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2) HA AN FEEE= A2 71 - AOP

2 NAMs(New Approach Methodologies)g=
2 A9 & At NAMse 582 0|85t g+ AY Wyt 7]3«]

M, NEd JE 9 dZ St sietEd Y] foldn sl BUHE
755t 3 FtHKavlock et al., 2018). NAMsE B3l &4 AA z
Ax g A719] 5= tAEdo] /Y= o, gt A%, 71k o,
AAZA, BAZIA A5 A% o't 2D = 3D AX 61; o] Wity
ALt

= 0|9} Ej&E°] NAMsE &5 7H‘:£Q ANEHEZ SAZFSA A9 H2
(Weight of Evidence), HAFEE 0|83 o= nd, SAALIAHZ
(Adverse Outcome Pathway AOP) 59 tofst =35 &3 7§g 4

A g wpAl 7he] AZFS Ed JHO] AIALS o]l ThoFst HpAl o
2 B8 PP 4 YEF Ago] ABs T Yrk

. oleja SN Meldelel AR Ane, 55 FAF0E ORCDU

9 SA0NA SRt FAA 2d 9 43 B o2E

ofo] T8 4 Y F2T PO AAH AOPE Bk o] A

of e AL BAE T YrE Hsjo] oE FrHoR A

sto] AF9] AEE FASh= 7HL“°§ in vitro, in vivo ¥ in

g E A 7470 of Oﬂogl— r Hsﬂ A7t

A o] BESHH]] A S X]/\]o]———— 7]]51;1_1 vl ola} 8 & ohq.

= AOP= ﬂ-‘é‘}%}ﬂo j]LH
A= FF7HA 7 dAE S ot

oz gaszbe Whalolth = 69 F A Weld whe-e A4S

Z
= EAeE 27|FMIE, Molecular Initiating Event) Q& A]Z}5
7t ¥ dAE U= FREAFKE, Key Event)o] EAstH, 2k



A A2
B3 7 FRPASS HE FEF= FIA = TAY H= E}E]r TS
A(KER, Key Event Relationship)® AEE 4 2100, o]o &5h=
ZF A4 DNA A9, ©ido Aks}, 2+ =84 9 g7teo] d¢ 5
AA et 7] A2 AEoARE AR 2 TE, 22 oA Loj
U= ¥ 9 fAAke] @4/, Al W shehe] Wel 24 W 2
2 W3} 5& xobsto] tostA EE ¢ UATHER2A, 2020).

AOPE 442t & FAZ olFR 7]£9] in vitro T+ in silico Al¥
o] AES 299 HIFHLR 7eA HE52 5l sl Bl &
49 & UAEF ot SEHAAEEY &8 SHist A2 4 o

ESF AOP= A4 A H¥E &9l in chemicolYt in vitro $2&°]
A A7 BA A=A "9t in vivo $EOIA YE= Hsel o
8 7 AUSS A, B2 F4oA] Ak MIESE KES &3 AO
€ dSohe PHo2: E8E 5 A oAt F4e AFE 59
seEdo i T BUMolM sEdEY MRS ddider &Y
T Ao, spetEdo tigt JEohd HJH 9 FRUES s
AHESHA] 9= in silco EE in vitro2 WHIAZ $= QUth= HoA &

=AdE S A Fa3% == o]&F = AtHE24, 2020). ofH
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(Z 1-1) AOP9 Q2 714
20
(2toy) Hs
Molecular

A specialized type of key event that represents
Initiating Event the initial point of chemical interaction on
(MIE, EXtZE

molecular level within the organism that results
=7|34h in a perturbation that starts the AOP
A change in biological state that is both
Key Event measurable and essential to the progression of
(KE, 2 g4

a defined biological perturbation leading to a
specific adverse outcome

A specialized type of key event that is generally

accepted as being of regulatory significance on
Adverse ) :
Outcome the basis of correspondence to an established
(AO. oreIsy protection goal or equivalence to an apical
roee endpoint in an accepted regulatory guideline
toxicity test
A scientifically—based relationship that connects
one key event to another, defines a directed
Key Event . : .
: : relationship between the two and facilitates
Relationship
(KER, &

inference or extrapolation of the state of the
SIArTIA) downstream key event from the known,
—e= measured, or predicted state of the upstream key
event
=X

OECD, User's handbook supplement to the guidance document for developing and
assessing adverse outcome pathways(2018);
HE H(2020)
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I.MEW

A2)(occupational asthma, OA)
£ 25 xdst= deE, A A
Z\4(hypersensitivity—induced OA)Z HHZHOo=Z AY IgEY 45 ¥
HThA| 2] g3ty 55 HRIeE gty I8al A sy #HA4
(work-exacerbated asthma)2 £2A}7} oju] X24Jof o|gte] S
A, A F 8AEA, 714, F71 )l Al o] o3tE BeE T
stH, &Y 5 A=4 e 249 &5 A Aol 14 =
A=A & AAl(irritant-induced OA)olE} B535+

N
%9,
=
oo
[an
&
()
Q

al., 2012).
Y AN AGL A A5AA, HYEAREA52H B 7B
A520UAY Sol ol 8Hid), £7] Ao ofelg W AR A

2 74
USo] o]y AHolA|qt, AF EXog QI wWE Fto] o|F A
49 s 92§ ATHERSA 9., 2020).
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2§ 23

)
oX,
2
1>
1o
N

= 20204 & ATAAE o AAdH HHE HA] FEEES §94
5902 Haz-Map, CNESST ¥ CTD baseEs &3] 5% 0oz ©A
=
=

09‘:‘
r°1'

