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Innate immune crosstalk in asthmatic airways:
Innate lymphoid cells coordinate the polarization of lung macrophage
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Abstract

Background: Recent studies have emphasized the role of inpamehoid cells (ILCSs) in the
development of asthma. The involvement of group@sI(ILC2s) in asthma is well studied,
however, the participation of other types of IL@ghe development of asthma remains
unclear.

Objective: This study aims to understand the role of varitu@s in the patients with asthma,
especially their effect on the polarization of nogirages.

Methods. Each subset of ILCs and macrophages in inducetispfrom 51 steroid-naive
asthma patients and 18 healthy donors analyzebtblwycftometry. To determine whether the

polarization of macrophages could be regulated Ufys]) alveolar macrophages (AM) were

sorted

and co-cultured with each subset of ILCs.

Results: In addition to ILC2s, ILC1s and ILC3s were incsed in the induced sputum from
asthmatics when compared with the healthy contiidie.dominance of macrophages in
induced sputum was more prominent in asthmatias tiealthy controls. A positive
correlation between ILC2s and M2 macrophages aadafhiLC1s/ILC3s and M1
macrophages observed. Co-culture of ILC2s with Ahisiced the expression of M2
macrophage-related genes, whereas co-culture dfdland ILC3s with AMs induced the
expression of M1 macrophage-related genes via myaecretion as well as cell-cell contact.

According to the inflammatory signature, patientthveosinophilic asthma have more ILC2s



and M2 macrophages while those with non-eosinaphgithma present are M1 macrophages

dominant profile.

Conclusion: A different subset of ILCs regulates the polaima of macrophages,

contributing to developing the distinct phenotypasthma.

K ey Messages

® Asthma patients have more significant number ofdli€induced sputum than healthy

donors.

® [LC2s-M2 macrophage numbers are increased in egsiio asthma, whereas

ILC1s/ILC3s-M1 macrophages are increased in nomephkilic asthma.

® |LC2s induce the polarization of M2 macrophages] #0C1s/ILC3s induce the

polarization of M1 macrophage via cytokine secreais well as cell-cell contact.

Capsule summary

Increased numbers of all types of ILCs, includib@2s, were observed in induced sputum of
asthma patients when compared with healthy contibl€s affect the polarization of

macrophages and contribute to the developmenfffefeint phenotypes of asthma.

Keywords: Asthma, Innate lymphoid cells (ILCs), macrophagejapzation, induced

sputum, asthma phenotype
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I ntroduction

Asthma is an immunological disease of the airwaymracterized by airway
hyperresponsiveness and chronic airway inflammatielated with intricate network of
diverse immune cells (1). Allergen-specific Th2 Igehave long been thought to play
critical roles in inducing type 2 cytokine prodwcti in the lungs, resulting in the
development of allergic asthma, the most commomfof the disease (1). More recently, it
has become clear that asthma is mediated by bothtenand adaptive immune cells that

regulate and shape pulmonary inflammation (2).

As increased awareness of asthma heterogeneigarcters subdivide patients with
asthma into 4-5 phenotypic clusters according &ir tage, gender, atopy, lung function, health
care utilization and body mass index (BMI) (3). Amgothe cluster, patients with notable
eosinophilia and notable increase of interleukinshsas IL-4, IL-5, and IL-13 in the blood
called eosinophilic asthma (4, 5). Another groupveh a minimal T2 response but notable
sputum neutrophilia with increase of IL-17A (4).hérefore, understanding the mechanisms
underlying each asthma phenotype will foster theetbpment of improved and more

appropriate therapeutic strategies for asthma.

Recently identified innate lymphoid cells (ILCs)vieabeen found to link innate
components of immunity with the adaptive immuni6).(ILCs play critical roles in host
defense and tissue homeostasis, particularly inosalctissues. Although ILCs lack antigen-
specific T-cell and B-cell receptors (TCRs and BCRsspectively), they rapidly produce a
variety of cytokines in response to a wide rangénohte signals, that is, interleukin (IL)-25,
IL-33, TSLP and IL-B (7). Based on their characteristics and cytokir#ilps, ILCs have

been divided into three groups — type 1, type 2 tgpé 3 ILCs (ILC1s, ILC2s and ILC3s) —
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which may be thought of as the innate counterpustrGD4+ T helper 1 (H1), TH2, and H17
cells (8). ILC1s produce IFN-and tumor necrosis factor (TNE)(9). ILC2s produce a set of
cytokines similar to that produced by,Z cells such as IL-5, IL-9, and IL-13 (10-12). IL£3
produce IL-17A, IL-22, granulocyte macrophage cglastimulating factor (GM-CSF) and
TNF-o. ILC3s display further heterogeneity and can dedsuded into several subgroups, such
as CCR6 LTis and CCRBILC3s (13). CCRBILC3 cells are further subdivided based on the
expression of natural cytotoxicity receptor (NCRY)Y. RAR-related orphan receptor gamma T
(RORyt) is a key transcription factor for ILC3 developmiehowever, T-bet is also required for
regulation of NKp46 expression on CCRBC3s (9, 14, 15). The interactions between ILCs
and other immune cells are still undevestigation, however, recent studies have shown that
ILCs can demonstrate new mechanisms underlying inenmresponses, especially in mucosal

tissues such as the intestines and lungs (11, 16-18

Macrophages constitute the foremost controllers both innate and acquired
immunity (19). They are the most abundant immunis @@ the lung (approximately 70% of
total immune cells) (20, 21), and polarization ofaamophage has been heavily
associated with the development of allergic astl{g®). Macrophages can be polarized
following exposure to microenvironmental stimulidaoategorized as classically (M1) or
alternatively (M2) activated phenotypes (23, 24)heT regulation of macrophage
polarization involves a complex interplay betweearious cytokines, chemokines, and
signaling molecules. Interferon-(IFN-y) and lipopolysaccharide (LPS) are known to
induce the differentiation of M1 macrophages, whsrdL-4 and IL-13 upregulate the

expression of genes involved the generation of N2nophages (25).

The importance of ILCs in the development of asthimavell defined in animal



models of asthma (6, 16, 17) and in patients wisthraa (26-28). Conversely, the
interaction between ILCs and other innate immurlks ¢&s not been fully understood yet.
This study aimed to identify the role of ILCs as diaors in the development of
asthma by estimating their population in inducedtem from patients with asthma. In
addition, the correlation between ILCs and sevdralate immune cells, including
macrophages, neutrophils, and eosinophils was zsdly Our data suggested that
cytokine production from ILCs can coordinate thelapaation of macrophages, which

participates in the development of different tymésasthma.
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M ethods

Subjects

We recruited 51 asthma patients from Departmenintérnal Medicine, Seoul
National University Hospital (Seoul, South Koream September, 2015 to September, 2016.
All patients had a history of repetitive respirgt@ymptoms such as cough, dyspnea, or
wheezing and showed significant airway hyperrespensss in methacholine challenge
(PGo < 16 mg/mL) (29). Eighteen healthy donors (non-semak ex-smokers < 10 pack-year)
who were free of any respiratory symptoms and hladhal lung function served as controls.
All asthmatics were treatment-naive. Sputum inductiand sample processing were
performed as previously described (30). To distisiyunon-eosinophilic and eosinophilic
asthma patients, blood eosinophil was counted inlevblood sample from patients and if

eosinophils exceed 300/uL, patients were class#gedosinophilic asthma.

