 3).

Validation of IGFALS by ELISA

Due to the predominance of proteins related to the IGF pathway (AHSG, F2, and CALU and
IGFALS) as possible differentiating biomarkers of allergic asthma from non-allergic asthma,
IGFALS was chosen for subsequent validation by ELISA (Figure 6). Serum samples coming from

subjects belonging to each study group and with similar age and M/F proportion were included in
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this confirmatory analysis. Despite the small sample size in this preliminary study (n=13), there
was an increase in the IGFALS concentration in MSAA patients compared to the remaining study
groups, except for MSNAA patients (dot plot in Figure 6). Moreover, ROC analyses highlighted
this single serum biomarker allowed to discriminate MSAA from the remaining groups with a
reasonable performance (Figure 6). Therefore, IGFALS could be a useful biomarker in defining

severity (moderate-severe) and allergic phenotype in asthma.

DISCUSSION

In the present study, a protocol for the proteomic study of human serum samples has been
optimized. In this protocol, lipoproteins were eliminated, the dynamic range of protein
abundances reduced by CPLLs, and a qualitative/quantitative analysis performed (iTRAQ-LC-
MS/MS). A preliminary study of the serum proteome in different donor groups (MSAA, IMAA, AR,
MSNAA, IMNAA, HC) demonstrated an enrichment of proteins that perform their biological
function in the extracellular region. These proteins exhibited binding or catalytic activity, and their
biological processes were mainly related to metabolism or immune system (e.g., complement
activation, B cell immunity, defence against bacteria, or phagocytosis). Therefore, they constitute
a subproteome enriched in potential biomarker candidates for asthmatic phenotypes/endotypes.
In consonance with this assertion, our study reported a differential abundance of several proteins
in the serum proteome of patients with allergic rhinitis or AA/NAA phenotypes. One of them,

IGFALS, has been described as a possible biomarker of moderate-severe allergic asthma.

The usefulness of the LC-MS/MS approach combined with the use of iTRAQ isobaric
labels has been proven in numerous publications [15, 16]. Although several proteomic studies
have been performed in the asthma field [9-11], only one has used iTRAQ-LC-MS/MS [17];
moreover, none of them included allergic rhinitis and different asthma phenotypes (AA vs. NAA)
and severities in the study groups. In the present study, we have obtained a list of 217 proteins,
18 of them displaying a differential abundance across the different groups of donors. Interestingly,
some of those proteins could be relevant as candidate biomarkers for asthma phenotypes
diagnosis or assessment of asthma severity. This is the case, for example, of FCN2 and MASP1
for NAA, or HSPG2 and IGFALS for AA.

IGFALS belongs to a family of proteins previously linked to asthma pathogenesis. This
group of proteins includes IGF1 and IGF2 [18], the first one a key peptide hormone that promotes

subepithelial fibrosis, inflammation, hyperresponsiveness, and smooth muscle cell hyperplasia in
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the airways [18]. Indeed, omalizumab (an anti-IgE antibody) [19], as well as oral glucocorticoids
[20], decrease the levels of IGF-I. Both IGF1 and IGF2 exert their biological effects through the
binding to IGF1R, but IGF2 can be also recognised by IGF2R/cation-independent mannose-6-
phosphate receptor, a high-affinity inhibitory protein that attenuates IGF2 signalling [21].
Strikingly, IGF2R acts as a receptor for soluble CD26/DPP4 [22], a serine peptidase that
mitigates the biological functions of cytokines/chemokines and involved in asthma pathogenesis
[23]. Therefore, different lines of evidence point to an important role of IGF family in allergic

asthma.

The IGF system is rounded off by several binding proteins (IGFBPs: 1-6) [24], a novel
IGFBP3-specific receptor (IGFBP3R) [25], and IGFALS [24, 26]. Regarding IGFBP3, this protein
controls AA inflammation through IGF-dependent and IGF-independent (IGFBPR-mediated)
mechanisms that target the HIF/VEGF axis, NF-kB activation, and TGFB1 and TH2 cytokines
production [18]. Veraldi et al. also described a role in AA for IGFBP-3 through the promotion of
subepithelial fibrosis [27]. IGFBP4, on the other hand, has been found increased in severe
asthma and decreased after Omalizumab treatment [28]. To complete the picture collectively
formed by IGF1 [18], IGFBP3 [18], and IGFBP4 [28], our results show that IGFALS is elevated in
AA, especially moderate-severe forms, but not in NAA. Both IGFBPs and IGFALS appear to
influence free-IGF concentration in the extracellular compartment, being determinants of the
bioavailability of this hormone [18]. The formation of a ternary complex (IGFALS-IGF1-IGFBP)
prevents the extravasation of IGF-1, the IGF-1/IGFBPs proteolysis, and the renal elimination of
IGF-1 [29]. Indeed, IGFALS deficiency results in a dramatic decrease in IGF-1, IGF-2, and
IGFBP3 levels [29, 30]. Regarding the specific role of IGFALS in asthma, this issue remains
unknown, but together with IGFs and IGFBPs this protein could turn into an additional therapeutic

target in asthma.