H 9l 229 F2 7HEaEle FeekER(Anhydrides), MR, &
% 8l S5019E, Hol|aAloiolE B E%E, AE/eE/E% 5 A
=7 =4, *E“”/“%‘/* A, 97 522 RAENY. EY 3T &
Ao =24 740l 2 dF2E v, AHE/sE@Es T})/A4R
o A & 7 B %Zé, ER2EHERIHAET 43/Ax T
3, T8, 7IEHY 5 9R®0lE 4, AS/ABA Ax H AR F

A, 25 T 34 50 BAHATHE2A )., 2020).
3. AOPE 53 BME 29y A2XY 557| g

1) 294 A4 72 3= F AOP AT A

71 Y% AT FAE B, A A4S fEcks AR gzl 5t

o] tis dA 741*1%91 AOPsE ﬁ%ﬁw Zk AOPo] Wigt MIE, KE
XA AOE ¢ = 18Z0 2 XA,
g EHES 557 A% 99 7H4% 53 2 HHEE o= gyt dF
AOP9 &5 ®E ZHestA EAISHITHE24 2., 2020).

2) A4 ¥ AOP FA+

A ATLTA 58 A|-o)A AOP wikioll AXE AOP & H A1} &3t 7
o] Q= AOP+= 1722(A0P39), did AOP= AW |<E 3sk=4o] 2
o]4l-712HLysine residue) @A IF A% FI5I IS
2 ARl 52 B43H]7]1AL oo wet FAGAE 9 T-3

—



Hoty A9sty ok F¥EHog 557 U Wz ¥HS-S(Hypersensitivity
response) 57RO ZA HAo] 9 dAF JAQ 71, T&2FH 59 o

A 2Ae garsttn AWschESAL 9., 2020).

(B 1-2) HYY S57| Zg % =3 AME AOPs

AOP Title
16 Acetylcholinesterase inhibition leading to acute mortality
36 Peroxisomal Fatty Acid Beta—Oxidation Inhibition Leading to Steatosis
43 Disruption of VEGFR Signaling Leading to Developmental Defects
58 NR113 (CAR) suppression leading to hepatic steatosis
60 NR112 (Pregnane X Receptor, PXR) activation leading to hepatic steatosis
61 NFE2L2/FXR activation leading to hepatic steatosis
66 Modulation of Adult Leydig Cell Function Subsequent Glucocorticoid Activation in

the Fetal Testis

Cyclooxygenase inhibition leading to reproductive dysfunction via interference with

103 spindle assembly checkpoint
107 Constitutive androstane receptor activation leading to hepatocellular adenomas and
carcinomas in the mouse and the rat

124 HMG-CoA reductase inhibition leading to decreased fertility

Aryl hydrocarbon receptor activation leading to early life stage mortality, via reduced
150

VEGF
153 Aromatase Inhibition leading to Ovulation Inhibition and Decreased Fertility in
Female Rats

163 PPARgamma activation leading to sarcomas in rats, mice, and hamsters
175 Thyroperoxidase inhibition leading to altered amphibian metamorphosis
177 Cyclooxygenase 1 (COX1) inhibition leading to renal failure and mortality
187 Anticoagulant rodenticide inhibition of vitamin K epoxide reductase resulting

coagulopathy and hemorrhage

195 5-hydroxytryptamine transporter (5=HTT) inhibition leading to population increase

200 Estrogen receptor activation leading to breast cancer

X : OECD, AOP wiki(URL: https://aopwiki.org/aops?direction=asc&sort=id); Z24 2|. st&t=
20| o5t HAEM ESo] AOP M2 2171(2020)
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3) 37} AOP A|et

glolemlol A Uehd 24 A4 =0 ofst KEZF A4 U5
AOP o W&t LA glo} 22 sel2d ¥ 24 248 59 nad
KE 2 AOS ZASIGOM, o2 7ulos 39 setede] 48F sow
s A4 AATA AOPE 44 2 ALt

(B 1-3) 2y M =H AOP Ht

AOP X

1o

1 Cell surface protein binding chemicals leading to
Th17-mediated neutrophilc asthma

2 ROS induced pulmonary inflammation leading to asthma

X 22Y 2. seEE0| ot HAY Heto] AOP XME A71(2020)
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(B T-1) XA A T2t AOP M5 Atat

AOP AOP MIE/KE
* Cell surface protein * Bind to cell surface proteins
binding chemicals * Increased HIF-alpha expression
1 leading to * Inflammation, neutrophil-driven,
Th17-mediated Th17-mediated
neutrophilc asthma * Increased, expression of [L-17

* Increase, Reactive oxygen species

* ROS induced .
production

ulmonar .
2 P y . * Increased production of pulmonary,
inflammation leading : .
pro-inflammatory cytokines
to asthma

* Increased serum IgE

2) ¥ AOP9 HAIs}t

AOP wiki == ¢4 dX& 53 d52t &
2 A A A A A AERE BAS
# 7S AOP 9 KE9] HUlolE ARYS

3. HOHE AOP B3 HZS 93t M3 23

E4 sl ot AW FF RIS Hlsto] AA AFEY 557 A=
£ o]8sto 3DE FAH AME Ed(human 3D-cultured respiratory
epithelium)< °]-&sto] AEZ Pkt 20209 A+E A4 8 =2
9 Hio| eupA RANE &5 Al SFeEdEE A & 24 249 HA #H £

]- %o]—}% X]_-}if—— Z/\]-o].Oﬂq

ol

D) ARA AA
» A NZE o8 A2 Hstol 1A B 2R Bl obd 3}
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ok