All subjects enrolled in this study provided wnitterxformed consent, and the study
protocol was approved by the Seoul National Unitgidospital Institutional Review Board

(IRB number 1610-062-799).

Céll isolation from induced sputum

For eliminating mucus, we processed induced sputitmthe same volume of 0.1%
dithiothreitol (Sigma, MO, USA), shaking for 20 mies at 37/. Then we filtered it through
a 70um strainer and centrifuged at 1400rpm for Gtem The pellet of sputum cell was
resuspended with 100ul FACS buffer (PBS+2% fetaVirm® serum) for staining and
differential counting. Diff Quik solution (Sysmexo€poration, Japan) was used to distinguish

myeloid cells from induced sputum following the raacturer’s instructions.
11



Flow cytometry

Single cells from sputum were blocked with anti-GBD32 (BD bioscience)
and stained with fluorochrome-labeled monoclondibaies directed against cell surface
marker for 1 hour at 4. For analysis of human induced sputum, followingikedies
were used. Anti-CD45 (HI30) was purchased from BbDstience. Anti-CD3e (UCHT1),
anti-CD11c (3.9), anti-CD11b (ICRF44), anti-CD14QB14), anti-CD15 (W6D3), anti-
CD19 (HIB19), anti-CD49b (P1E6-C5), anti-CD68 (Y24, anti-CD117 (104D2), anti-
CD127 (A019D5), anti-CD206 (15-2), antidRia (AER-37), anti-HLA-DR (L243) and
anti-NKp44 (P44-8) were from BioLegend. Anti-ST2B4E6) was from MD bioproducts.
For FACS sorting of ILC and alveolar macrophagemfranouse lung, the following
antibodies were used. Anti- CD45 (30-F11) and S (RMST2-33) were purchased
from eBioscience. Anti-CD11c (HL3), anti-CD11b (M0), anti-CD3e (145-2C11), anti-
CD19 (ID3) and anti-CD49b (DX5) were from BD biomace. Anti-F4/80 (BM8), anti-
FceRlo (MAR-1), anti-CD127 (A7R34) and anti-CD25 (PC618r& from BioLegend. Flow
cytometry was performed using BD LSR I, BD LSREsga™ and BD LSRFortessa™ X-

20 and analyzed by FlowJo (V10.2) software.

Mice
For ILCs and macrophage co-culture experiment, lken@57BL/6 mice were
purchased from the Orient Company Ltd. (Seoul, Sdkibrea). All experiments were

approved by the Institutional Animal Care and Usen@ittee in Seoul National University

Hospital (SNUH-IACUC 17-0043-S1A1) and animals wemaintained in the facility
12



accredited AAALAC International (#001169) in accande with Guide for the Care and Use

of Laboratory Animals 8th edition, NRC (2010).

Sorting of 1L Csand alveolar macrophages

For expansion of ILC1s and ILC3s vivo, 6-8-wk-old mice were given intratracheal
injection of 100ng recombinant ILB1(BioLegend, CA, USA) on three consecutive
days. For expansion of ILC2s vivo, 6-8-wk-old mice were inoculated intratracheallghw
500ng recombinant IL-33 (BioLegend, CA, USA) onethirconsecutive days. Alveolar
macrophages were sorted from naive 6-8-wk-old mieeng tissue was digested with
1mg/ml collagenase type IV (Worthington Biochemicabrp, UJ, USA) and 0.5mg/ml
DNase | (Sigma, MO, USA) for 1 hour at 37 For ILCs sorting, lineage negative cells
were sorted by lineage cell depletion kit (Milteriotec Inc., CA, USA), following the
protocol. Lineage negative cells were stained witbage cocktail antibodies (anti-CD3e,
anti-CD19, anti-CD11c, anti-CD11b, anti-F4/80, dmitRIo and anti-CD49b), anti-CD45,
anti-CD127, anti-ST-2, and anti-CD25 antibodies 8ir minutes. ILC1 and ILC3 were

defined as CD4%ineagé CD127ST-ZCD25 lymphoid cells. ILC2 were defined as

CD45'LineagéCD127ST- 2'CD25 lymphoid cells. For alveolar macrophage sorting,

CD11c+ cells were sorted by CD11c Microbeads UliraP(Miltenyi Biotec Inc., CA,

USA), following the protocol. CD1%cells were stained with anti-CD45, anti-F4/80 and

anti-CD11c antibodies for 30 minutes. Alveolar nogptrages were defined as

CD45'F4/80CD11¢ cells. Each subset of ILCs and alveolar macrophagas sorted by

BD FACSAria™.
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Co-culture of ILCs and macrophages

Sorted alveolar macrophages (2.5k&6lls) were cultured in the lower chamber of a
24-well transwell plate (0.4um pore, Corning, MASA). After 24hr, freshly sorted ILC1s
and ILC3s or sorted ILC2s (5x16ells) were added in the upper chamber of the walhsin

some experiments, ILCs were added in the same avashimacrophages.

Recombinant IL-2 (20U/ml, BioLegend, CA, USA), I2X20ng/ml, BioLegend, CA,
USA) and IL-23 (20ng/ml, BioLegend, CA, USA) or 2(20U/ml) and IL-33 (20ng/ml,
BioLegend, CA, USA) were added for ILC1s/ILC3s @CPs stimulation, respectively. In
some experiments, anti-PD-1 (10ug/ml, Bioxcell, NHSA), anti-ICOS (10ug/ml,
Bioxcell, NH, USA), and anti-CD40L blocking antibied (10ug/ml, Bioxcell, NH, USA)
were used to block cell-cell contact between alaeshacrophages and ILCs. After 48
hours, supernatant was harvested for analysis igosroduction by ELISA, and alveolar
macrophages were harvested using TRIzol® Reagewitrigen, CA, USA) for analysis of

M1 and M2 genes expression by RT-gPCR.

Quantitativereal-time PCR

Harvested alveolar macrophages were homogenizéd MRizol® Reagent. After
homogenization, total RNA was extracted by manuf&ets instructions. cDNA was
synthesized using iScript cDNA Synthesis Kit (BiaeR CA, USA). The quantitative RT-
gPCR assays were performed using 1Q supermix (Bio-FCA, USA). Relative expression
levels were calculated with normalizing Cq valuels target genes to Cq values of
Glyceraldehyde-3-phosphate dehydrogenaSapdh). All primers were purchased from

Thermo Fisher Scientific (TagMan® Gene Expressieaays, MA, USA)
14



ELISA

ELISA for supernatant IFN IL-4, IL-9 (BD bioscience, NJ, USA) and IL-5, 13,

IL-17 (R&D systems, MN, USA) were performed followa the manufacturer’s instructions.

