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440 714, EEd AYeS 5402 st Jwd Wy wezs] Ageln. A2
Ged 5 BAF eqd i WY fUBel Fsn Abd, 59
v Al

Ko, Aol disl avrt d=
o3t thAAE, AHA HBEF AE(innate lymphoid cell, ILC), TAHIXE o}y 4
Aol EFFel W3S EQlste] DEPZF 7% WAl vXE= IS Flsta, ol# 3t
AAA Wsto] st A FUe adE Hrksklvh

6% BALB/c 943 vh¢2~5 043 79 100 pg H&H9 (ovalbumin, OVA) 3} 2
mg aluminum hydroxide® &7 W2 FoIsto] ZH2AIZ U, 14, 15, 169l 50 pg?]

OVAS HZog Fojgo] HAS Fosgt. 1 F d%F &9 ZHE ol §319
DEPE 474 4AA &2 0.5% OVAE 35 A 104zt Folsigla, AaA<s
YT DEP =& § AATE dF YA A 4094 3 A HeEd 48
AN =3 7= (airway ~ hyperresponsiveness) & S 4 =l
7138 A H A A o (bronchoalveolar lavage fluid, BALF) ¥} 2282 HAALE F3d] 99

WMol ¥ Wl Wlelglw, RT-aPCRE £d 42 u mRNA 2@ wWw

FAs T HERAE ol&d FAE A4S S8 tAAE, ILC ¥ TAHE ot
A5, ek gt §@d A M 3E (monocyte derived macrophage, MoM) 2
B g4 vhes FFoA welTg FEee] dAMEE ®FAK F DEP A3
o] o] wE mRNA W3 FF5 vlw A9t

IS dizre] mlsked OVAr®t OVA/DEPwelA  ZFrhstglod, A<
& FostAl AT BALFR B7HE VEdSE
OVAelM = 2kt ¢A7F FEe Y Wb OVA/DEPI M= 257 9350
FoASFE FYeR fsA sl
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, olE Ade FYor dstdgith CD4t TAHE
o & FosHAl F7telew DEP =& ol& U
tol OVA/DEPollA IL—13%, IL-17A" CD4" TAH %
T84 F71etel, DEP o] Th2/Th17 &% dwkss dAxado] 9l
AAFsEG T ILC oFd EA oM % OVAT R OVA/DEPFlA IL-5%, IL-13%, IL—
17A7 ILCO] 717 =T o]H ¥ DEP w=Zol 2& otshd TAHES ILC 952
295 Fdoll g8 FsHA MAEA. =3 OVA/DEPTlA 4224 Al 3 (dendritic

S o
O =

cell, DO &9 AAlso] AnHRa, Th2 dIHEES FE3dk= Ly6ec CD11b™ DC
cDC28 77 FAEdn. tiAAES A5, OVA/DEPolA  SiglecF CD11c™
CD11b" MoMe] F7FsFi 2w, MoM % A& MoM¥} HIHE MoM RF ZF7Fehsidl
WA = wE ot £l s M2c A AE7F S7FsTh B3 ex vivo A9

A3y, DEPe] =¥ MoMolA AF3E FEdts A4z wdo Z7p7F A2y Qo).

2A¢ &3S OVA/DEPFOlA #HuW DC, MoMe& #HAaA7IE= g, M2c &43E
ol Al &kl k.
AEH0Z DEPE T2 AAoM AHAAAAHES ILC o}FEH MoM #4S T7t
9 BASAA 2T 95 Thl7 WoubeS R o= Th2/Thl7 5%
AAow Y A Feol s ¢kskE 5 Stk
Fool: M wAuA, A FZF AlxE, gAE, Aas, 59
8 W:2020-21422
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Z9 TAH|*Z(helper T cell, ©]3} ThA3E)7} 1] sk= Afo|ETFQIC
H|T2 A2 02 yFr}?

At FAEE AN FE O "HEZFY AT dis] A HIAAN, HT
o) 2] Al| 3 (macrophage) 7} 31212 W<l 7] o
A A= A ARAEAAER 9 7| el 7 Wol A8k AT Al £l
Z2 W @34 (homeostasis) A5 Sttt dA A X heFst A=l WESSHA,
Ao wel Aolst JleS 7 M1, M2 A ER B-Z3}(polarization) sl Fo X
T A AEEA A Ao R ThAREZE #H]sks Aol EFRIS
A A3z Zgske] A A fresked, ThiAlZs Ml A A L=,
Th2A s M2 Al E2 235 fFEsths dubdoz M2 diAlzs &40 27
B9 9 5o FAks Agdva dEA Aok skARE A dF stelAe M2
A A ZA FrlE s A
W SAE el #ojsto]l W on, oy Agteld dHEEr] HA EdolA M2
A A g4 st T X A2 A2 = Chitinase-like protein 13} Found in inflammatory zone
protein®] o] Frigro] R uEQITETE oA 7 HAel Wl Z]HolA A AE9
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A Eo] 7] =31 A (airway hyperresponsiveness) -F-2-3}