Our results reveal several similarities between allergic asthma and allergic rhinitis,
especially related to proteins implicated in extracellular matrix organization. Pending on further
confirmation, a potential biomarker for atopic disease appears to be HSPG2/perlecan. Apart from
our own data, several lines of evidence support this assertion. Thus, HSPG2 is an extracellular
matrix molecule constitutively produced by fibrocytes [31] that generates subepithelial fibrosis in
the airways [32]. Apart from fibrosis, it has been observed a negative correlation between the
levels of HSPG2 and airway hyperresponsiveness [33]. Moreover, fibrocytes from asthmatic
patients exposed to TH2 (IL-4, IL-13) but not TH17 (IL-17A) cytokines show enhanced expression
of HSPG2 and a profibrotic phenotype [34]. Taken together, these results could explain the
increase of HSPG2 in MSAA and allergic rhinitis patients.
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The complement system also appears to have a proinflammatory role in asthma.
Interestingly, our preliminary results support that C4B and C1r proteins (classical complement
pathway) are upregulated in atopic diseases (AR, AA), whereas MASP1 and FCN2 (lectin
complement pathway) appear to be also increased in non-allergic asthma. MASP1 participate in
the lectin pathway of complement activation, but this serine protease also has substrates that
belong to the coagulation cascade [35]; we have found some of them altered in asthma, such as
kininogen (KNG1) or F2. Moreover, another substrate of MASP1 on endothelial cells is the
protease activation receptor 4 (PAR4), whose activation leads to the production of IL-8, a
chemotactic molecule for neutrophils [35]. This is relevant, as neutrophils have been related to
some non-allergic asthma endotypes [36] and higher disease severity [37]. On the other hand, L-
ficolin/Ficolin-2/FCN2 is a lectin that recognizes bacteria, fungi and apoptotic cells and whose
evidence relating with asthma is sparse. Only a single observational study reported a reduction of
serum FCN2 concentration in children with asthma and/or allergic rhinitis [38], but to our
knowledge there are no descriptions of FCN2 levels in NAA. Therefore, our results point out that,
depending on the asthma phenotype, different complement activation pathways could be
involved: the classic pathway in AA and the lectin pathway in NAA. Therefore, future research on
asthma phenotypes/endotypes should include functional measurements of these complement

pathways.

CONCLUSION

A shotgun/bottom-up/non-targeted methodology has been developed for the quantitative
analysis of the proteome of medium-low abundance in serum samples from patients with allergic
rhinitis and various asthmatic phenotypes. This protocol is based on the elimination of
lipoproteins by an LRA resin, protein enrichment of medium and low abundance by CPLLs
application, labelling with iTRAQ 8plex reagents, and analysis by LC-MS/MS. Despite the
technological limitations due to serum pooling and the potential difficulties in detecting differences
in protein abundances between the groups of donors due to the use of CPLLs, our approach
detected several potential biomarkers of asthma phenotypes or severities. One of them, IGFALS,
has been further validated as an indicator of MSAA. Despite these suggestive results, future
studies will be necessary to get a better understanding of asthma pathophysiology, to further
validate and evaluate the diagnostic performance of these new biomarkers in different
phenotypes/endotypes, and to translate this knowledge into the clinic to get a better therapeutic

response and prognosis.
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TABLES

Table 1. Clinical and demographic characteristics of the study subjects.

MSAA IMAA MSNAA IMNAA AR HC
N 49 53 43 47 43 32
Age (mean
39 (18-68) 36 (20-66) 54 (24-68) 52 (29-72) 35 (18-55) 43 (22-61)
(range))
Sex (M/F) 23/26 25/28 13/30 8/39 24/19 15117
Disease control:
Yes 30 53 30 45 43 -
No 19 0 13 2 0 -
Baseline treatment:
ICS-LABA 46 34 39 35 0 -
ICS 1 15 1 3 0 -
OCS 1 0 0 0 0 -
Antileukotrienes 25 18 21 9 10 -
Anticholinergic 13 3 25 2 0 -
Roflumilast 0 0 1 0 0 -
Prednisone 0 0 5 0 0 -
26.9 (24.1- 25.3 (23.2- 29.2 (26.8- 27.4 (255.4- 25.3 (22.3-
BMI (Kg/m?) ( ( ( ( ( i
30.1) 30.3) 33.5)¢ 30.5) 27.4)
93.0 (81.5- 101.0 (93.5- 75.0 (65.0- 110.0 (97.0-  107.0 (99.0-
FEV1 (%) ( ( ( ( ( ]
103.0)* 109.0) 94.0)s 116.0) 119.0)
73.0 (64.1- 79.1 (72.5- 67.2 (59.5- 76.6 (72.6- 83.5 (79.0-
FEVA/FVC (%) ( ( ( ( ( i
79.2)% 81.8) 76.6)% 80.5) 87.4)
Neutrophils (103 3.77 (2.75- 3.71 (3.17- 3.58 (3.03- 3.51 (2.72- 3.58 (2.93- 3.02 (2.28-
cells/pL) 4.50) 4.27) 4.49) 4.13) 4.00) 4.05)
Lymphocytes 1.98 (1.65- 1.99 (1.67- 1.94 (1.56- 1.95 (1.58- 2.16 (1.89- 1.99 (1.53-
(103cells/pL) 2.66) 2.24) 2.54) 2.25) 2.60) 2.49)
Monocytes (103 0.39 (0.31- 0.41 (0.31- 0.42 (0.32- 0.35 (0.30- 0.39 (0.31- 0.39 (0.33-
cells/pL) 0.48) 0.48) 0.52) 0.47) 0.47) 0.49)
Eosinophils (103 0.36 (0.22- 0.26 (0.18- 0.30 (0.18- 0.24 (0.14- 0.22 (0.14- 0.13 (0.09-
cells/pL) 0.53)# 0.42)* 0.45)* 0.37) 0.29) 0.22)
Basophils (10° 0.04 (0.03- 0.04 (0.03- 0.03 (0.02- 0.03 (0.02- 0.03 (0.02- 0.03 (0.02-
cells/pL) 0.05) 0.05) 0.05) 0.04) 0.05) 0.05)
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13.0 (7.0- 12.0 (8.0-