Statistical analysis

Before comparison, normality test was performedhv@hapiro-Wilk normality test.
Comparisons of 2 groups were performed using MarmitWy test if the data was non-
parametric or using unpaired t-test if the data vpasametric. Multiple groups were
compared using Kruskal-Wallis test followed by anbsis post-test if the data was non-

parametric or using one-way ANOVA following by arfderroni’s post-test.

For analysis correlation between the frequency atnmphages and ILCs in induced
sputum, Spearman r correlation test was perforniethe data was non-parametric or
Pearson correlation test were performed if the datas parametric. Values of
measurements were expressed as meanzSD or meantBEMO5 was considered

statistically significant. Statistical analysis waformed using GraphPad Prism 7.
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Results

All typesof ILCsaswell asILC2 wereincreased in theinduced sputum of asthmatics

The presence of ILCs in induced sputum was evaluatél patients with asthma and
18 healthy controls (Table 1). Total ILCs were ially gated as CD4%ineagelL-7R"
lymphocytes, and subsequently categorized as ILERTHZ cells), ILC1s (CRTHX-
kit'NKp44 cells), and ILC3s (CRTH2-kit" cells). Natural cytotoxicity receptor (NCR)
ILC3s and NCRILC3s were further categorized on the basis of éRpression of NKp44
(Fig. 1A). However, it should be noted that the NILR3 subset remains a heterogeneous
population containing LTi-cells. Total frequency 6D45 cells was increased in induced
sputum of asthmatics compared with healthy contf@ls 0.001; Fig. E1A). The percentage
and absolute number of total ILCs were increaseth@induced sputum from patients with
asthma when compared with the healthy donBrs 0.01; Fig. 1A and B, Fig. E1B). In addition
to the ILC2s, both ILC1s and NCRC3s were also significantly increased in the asdtic
patients P < 0.0001; Fig. 1C). However, the increase in ILCswat related to pulmonary
function index (FEV1/FVC), airway hypersensitivifC20 level), and WBC count (Fig.
E2A-C). Negative correlations were observed betwie€ils and NCRLC3s (P < 0.0001;
Fig. 1D) and NCRLC3s (P < 0.05; Fig. 1E), which might be due to the transitbetween
ILC1s and ILC3s reported in humans (31). Howevex,cauld not see any correlations between
other subset of ILCs (Fig. E2D). So far, only ILCRas been known to be increased in
asthmatics, however, our data clearly showed tHatypes of ILCs were increased in the

induced sputum of patients with asthma.
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CD68" macrophages wereincreased in induced sputum from asthmatics

We hypothesized that an increase in the numberLGE Imight result in crosstalk
between them and other immune cells, especiallateannmmune cells such as alveolar
macrophages. First, we checked the population antgpasition of macrophages in induced

sputum from asthmatics and analyzed a subset ofroplaages by flow cytometry.

CD45CD68' cells were first gated as macrophages and themarited as M1 and M2
macrophages based on the expression of CD11lc arD&CDespectively (Fig. 2A). The
M1 and M2 macrophages presented with different esgion levels of HLA-DR (Fig.
E3B and C) (32). Macrophages that expressed bothl€@nd CD206 were considered
as alveolar macrophages (AMs) (33). The percentage absolute number of total
macrophages were increased in induced sputum bamasits when compared with the
healthy controls F < 0.0001; Fig. 2B, Fig. E3A); moreover, each subgroaof
macrophages was increased in the induced sputuastbmatics (M1P < 0.05; M2,P <
0.0001; AMs,P < 0.0001; Fig. 2C) when compared with the contrélderations in the
number of macrophages were not associated with lumgtion (FEV1/FVC), airway
hypersensitivity (PC20 level) or the number of WBEsy. E4A-C). Among the population
of macrophages, AMs had a strong negative coroslatith M1 @ = 0.0001; Fig. 2D) and
M2 (P < 0.0001; Fig. 2E) macrophages indicating that AMighthbe differentiated into

the M1 or M2 phenotypes based on the type of stimul asthmatics.

Increase in the number of 1LC2s and M2 macrophages in induced sputum of patient

with eosinophilic asthma

To investigate potential associations between wuaripopulations of ILCs and

17



macrophages and the phenotypes of asthma, thengsatvere divided into two groups based
on the number of eosinophils (Table E1). The pesgen of ILC2s was significantly
increased in induced sputum of eosinophilic astlosdP < 0.05; Fig. 3A) when compared
with that of the non-eosinophilic patients. Thegestage of AMs was similar in sputum from
the eosinophilic and non-eosinophilic asthmaticg.(BB). However, the number of M2
macrophages was higher in eosinophilic asthmatitgereas an increased number of M1
macrophages was observed in the non-eosinophthenasic patients (M1P < 0.05; M2,P <
0.01; Fig. 3B). Also, we tested the various cytekaxpression in the pellets from sputum, and
found that IL-5 and IL-13 mRNA were upregulatedyoim the eosinophilic asthmatics but not

in the non-eosinophilic asthmatid® € 0.001; Fig. 3C).

Respiratory diseases are known to influence astbmteome and phenotypes (34-
36). In order to assess whether the comorbidityupper airway disease in asthmatics
affects the distribution of ILCs and other immunells; patients were classified into
three different groups based on the presence oenabsof allergic rhinitis (AR) and

chronic rhinosinusitis (CRS; Table E2). No diffecea between the subtypes of ILCs and

macrophages (Fig. E5A-D) were noted. However, thenber of NCR ILC3s was

decreased in the sputum from asthmatics with ARGR8 P < 0.01; Fig. E5B).

The distribution of innate immune cells in the sputum is different and is related to

asthma phenotype

To verify the presence of associations between nestiphenotypes and the
distribution of innate immune cells, we comparee ithlationships of innate immune cells in

induced sputum of asthmatics. Interestingly, pagievith higher numbers of eosinophils in
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sputum presented with increased numbers of ILE2s (.05; Fig. 4A). Unlike ILC2s, there
were no correlations between ILC1s, NOFR3s or NCRILC3s and eosinophils (Fig. 4A),

and other subset of ILCs and neutrophils in indiggdum (Fig. EGA).

Next, we examined the relationship between macrgghand other innate immune
cells. Patients with increased number of eosingpiml induced sputum demonstrated an
increase in the percentage of M2 macrophages 0.01), whereas M1 macrophages did
not show correlation with eosinophils (Fig. E6Br®ersely, neutrophil counts in sputum
were positively correlated with M1 macrophagBs<(0.05), and negatively correlated with

M2 macrophaged(< 0.001; Fig. E6C).