OJ HHO]LQ— E‘B‘H _“gf)_‘_7] }x]-j_l‘_]q X]?‘(jxq(?_]_ ‘5‘61124] ol 7]_1:_2 JE-'.(‘)L% ZH
4 QL E Epithelix AFQ] Mucilair™ % Smallair™ MZFE A
At MucilAir™Me= AR S S 7|2 EAEE= 8|7 B 7|3A]9A
1A} QA A-AEE A= 0] lon QA 7= Aulo] &gt
£ {sto] 7gE 3D AlxE wieF HEdlojoh
MucilAir™= B3HE  ciliated epithelial cell(50~60%)¥F goblet
cell(10-20%) ¥ basal cell(10-20%)& FA4d=o] AA QA 71HA] A
9] tight junction, =4, AASSATE AAZ}t. ESF Smallair™
= UAY low respiratory tract A74E {5t AFAAH AEZF=E
Mucilair™?} ©t24 club celle] F71=o] k. E3SH Smallair™
-asthma+= 4] 0|8 8] 2 57|A A|lZE ©]-&5te] Smallair™
Y Yo g AAEH RdE FY S840 g A4 A Alx 24
o] BA|A Hh-g 2olE &RIsHs| #I5ke] ©]-&5H3AH
Mucilair™, Smallair™ % Smallair™-asthma & F45l= sfig Al
FO TF 9 4 AR EA = B2 UEWlow, 2t Al ZF=
B ¥ HESEE H5l 3Y~T7L St A v A= ARESHe] HiAE W

ste] fAIsheict.

ol
2

el
Al

R A LA

o

(B 1-2) AR 87| MEE 0|88t 3D—-cell model EF

g HE A M AFEI

O

Mucilair™

Smallair™
/Smallair™—
asthma
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( MAE W Slet2Z0| ofet AUAIY 25712 AOP oA A7

2 AE 22 A3 2 =& AE

= 2020¢ AFTAONA RAFESE AEAE AU HA] EEd 55
Z AR A Y =EH 117 B2 fjo|4A|od|o| E(Diisocyanates) 2
FoE(anhydride)= AESHAH. o] 5 #Ed tholHd tholofo]aA]
ol|o] E(Methylene Diphenyl diisocyanate, MDI), 54 tjo|4AA]|
ofv]o]E(Toluene diisocyanate, TDI) % EZHIEARSE
(Trimellitic anhydride, TMA)S A& B2 AAsITh ZF A|d &

Ao] AR ofd ot Pk,

(B I-3) A& 22 3:

o1t =3 0|8 TOHX =Xt
= (CAS number) (FOHHE) (g/mol)
4,4’ -Methylenebis Sigma-aldrich
1 (phenyl isocyanate) 256439-50G 250.25
(101-68-8) (St. Louis, USA)
9 Toluene diisocyanate Merck 8.08264.0100 179 2
(26471-62-5) (Darmstadt, Germany) '
. - . TCI
3 Tr'mfgg'zc_?fg_h%d”de 0046 192.13
(Tokyo, Japan)
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o] Al s&=E &Y AxRE fsto] FHF si4 l"—Eoﬂfﬂ /\ﬂE dol
EfLA] oF= W99 dimethyl sulfoxide(DMSO)E ©]-&sto] &3A]%]

HZ o]gsto] SASIATHFE DMSO &% 0.2%). Al¥=
AT 742 E= HERHA.

(B I-4) 3D-cell modelS 0|8t sfstE2o| Mz 114

Mucilir™/ MDI DI TMA
Smallair™ | 54 N7k | 48 AlZH | 24 AZF | 48 AIZH | 24 AZH | 48 AjZH
AR
o 0 0 0 0 0 0
=
30 uM 30uM |02 mM | 0.2 mM| 10 uM 10 uM
(low)
a5k
(mid) 100 uM | 100 uM | 1T mM T mM | 100 uM | 100 uM
=
(nopy | 300 UM | 300 uM | 5 mM | & mM | 250 uM | 250 uM
. MDI DI TMA
Smallair™
~asthma 24 hr 24 A2t 24 Az}
AR
(NC) 0 uM 0 mM 0 uM
=
5= 10 uM 0.2 mM 5 uM
(low)
By
SS= 30 uM 1 mM 100 uM
(mid)
=
o 100 uM 5 mM 500 uM

17



( MAE W Slet2Z0| ofet AUAIY 25712 AOP oA A7

3) A NE 4 5

AdEd Fo 24 = 48X & Al &4 9 AIY Edo] 93t A
A T X Z

A B9 RS9 HkE &S] flsto] AlEX =4, FEHTHA ¥s) o
Z ¥ cytokined ®WalEF @ Aetd &AM #EE ROS EHS 9
AE Arzol 9 % dHe PHHsto] Ao o]’k Ao o]_H
welld] ZA= 9 83 ARS FHE IPOoE YEUSIT. 39
4 A g2 Batote] ALE)

[Apical rinse]

Nged =

HETH A3 st =0l

HE 241 22 0f stol
(cytotoxicity, cytokines, chemokines)

[Tissue]

A M E =4 =0l

Hefsty w4 £ 262 sl
[Medium]

3D-cell & F &g Hat =0l
M= &4 2Hd 0pH =0l

(cytotoxicity, cytokines, chemokines)

[2Z T1-1] 3D-cell model2 0|88 MY MA DAL

18



4. Mg @7 upy

1) Cytotoxicity &9l

salt INT= SHAIA 490 nm9 & 2= M formazan MAE
P43t} ek, LDH 42 490 nme SF=9 Sz S43h=
Aol

» A2 A ZAA|(Cytotoxicity Detection Kit, Roche, Basel, Switzerland)
9] ufjFdo] wt £ & Biotek Synergy HT (BioTek, VT, USA) df
O|AZEYC|E W=7]|E o|&slo = ALt Axgh2 37C
HjoF Bi ROl A 1% v/v Triton X-100°] 1A17F B9t =& A|71 ¥4 o
27 9 g 2FolA A2 goll A Alx=4 WEe= HASHICS
o, Aol M2 18E S5 THESHA ®AISHIH.
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( MAE W Slet2Z0| ofet AUAIY 25712 AOP oA A7