Q/do] tFE o], M2 oA A AES] ste] #lo] FFH I Ut
u] A% 2] (particulate  matter, PM)+= 3AHE, AAE &R E SOo2 o]Fojz 7]
edEdolth. A7 o] 10 um ©]3kQl W AIHA|(PMio) 2} 2.5 um ©]3FQ1 Zw] A H 2] (PMes) &

oM HeAA Fskar FH E(alveoli) @I7HA FFsH] #H Vw9 Astel 357
S A HFE PMS AR AEH A SUE, AEAIA A
W 9 s miviAIEe] g AA A5 whes wEd E#nk oy VR dSs 9
M e 27] Fuinkgo] Tojsto Za 2o} kA | A w A E(chronic obstructive
pulmonary disease, COPD)2] %HA4 olE Fxgtth A2 PMO =Fo] &57] HEHo
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ol YAl A= Ayt doks AV EASTE w2 dAFeA e dA
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A2 As L BH
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B9 97 BALB/c "F-AE AFEEIR T BE AES 54 WAool Qe

Use Committee)] Q1= Wkl

nhe-AE Ay 26 wEk o Zo] sukely 5719 o= UFglth: (a) phosphate-
buffered saline (°]3} PBS) =& (thx+), (b) ovalbumin (OVA) % 21 (OVAT), (c)
DEPE 35 %<t 103 %4171 OVAT(OVA/DEPT), (d) A&HH o7 AAd4E F9lsh
OVA/DEP+*(OVA/DEP/saline)

Z

=

d AZ % DEP Tt 49+ dF &4
T-o A% DEP (Gaithersburg, MD, USA):= NISTollA A &= et 10709 o}t
Wk gkl (polycyclic aromatic hydrocarbon, PAH) 522 /4% DEP A|#9 &4
sheta] HJH = o ¢} Zt(Table 1).
2 2d A g 59l 2EFL o3y Zri(Fig 1). OVA 100 pg¥ aluminum

o

hydroxide 2 mg (Sigma, St. Louis, MO, USA) PBS 100 pLol *5o] 0d3} 70 =7
AAAIZI AL A mF 2 50 pg OVAR 14,15, 1643t v Fojsto] A mds A 2ekl
o]F OVA &% %=E2 05% -3 35 Tt ol HHox uls 1A 103

. OVA/DEP*¥} OVA/DEP/salinew2 =% AW HI&5 123t 100 pg/md
% 50 mL PBSel| ol 1A1zF vt ojuf, dxpar]e] #AAdES A Skth In
vitro 22 A], Hglgt7] A 6% DMSO (Sigma)ell =<1 ¥ 1083 o3z 25k
AFE3LI T OVA/DEP/saline o4& DEP x=% 1A1ZF ¥ 09% A8 950w

Pharmaceutical Corporation, Seoul, Korea)s 1A17F &<t EJAIH . DEPSF A4 EF

Ao wEagon 8 AW AAES 2143590 Fig. 1).
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Table 1. Physical and chemical properties of diesel exhaust particle products

PHYSICAL AND CHEMICAL PROPERTIES

Descriptive Properties: Carbon Black

Molecular Formula Not applicable

Molar Mass (g/mol) Not applicable

Odor: odorless Not applicable

Odor threshold Not applicable

pH Not applicable

Evaporation rate Not applicable

Melting point/freezing point (°C) 3680(6656°F)
Relative Density as Specific Gravity (water = 1) 1.7t0 2.1

Vapor Pressure (mmHg)

Negligible at 20 °F

Vapor Density (air=1) Not applicable
Viscosity (cP) Not applicable
Solubility(ies) Insoluble in organic solvents and water

Partition coefficient (n-octanol/water) Not applicable
Particle Size (if relevant) Not applicable
Thermal Stability Properties
Autoignition Temperature (°C) 900 (1652 °F) layer

Thermal Decomposition Not applicable

Initial boiling point and boiling range (°C) 4200(7592°F)
Explosive Limits, LEL Not applicable
Explosive Limits, UEL Not applicable

Flash Point >500°C PMCC

Flammability (solid, gas) Not applicable
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Day 0 7 14 15 16 25 39 40
Sensitization Challenge Inhalation
OVA/Alum OVA OVA and/or DEP and/or Saline

Fig. 1 Asthma model construction, diesel exhaust particle (DEP) exposure, and saline treatment scheme
After initial sensitization, mice were challenged with 0.5% OVA solution. Treatment groups were given 100 pg/m3 DEP
solution only or DEP in addition to normal saline by inhalation, 10 times for each group. DEP, diesel exhaust particle; OVA,

ovalbumin.
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3944 whAE DEP =& 2443t F VEAIEYS ST 7IEAZEd S Buxco®
FinePointe Resistance and Compliance (Data Sciences international, New Brighton, USA)Z
Abgste] HHEA o 743 Th Entobar (Hanlim, Seoul, Korea)E ©]-&3Fo] 50 mg/kg