We further investigated the presence of assocmtitetween ILCs and
macrophages because alterations in these two pgomslaare most significant in asthmatics.
Interestingly, the percentages of ILC1s and ILC&senpositively correlated with increase in
the number of M1 macrophage® € 0.01 andP < 0.05, respectively; Fig. 4B) but not M2
macrophages. On the other hand, asthmatics whont@é ILC2s presented with more
M2 macrophages in induced sputuf< 0.01; Fig. 4C). However, in healthy donors, no
such correlations were observed (data not showhes& data suggest that ILCs and
macrophages interact with each other in a celliipemanner, and some of these

interactions could alter the outcome of asthma.

ILCs can promote the polarization of macrophages by secreting cytokines and via direct

interactions

On the basis of current results, we hypothesizatigpecific types of ILCs affect the

polarization of macrophages. To test this hypothese co-cultured sorted ILCs with AMs
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(Fig. E7TA-C). ILC2s were stimulated with recombit{gniL-2 and IL-33, whereas ILC1s and
ILC3s were stimulated with rIL-2, rIL-12 and rIL-2@ig. 5A). Co-culture of AMs with
ILC1s and ILC3s significantly induced the mRNA ezgsions of M1 macrophage-related
genes, such asdos2, Cd86, and ptgs2 (P < 0.001,P < 0.0001, anc® < 0.05, respectively;
Fig. 5B). In contrast, mMRNA expression of M2 madrage-related genes suchAagl and
Retnla were increased when AMs were co-cultured with ILQR2s< 0.0001 and® < 0.001,
respectively; Fig. 5C). It is well known that thel@rization of macrophages is regulated by
cytokines (27, 28). Therefore, we presumed thatslib@ight be involved in this process by
secreting cytokines. To examine cytokine productignthe ILCs, we measured IFNIL-
17A, IL-4, and IL-13 levels in co-culture supermdta (Fig. 5D and E). Treatment with
riL-12 and rIL-23 stimulated ILC1s and ILC3s, thieyeincreasing the levels of IFNP <
0.0001) and IL-17A R < 0.05; Fig. 5D). Furthermore, stimulation of ILC®28th rIL-33
resulted in increased levels of IL-4 and IL-1B € 0.001 andP < 0.0001, respectively;
Fig. 5E). In addition to IL-4 and IL-13, ILC2s prockd IL-5 and IL-9 with rIL-33
stimulation P < 0.0001 and® < 0.5, respectively; Fig. ESA and E8B). These issalearly
showed that cytokines from different subsets of dL@ight induce the polarization of

macrophages.

Next, the transwell system was used to investigdiether soluble cytokines from
ILCs affected the polarization of macrophages. Bew in Fig. 6A, AMs were cultured in
the lower chamber, and different subsets of ILCsewtben added on to the upper chamber.
After 48 h, AMs from the lower chamber were haredsand the expression levels of M1 and
M2 macrophage-related genes were analyzed. UneddgcmRNA expression levels of M1
macrophage-related geneNog2 and Cd86) were decreasedP(< 0.001 andP < 0.05,

respectively; Fig. 6B) when AMs were co-culturedhMLC1ls and ILC3s in the transwell.
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Moreover, the mRNA expression level of one of th2 Macrophage-related gemggl was
reduced, whereas that bfrcl was increased?(< 0.0001 and® < 0.01; Fig. 6E) when AMs
were co-cultured with ILC2s in the transwell. Howevthe expression levels of M1- and
M2-related genes were not affected by co-cultutd WiC2s, and ILC1s /ILC3s, respectively
(Fig. 6C and D). IFM and IL-17A levels in culture supernatant from th@nswell were
significantly lower than that without the transw@éiFNy, P < 0.05; IL-17A, P < 0.05; Fig.
6F). However, IL-4, IL-5, IL-9, and IL-13 levels mained unchanged in the

presence of the transwell (Fig. 6G and Fig. ESB).

To investigate which surface molecules mediate itteraction of ILCs and
macrophages, we treated anti-PD-1, anti-ICOS, amiedCD40L which are co-stimulatory or
inhibitory molecule that is expressed by ILCs (3)-3When we co-cultured AM and
ILC1/3s with blocking antibodies, there were noraes on M1 and M2 macrophage-related
gene expression (Fig. ESA and E9B). Although blogkantibodies treatment seems to
reduce the expression 8fgl andRetnla in co-culture group of alveolar macrophages and
ILC2s (Argl, n.s., and Retnl& < 0.0001; Fig. E9QC and E9D), we failed to findfaue

molecules that can regulate the polarization ofroatage.

Taken together, these data suggest that specifjestyof ILCs regulate the
polarization of AMs by cytokine secretion as wedl eell—cell contact. The opposite might
also hold true because cytokine secretion from I|lMZss decreased when ILCs were

separated from AMSs. Further studies clarifying pinecise mechanisms involved are merited.
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Discussion

This study has demonstrated the distribution ohienmmune cells (ILCs) within the
airways of subjects with asthma, along with seveditional novel findings. First, in
addition to ILC2s, other types of ILCs were alsare@ased in the sputum of asthmatics.
Second, ILC2s and M2 macrophages were increaseebsmophilic asthmatics, whereas
ILC1s, ILC3s, and M1 macrophages were increaseédemon-eosinophilic asthmatics. Third,
specific types of ILCs could induce the polarizatiof macrophages differently, thereby

affecting the pathogenesis of asthma.

The discovery of ILCs in the lungs has provided eeakthrough in our
understanding of the cell types and innate pathwayderlying the development of
asthma (6, 40). ILCs are an emerging type of immeelks that are lineage-negative but
produce large amounts of effector cytokines (7)tfebal. first identified lineageMHC
class 1" and CD11&" ILC- like cells in the lungs of mice and demonstththat IL-25
induces type 2 cytokine production from these c@ll$). Recent studies have intensively
examined the role of ILCs following exposure tocaallergens such as house dust mites,
ryegrass or fungal extracts. These aero-allergegre fiound to cause robust eosinophilic
airway inflammation and airway hyperresponsivengs$iR) and also induce the
production of type 2 cytokine from ILC2s in the abse of CD4 T cells in mice (42-44).
Moreover, the involvement of ILCs in non-allergioris of asthma triggered by

environmental factors such as air pollutants (456) 4or obesity (16) has been

reported. For example, CCRBC3s that produce IL-17A in the lungs of mice feith a
high-fat diet are vital for the development of dhegelated asthma (16). Moreover, IL-17A

in the sputum or peripheral blood of asthmatiosoiselated with the severity of the disease
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(47, 48). So far, only ILC2s have been implicatedthe development of allergic asthma,;
however, other types of ILCs also appear to plapartant roles in different forms of
asthma. In support of this hypothesis, the cursgntdy showed that the numbers of all
types of ILCs were significantly increased in thautsim of patients with asthma when
compared with those in the healthy controls. Tin®de distribution of ILCs might reflect

the heterogeneous nature of asthma.