ESR (1h; mm) 8.0 (4.5-15.0) 7.0 (2.0-14.5) 8.0 (2.0-15.0)  7.5(2.0-10.0)
23.0)* 20.0)¢

IgE (IU/mL) 138 (65-374)*% 163 (64-252)* 43 (15-96) 22 (8-35) 68 (24-124) 15 (6-55)
1060 (940- 1080 (932- 1055 (927- 1020 (871- 1025 (915- 1015 (882-

IgG (mg/dL) ( ( ( ( ( (

1150) 1210) 1255) 1160) 1208) 1118)
IgA (mg/dL) 213 (161-270) 243 (176-300) 220 (160-270) 206 (149-260) 187 (133-274) 291 (128-333)
IgM (mg/dL) 98 (70-150) 100 (69-143) 115 (76-160) 107 (73-149) 111 (69-163) 95 (86-114)

AA, allergic asthmatics; HC, healthy controls; NAA, non-allergic asthmatics; AR, allergic rhinitis patients.

Data are presented as median value (IQR1-3), unless otherwise expressed.

Statistical significance is show: *Disease vs HC; *Asthma vs AR; *AA vs NAA; &Moderate-severe vs Intermittent-mild asthma. Kruskal-

Wallis test followed by Dunn’s multiple comparison test. p < 0.05

Table 2. GO terms overrepresentation against human plasma proteome.

Observed Expected Fold Enrichment FDR
PANTHER GO-Slim: Biological Process
cholesterol metabolic process (GO:0008203) 5 .31 15.93 6.01E-04
complement activation (GO:0006956) 9 .65 13.80 3.15E-06
B cell mediated immunity (GO:0019724) 9 .65 13.80 2.52E-06
cell recognition (GO:0008037) 10 .74 13.58 8.51E-07
defence response to bacterium (GO:0042742) 9 .80 11.29 8.45E-06
immune response (GO:0006955) 31 3.10 9.99 6.52E-19
response to biotic stimulus (GO:0009607) 9 1.01 8.87 4.20E-05
cell-matrix adhesion (GO:0007160) 4 A7 8.49 1.84E-02
phagocytosis (GO:0006909) 10 1.46 6.84 7.90E-05
steroid metabolic process (GO:0008202) 6 .93 6.45 5.87E-03
immune system process (G0O:0002376) 35 5.59 6.26 7.17E-16
cell-cell adhesion (GO:0016337) 7 1.29 5.42 5.67E-03
proteolysis (GO:0006508) 13 3.69 3.52 1.82E-03
endocytosis (GO:0006897) 11 3.15 3.49 5.84E-03
response to stress (GO:0006950) 14 5.35 2.62 1.28E-02
protein metabolic process 28 12.62 — 1 46E-03
(G0:0019538)
cellular process (GO:0009987) 48 66.83 72 1.77E-02
phosphate-containing compound metabolic
process (GO:0006796) N 13:93 29 251802
biosynthetic process (GO:0009058) 3 14.28 .21 6.80E-03
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nitrogen compound metabolic process

(GO:0006807) 3 20.90 14 2.71E-05
nucleobase-containing compound metabolic

process (G0O:0006139) 3 22.98 13 4.03E-06
PANTHER GO-Slim: Cellular Component

immunoglobulin complex (GO:0019814) 10 .69 14.53 6.30E-08
extracellular space (GO:0005615) 41 4.66 8.80 8.55E-25
extracellular region (GO:0005576) 47 5.95 7.90 1.26E-26
extracellular matrix (GO:0031012) 7 1.32 5.32 3.33E-03
PANTHER GO-Slim: Molecular Function

:(sce;grjzzzzzese7r1)dopeptldase inhibitor activity 8 51 15.77 4.46E-06
peptidase inhibitor activity (GO:0030414) 10 .70 14.28 4.29E-07
serine-type peptidase activity (GO:0008236) 11 .81 13.60 1.74E-07
antigen binding (GO:0003823) 9 75 12.02 4.73E-06
lipid transporter activity (GO:0005319) 4 .37 10.69 1.43E-02
peptidase activity (GO:0008233) 25 3.31 7.56 2.17E-12
receptor binding (GO:0005102) 27 7.51 3.59 4.72E-07
hydrolase activity (GO:0016787) 31 15.55 1.99 4.39E-03
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FIGURE CAPTIONS

Figure 1. Experimental workflow. Samples from the different groups (S1-S6), and the pooled
sample (PS, S7) were firstly delipidated. Then, low abundance proteins were enriched by means
of ProteoMiner. The eluted fractions (EFs S1-S7) were then cleaned and quantified, and 50 pg of
protein were reduced, alkylated and trypsinized. Tryptic peptides were labelled with different
isobaric tags (113-118, 119, and 121) and afterwards, all samples were pooled in one mixed
sample (MS). The MS was analysed three times by LC-MS/MS. Finally, all reporter intensities

were normalized by the PS.