Mix

Reaction mixture

Stop
solution

Read at 490 nm

[22 11-2] In vitro cytotoxicity detection assay BAIE

2) ROS/RNS &3

20

» Total ROS/RNS EA44t4 FAHAEE =457 Y3 OxiSelect™ In

Vitro ROS/RNS Assay Kit (Cell biolabs Inc., CA, USA)E ©]|-&3}o]
ARS $Yot9rt. o] B B4 §8 Z2H 27 -(FZ 2 5}o]
cg Z29#AA7l DiOxyQ(DCFH-DiOxyQ)Y AHE-E 7|¥toz &}
o, NEFoA Z2BEE H[FF 2,7 -gIEZZYslo|lER2ER 2]
(DCFH)2.2 gotMdsldt. DCFHE 333 AlE 2,7 -4E2243lo]
CE2EFQEAIRIDCHY 4% A ROS ¥ w34 da F(RNS)
(l: H202, ROe, NO, ONOO-)¥} 4Fgslo], DCF ¥%F 7=
(docex=docnm, dem=530nm)= AESHE AEZ9 ROS/RNS o
vl |5 EA o

ROS/RNS9| &2 PBSY] DCF EF8HE 7|E0 2 HAPFAHCRE ALt
5ttt 4L Biotek Synergy HT (BioTek, VT, USA) Hlo]| A2 E4|



OlE #=7|NA +FEHAU

o, 7t well9] ASHE 100 ul® jF st
PBSE AH&Sto] aHI AT S Y

:
8 s AL Wole) o] 5

» FF 7IEE ol&s A" ddY HEE EA4=R BAISIATHCell

biolabs Inc.).
DCFH-DiOxyQ ) Non-Fluorescent
Priming
Solution
::DCFH-DiC'xy'_. Non-Fluorescent

Stabilization
Solution

Non-Fluorescent

l ROS / RNS

Fluorescent

[23 [-3] In vitro ROS/RNS assay BAIE

3) Cytokine ¥ chemokine &%

» FodlA BA AAH(Luminex 200 system, LX200-XPON3.1, Luminex
Corporate, Austin, USA)& ©o|&dto] A|ZujFd W cytokine ¥

chemokine& 451t}

21



| N U sl o iRy B87/Ee) AOP o0 917

L

—_

- o] EAWL ELISATY] B4 AHE T G Solx A%

.

oI DNA chip #4°] 20l DNAS] =2 2 ¥-3Ad o]
40| EtE e E4 A& 5.6 um 2719 beadE °]&35}]
olFAH, o] &=+ beade F 7HA BF €& T M= SO
242 FEE 5 AEE JF 9Ho] 7hsotaL, 7I7IE St 449
beadE —Z— ‘41”% 7} bead9] _Ti—n-‘ﬂii—— —TLHﬂ il —é—xg,g% 2= Qlt}, o]
g 771 Oﬂ Ht

g AmE 20 Aol
- olEe Walow EgHon Hecko] AmolH TRt BAS £9Y
ol HpolH, tHeFaQl BAjo] Uelt 7heRsh BAE

2~
T
ot (Z&4) 9], 2017; Luminex corporate)

f
i)
b
© g
30

Bead ZHO| _
Well 22 sod o T
beado|Ex-|E_ THH EE 2o 02 Y DE?EOiEl I|H
ol i_h_'ﬂ capture 27} 2o BT Hégm
i =
£ 23ME

2ol Fel A 24 HE &
i A =
71AE 0|8 ot 4o mat ==gjolg
Stof 24 e R Bo 2u¥ olsatel =
s =% o] £

[28 [-4] HIES 0[8st 2M7|7]19] g

22



o rlr H

cytokine ¥

gt Luminex ¥-&2 & A& == Paneld /o) et A6t A} sf
chemokine2 315° 2 YUY Z+ A& T 33]9 43

Agatglon, Ant 28 sasto olgaisith
(B 1-5) 24 8% U 24 #el
Panel 24 Target Standard curve range(pg/mL)
CCL2/JE/MCP-1 30.9 - 7500
IL-1 beta/IL-1F2 17.7 - 4300
IL-4 17.3 = 4200
IL-6 4.53 - 1100
: IL-8/CXCL8 4.12 - 1000
IL-13 453 - 110000
IL-17/IL-17A 13.2 = 3200
MMP-1 49.4 - 12000
MMP-2 276 - 67000
TNF-alpha 8.23 - 2000
2 TGF-beta 1 33.3 - 24,300
TGF-beta 2 17.0 - 12,500
° TGF-beta 3 68.0 - 49,850
= AR 42 Magnetic Luminex Assay kit (LXSARM/LTGMOO,

R&D system Inc., USA)E °]-&5}3t}t. ZF Paneld W& A|Y WHS

AzALe] diree] wet Sasigon 7t AlY

Y2 of Eob g

23



( MAE W Slet2Z0| ofet AUAIY 25712 AOP oA A7

(B 1I-6) Luminex A|AHIZ 0|28t A|& HiH(Panel 1)

NE

gl
Al
Alef

=t

~AOWON —

. Biotin antibody cocktail : 1000 xg

. A= 75 ulg g4 glo] 0|8

. Wash Buffer © 20 mLe| s=%E 70 sMcl 500 mL M=
. Standard | sFHES s|MUZ 0|l MG

. Microparticle cocktail : 1000 xg2 30&7t |AEE| & 3AMHS 0|25H

1081 3|4

HU
w
(@)
Pl
[
rio
0=
Hr
u
b
lon
1z
R
mjo
o
[0
_22

10t 3|4

buffer 5.35 mL0| 3|A

7171
SPS|
=20

o wN -

. 50 events/beadz AH

. Flow rate : 60 ul/min

. MEZ 1 50uL

. Doublet discriminator= 8000/1650022 AX
. MFI(Median Fluorescence Intensity) gt

abk~rownN -

. Wash bufferE 100 uL 211 microparticle2 M £RAZ!I = 287t
0. 7|712 Ol&3H 90& o|Uf EME 7171u= 715