=
2SR wgAE vFHAIZ 3 PBSE 58I =EA17]a 3EIF SR o]F

methacholine (Sigma) 0, 10, 20, 40 mg/mLE AFA1AH =EA1Z1 ¥ 7] =4 3 (lung resistance,
R)= S8ttt 543 RES 7IAAZTEH WHsss WEE&2 SAtste] 8= s)
sttt

ZIBAHEAH Y 5 D 24

=AY 54 T viEE vheAolAl 71 3] 9 A 2] N (bronchoalveolar lavage fluid,
BALF)& F538ta #HE Z2lste] 235 Atk T 1.8 mL PBSE 71¥ U A= F8
T8t BALFZ a1 4TellA 15%37F 3,000 rpmeZ Q425 sH3ith o] %, 0.1 mL
PBSoll AEE £ ITARTIE ol&dte] T AxFE FAsIY. ATAE £
A4S Yl cytocentrifugation 7] Al(Thermo Fisher Scientific, Waltham, MA)S ©]-&3}°] 1,000
romo 2 53 Y42 skar, Diff-Quik (Systmex Co., Kobe, Japan)©. = Ak & Z;

Zetol= 1) 30070 o)) MEeNA HAME, FAT, BFT, AET £5 Boegic

ZA 8z 74
| ASAHHE gelsty] Yaf v~ 9Z HE 2% paraformaldehyde] 17274 3}ar
0

grepAo] Mg eto] WES AT A S AES 4 um F7E A w@ske] hematoxylin
& eosin (H&E)¥} periodic acid-Schiff (PAS)$} masson trichrome (MT) 4 A3t zF ¢ Ao
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Table 2. Score standard for histological analysis

Scocring system
S Histologic scores PAS scores Fibrosis scores
core Standard Standard Standard
0 Normal < 0.5% PAS positive cells No fibrosis
1 Few cells < 25% PAS positive cells Mild fibrosis
2 A ring of inflammatory cells 1 cell layer deep |25-50% PAS positive cells | Moderate fibrosis
3 A ring of inflammatory cells 2-4cell layer deep | 50-75% PAS positive cells
Severe fibrosis
4 A ring of inflammatory cells of > 4 cells > 75% PAS positive cells
FAEZ 4

G Alx FHE s rkea dJ 24E ZA o] F 37TelA AR 307 F9k 1
mg/mL collagenase type 4 (Worthington, Lakewood, USA)$} 0.5 mg/mL DNase | (Sigma)E 37
HES- A1 Z . ©]F RBC lysis buffer (Sigma) #2lstol AdE5 Azt @d Ax

HAerHo A M wjeF Zeo]lEe] 1x10° cellwell o= wjst &, F53k9] LSR

i

O]

Fortessa X-20 (BD Biosciences)¥} FlowJo 10 software (TreeStar, Woodburn, USA)

=
=
FASAT 2F WML $H2 98 AHSE mAb: Table 33 2tk 7 AlEW @4

1.T AZ 4 ILC £4

T AX U APelEZRQIZ AARRIAF G2 1x10°71E 96 well plateo] 53 F 100
ng/mL phorbol myristate acetate (Sigma), 1 pg/mL ionomycin (Sigma), 0.75 pL/mL GolgiStop (BD
science, San Jose, USA) X7 0. =2 3A|7F =319t wjefo] v & A|X F£535fo] 537+
Fc receptor binding inhibitor antibody (BD science)& 4°C A 2|3t & A #s}o] th5o A==
M THS FAsE & A H ST BV650-conjugated anti-CD45, FITC-conjugated anti-lineage
(CD3g, CDl1lc, CD19. CD49b, FceRa, F4/80, CD11b) or anti-CD3, BV78-conjugated anti-CD4, PE-
Cy7-conjugated anti-CD90.2, PE-conjugated anti-CDS. 1 % AJ3u} =2 ahul E=3lsl=
Cytofix/Cytoperm kit (BD science)E ©]-&3l permeabilizationS 4CeollA] 303+ A A} T
AH 5 v FAR ALl E7RII AARRIAL A2 X183 5131t PerCP/Cy5.5-conjugated
anti-IFN- y ®==  anti-Foxp3, APC-conjugated anti-IL-5, PE-conjugated anti-IL-13, BV421-
conjugated anti-IL-17A. TA|3Z 2} ILCS] Alol®] WH 2 Fig. 21 A A &F3l T
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2 A AE 24