To the best of our knowledge, this is the firsdgtto report the presence of ILC1s and
ILC3s in the sputum of asthmatics, unlike previstuslies that focused on ILC2s only (26-28,
49). Although the function of ILCs in the developmef asthma was originally identified in
mice, several human studies have demonstrated tbkbs in the development of this
condition (50, 51). Bartemest al. reported that the prevalence of ILC2s was in@@&as
in PBMC from allergic asthmatics when compared viagalthy controls (28). Nagakumetr
al. demonstrated the presence of ILC2s in the airwayshildren with therapy-resistant
asthma (STRA). They first identified ILC2s in indwt sputum, where the proportion was
found to be higher than that in peripheral bloo8)(4Although several studies have been
reported regarding the role of ILCs in asthma, é¢hare several limitations. First, most
studies examined ILCs using PBMC (52-54) rathentBALF or induced sputum. As
shown by Gasteigest al., PBMC does not reflect actual lung environmeniterg ILCs are
known to reside (55). In the current study, we destated the presence of ILCs in
induced sputum, which might be a more accurateecefin of the profile of ILCs rather
than that in blood. Second, there are a limited emof immune cells in the sputum.
However, we tried to collect adequate amounts afwsp from the patients to analyze the
accurate population of the immune cells and wete &bconfirm the interactions between

macrophages and ILCs in the present study. Thir@yiqusly, all experiments were
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focused only on ILC2s, and no other cell types wdentified; however, in the current
study, all types of ILCs were examined and foundeoincreased in the induced sputum of
asthmatics. Moreover, the ILCs were associated thighpolarization of macrophages in the

sputum.

Although all types of ILCs were increased in theitspn from asthmatics, a negative
correlation between ILC1s and NORC3s or NCRILC3s was observed. It is well known

that NCRILC3s and ILC1s exhibit plasticity in the intestif@1). It is also reported
that ILC2s and ILCls demonstrate plasticity in tlhumgs of COPD mice (56, 57);
nonetheless, the conversion of ILC1s and ILC3shi lung was not clear. Because ILC1
and ILC3 plasticity was not observed in healthy toala in the current study (data not
shown), certain inflammatory conditions in asthstimight be responsible for the

induction of ILC plasticity.

The proportion of ILC2s in sputum from eosinophiisthmatics was higher than that
from non-eosinophilic asthmatics. A positive caateln between ILC2s and blood eosinophil
counts was observed, whereas no such positivelatores were observed between ILC1s
and ILC3s and neutrophils. Alternatively, the numbé M1 macrophages in sputum was
positively correlated with the number of neutrophivhereas M2 macrophages proportions
were positively correlated with eosinophil counthiese findings suggest that ILCs might
directly affect the polarization of macrophages,iclihcould regulate the infiltration of
eosinophils or neutrophils into the airways. To feam this hypothesis, we analyzed other
immune cells from sputum and found that increaséhm number of macrophages was
correlated with the number of ILCs. In other worlli€;2s had a positive correlation with M2

macrophages, whereas both ILC1s and ILC3s demtedtrositive correlations with M1
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macrophages. Co-culture experiments using mouse @ AMs showed that activated
ILCs could regulate the polarization of macrophalggsecreting cytokines as well as cell-
cell contact. M1 macrophages can be differentiagdFNy, whereas the key cytokines that
activate M2 macrophages are IL-4 and IL-13 (22, 98grefore, IL-4 and IL-13 from ILC2s
could induce the polarization of M2 macrophagesenehs IFN or IL-17A from ILC1s and
ILC3s could induce the polarization of M1 macropdgg Among markers for M2
macrophages, the gene expression of mannose re€zpgpe 1 Mrcl) was down-regulated
in alveolar macrophages co-cultured with ILCEgy(re 5C). Mrcl is one of typical markers
for M2 macrophages, which is up-regulated by ILAdl #_-13 stimulation (22). However, in
tissue-resident macrophages, the expressidvirot is independent of IL-4 and IL-13 (59).
Alveolar macrophages are lung-resident macrophagek,-4 and IL-13 released from ILC2s
might not affect the expressionMfcl. Also, because alveolar macrophages highly exgpdess
Mrcl in steady stated(gure 2A), we could know that the expression of Mrcl inealar
macrophages was regulated independent of IL-4 b8 In addition, M2 macrophages do
not constitute a uniform population and are furteebdivided into M2a, M2b and MZ2c.
MRCL1 is expressed in M2a and M2c but not in M2 .(6berefore, decrease of MRC1 might
indicate a change in the M2 subtype although furimalysis need to be done. The roles of
M1 and M2 macrophages in the development of astlliffar from each other. M1
macrophages are the major effector cells in nargit forms of asthma, while M2
macrophages are predominant in the allergic forfnasthma (61). Although the current
M1/M2 paradigm with its polarized extremes is oweified, our data showed that
certain subsets of ILCs could regulate the polagnaof macrophages. More interestingly,
the polarization of macrophages was only inducecgnvimacrophages were co-cultured

with ILCs. The combination of recombinant cytokingisl not affect the polarization of
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macrophages indicating the importance of ILCs dyrihis process. Thus, the ILCs-
macrophages axis might be important to induce theeldpment of different types of

asthma.

It is worthy to note that polarized M1/M2 macropbagcould induce the activation
of ILCs. M1 macrophages induce the activation ofl Teells via TNl and IL-12
production and by interacting with CD86 and MHClIlolecules, thereby affecting the
development of non-allergic asthma (62, 63). SiyilaM2 macrophages activate Th2
cells via IL-4 and IL-13 production and by interagt with CCL17 and MRC1 and lead
to the development of allergic asthma (22). Theseai possibility that ILCs and
macrophages interact in a cell contact manner, thedinhibition of this interaction in
the transwell system may have reduced cytokine ymtomh by the ILCs. Recently, it
has been reported that ILCs also expresses cotatomy or inhibitory molecules such
as PD-1, ICOS, and CD40L on their surfaces (37639, Activated alveolar macrophages
also express high level of PD-L1 and CD40 (65, G&erefore, we hypothesized that ILCs
and macrophage could interact through these ma@scWhen we blocked the ILC1/3s-
macrophage interaction using anti-PD-1, anti-IC@a&] anti-CD40L antibodies, M1 and M2
macrophage-related genes were not changegli(e E9, A and B). That means unknown
molecules, not PD-1, ICOS, and CD40L, might medtaié cell interaction between ILC1/3s
and alveolar macrophages. In case of ILC2s-macggphderaction, the expression Afgl
and Retnla were down-regulated by these blocking antibodieigufe E9, C and D).
However, the gene expressionRetnla tended to be increased when we co-cultured ILC2s
and macrophage separately using transwell systelms Tiscrepancy between the
experiments (i.e, co-culture without transwell oithwtranswell) might indicate that other