Figure 2. GO annotations of all proteins identified in this study. Two hundred and seventeen
proteins were identified in this study and functionally classified by biological process (GO-Slim
BP), cellular component (GO-Slim CC), and molecular function (GO-Slim MF). The most
abundant GO terms are highlighted in bold. Percentages are displayed in graphs.

Figure 3. String analysis of differentially abundant proteins in MSAA patients compared to
HC, MSNAA, and IMAA donors. Analysis of the protein interaction network was done by means
of the STRING database. The thickness of the lines indicates the confidence level of the
predicted interactions (high confident score / >0.9, thick lines; medium confident score / >0.4, thin
lines). Colour legend represents the REACTOME pathways with overrepresentation against
human proteome with an FDR < 0.01. The following abbreviations were used: moderate-severe
allergic asthmatics, MSAA; moderate-severe non-allergic asthmatics, MSNAA; intermittent-mild
allergic asthmatics, IMAA; healthy controls, HC; Alpha-1-Microglobulin/Bikunin Precursor, AMBP;
Insulin-like growth factor-binding protein complex acid labile subunit, IGFALS; Protein S isoform 2
(Fragment), PROS1; Kininogen-1, isoform CRA_a, KNG1; Isoform 3 of Calumenin (Crocalbin),
CALU; Complement C4B1a (Fragment), C4B; Complement C1r subcomponent, C1R; Alpha-1-
acid glycoprotein 1 (AGP 1) (Orosomucoid-1) (OMD 1), ORM1; Neural cell adhesion molecule 1,
NCAM1; AHSG; Prothrombin (Coagulation factor Il), F2; Basement membrane-specific heparan
sulfate proteoglycan core protein, HSPG2; Extracellular superoxide dismutase [Cu-Zn] (EC-
SOD), SOD3.

Figure 4. String analysis of differentially abundant proteins in allergic rhinitis patients
compared to HC and MSNAA patients. Analysis of the protein interaction network was done by
means of the STRING database. The thickness of the lines indicates the confidence level of the
predicted interactions (high confident score / >0.9, thick lines; medium confident score / >0.4, thin
lines). Colour legend represents the REACTOME pathways with overrepresentation against

human proteome with an FDR < 0.01. The following abbreviations were used: allergic rhinitis
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patients, AR; moderate-severe non-allergic asthmatics, MSNAA; healthy controls, HC; NCAM,;
Alpha-1-Microglobulin/Bikunin Precursor, AMBP; Basement membrane-specific heparan sulfate
proteoglycan core protein, HSPG2; Carboxypeptidase N catalytic chain (CPN), CPN1;
Complement C1r subcomponent, C1R; Mannan-binding lectin serine protease 1, MASP1;
Extracellular superoxide dismutase [Cu-Zn] (EC-SOD), SOD3; Fibrinogen beta chain, FGB;
Isoform 3 of Calumenin (Crocalbin), CALU; cDNA FLJ55606, highly similar to Alpha-2-HS-
glycoprotein (Fetuin-A), AHSG; Alpha-1-Microglobulin/Bikunin Precursor, AMBP; Neural cell
adhesion molecule 1, NCAM1.

Figure 5. String analysis of differentially abundant proteins in MSNAA patients compared
to HC and MSAA patients. Analysis of the protein interaction network was done by means of the
STRING database. The thickness of the lines indicates the confidence level of the predicted
interactions (high confident score / >0.9, thick lines; medium confident score / >0.4, thin lines).
Colour legend represents the REACTOME pathways with overrepresentation against human
proteome with an FDR < 0.01. The following abbreviations were used: moderate-severe allergic
asthmatics, MSAA; moderate-severe non-allergic asthmatics, MSNAA; healthy controls, HC;
Mannan-binding lectin serine protease 1, MASP1; Carboxypeptidase N catalytic chain (CPN),
CPN1; Basement membrane-specific heparan sulfate proteoglycan core protein HSPGZ2;
Extracellular superoxide dismutase [Cu-Zn] (EC-SOD), SOD3; Fibrinogen beta chain, FGB;
Isoform 3 of Calumenin (Crocalbin), CALU; cDNA FLJ55606, highly similar to Alpha-2-HS-
glycoprotein (Fetuin-A), AHSG; Alpha-1-Microglobulin/Bikunin Precursor, AMBP; Neural cell
adhesion molecule 1, NCAM1; Ficolin-2 (Hucolin), FCN2; Prothrombin (Coagulation factor Il), F2;
Complement C4B1a (Fragment), C4B; Insulin-like growth factor-binding protein complex acid
labile subunit, IGFALS.

Figure 6. Validation of iTRAQ results by ELISA and ROC analysis. a) Thirteen serum
samples from each donors group (moderate-severe allergic asthmatics, MSAA; intermittent-mild
allergic asthmatics, IMAA; allergic rhinitis patients, AR; moderate-severe non-allergic asthmatics,
MSNAA,; intermittent-mild non-allergic asthmatics, IMNAA; and healthy controls, HC) were
selected to achieve a similar average age and M/F proportion in all of them. Then, IGFALS
protein was measured by ELISA. The asterisk (*) indicates the presence of a significant

difference. * P < 0.05 ** P< 0.01 *** P < 0.001. b-f) The diagnostic ability of IGFALS to

discriminate the different classes of donors was also evaluated through different receiver/relative
operating characteristic (ROC) curves. An area under the ROC curve (AUC) > 0.8 was

considered as a good performance of the biomarker.
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SUPPLEMENTARY INFORMATION

ITRAQ-based proteomic analysis reveals potential serum biomarkers of
allergic and non-allergic asthma.