1x10°7] 2 53t M|3ZE Fc receptor binding inhibitor antibody (BD science)E 4°Cell 5%t
gl st & MZAHsle] th ¢ A E(Biolegend, San Diego, USA)= W& ¢ A 3F3I T FITC-
conjugated anti-CD86, PE/Cy7-conjugated anti-CD206, PE-conjugated anti-F4/80, APC-conjugated
anti-MHC 1II (I-Ab), BV42l-conjugated anti-SiglecF, BV510-conjugated anti-Ly6C, BV650-
conjugated anti-CD45, BV711-conjugated anti-CD11c, BV785-conjugated anti-CD11b. T2 | 3£ ]
Alelg R Fig. 3ol A A8k

Table 3. Antibodies used in flow cytometry
Macrophage staining

Name Fluorescence Company

CD45 BV650
MHCII(I-Ad) APC

SiglecF BV421
Ly6e BV510

CDllc BV711 Biolegend

(Biolegend, San Diego, CA)

CD11b BV785

CD86 FITC

F4/80 PE

CD206 PE-Cy7

CDS8* T cell & T regulatory cell staining

Name Fluorescence Company

CD45 BV650

IFN-y APC

CD235 BV421

CD4 BV785 Biolegend

(Biolegend, San Diego, CA)

CD3 FITC

CD8 PE

Foxp3 PerCP-Cy5.5

CD4* T cell & ILC staining

Name Fluorescence Company
CD45 BV650
IL-5 APC

IL-17 BV421

IFN-y PerCP-Cy5.5 Biolegend

CD4 BV785 (Biolegend, San Diego, CA)
Lineage FITC

IL-13 PE
CD9%0.2 PE-Cy7




A. CD8* T cell & Treg
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CD90.2 -5 L-17

Fig. 2 T cell and innate lymphoid cell (ILC) gating methods for flow cytometry

Gating strategy for T cells and ILCs. (A) Single cell suspensions prepared from OVA-induced mouse lungs were stained
with antibodies against T cell markers. CD45 was used to define the lymphocyte population. After live lymphocytes were
gated from CD45 cell, CD3 was used to define the total T cells. T cells were further subdivided into CD4* T cells and CD8*
T cells. Tregs were then defined by gating Foxp3*CD25* cells from CD4* cells in CD4 versus CD8 scatter plots. (B)
Similarly, CD45 was used to define the lymphocyte population. Then, CD4* cells were defined from lineage versus CD4* T
cell scatter plots, and ILCs were defined from lineage versus CD90.2 scatter plots. Both effector CD4* T cells and ILCs were
determined by IL-5, IL-13, IL-17, and IFN-y positivity. Fluorescence minus one controls were used for cytokine secreting

cell gating. ILC, innate lymphoid cell; OVA, ovalbumin; Treg; regulatory T cell; IL, interleukin; IFN, interferon.
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A. Single cell & CD45% cell
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Fig. 3 Macrophage gating methods for flow cytometry
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Gating strategy for macrophages. Single cell suspensions prepared from OVA-induced mouse lungs were stained with

antibodies against macrophage markers. CD45 was used to define the lymphocyte population. After eosinophils were

excluded from the CD11c versus SiglecF scatter plot, F4/80 was used to define the total macrophages. Macrophages were
further analyzed by dividing by the CD11c versus CD11b marker. CD11c*CD11b" and CD11b* macrophages were
subdivided based on SiglecF expression. MoM were defined bySigelcF-CD11c"CD11b* and Ly6c marker expression; M2a,

M2c¢, and M2b were further investigated within determined MoM. Fluorescence minus one controls were used for gating of

macrophage subtypes. OVA, ovalbumin; MoM, monocyte-derived macrophages.
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A FFa A NS (Quantitative real-time PCR)

Trizol (Thermo Fisher Scientific)S ©]-83Fo] A3 2 o] RNAE #8]3+% 1L, SensiMix
Il probe kit (Bioline, London, UK)E ©]&3}o] cDNAZ A 3st3ict dEst cDNAE 7}
Primer2} SYBR Green (Bioline) .= 7] wk-g-A]F 3l 7500 real-time PCR System (Applied
Biosystems, Foster City, USA)°. 2 =73} t}h. AACt = (Ct mRNA - Ct GAPDH) AlAHH S
Abg-8ko] Al 324 130 A (housekeeping gene) ol L& I} Hla F mFdetion ARd

TR HAS vt Eglth ofuf ARE-3 primers - Table 40 Al A8} 3T

Table 4. Primer sequences used in gPCR amplification

Gene Primer sequence

Gapdh Forward primer: 5°-AGACTCCACGACATACTCAG-3"
Reverse primer: 5'-ACGGCAAATTCAACGGCACA-37

I-13 Forward primer: 5°-GATCTGTGTCTCTCCCTCTGA-3’
Reverse pritner: 5'-GTCCACACTCCATACCATGC-3°

Ccl-11 Forward primer: 5°-TCC ACA GCG CTT CTA TTC CTG-37
Reverse pritner: 5'-GGA GCC TGG GTG AGC CA-37