A2 2 A} ZH]

. microparticle cocktail2 MERAIZ|2 50 ulM wellt| &3

. Standard £ M AIRE wellof 210 A0 2A17F EH2

. Wash bufferE 0|Zdl0{ wellg 23| MA

. 8|M & Biotin antibody cocktail2 50 ul welldf 210 M20M TAIZF

=0} Hi2
OL- L-O

6. Wash bufferg 0|&3t0 wellg 23| MA

7. 8|ME Streptavidin-PEE 50ulL welldf] 210 M20A 3027+ BtS
8.
9
1

Wash bufferE 0|3t well& 23| MA

El
rx

— 11—

(1N
ik |

1.
2.

elgE ol ol 5-If2t0|H 245 HAl
Standard®| H|WE Sdll sEas At

24




(E II-7) Luminex A|AHIZ 0|28t A& HiH(Panel 2,

L ¥.5) Alg 4HH(LTGMO0)
Az 1. A= MRS S|MGI0| AtE
ol 2. Wash Buffer : s=dg S520| 108§ A
A& 3. Standard : SMHES 0|Zsf 54
MOE'F 4. Antibody-immobilized bead0fl 30&7t ZSIE 76t 127 ZE6HA|
— —,HI.
Z=H _
=815 eloh 150 Lot Assay buffer= 0123 & 3mlLol B4 HIx
1. 585= 24 24 20| Ciof O/M X S99 &F
2. 50 events/bead2 X
7171 | 3. ME  100uL
MM | 4. Gate setting : 8,000/15,000
5. MFI(Median Fluorescence Intensity) FI&t
A‘II‘|
1. AJSF 2l AlZ ZH|
2. assay bufferg Zt welltff 200 ul¥ &=
3. Standard = 3|4 A|RE 25 ulM EF = assay bufferg s 2%
4. beadE Zt welloff 25 ul¥ £
5. AE(2~ 8c>01|A1 16~18AI1Zt Bt
AE | 6. Wash bufferg 0|83t wellS 33 MA
e | 7. gME detection antibodyE 50 ulL™ well0ff 211 M2, 1A[ZF B
8. 8|ME Streptavidin—phycoerythring 50ul® welldf ‘211 A2, 3082
I:||-o
9. Wash bufferE 0|&3t0 wellE 33 MA
10 Sheath fluid &= drive fluidE 150 ulL™ wellf ¥
. 71712 0|83l 902 Ol EME 717|142 715
it . 2lFE 20l CHolf A1 AlA
2 2 Standard?Q| H|WE Soff sTi= ALl

25




4)

26

= 3D AlZ7} 9IXjt Tray HEHZ
T 24 NZF & 1A H 22 TrayolA EElstaith. 12780 &
< ©Ho| & Kol & ARG FHNE0| il SE&= EE 44]
1% FeAlste] 1 AE AATH. 22 A2]7] (Tissue processor,
Leica, Germany)& ©]&3] =< (Dehydration) - ¥%H(Clearing) -
HAE (Praffin infiltraton) FF& AA Eu}7] (Tissue embedding
center, Leica, Germany)olA st 77|9] E=& o]&3d| Tty
EE032 TESth
| HEFE 7] (Tissue microtome, Leica, Germany)S ©]-&3f 3~5 um
o] FA= HEESS oA dhd & v E o 2742 PR
o H¥ T Fy&To|Eo 8 AXRA &, M
Hematoxylin ¥ Eosin ¥4 (HE stain)2 AFs-FA1E2]7] (Automatic
stainer, DAKO, Denmark) @ A& FA A]°KDako hematoxylin,
CS700; Dako Eosin, CS701; Dako mounting medium, CS703;
DAKO, Denmark)S o]-&sto] AR5} LY.
Al 240 o] A=H 25714 AlZE] HH FH|E ERRIsH | flste] &
THMNE AASHALE Periodic Acid Schiff (PAS) stain kit(ab150680,
Abcam, MA, USA)E ol85to] A5 (magenta)22 FME HHThFH
(mucopolysaccharides)S 2?15}t
A7 9 FHeHE A4S fs 7HH2HDMC2900)7F 2 gt n| A
(DM3000 LED, Germany) ¥ AFIZZ I3 (Leica Application Suite,
V4.12)< o|-&stith.

fijo
i)
%
i)
ofo
_°|l',
8
o









A T S

o

residue® SHYX A

< EZ 5.

(2 M-1) €3X1Y 57| 2& A AOP2| HE A
AOP39 HE M

o
._ S

ol

MIE 75 Covalent binding to protein,

396 Covalent Binding,
possibly lysine residue

Protein

151 Activation, Inflammatory

cytokines, chemokines,

KE cytoprotective gene pathways

398 Activation, Dendritic Cells

272 Activation/Proliferation,
T-cells

151 Activation, Inflammatory

cytokines, chemokines,

cytoprotective gene pathways

398 Activation, Dendritic Cells

272 Activation/Proliferation,
T-cells

313 Increase, Allergic
Respiratory Hypersensitivity
Response

313 Increase, Allergic
Respiratory Hypersensitivity
Response

AO

29



—
>
Q
Yal
=
_l?_
ok
nHu
rT|
_l".-'_
pa]
0x
Il
EIOII
|10|

Kisio] AOP @7 917
2. AMg 220 2t ME =9 =0

Z AREAY] 5 9 AR 8 &9 IE ARSE7|(Mucilair™) ¥
23535 7]|(Smallair™, Smallair™-asthma)s FA5= A|EZE9 &4 ofF
£ 57| Yolof, AFEZ Fo] 24 EE= 48417 & AFHE AxZeigF 4
ZHE 0|83t LDH (lactate dehydrogenase) &4 £4& 53 Alx® +&
&4 A9 ERIskeiH.