Authors

Juan José Nieto-Fontarigo*, Francisco Javier Gonzalez-Barcalat, Luis Bulos*, Maria
Esther San-Josét, Maria JesUs Cruz§, Luis Valdésll, Rosa Maria Crujeiras”, Pilar
Arias*, Francisco Javier Salgado*

SUPPLEMENTARY MATERIALS AND METHODS
Blood and serum samples

To obtain serum samples, BD Vacutainer SST Il Advance tubes were used.
After 30 minutes at room temperature (RT) and centrifuge at 3,000 xg (15 min
at 4 °C), the serum was collected in 1 mL aliquots and frozen at -80 ° C. For
proteomic experiments, 2 pools of each group of patients (pool A and pool B)
and a reference sample (pooled sample; PS) composed of all study samples
were prepared.

In order to eliminate serum lipoproteins, delipidation was carried out by
means of a resin called LRA ™ (Lipid Removal Agent) (13358-U; Sigma,
Spain). Firstly, a titration of the amount of resin needed was made. Thus, initial
centrifugation was performed at 3,000 xg for 30 min at 4 ° C, and then several
concentrations of resin (20-100 mg/mL) were added to 2.5 mL of serum
samples. The mixture was incubated overnight (4 °C, in rotation) and
subsequently centrifuged at 2,500 xg (10 min, 4 ° C). Next, the delipidated
serum samples were collected for protein quantification. Afterwards, 1D SDS-
PAGE with a high percentage of monomer (15% T) was performed in the Mini-
Protean Ill system (Bio-Rad). 30 pg of each sample and 10 uL of molecular
weight markers (NZYColour Protein Marker II; Nzytech) were loaded. During the
electrophoresis, the voltage was set at 200 V (Powerpac 300, Bio-Rad). Finally,
the gels were stained with Coomassie R-250 and scanned for analysis. A final
concentration of 80 mg/mL of resin was selected for subsequent analysis.

Enrichment of low abundance proteins: Proteominer™.

To enrich samples in low abundance proteins, ProteoMiner™ Protein
Enrichment Large-Capacity Kit (Bio-Rad, catl63-3007) was used following
commercial guidelines. In brief, 1 mL from each serum sample was loaded in
each column and subsequently incubated under stirring conditions (2 h, RT).
After incubation, the samples were washed 4 times and then eluted by using a
buffer provided by the kit. All centrifugations were performed at 1000 xg, 1 min,
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RT. Three fractions were collected and mixed in a single sample. Then, in order
to eliminate contaminants such as the salts of the Proteominer elution buffer,
the 2-D Cleanup Kit (GE Healthcare, Cat No. 80-6484-51) was used also
following commercial guidelines. Finally, the pellet obtained was diluted into 30
puL of 0.5M triethylammonium bicarbonate buffer (TEAB) 6M urea for further
analysis.

Protein quantification

Two different methodologies were used for protein quantification. The first one,
Pierce™ BCA Protein Assay Kit (Thermo Fisher, # 23225), was used for protein
guantification after the delipidation process. A standard curve was generated
using different concentrations of bovine serum albumin (BSA) in phosphate
buffer (10 mM, pH 7.0): 0-2 mg/mL). Optics densities were recorded at 550 nm
in a plate reader (model 680, Bio-Rad), and the protein concentrations were
calculated from the standard curves. On the other hand, the CB-X kit (786-12X,
G-Biosciences) was required after Clean-up. In this case, the absorbance was
read at 595 nm on a microplate reader (Labsystems Multiskan MS) and a
standard curve with BSA (0.2-1 mg/mL) was used to determine the protein
concentration. Both methodologies were performed according to the
manufacturer’'s protocol.

Reduction, alkylation, and trypsinization

Fifty pug of protein from each sample in 20 pL of a buffer containing 6M urea and
0.5M triethylammonium bicarbonate buffer (TEAB) were reduced and alkylated.
For this purpose, 2 pL of 50 mM reducing agent (tris(2-carboxyethyl)phosphine;
TCEP) were added to each tube, followed by 1 h incubation at RT. Next,
samples were alkylated by adding 1 pL of 200 mM methyl methanethiosulfonate
(MMTYS), followed by 10 min incubation at RT. Subsequently, 123 uL of 0.5M
TEAB were added to reduce urea concentration, and trypsinization was
performed with 1 uL trypsin (trypsin (w/CaCl2) treated with N-tosyl-L-
phenylalanine chloromethyl ketone (TPCK); 4326682, Sciex; dissolved at 1
po/pL in milliQ water) at 37 © C overnight. To stop the reaction (pH < 6.0), 4 pL
of acetic acid were added. Finally, all samples were lyophilized.

iITRAQ labelling

The ITRAQ® Reagent-8PLEX Multiplex Kit (Sigma-Aldrich) was used according
to the manufacturer's protocol. First, samples were dissolved in 30 pL of 0.5M
TEAB. Half of the content of each vial (10 pyL) was diluted in 25 pL of
isopropanol, and then added to each peptide sample with the following labels:
MSAA, 113; IMAA, 114; R, 115; MSNAA, 116; IMNAA, 117; HC, 119; PS, 121.
PS sample is a pool of all the serum samples used to normalize the data
between the different MS analytical series. After 2h incubation, the seven
labelled peptide samples were collected in a single tube and lyophilized. This

2



78 procedure was performed twice, one for each biological replicate (pool A and
79 pool B).
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nanoLC/MS-MS identification and quantification of peptides