Ccl-22 Forward primer: 5°-TAC ATC CGT CAC CCT CTG CC-3°
Reverse pritner: 5'-CGG TTA TCA AAA CAA CGC CAG-3°

Cxcll Forward primer: 5°-CTG GCC ACA GGG GCG CCT ATC-3°
Reverse primer: 5'-GGA CAC CTT TTA GCA TCT TT-3°

Cxcl5 Forward primer: 5°-GGT CCA CAG TGC CCT ACG-3°
Reverse pritner: 5-GCG AGT GCA TTC CGC TTA-3°

I-10 Forward primer: 5°-AGA AAA GAG AGC TCC ATC ATG C-3°
Reverse pritner: 5-TTA TTG TCT TCC CGG CTG TAC T-37

Il-17a Forward primer: 5°-GAA GGC AGG AAT CAC AAT C-3°
Reverse primer: 5’-GCC TCC CAG ATC ACA GA-3°

-22 Forward primer: 5°-GAC CAA ACT CAG CAA TCA GCT C-3°
Reverse primer: 5’-TAC AGA CGC AAG CAT TTC TCA G-3°

Il-23a Forward primer: 5°-TCC GTT CCA AGA TCC TTIC G-3°
Reverse primer: 5’-GAA CCT GGG CAT CCT TAA GC-3°

Gata3 Forward primer: 5°-CCA GCT CAC AGT ATG GG-3°
Reverse primer: 5-CCA GCT CAC AGT ATG GG-3°

Thx-21 Forward primer: 5°-AGC AAG GAC GGC GAA TGT T-3°
Reverse primer: 5’-GGG TGG ACA TAT AAG CGG TTC-3°

Rore Forward primer: 5°-CCG CTG AGA GGG CTT CAC-3’
Reverse primer: 5°-TGC AGG AGT AGG CCA CAT TAC A-3°

Ifin-y Forward primer: 5°-GGC CAT CAG CAA CAA CAT AAG CGT-37
Reverse primer: 5°-TGG GTT GTT GAC CTC AAA CTT GGC-3°

MucSac Forward primer: 5°-CCATGCAGAGTCCTCAGAACAA-3°
Reverse primer: 5'-TTACTGGAAAGGCCCAAGCA-3°

Irf~4 Forward primer: 5°-AGA TTC CAG GTG ACT CTG TG-3°
Reverse primer: 5'-TGC CCT GTC AGA GTA TTT C-3°

Kif-4 Forward primer: 5°-CTG AAC AGC AGG GAC TGT CA-3’
Reverse primer: 5'-GTG TGG GTG GCT GTT CTT TT-3°

Ccll Forward primer: 5°-CCATGAAACCCACTGCCAT-3"
Reverse primer: 5-GGAAGCTCTITCTTCAAGGTG-3°

-6 Forward primer: 5°-CTGCAAGAGACTTCCATCCAG-3°
Reverse pritner: 5-AGTGGTATAGACAGGTCTGTTGG-3"

Fiers Forward primer: 5°-ACG TCA GTA CAA GGA GAT GTT GGA-3°

Reverse primer: 5'-ATC CTA TTG CAG AAT GCT TCT TTA CC-3°




Table 4. (continued)

Cd86 Forward primer: 5°-CAGACTCCTGTAGACGTGTTC-3°
Reverse primer: 5°-AACAGCATCTGAGATCAGCA-3°
Mie-1 Forward primer: 5°-TATCTCTGTCATCCCTGTCTCT-3°
Reverse primer: 5'-CAAGTTGCCGTCTGAACTGA-3’
Arg-1 Forward primer: 5°-GAATGGAAGAGTCAGTGTGGT-3’
Reverse primer: 5°-AGTGTTGATGTCAGTGTGAGC-3’
Retnla Forward primer: 5°-TGCCAATCCAGCTAACTATCC-3’
Reverse primer: 5'-CACACCCAGTAGCAGTCATC-3’
Chi3i3 Forward primer: 5"-AGAAGCAATCCTGAAGACACC-3°
Reverse primer: 5'-ACTGGTATAGTAGCACATCAGC-3°
Tnfsf-14 Forward primer: 5"-AGAAGCTGATACAAGATCAACGA-3°
Reverse primer: 5°-CCATAACAGAGGTCCACCAAT-3’
ITtgam Forward primer: 5°-ACG TCA GTA CAA GGA GAT GTT GGA-3°
Reverse primer: 5°-TCC CCA TTC ACG TCT CCC A-3°
Pparg Forward primer: 5°-CTGCTCCACACTATGAAGACAT-3’

Reverse primer: 5’-TGCAGGTTCTACTTTGATCGC-3’
Axl Forward primer: 5°-AAC CTT CAA CTC CTG CCT TCT CGT-3°
Reverse primer: 5°-ACA CAT CGC TCT TGC TGG TGT AGA-3°
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Fig. 4 Ly6c* or Ly6c” monocyte derived macrophage (MoM) in vitro experimental scheme