unknown molecules could mediate interaction of IL&®I alveolar macrophages. Although
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we could not show the surface molecules that media¢ interaction between ILCs and
macrophages in current study, Welieve that identifying these interactions will ingportant

for understanding the features of ILCs and macrgeba

Although we have found a close relationship betwié€rs and macrophages according
to the phenotypes of asthma, we failed to seedhelation between ILCs and macrophages
with AHR (Fig E2). As far as we know, there was no report aboutctireelation between
ILCs and AHR in human asthmatics. One reason why oceeldn’'t see the positive
relationship might due to the sample we obtained.our study, we recruited newly
diagnosed, and treatment-naive patients to excthdeinterference effects of drugs on
immune cells. Therefore, most patients we recrusteldng to mild asthmatics with the level
of FEV1 % was more than 80%. Since AHR was causesebere inflammation and airway
damage, it is hard to see the correlation betweliRR &And immune cells in our samples
which are mostly from mild asthmatics. Also, itgessible that ILCs and macrophages are
not direct mediators of AHR. The inflammatory fastdhat known to induce AHR are
histamine and leukotrienes, and these proteinsnastly released from eosinophils and mast
cells (67). We could find negative correlation betéw AHR and eosinophils (data not
shown). Perhaps increased ILCs or macrophages could regdidR through interaction

with other immune cells such as eosinophils and celks.

In conclusion, this study shows, for the first tintbat in addition to ILC2s various
other ILCs are also increased in the airway of ettlj with asthma. These ILCs might be
essential sources of cytokines that induce therigakion of macrophages and control the
development of airway eosinophilia or non-eosinbphinflammation. Understanding the
factors that regulate the activation of ILCs mayitmortant for the treatment of subjects

with difficult-to-control asthma because ILCs cansstalk with several innate immune cells.
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ILCs might play key roles in controlling allergic aon-allergic inflammation in asthmatics
during the early stages of development of asthnoaveiter, more experiments evaluating the

relationships between ILCs, macrophages, and otiraune cells in the lungs are warranted.
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Tables

TABLE 1. Characteristics of patients

Healthy controls Asthma p value
No. of patients 18 51
Age (yr) 52.93+7.57 57.49+14.30 0.0899
Sx durations (yr) N.D 4.14+5.36 -
FEV1 2803+607.4 2096+665.7 0.0006
FEV1(%) 103.5+12.73 87.69+£14.04 0.0003
FVC 3516+785.5 2853+891.6 0.0085
FVC(%) 107.3+13.09 95.61+15.61 0.0129
FEV1/FVC 0.8+0.06 0.73+0.08 0.0040
PC20(mg/ml) N.D 4.73+3.74 -
Atopy, n(%) 0(0) 18(35.3)
Allergic rhinitis, n(%) 0(0) 28(54.9)
(Sn”e‘\‘fg;;‘gx?éztr%ﬁ 0, no6) 0(0)/0(0)/18(100) 42(82.4)7(13.7)/2(3.9)
Induced sputum differential count.
Macrophages (%) 42.07+26.03 57.67+14.09 0.0059
Neutrophils (%) 39.93+28.39 22.59£13.60 0.0508
Eosinophils (%) 0.9+1.57 15.22+13.39 <0.0001
Peripheral blood
WBC N.D 683411777 -
Eosinophils (%) N.D 5.45+3.96 -
Total IgE N.D 238.39+323.7 -
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The data are presented as the mean + SD.

Abbreviations: FEV1, forced expiratory volume inskécond; FEV1(%), forced expiratory
volume in 1 second/forced vital capacity; FVC, #cvital capacity; PC20, provocation
concentration of methacholine leading a fall of 2684EV1; WBC, white blood cell; N.D, no

data
Figure Legends

Figure 1. Innate lymphoid cells are increased in induced wputof asthmaticsA.

Representative ILC gating strategy from inducedtwpuof healthy donorn(= 18) and
asthmatics r{ = 51). B. Comparison of total ILC frequency (% of CD4eells) between
healthy donors and asthmatic patiens. Comparison of frequency of ILC1s, ILC2s,
NCR'ILC3s, and NCRILC3s (% of CDA45 cells) between healthy donors and asthmatic
patients.D. Correlation between ILC1ls and NORC3s (% of ILCs) in induced sputum of
asthma patientsE. Correlation between ILC1s and NOGRC3s (% of ILCs) in induced
sputum of asthma patients. Mann—Whitney or Stuslénést was used to compare healthy
controls and asthma patients, and Pearson's dretast was used to measure associations
between variables. Values represent the mean flatardeviation (SD). *® < 0.01, ****P

<0.0001.

Figure 2. Macrophages are increased in induced sputum ofnasits. A. Representative
macrophages gating strategy from induced sputuhealthy donorsn(= 18) and asthmatics
(n = 51). Total macrophages (CD6&&lls), M1 macrophages (CD&BD11¢CD206 cells),
M2 macrophages (CD68D11¢CD206 cells), and alveolar macrophages (AM;

CD68'CD11¢CD206 cells). B. Comparison of frequency of total macrophages (6 o
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CD45' cells) between healthy donors and asthma pati€ht€omparison of frequency of

M1, M2, and AMs (% of CD45cells) in induced sputum of healthy donors andraatits.

D. Correlation between M1 and AMs (% of macrophagesinduced sputum of asthma
patients.E. Correlation between M2 and AMs (% of macrophagesihduced sputum of
asthma patients. Mann—-Whitney or Studeintést was used to compare healthy controls and
asthma patients, and Pearson's correlation testuaed to measure associations between

variables. Values represent the mean + 3D 9.05, **** P < 0.0001.

Figure 3. Eosinophilic asthmatics show type 2 airway inflartiora A. The frequency of
each subset of ILCs (% of CD4%ells) in induced sputum of non-eosinophilic and
eosinophilic patientsB. Frequency of M1, M2, and AMs (% of CD4&ells) in induced
sputum of non-eosinophilic and eosinophilic pase@t The gene expression of IFNIL-

5, IL-13, and IL-17A in pellets of whole sputum Isel*P < 0.05, *P < 0.01, ***P <
0.001, using Mann-Whitney test to compare betweba hon-eosinophilic and

eosinophilic asthma patients. Values representign + SD.

Figure 4. Different subset of ILCs is correlated with the dis/ of eosinophils and
macrophagesA. Correlation between ILC1s, ILC2s, NCIRC3s or NCRILC3s and
eosinophils in induced sputum analyzdl. Correlation between M1 macrophages and
ILCs in induced sputum of asthmati¢S. Correlation of M2 macrophages and ILCs in
induced sputum of asthmaticd? ¥ 0.05, **P < 0.01, n.s, not significant, using Pearson's

correlation test.