=AHET R FAHEFY AolE o8t AlE &A= ALt Axt
Mucilair™olA] Z+ B2 Fo] 24A17F & A& &40 HJrrt AI9EAS &
o] wet Z715FA o, 48417t o] = MDI ¥ TMA FojZoA 1 5k
—,—01:%01]/\1 A7t A5 Smallair™of A TDI o2 24 9 4847t

A& w&of wet £4o] F7IsHR ey MDI 9 TMA+ kol o
HIlE Ho|x] 49ttt Smallair™-asthmaolA] ZE A|FEZ Eoj79
A sZo mep &4o] STl FAIE EAiH

[®)
-

ri

> rlﬂ.l "Ol
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=g

%, %, A
2 T 4, % B
@H& . \W,\ w.._m
oy, ¢ I 4, ¢ T
\\Q« A\ G,\o ‘ m
b T 4, ®
B sucinsecine %  Bygnsnansee & m

(o) Ajomojolsn (94 Aoojoldn

—_—

=3

=20 ofet

o = 1 o1
ﬁ\? Anoxoe _.AU (oq) Anoxojoldny (%) Aporxonolds

[3& m-1] MDI, TDI ¥

31

(B) Mucilair™ 48 A2t =&
(D) Smallair™ 48 A|Zt &

(E) Smallair'™-asthma 24 A|Zt =&

=
=
.
=)

(A) Mucilair™ 24 A2t =
(C) Smallair™ 24 A|1Zt =




3. Al SZ0f 2gt Mapd & X|E =2l

[®)
-

7_} /\]OJUZLJ =1 tﬂ /\]7].1:1:1 lr;goﬂ tq.e APH_Q_I‘D; ](Mucilairm) ol §
l‘i—igﬂ(Smaﬂaum Smallair™-asthma)g F+/dok= AEFQ] A5H3 &
T HSEE oty {5t AldEd Fo] 24 B+ 48A1KF & AFH
]EHHO A5 Ao A ZA5H= ROS/RNS HEE =H35IA.
Mucilair™ojAl Z+ 54 Fof 24417+ 9 48/\] 3 TDI9 A Ad=E4
o] =0 W=k ROS/RNSS| ol 5715t al, MDI ® TMA= 1‘41 Zato] H]
o S7FtAtE. Smallair™oA AlFEE Fo 24417 & TDI9] AL =
o] H|s ROS/RNS2] o] S7FstAIL 48A1%F & AF=4 9] skof wet
HSlohA] RUAITE, HE EHolA gizatol Hs) SVt Smallair™
-asthmaollAl 2E AlEE FolFolA tizxato]| B3] ROS/RNSS| o]
7kt

X
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(B)
0.66

05

(D)

= = =+ s
=} s wy [
(=} (=} (=} =}

(M) SNRLSON NSNS O

07
0.65

4l
Rr
ol
<
B

) ~~ —

A =] (o] 0 =t A o Wi i wmwn m\ i T B L B |

- 0 o A [ = e - R R = - =T = R}
o = o o (=] (=]

=
() SNR/SON (M) SNRL/SOR (N SNRTROY

< \5‘"; \\‘b & \f S & & \\‘5 & v & F & ¥ S S
-.!\Q\‘ %Q\‘\\é\—"\l\ «Q'\l\\ﬁ\(;\\\ &Q\‘\'\“:\h‘r\\:\{{‘\?"\ i d T 'V e .‘\'l - "“\_ od
r
n
il
& & \\\\b \\\‘ & bb\u \-'i\\\ & \Q\h \\w}\
S ‘Q\\o\\\‘ O T
[23 m-2] MDI, TDI ¥ TMA &0 2|5t 57| 3D-cell model?| AlZHH
te}

33

(B) Mucilair'™ 48 A|1Zt L&
(D) Smallair™ 48 A|1Zt L&

e
=
=
=

(E) Smallair'M-asthma 24 A|Zt =&

(A) Mucilair™ 24 A|Zt =
(C) Smallair™ 24 A2t




(*fﬂ’g W k=20 ISt AU2qRIY SE7[=e| AOP A A+

4. Ag@ SZE0| 95t cytokine & chemokine 3}

Zt NEEAS] 5 2 AHE L& fE RS E7(Mucilair) ¥ sHF
2&71(Smallain)E& +4dk= MZFY I3HH AHEE LotE7] Y& o
St £39] cytokine ¥ chemokine AEE =% 59t

Mucilair™, Smallair™o|A Z+ A|EEZ *Zof 93] cytokine L
chemokine9 E4& 9ist ¥H3l= Ho|X|] 49ttt Smallair™-asthma©l Al
AARlo g FAE Y mdo] B3| MCP-1, IL-6, MMP-2, TNF-alpha,
TGF-betal, TGF-beta37} 445911, [L-13°] =£7}s}%itt. ®SF Smallair
™-asthma®] 7% MDI, TMAE A|€Igt TDI Fofof &fsf MCP-1, IL-13,
IL-4, 1L-8, MMP-1, MMP-2, TNF-alpha, TGF-beta2, TGF-betal 52

cytokine ¥ chemokine $3%]9] 747} &l Qich
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(2 -2) MDI =£0j| 2|8t A|ZIHH ¥ Cytokine ¥ Chemokine HaKMucilairm™)