Monocytes extracted from mouse bone marrow were divided according to Ly6c marker expression, into Ly6c* or

Ly6c” MoM, and exposed to DEP.
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A X d) %

¥ 3 of) 2] A 3 (alveolar macrophage, AM)2] in vitro #21-2 $]3] CRL-2019 (American Type
Culture Collection, Manassas, VA, USA)E ©]-23}%1 3L vl #|= Roswell Park Memorial Institute
1640 (Biowest, Riverside, MO, USA)°ll 10% Fetal bovine serum (Biowest), 1% Penicillin-
Streptomycin (Biowest) %710 2 A2t} th. Al wikE CO, 5%, 37C Z 7oA 3Uujc
medias WA A A= 48 well plateel]l 1 x 10° cell/well =71 S 2 w3}t 24417
wleF ¥ DEP50 B 100 pg/mL =710 24A)7F X2 8F91 th(Fig. 5).

Seeding DEP Harvest
® ® @ >
Hour Oh 24h 48h

Fig. 5 in vitro experimental conditions

DEP was treated for one day, and the treatment conditions are 50 or 100 ug. DEP, diesel exhaust particle.

RE Holg: Hty} EF23F(mean = standard error of the mean)® X3 % ).
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DEPe] 93t A4 o3 & g% &9 A &%
Ads H9& OVADEPTY 7|Exmds ava oz AMstickFig. 6A). BALF U

EFAES A OVAT I OVADEPZOA Z7lgion, Aes 391e F Lo
TAz  gArass vedth d4AE = OVADEPZOIA  #2ldH
SR oY A FYel o3 Farades gAHA stk OVAT A= SAM F
T77F A8 AL, OVAIDEPTS T3+ 94 95S H3td, o8 952 &F

sH4

2 9oz AR BEZFE= OVAT A =4 #2591 t(Fig. 6B). 2]
A Ay, dsAE FE W ZAe w#u aga #J A3t 4 =7 OVA/DEPT o A]

A Agon o5 2 A4 9ol ol /)45 Y Th(Fig. 6C, D).
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Fig. 6 Asthma exacerbation by diesel exhaust particle and improvement by saline inhalation
(A) Airway hyperresponsiveness was measured 24 h after the last challenge. (B) The number of total inflammatory cells,

including macrophages, neutrophils, eosinophils, and lymphocytes in BALF.



Inflammation score

PAS score

Histology score

Fig. 6 Asthma exacerbation by diesel exhaust particle and improvement by saline inhalation (continued)
(C) H&E (100x), PAS staining (100x) and MT staining (4x) for lung histology and their respective inflammation scores in a
murine asthma model. n = 5 for each group, *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001. BALF, bronchoalveolar

lavage fluid; H&E, hematoxylin and eosin; PAS, periodic acid-schiff; MT, masson's trichrome.

DEPel| 9% TAE %W ILC &A43te} Ads FYol B&E /MA

CD4* TA|Z = OVAT I OVA/DEPY EFolA #938 S71e Bsd, 495 F92
OVA/DEP2] THIZ ZF7HE fostAl /B ok(Fig. 7A). OVAT 3 Hlwetsls o
OVA/DEPol A IL-13* Th2Al 3 2 ThYThi7AIE7F 5984l Z7kdlom AdF F9&
o] 231X ZATHFig. 7B). ILC2] -, OVAT- 3} Bl adto] OVA/DEPT oA ILC2%} ILC39]

7 gaEgon ot A9s F31el ola s AhFig. 7C, D).
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Fig. 7 Changes in innate and adaptive lymphoid cells in the lungs from diesel exhaust particle exposure
and the improvement effect of saline inhalation

The number of (A) CD4* T cells, (B) IL-5* CD4* T cells, IL-13* CD4* T cells, IFN-y* CD4* T cell and IL-17A* CD4* T cells
in the lungs and their dot plots. (C, D) The number of IL-5* ILCs, IL-13* ILCs, IFN-y* ILCs and IL-17A* ILCs in the lungs
and their dot plots. n =5 for each group, *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001. IL, interleukin; IFN, interferon;
ILC, innate lymphoid cell

El

DEP] 2%t o] Ul 4% #- AllE7Q] 2d 7k 285 S99 I AA

Abo] E7LQl Hu] F71S ¥ Ul mRNA =502 gel&kqitl. OVAT I vl wsle], Th29k
Thi7 #d Ateleskel 9 vhrEl 2HAAh OVADEPT A frelshA Srhgor,
295 Fdol s fFefstAl HAEH AT (Fig. 8A-C). 1110 T¥2 OVAT Ol Hls
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3| E A A tHFig. 7A). @AHFY FstEA] #QlAel C-C motif chemokine 11 (CCL11)¥}
CCL22'Hd > OVAT I OVA/DEPT 2 zpol7} fIgloy, sF7¢9 a4 #d
Q1291 C-X-C Motif Chemokine Ligand 5 (Cxcl5)¥} Cxcll &> OVA/DEP-olA 2]
s7Fe HBolow, A4 FYe sEFAd @ s #ds vl