Figure 5. ILCs affect the polarization of alveolar macrophage vitro. A. Schematic
diagram of the co-culture proceduBe.The expression of M1-related gendes2, Cd86, and

Ptgs2, in alveolar macrophages co-cultured with IL@S. The expression of M2-related
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genes,Argl, Retnla, and Mrcl in alveolar macrophages co-cultured with ILCs. Jene
expression data were normalized with the expressibrGapdh. D. IFNy and IL-17
expression levels in the ILC1s/ILC3s and alveolascrophages co-cultured group.
Expression levels of type 2 cytokines, IL-4 andl®-in the ILC2 and alveolar macrophages
co-cultured group. P < 0.05, ***P < 0.001, ****P < 0.0001 using Kruskal-Wallis test,
followed by Dunn's multiple comparison test. Thatad are representative of three

independent experiments analyzed, and presentbe asean + SEM.

Figure 6. ILCs-macrophage interaction affects polarization nehcrophages via cell-cell
contactA. Schematic diagram of the co-culture proceduraegusie transwell systeni-C.
Expression of M1-related (Nos2, Cd86, and Ptg&))dand M2-related (Argl, Retnla, and
Mrcl) (C) genes in alveolar macrophages co-cultured with1d/ILC3s with and without the
transwell insert.D-E. Expression of Ml-relatedDj and M2-related E) genes in alveolar
macrophages co-cultured with ILC2s with and withdle transwell insert. Each gene
expression was normalized b@apdh expression.F. IFNy and IL-17 production in the
ILC1s/ILC3s and alveolar macrophages co-culturemlgrG. IL-4 and IL-13 production in
the ILC2s and alveolar macrophages co-cultured grég < 0.05, *P < 0.01, **P <
0.001, ***P <0.0001 using Mann-Whitney test. The data are reptaive of three

independent experiments, analyzed, and presentibé asean £ SEM.
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Figure 4
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Figure 5

A ILC1s+ILC3s

rmIL 33
rmIL lb

\ \gé -D3-D2-DI DO Dl DO

Sort ILCs @g\g

CLEIEIEY

©o%®

©gPo0

EIEICTEY

+ rmIL-2+IL-12+IL-23

{0ok9ig;
. AMs Culture media only
\&, Do \QJ o
C§ SortAMs =~ T
B
6x10%4 seskesksk 25+ seskesksk
ook okl
20
S 4x10%- 3
S § 15
)
S
@ %o 10
2 2x10% 3
5_
0- 0- e e
AMs + + + + + AMs + + + + +
IL-2+IL-12+IL-23 -+ + - - IL-2+IL-12+IL-23 -+ + - -
ILC1s+ILC3s - -+ - - ILC1s+ILC3s - -+ - -
IL-24IL-33 - - - + + IL-2+4IL-33 - - - + +
ILC2s - - - - + ILC2s - - - - +
C
6x109 sksksksk 301 ssksk
Hokdkk ol
<
S 4x100 X 204
S S
S C)
3 3
2 2100 £ 104
= <
AMs + + + + + AMs + + + + +
IL-2+IL-12+IL-23 -+ + - - IL-2+IL-12+IL-23 -+ + - -
ILC1s+ILC3s - -+ - - ILC1s+ILC3s - -+ - -
IL-2+IL-33 - - - + IL-2+IL-33 - - - + +
ILC2s - - - -+ ILC2s - - - -+
D . E
seskesksk PR S
60— 154 * 151
Z 4 E 104 Z 104
B B E
> s |
£ 2 N5 = 5
— —
0- 0- 0-
AMs  + + + + + + AMs
IL-2+IL-12+IL-23 - + o+ - + o+ IL-2+IL-33
ILC1stILC3s - - + - - + ILC2s

AMs
IL-2+IL-12+IL-23
ILC1s+ILC3s
IL-2+IL-33

ILC2s

=
n
1

o
n
it

0.0~

AMs
IL-2+IL-12+IL-23
ILCIs+ILC3s
IL-2+IL-33

ILC2s

KKK 257
20

154

104

IL-13 (ng/ml)

Pigs2/Gapdh
£y
S

.uIL

Mircl/Gapdh
2

+ rmIL-2+IL33

-/+ ILC1s and ILC3s -+ ILC2s
800 KAk
£
600

kkkok

' .
! +

o+
o+
+ 4+

ek
sekok

|



Figure 6
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Figure E1. Frequency of CD45cells and absolute number of ILCs in induced sputs. The
percentage of total CDA%ells in induced sputunB. Absolute number of total ILCs in
induced sputum. * < 0.01, **P < 0.001, using Mann-Whitney test. Values represeat t

mean * SD.

Figure E2. Correlation between clinical data and the percentafigeach group of ILCs in
induced sputum. The percentage of ILCs based am ¢fometry analysis as described in
Figure 1.A. Correlation between FEV1/FVC ratio and IL@s. Correlation between PC20
values and ILCs. PC20 values represent the comtemtirof provocholine leading to a 20%
decrease in FEV1 leveC. Correlation between WBC count/uL and ILCs analy2&/BC
counts were based on complete blood cell countitse§u Correlation between ILC2s and
other ILCs or between NCRC3s and NCRILC3s. n.s, not significant, using Pearson's

correlation test.

Figure E3. Comparison of the expression levels of HLA-DR in &id M2 macrophageA..
Absolute number of total macrophages in induceduspuB. Mean fluorescence intensity
(MFI) levels of HLA-DR in M1 and M2 macrophage€. Histogram of HLA-DR
expression levels in M1 macrophages and M2 macggsha™***P < 0.0001, using Mann—

Whitney test. Values represent the mean + SD.

Figure E4. Correlation between clinical data and the percentaignacrophages in induced
sputum. The percentage of macrophages was caldutatethe basis of flow cytometry
analysis as described in FigureA.Correlation between FEV1/FVC ratio and macropkage
analyzed.B. Correlation between PC20 values and macrophagaiyzad.C. Correlation
between WBC count/uL and macrophages analyzed.noissignificant, using Pearson's

correlation test.



Figure E5. Asthmatics with upper airway diseases have lowelRNIGZC3s in induced

sputum.A-D. Comparison among asthmatic patients based gorédsence of allergic rhinitis
(AR) and chronic rhinosinusitis (CRSA. Frequency of total ILCs (% of CD36ells) in
induced sputumB. Frequency of each subset of ILCs (% of CDéélls) in induced sputum.
C. The frequency of total number of macrophages {45 cells) in induced sputuni.
The frequency of M1, M2, and AM (% of CD4&ells) in induced sputum. < 0.01, using
Kruskal-Wallis test, followed by Dunn's multipleraparison test. Values represent the mean

+ SD.