The samples were analysed in the Structural, Proteomic and Genomic
Determination Service, Cacti Mass Spectrometry Unit, University of Vigo.
Firstly, the peptide samples were reconstituted in solution A (0.1% formic acid
(FA) in water) and desalted by Zip-Tips C18 (Millipore). Secondly, peptides
were dispensed to nano-reverse phase EASY-Spray Columns (PepMap®
RSLC, C18, 2um, 100 A, 75um x 500mm, Thermo Fisher Scientific) mounted in
the Proxeon EASY-nLC 1000 UHPLC (Thermo Fisher Scientific), and were
eluted with a gradient of solution B (ACN) of 5-30% (240 min), 30%-90%
(10min), and 90%-5% (17min). The nanoLC system is coupled online to an
LTQ-Orbitrap ELITE (Thermo Fisher Fisher) used in a data dependent and
positive ion mode. A full MS scan was carried out from 380-1600 m/z with a
resolution at 12000. HCD-fragmentation was used and the MS/MS scan was
accomplished with top 15, at 28% normalized collision energy, with a resolution
at 30000, a dynamic exclusion time at 30 s, a minimum signal required at 1000,
and an isolation width at 1.50 Da. Three technical replicates were performed
from each biological replicate.

MS data analysis

Proteome Discoverer (version 2.1.1.21) was used for protein identification (MS1
method of Top3; Unique + razor option) and iTRAQ quantification. HCD spectra
were analysed using Sequest HT with Percolator validation. Spectra were
searched against the latest UniProtKB release and common contaminant
sequences (e.g., trypsin, or keratins). The peptide mass tolerance was 10 ppm
and the fragment mass tolerance 0.020 Da. As static modifications, the iTRAQ
8-plex N-terminus was specified, and as variable modifications, the oxidation of
methionine, the ITRAQ 8-plex of tyrosine and lysine, the carbamylation of
lysine, and the N-terminus acetylation. The intensities acquired in MS/MS were
globally normalized on protein median. Then, all reporter intensities were
normalized by the reporter intensity of the pooled sample (PS, 121). The
abundance of each protein was calculated as an average abundance of all its
detected peptides. A 1.3-fold change (down-regulation, < 0.77; up-regulation,
>1.3) in iTRAQ ratios, as well as a g-value less than 0.05, was used to identify
differentially abundant proteins between the different groups of study.

Statistical and bioinformatic analysis of the data

Multiple t-test analyses with two-stage linear step-up procedure of Benjamini,
Krieger and Yekutieli to determine False Discovery Rate (FDR: g < 0.05) were
used for the detection of differentially abundant proteins across the different
groups (biomarker discovery study). To analyse the changes in the clinical and
haematological variables between the different groups, as well as for ELISA
results, Kruskal-Wallis one-way analysis of variance followed by Dunn’s test
was performed. All these statistical data analyses, as well as the receiver

4
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operating characteristic (ROC) analyses, were carried out using GraphPad
Prism version 6.0 for Windows (GraphPad Software, La Jolla California USA,
www.graphpad.com).

Bioinformatic analysis: GO annotation, GO terms overrepresentation test, and
Reactome pathway overrepresentation analyses against the plasma proteome
database (Version 2015-02-02) (www.plasmaproteomedatabase.org/) were
performed in PANTHER Classification System (PANTHER version 13.1.
Released 2018-02-03). A prospective study of all the potential physical or
functional protein-protein interactions was also performed by means of the
Search Tool for the Retrieval of Interacting Genes (STRING; Version 11.0,
www.string-db.orq) .
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SUPPLEMENTARY TABLES

Supplementary Table 1. Characteristics of the subjects from pool A.

MSAA IMAA MSNAA IMNAA AR HC

N 25 26 22 24 22 16
égﬁg(g)ean 30 (21-64) 37 (20-64) 53622)4' 537(22)9' 31(18-46) 45 (22-58)
Sex (M/F) 11/14 15/11 6/16 2/22 12/10 5/11
Disease control:
Yes 18 26 13 22 22 -
No 7 0 9 2 0 -
Baseline
treatment:
ICS-LABA 24 16 18 17 0 -
ICS 0 7 1 0 0 -
OoCs 0 0 0 0 0 -
Antileukotrienes 14 8 10 5 3 -
Anticholinergic 5 3 13 2 0 -
Roflumilast 0 0 0 0 0 -
Prednisone 0 0 2 0 0 -

o 97.0 (85.5- 102'? 70.6 112.0 (98.0-  109.5 (99.5- i
FEV1 (%) 111.5)° ﬁ‘é'g) (60.0-88.8)" 120.5) 121.5)
revRve Oy PRI RS TS TRET MR
Neutrophils (103 3.14 (2.28-  3.94 (3.21- 3.61 3.16 (2.49- 3.73(2.86-  3.68 (2.25-
cells/uL) 4.19) 4.45) (2.98-4.77) 3.53) 4.90) 4.34)
Lymphocytes 1.89 (1.37-  1.98 (1.74- 2.07 1.87 (1.49-  2.20 (1.95-  2.04 (1.48-
(10°cells/pL) 2.12) 2.21) (1.64-2.50) 2.16) 2.71) 2.45)
Monocytes (10° 0.33(0.29- 0.41(0.31-  0.37 (0.32- 0.32(0.29-  0.40(0.34-  0.42(0.33-
cells/pL) 0.42) 0.46) 0.50) 0.43) 0.50) 0.62)
Eosinophils (103 0.36 (0.22- 0.24 (0.16-  0.31 (0.18- 0.25 (0.13- 0.22(0.13-  0.20 (0.09-
cells/pL) 0.55)* 0.34) 0.46) 0.37) 0.38) 0.30)
Basophils (103 0.04 (0.03-  0.04 (0.03- 0.03 (0.02- 0.03 (0.02- 0.03 (0.02-  0.03 (0.02-
cells/pL) 0.05) 0.05) 0.05) 0.04) 0.06) 0.05)
eSRQnimm)  PSET S5Er g en g g esgo wogo
IgE (IU/mL) 1232igg;f$:5' 1;21(;3' 38 (10-96) 17 (5-32) 76 (24-283) 11 (3-45)
ge(mga) VRO PReT e CRet UEeT mer