7+ A A tH(Fig. 8D).
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Fig. 8 Changes in cytokines and chemotaxis in the lungs from diesel exhaust particle exposure and the
improvement effect of saline inhalation

(A) Changes in 1113, 1110, Ifng, (B) 1117, 1122, 1123 (C) Gata3, Thx-21, Rorc, (D) Ccl11, Ccl22, Cxcl5 and Cxcl1 gene expression
in the lungs. n = 5 for each group, *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001. I, interleukin; Ifn, interferon; Ccl,
C-C motif chemokine; Cxcl, C-X-C Motif Chemokine Ligand.
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Fig. 9 DC and their subtype changes from diesel exhaust particle exposure and the improvement effect of
saline inhalation

(A) Dot plot and histogram showing DCs and cDC2s population (B, C) The number of lung DCs and cDC2s and mRNA
expression of master regulators regulating them. n = 5 for each group, *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001.
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DC, dendritic cell; cDC2; type 2 conventional DC.
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o Z2 A5 th2] Al (tissue resident macrophage)?! SiglecF*CD11¢*CD11b t A M3 =
izl vlste] B OVA HATElA FovlshAl sk th(Fig. 9A). ©]&7]

¥ 32 o)) A M| 3Z (transient  alveolar macrophage)?!  SiglecF*CD11c*CD11b* tj A A2 F&
OVA/DEP oA 7HE =okom o= A Fdol s 714 ¥ A vHFig. 10A). MoM<!
SiglecF CD11cCD11b* thA A ¥+ OVA/DEPTOIA 7F8 Egtom o]lE% oAl 2A¢ds
ol 9 HAEATHFig. 10B). MoM2 Lyee L& A Eo upgl HF olgow
U3tk Ly6e*SiglecFCD11cCD11b 9t Ly6cSiglecFCD11cCD11b  tha A2 B 5%
OVA/DEPeA & Fo= ZFrietgion, Ads FYo] ol dx3] 7143k th(Fig.
10B). ©Jo] CD86% CD2062 T J=of wet MoMe] Al 5 oS Akt
M2a TiAAZEE 248X MHCII'CD206'CD86 2] 4= OVAT¥ OVADEPT X%F
izl wlste] F7Fskelil, OVA/DEPTo 2194 F41S AHS o A 594&
AT M2c A A ERE 242 MHCIIICD206*CD86 T] 4] Al 3= OVA/DEP-oll A%k tf =
s7tetRom, AAT FYel A dixd FEoR HASHGth M2b oA AEE
o# % MHCII*CD206CD86* th2 Al ¥+ tZ23 Hlwsle] OVAR 5% H2ldolA
FtA S7FRARE A5 st N ades FEEA 2 Skr(Fig. 10C).

DEPY sxo W& tHAXE 43 =4

DEPol &l A%+ oA M2 WstE invitro 23 0% 13+ th(Fig. 10A). DEP
FE7F S el wel M1 A AIES] @A s EA|AQD N6, Ifng, Itgax, Inose] mRNA
utedo] F71eith(Fig. 11B). HEH, M2 th2 A2 &3t A&l Mrel, Argle] mRNA
Ll 1 53] M2b tha M2 &3t mA Al Cell, Tnfsfl4, 11102] mRNA
o]l Al vHFig. 11B). MoM %A AL Itgam®] WH 2 DEP FXoll H] ¥ &k
% 7}+3k e (Fig. 11C).
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Fig. 10 Alterations of macrophage subtypes in the lung from diesel exhaust particle (DEP) exposure and
saline inhalation-mediated control

(A) Change of SiglecF*CD11c*CD11b™ macrophage and SiglecF*CD11c*CD11b* macrophage populations in the lungs. (B)
Change of SiglecF-CD11¢'CD11b* macrophages and their subtype populations in the lungs. (C) Change of M2 macrophage
subtype populations in the lungs induced by DEP. n =5 for each group, *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001.

DEP, diesel exhaust particle.
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Fig. 11 Changes in macrophage activation from direct exposure to diesel exhaust particle (DEP).