Figure E6. Correlations betweerlLCs and neutrophil and correlations between
macrophages and eosinophils or neutrophils in iredusputum.A. Correlation
between each subset of ILCs and neutrophlsCorrelation between eosinophils and
each subset of macrophages in induced sputum a&dklyz Correlation between neutrophils
and each subset of macrophages in induced sputalyzad. P < 0.05, ***P < 0.001, n.s,

not significant, using Pearson's correlation test.

Figure E7. Sorting strategy of ILCs and macrophages. The yuwfitthe cells after FACS
sorting with BD FACSAria™ were as followgs. non-ILC2s (CD4Y.ineagéCD127ST-
2°CD25), 97.3%;B. ILC2s (CD45LineagéCD127 ST-ZCD25), 96.2%; andC. Alveolar

macrophages (CD4B4/80CD11¢), 97.7%.

Figure E8. The level of IL-5 and IL-9 in co-culture of ILC2mnd alveolar macrophages.
The protein level of IL-5 and IL-9 in supernatart ap-culture of ILC2s and alveolar
macrophagesB. Comparison of protein level of IL-5 and IL-9 ihd2s and alveolar
macrophages co-culture system between with andutttranswell. P < 0.05, **P < 0.01,

*** P <0.001, ***P <0.0001 using Mann—Whitney test or one-way ANOVAduling by a
2



Bonferroni's post-test. The data are representativéwo independent experiments and

presented as the mean = SEM.

Figure E9. The changes of gene expression related to M1 ahdnilcrophages in alveolar
macrophages co-cultured with ILCs using anti-Pxitj-ICOS, and anti-CD40L blocking
antibodiesA. The gene expression of M1-related genes in aweaohcrophages, co-cultured
with ILC1/3s using anti-PD-1, anti-ICOS, and anD4@)L. B. The gene expression of M2-
related genes in alveolar macrophages, co-culwigdILC1/3s using anti-PD-1, anti-ICOS,
and anti-CD40LC. The gene expression of M1-related genes in aweobhcrophages, co-
cultured with ILC2s using anti-PD-1, anti-ICOS, aatti-CD40L.D. The gene expression of
M2-related genes in alveolar macrophages, co-adtwith ILC2s using anti-PD-1, anti-
ICOS, and anti-CD40L. *® < 0.01, ***P < 0.001, ****P <0.0001 using one-way ANOVA
following by a Bonferroni’'s post-test. The data aepresentative of two independent

experiments and presented as the mean + SEM.
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Figure ES
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Figure E6
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Figure E8

A

~ w - wn
h I 1 i

IL-5 (ng/ml)

[
L

0 .
AMs

IL-2+IL-33
ILC2s

Fedkedk

*kkk

ACCEPTED MANUSCRIPT

1200

900

600+

IL-9 (pg/ml)

300+

0-

AMs
IL-2+IL-33
ILC2s

*kk
+ o+
+ o+
-+

IL-5 (ng/ml)

ES
1

w
1

~
N

—_
1

0
0

T
without with
transwell transwell

IL-9 (pg/ml)

1200+

900+ “’

600-

300+

=]

T
without with
transwell transwell



Figure E9
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TABLE E1. Comparison of characteristics between non-eosinophilic and eosinophilic asthma patients

Non Eosinophilic Eosinophilic p value

No. of patients 21 21

Age (yr) 60.86+13.53 54.76+14.29 0.0496
Sx durations (yr) 4.105£3.79 3.186+3.79 0.2940
FEV1 1970+567.7 22224812.1 0.4068
FEV1(%) 91.38+15.57 85.10+13.37 0.1682
FVC 2669+722.9 297311096 0.2954
FVC(%) 96.52+20.01 94.24+11.20 0.6503
FEV1/FVC 0.7369+0.07 0.7448+0.08 0.7403
PC20(mg/ml) 6.080+4.49 3.630+3.01 0.0552

Smoking history
(never/ex/current), n(%)

Induced sputum differential count.

17(81.0)/2(9.5)/2(9.5)  16(76.2)/5(23.8)/0(0)

Macrophages (%) 55.81+12.67 59.61+14.22 0.3786

Neutrophils (%) 31.07£13.49 15.06+7.98 <0.0001

Eosinophils (%) 6.12316.58 23.48+12.96 <0.0001
Peripheral blood

WBC 6575+1587 709311954 0.3512

Eosinophils (%) 2.490+1.36 8.414+3.44 <0.0001

Total IgE 187.5£321.7 295.8+341.2 0.1977

The data are presented as the mean + SD.

Abbreviations: FEV1, forced expiratory volume insécond; FEV1(%), forced expiratory volume in 1
second/forced vital capacity; FVC, forced vital aejpy; PC20, provocation concentration of methaicieol

leading a fall of 20% of FEV1; WBC, white blood kel



TABLE E2. Comparison of characteristics between asthmatics and asthmatics with other respiratory

diseases
Asthma Asthma+AR Asthmat+tAR+CRS pvalue
No. of patients 15 16 12
Age (yr) 60.67+10.15 53.38+20.21 56.75+8.38 0.3813
Sx durations (yr) 4.027+3.61 3.988+4.63 6.633+8.32 0.5891
FEV1 1985+514.2 2133+807.7 2093+641.7 0.8201
FEV1(%) 88.731£14.13 90.81+14.90 84.00+£14.21 0.4656
FVC 2806+781.1 2821+990.7 2799+935.8 0.8828
FVC(%) 93.33+£17.99 99.63+£15.59 94.00£12.01 0.4808
FEV1/FVC 0.7102+0.08 0.7525+0.09 0.7518+0.05 0.2432
PC20(mg/ml) 4.767+4.53 4.944+3.86 3.508+2.22 0.7167
Smoking history
(never/ex/current), 11(73.3)/4(26.7)/0(0) 14(87.5)/0(0)/2(12.5) 10(8&8L6.7)/0(0)
n(%)
Induced sputum differential count.
Macrophages (%) 55.35+15.12 59.81+15.92 57.06+13.35 0.6521
Neutrophils (%) 21.87+10.82 22.63+13.17 17.58+11.44 0.3606
Eosinophils (%) 14.44+14.44 13.57+£11.94 21.66x14.71 0.3101
Peripheral blood
WBC 6775£1654 7272+2022 6413+£1435 0.5047
Eosinophils (%) 4.175+3.48 6.227+4.38 6.811+4.46 1990
Total IgE 86.13+85.02 228.3+300.4 418.8+482.9 00102

The data are presented as the mean + SD.

Abbreviations: FEV1, forced expiratory volume insgécond; FEV1(%), forced expiratory volume in 1

second/forced vital capacity; FVC, forced vital aaijpy; PC20, provocation concentration of methaiciol

leading a fall of 20% of FEV1; WBC, white blood kel