HC, healthy controls; IMAA, intermittent-mild allergic asthmatics; IMNAA, intermittent-mild non-allergic asthmatics;
MSAA, moderate-severe allergic asthmatics; MSNAA, moderate-severe non-allergic asthmatics; AR, allergic rhinitis
patients. Data are gresented as median value (IQR1-3), unless otherwise expressed. Statistical significance is shown:
*Disease vs HC; "Asthma vs AR; AA vs NAA; *Moderate-severe vs Intermittent-mild asthma. Kruskal-Wallis test
followed by Dunn’s multiple comparison test. p < 0.05




Supplementary Table 2. Characteristics of the subjects from pool B.

MSAA IMAA  MSNAA  IMNAA AR HC
N 24 27 21 23 21 16
39(18- 36(21- 54 (28- 51 (34- 39 (24- 41 (27-
Age (mean (range)) 653) 6(6) 6%) 75) 553) 6(1)
Sex (M/F) 12/12 10/17 7/14 6/17 8/13 9/7
Disease control:
Yes 12 27 17 23 21 -
No 12 0 4 0 0 -
Baseline treatment:
ICS-LABA 23 17 21 18 18 -
ICS 1 8 0 3 0 -
0oCS 1 0 0 0 0 -
Antileukotrienes 11 10 10 4 7 -
Anticholinergic 8 0 12 0 0 -
Roflumilast 0 0 1 0 0 -
Prednisone 0 0 3 0 0 -
89.5 100.0 77.0 105.0 102.5
FEV1 (%) (65.7- (92.0- (66.0- (97.0- (96.2- -
99.2)" 108.0)  96.0)* 113.0) 115.0)
69.8 78.9 67.2 77.0 83.2
FEV1/FVC (%) (55.9- (72.3- (61.0- (72.5- (78.1- -
78.6)" 80.7) 76.9)" 80.1) 86.1)
: 3 3.90 3.55 3.56 3.78 3.54 3.02
(’;'eel‘ljst;SLp)h"s (10 293 (314  (331-  (3.19- (2.97- (2.40-
4.61) 4.06) 4.31) 4.53) 3.86) 3.69)
Lymphocytes 1.94 2.02 1.83 1.96 2.13 1.95
(10°cells/L) (1.81- (1.59- (1.51- (1.67- (1.65- (1.53-
2.81) 2.29) 2.67) 2.28) 2.48) 2.57)
Monocytes (10° 0.31 0.31 0.43 0.37 0.34 0.39
cells/il) (0.30- (0.40- (0.32- (0.30- (0.28- (0.32-
0.47) 0.50) 0.52) 0.51) 0.46) 0.47)
Eosinophils (10° 0.35 0.29 0.28 0.24 0.22 0.12
cells/uL) (0.22- (0.20- (0.15- (0.17- (0.14- (0.10-
0.50)* 0.45)* 0.42)* 0.35) 0.28) 0.22)
. 3 0.04 0.04 0.04 0.03 0.04 0.04
ngs/ﬂt')'s (10 003-  (003-  (0.02-  (0.02- (0.02- (0.03-
0.06) 0.05) 0.06) 0.05) 0.05) 0.05)
7.0(4.0- 7.0(4.0- 9.0(4.0- 11.0(8.0- 11.0(25 3.0 (2.0-
ESR (1h; mm) 13(.7) 12(.0) 20(.0) 20.8)* 15.(5) 8.(5)
2090 155 (50-  44(16- 25 (11- 59 (27- 15 (12-
I9E (IU/mL) 5(2732_‘:,3;$ 304&)$ 1c§4) 4§) 959) 1454)
1030 1100 1065 1010 1045 1080
IgG (mg/dL) (898- (923- (915- (880- (879- (904-
1100) 1250) 1203) 1175) 1180) 1290)

HC, healthy controls; IMAA, intermittent-mild allergic asthmatics; IMNAA, intermittent-mild non-
allergic asthmatics; MSAA, moderate-severe allergic asthmatics; MSNAA, moderate-severe
non-allergic asthmatics; AR, allergic rhinitis patients.

Data are presented as median value (IQR1-3), unless otherwise expressed.