Changes in mRNA expression of (A) 116, Ifng, Itgax, Inos, (B) Mrcl, Argl, Ccll, Tnfsf14, 1110, (C) Itgam according to the
amount of DEP exposure. n = 5 for each group, *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001. I, interleukin; Ifn,
interferon.
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Fig. 12 Changes in Ly6c* and Ly6¢c” MoM populations from diesel exhaust particle (DEP) exposure

(A) Changes in Mrcl, Chil3, Argl, Mmp12, Tgfbl mRNA expression in Ly6c* and Ly6c MoM from OVA model according
to DEP exposure. (B) Changes in Mrcl, Chil3, Argl, Mmp12, Tgfbl mRNA expression in Ly6c* or Ly6c MoM from the
control group. n = 4 for each group, *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001. DEP, diesel exhaust particle; Mmp,

matrix metallopeptidase; OVA, ovalbumin; MoM, monocyte derived macrophage.
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Abstract

Murine asthma exacerbation by dust exhaust
particle exposure: analysis of lung immune
cells and assessment of the therapeutic

potential of saline inhalation

Yosep Mo
Department of Translational medicine
College of Medicine

Seoul National University

Asthma is a chronic allergic airway disease characterized by coughing, shortness
of breath, and wheezing. Recently, the prevalence of asthma due to environmental
factors such as air pollution is increasing. In particular, exposure to diesel exhaust
particles (DEP), one of the main components of particulate matter (PM), reduces
lung function, and is significantly associated with the exacerbation of asthma.
However, the immune mechanism by which DEP exposure exacerbates asthma has
not been clearly elucidated. Clinically, saline irrigation is commonly used to alleviate
the nasal symptoms of allergic rhinitis. Saline washing is known to be effective in
alleviating the symptoms of allergic rhinitis and restoring mucosal function. However,
it has not been confirmed whether saline washing is effective in alleviating the
symptoms of DEP—induced asthma or controlling the innate immune system. To this
end, we have analyzed macrophages, innate lymphoid cells (ILCs), T cell
subpopulations and cytokine responses to DEP and evaluated the therapeutic effect
of saline inhalation.

Six—week—old BALB/c mice were sensitized to 100 pg ovalbumin (OVA) and 2 mg

alum intraperitoneally on day O and 7, and then boosted with 50 pg of OVA



intranasally on days 14, 15, and 16. The animals were divided into five groups
following a ten—day challenge protocol over three weeks. 0.5% OVA was
administered via inhalation in the absence and presence of DEP exposure or saline
nebulization. Airway hyperresponsiveness (AHR) was assessed through a
methacholine challenge test on day 40 before sacrifice. Immune cell changes in the
lung were examined in the bronchoalveolar lavage fluid (BALF) and through
histological examination. In addition, gene expression in the lung was evaluated at
the mRNA level through RT—qgPCR. Flow cytometry analysis was used to identify
macrophages, ILCs, and T cell populations. Finally, to analyze the characteristics of
monocyte—derived macrophages, monocytes were extracted from mouse bone
marrow and differentiated into macrophages, and mRNA expression levels according
to DEP treatment were analyzed.

AHR was increased in the OVA model and OVA/DEP model compared to the control
group, and airway hyperresponsiveness of the OVA/DEP model was significantly
alleviated by inhalation of saline. Eosinophil recruitment significantly increased in
BALF upon OVA administration. While exposure to DEP displayed a neutrophil—
dominant inflammatory response, it was decreased by saline inhalation. In
histological analysis, inflammatory cell infiltration and goblet cell activation and lung
fibrosis were significantly increased due to DEP exposure, as observed through
hematoxylin and eosin staining, periodic acid—Schiff staining, Masson's trichrome
staining. It was confirmed that this was alleviated by saline inhalation. Compared to
the control group, CD4" T cells increased significantly following OVA administration
and increased furthermore with DEP exposure. While augmented secretion of the
Th2 cytokine IL—5 occurred in both OVA and OVA/DEP, increases in IL—17A in
OVA/DEP characterized its shift to a mixed Th2/Th17 response. Also, similarly, IL—
5% IL—13", and IL—17A" ILCs were further increased with DEP exposure, which
was ameliorated by saline inhalation. OVA/DEP additionally enhanced the antigen
presenting ability of dendritic cells. In macrophages especially, SiglecF CD11c™
CD11b" monocyte—derived macrophages (MoM) were increased in the OVA/DEP
model. Among the subpopulations of MoM macrophages, M2c macrophages increased
with an increase in classical monocyte—derived MoMs and non—classical monocyte—

derived MoMs. In addition, from in vitro experiments, it was observed that the



expression of genes inducing fibrosis in MoM exposed to DEP were increased. Saline
inhalation decreased DCs and macrophages in the OVA/DEP model.

In conclusion, through the results of this study, it was demonstrated that DEP
contributes to asthma exacerbation by inducing neutrophilic inflammation and
Th2/Th17 immune response, and also confirmed to be involved in the activation of
subpopulations of ILCs and macrophages, which are innate immune cells. DEP—
induced asthma exacerbation was demonstrated to be reversed through saline

inhalation.

Keywords: Asthma, Diesel Exhaust Particle, Innate lymphoid cell, Macrophages,
Saline, inhalation
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