24 A7t == 48 A7t ==
MucilAir™ MDI MDI MDI NC MDI MDI MDI
—low -mid —high —low -mid —high
ccLz 167052 152444 181301 15761.1 82088  14859.3 13944.3  12000.6
/MCP=1 4 4309 + 3551 =+38188 + 4206 + 3771 +29131 + 3681 = 10885
IL-1beta 86 5.5 6.9 12.9 5.7 5.6 4.7 0.0
L=1F2 4 41 +46 +66 +19 +00 +23 +36  +00
350.7 3053 4114 3507  303.1 350.7 3849 2454
s +376 +00 +356 +376 +805 *37.6 +732 + 438
IL-17 14.1 16.6 15.4 12.8 12.8 16.0 15.4 10.3
/IL-17A 98 +18 +36 +36 +£00 +27 £00 =+ 00
101.7 94.6 1004 1018 94.4 106.1 101.8 88.3
L +101  +42  +£41  +£61 126 +40  +61  + 131
11780 3688  517.1 870.6  307.1 663.5 10787  290.2
-6 +304 +27 +84 +138 +10 * 764 + 478  + 44
IL-8 95302  9875.1 103047 10164.8 9580.3  10278.6  9496.4  8896.4
/CXCL8 . 3651 =+ 2074 + 544 + 4745 + 1206 + 1204 + 466.0 + 1184
4289.3  3864.1  3388.6 43257  3609.6 31791 37577  1259.8
MMP=T + 1844 + 848 + 1001 + 157 + 381 + 2854 + 836 + 10.8
521487 39201.9 55281.6 55704.1 90516.9 62276.1 72616.6 62176.4
MMP-2 + 16052 + 801.3 =+ 3659 =+ 14429 + 25462 + 727.6 + 11960 =+ 633.4
TNE- 18.9 12.4 14.4 21.1 9.9 14.2 15.3 7.8
alpha +05 +15 +08 +05 +10 +20 +05 +00
TGE- 764.1 590.2 6759 7333 80.3 646.6  676.7 71.9
bata2 +07 +41 +30 +148 +08 +15 +115 * 16
TGE- 20058  1947.1 21464 24779 2785  1947.1 18956 2916
betal . 155 +260 +2387 +£5.0 +00 * 156 + 156  + 6.1
TGE- 40.7 40.7 49.9 49.9 8.3 40.7 31.6 8.3
beta3 +00 +00 +00 +00 +67 +00 +00 *67

35



( MAE W Slet2Z0| ofet AUAIY 25712 AOP oA A7

(& [-3) TDI =0 2|8t A|ZIH ¥ Cytokine & Chemokine 2K Mucilair™)

24 At =& 48 AIZH ==
MucilAir™ NC TDI TD.I TI?I NC TDI TD.I Tl?l
—low -mid —high —low -mid —high
ccLp 167062 108082 71954 133207 82088 146645 12810.0 163627
/MCP-1 1 4309 + 8317 + 830 +532.6 +377.1 +11392 = 15001 <+ 16454
IL-1beta 86 5.7 8.7 3.9 5.7 5.7 3.9 8.0
M=1F2 41 +25  +£46  +25  +£00 +£25 +25  +10
350.7 3313 3466  333.1 303.1 331.3 4000 3732
s + 376 +777 +191 +£00 +805 =+ 777 +107.3 + 185
IL=17 14.1 115 14.1 16.6 12.8 16.0 16.6 16.6
\L-17A .98 +18  +18 +564 +00 +27 +£90 +090
101.7 94.6 82.2 97.4 94.4 97.3 101.7 94.6
L +101 +42  +£45  +£83 126 +124 £101 =+ 42
11780  304.1 1424 5296  307.1 485.9 10188 6427
- +304 +£190 +00 +£66 +10 04 +794 *59
IL-8 95302  9936.6 75443  9481.0  9580.3 94483 101987 10157.1
/CXCL8 . 3651 + 645 =+ 1520 + 377.0 + 1206 + 8919 + 1277 =+ 1815
4289.3 15856  2936.6 27223  3609.6  2759.6 32663  2907.7
MMP=T + 1844 + 1068 + 451  + 698 + 381 =+ 205 + 3135 + 109.1
521487 54533.0 53396.1 481557 90516.9 69080.4 65571.3 81746.2
MMP-2 + 16052 + 16305 + 227 + 12029 + 25462 + 38049 + 13961 + 2001.0
TNE- 18.9 1.3 6.2 16.4 9.9 12.0 18.4 13.1
alpha +05 +10 +02 +£10 +10 +00 +18 +15
TGE- 764.1 439.9 52.3 613.6 80.3 5784  680.1 562.2
bata2 +07 +07 +08 +£37 +08 *+45 +15  *22
TGF- 20058  1059.9 1946 20826 2785  1799.6 18624  1893.7
beta1 + 165  + 164 + 6.3 + 10.3 + 0.0 + 26.1 + 0.0 + 26
TGE- 40.7 22.4 10.7 40.7 8.3 40.7 40.7 40.7
beta3  +00 +00 £33 +00 +£67 +00 *+00 00
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(B I-4) TMA 50| 2|5t AJ|ZHH ¥ Cytokine ¥ Chemokine H2HMucilair™)