Statistical significance is shown: *Disease vs HC; "Asthma vs AR; *AA vs NAA; *“Moderate-
severe vs Intermittent-mild asthma. Kruskal-Wallis test followed by Dunn’s multiple comparison

test. p < 0.05




Supplementary Table 3. Proteins showing a differential abundance acr ossthe differ ent
groups of study.

e owtpin e (g e

Protein changes in MSAA vs. HC

in-li -bindi i IGFALS
P35358 Insulin-like growth factor b_|nd|ng protein 1,6203 0.0079
complex acid labile subunit (ALS) ALS
D3DNU8 - .
(P01042) Kininogen-1, isoform CRA_a KNG1 1,5808 0.0431
POCOL5 Complement C4B1la (Fragment) C4B 1,8544 0.0079
P02760 Protein AMBP AMBP 1,3965 0.0079
Protein S isoform 2 (Fragment)
AOA0S274L3 L .
Vitamin K-dependent protein S PROS1 1,6885 0.0068
(P0O7225)
P00736 Complement C1r subcomponent C1R 1,8196 0.0068
043852-3 Isoform 3 of Calumenin (Crocalbin) CALU 1,3097 0.0079

Protein changes in MSNAA vs. HC
Q15485 Ficolin-2 (Hucolin; L-Ficolin) FCN2 1,4176 0.0138

Protein changes in AR vs. HC

Basement membrane-specific heparan

P98160 sulfate proteoglycan core protein (HSPG) HSPG2 1.7093 0.0423
P13591 Neural cell adhesion molecule 1 (NCAM1) NCAM1 1.4456 0.0447
P02760 Protein AMBP AMBP 1.3665 0.0447
P00736 Complement C1r subcomponent C1R 1.5021 0.0447
P15169 Carboxypeptidase N catalytic chain (CPN) CPN1 1.3149 0.0447

Protein changes in MSNAA vs. AR

Basement membrane-specific heparan

. 0.5052 0.0077
Po8160 sulfate proteoglycan core protein (HSPG) HSPG2
P13591 Neural cell adhesion molecule 1 (NCAM1) Egﬁml 0.5745 0.0067
P02760 Protein AMBP AMBP 0.7471 0.0410
P02675 Fibrinogen beta chain FGB 0.6411 0.0408
Mannan-binding lectin serine protease 1
P48740 (MASP-1) MASP1 1.4451 0.0472
B2R9V7 i i -
Extracellular superoxide dismutase [Cu-Zn] SOD3 0.6405 0.0349
(P08294) (EC-SOD)
P15169 Carboxypeptidase N catalytic chain (CPN) CPN1 0.7101 0.0067
B728Q2 i imi 2
Q cDNA FLJ55696, hlgh.ly similar to Alpha-2 AHSG 07414 0.0349
(P02765) HS-glycoprotein (Fetuin-A) FETUA
043852-3 Isoform 3 of Calumenin (Crocalbin) CALU 0.7321 0.0349

Continued on next page
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Supplementary table 3 (Continued).

Protein changes in IMNAA vs. AR

P13591 Neural cell adhesion molecule 1 (NCAM1) sgiml 0.5922 0.0109

P02760 Protein AMBP AMBP 0.6932 0.0079
Mannan-binding lectin serine protease 1

P48740 (MASP-1) MASP1 1.5487 0.0288

P15169 Carboxypeptidase N catalytic chain (CPN) CPN1 0.7451 0.0070

043852-3 Isoform 3 of Calumenin (Crocalbin) CALU 0.7341 0.0076

Protein changes in MSAA vs. IMAA

Alpha-1-acid glycoprotein 1 (AGP 1) ORM1

(Orosomucoid-1) (OMD 1) AGP1 1.7860  0.0420

P02763

Protein changes in MSAA vs. MSNAA

Basement membrane-specific heparan

sulfate proteoglycan core protein (HSPG) HSPG2 1.9672 00211

P98160

P13591 Neural cell adhesion molecule 1 (NCAM1) NCAM1 1.4436 0.0053

Insulin-like growth factor-binding protein

P35858 complex acid labile subunit (ALS) IGFALS 1.6919 00053
P00734 Prothrombin (Coagulation factor II) F2 1.3274 0.0024
POCOLS5 Complement C4B1la (Fragment) C4B 2.0568 0.0066
P02760 Protein AMBP AMBP 1.3678 0.0100
B2R9V7 i i -
Extracellular superoxide dismutase [Cu-Zn] SOD3 13322 0.0053

(P08294) (EC-SOD)
B728Q2 i imi -2-

Q cDNA FLJ556(_)6, hlgh_ly similar to Alpha-2-  AHSG 14245  0.0259
(P02765) HS-glycoprotein (Fetuin-A) FETUA
043852-3 Isoform 3 of Calumenin (Crocalbin) CALU 1.4301 0.0110

Protein changes in IMAA vs. IMNAA

P02760 Protein AMBP AMBP 1.3139 0.0018
ABXGL1 .
(P02766) Transthyretin (ATTR) TTR 1.3464 0.0018

HC, healthy controls; IMAA, intermittent-mild allergic asthmatics; IMNAA, intermittent-mild non-
allergic asthmatics; MSAA, moderate-severe allergic asthmatics; MSNAA, moderate-severe
non-allergic asthmatics; AR, allergic rhinitis patients.
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139 SUPPLEMENTARY FIGURES
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142  Supplementary Figure 1. Treatment with LRA resin reduces serum lipoprotein
143  levels. A volume of 300 uL of serum was treated with different concentrations of LRA
144 resin (0-100 mg / mL) overnight at 4 ° C in rotation. An SDS-PAGE (15% T separating
145  gel) is shown in which 30 pg of protein belonging to the fraction not retained by the
146  resin (channels 2-7) has been loaded. Channel 1 corresponds to molecular weight
147  markers, and channel 9 to the retained fraction (R).
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