24 N2t =& 48 N2t =&
MucilAir™ TMA TMA TMA TMA TMA TMA
NC —low -mid —high NC —low -mid —high
CCLz 82088 150000 164223  7319.1 82088 137168 14008.9  10365.3
/MCP=1 1 3771  + 24004 + 2996 + 15393 + 377.1 =+ 469.6 + 7741 + 1760.1
IL-1beta 57 0.0 8.0 5.7 5.7 6.5 2.2 2.2
M-1F2 00  +00 +£10 00 +00 +11  +00  +00
303.1 350.7 4366 3565  303.1 3862 6625 2454
s +805 +376 +00 =+ 1133 +805 +00 +00 =438
IL-17 12.8 16.6 15.4 18,5 12.8 18,5 17.9 20.4
L-17A 00 +18  +36 +27 £00 +45  £00  * 36
94.4 101.8 1004 1004 94.4 91.2 97.4 78.9
L +126 +61  +£41 41 +126 +172 £83  + 93
307.1 439.9 5399 1063  307.1 647.7 5542 32438
- +10 +41 +16 +109 +10 +193 +10  * 307
IL-8 0580.3  9623.4  9554.1  6779.2  9580.3  10068.3  9960.0  8938.6
/CXCL8 4 1206 + 2188 + 2561 =+ 2907 =+ 1206 + 187.2 + 1882 + 300.5
3600.6 28324 47593  9259.9  3609.6  3069.2 28772  1196.4
MMP=T +381 +141 £ 117 +10010 =+ 381 + 304 + 406 + 1372
90516.9 50408.6 675025 547444 905169 68419.0 59887.2  61340.0
MMP=2 + 25462 + 19164 + 25734 + 2682 + 25462 + 17356 + 18201 + 666.5
TNF- 9.9 18.0 17.1 8.8 9.9 117 117 7.8
alpha +10 +18 +10 +*05 +10 +05 +15  +00
TGF- 80.3 660.2 6714 426 80.3 550.0  427.2 61.3
bata2 + 08 £ 148  + 41 +16 +08 +126 +07 +08
TGE- 2785 21992 20570 2785 2785 17348 11293 3218
beta1 +00 +103 +465 + 123 +00 + 288 + 163 =+ 121
TGF- 8.3 40.7 40.7 36 8.3 31.6 22.4 36
beta3 +67 +00 +00 +£00 +67 +00 +00 *00
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( MAE W Slet2Z0| ofet AUAIY 25712 AOP oA A7

o
=1

(& II-5) MDI =0 2|gt A|ZHH ¥ Cytokine 2 Chemokine HaKSmalllair™)

24 A2t =5 48 AlZt ==

SmallAir™ NC MDI MD.I MPl NC MDI MD.I MPl
-low -mid —high -low -mid —high

cCLz 199841 21201.8 218207 68930 122077 226375 11631.0  20893.1
/MCP-1 | 4783 +21009 + 12212 + 1943 + 2565 + 22632 + 1593 + 26136

IL-1beta 72 7.2 14.2 2.2 6.9 13.4 15.5 6.4
/IL-1F2 + 2.1 + 2.1 + 3.7 + 0.0 + 6.6 + 6.5 + 1.8 + 3.3
4366 4729  508.1 333.1 3849 4366 3849  350.7
s +00 +169 +329 +£00 *+732 +00 +732 *376
IL-17 12.8 217 19.8 15.4 17.9 13.5 19.2 15.4
/IL-17A + 3.6 + 1.8 + 27 + 3.6 + 3.6 + 27 + 3.6 + 72
105.9 106.1 118.2 85.4 99.0 1004 1075 101.9

L +119 +40 +93  +£00 +£21  +£41  +£20 20
L 18002  1498.8  1299.7 3313 5654 31031 23125  1787.8

+ 217 + 39.3 + 153 + 3.7 + 177 = 15615 + 123.6 + 95

IL.g  10511.0 106503 108521 94647 98225 114005 10539.8  10899.8
/CXCL8 4 ga8 + 6611 + 3682 =+ 1144 + 467 + 4629 + 279 =+ 169.7

4161.1 3919.0 6611.1 1148.1 2974.3 4013.7 4077.6 4387.6

MMP-1
+ 059 + 499 £ 2481 + 71  * 861 + 4157 £ 279 + 444
82698.0 811495 85187.9 68463.0 30759.1 1177348 77795.6 107839.3
MMP=2 +16001 + 9707 =+ 26111 + 3964 + 2015 + 18501 + 20164 + 2469.7
TNF- 28.5 31.6 51.7 7.4 23.7 26.8 55.3 18.9
alpha +05 +03 +16 +05 +00 +18 +08 *05
TGF- 2777 2192 2665 438 371.1 2434 3114 3045
bata2 +00 +53 +83 +£00 +38 +15 +128 *786
TGF- 28361  2689.7 34142 3602 22900 31271  2521.1 32313
beta1 +50 +101 + 1515 +60 +359 +250 +51 =+ 374
TGF- 54.4 58.9 58.9 8.3 36.2 68.0 407 58.9

beta3 64 +00 +00 +67 +65 +00 +00 +00

I+
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(B 1-6) TDI =0f 2|t A|ZIH ¥ Cytokine ¥ Chemokine H&HSmalllairm™)

24 N2t =5 48 N2t =&
SmallAir™ DI DI DI NC DI DI DI
—low -mid —high -low -mid —high
CCL2E 199841 181300 18830.1 16890.9 12207.7 10919.4 17189.9 157493
/MCP-1 | 4783 '+ 374 +14185 + 269.0 + 2565 =+ 9491 + 109.7 + 4787
IL-1beta 72 5.5 8.7 7.2 6.9 6.4 3.9 7.2
/IL-1F2 + 2.1 + 46 + 0.0 + 2.1 + 6.6 + 3.3 + 25 + 2.1
436.6 4117 4848 3862 3849 3458 3313 4355
s +00 +00 +00 +00 +732 +57.2 +777 + 697
IL-17 12.8 16.6 17.9 17.9 17.9 14.1 12.8 21.1
-17A 136 +18  +72  +£36  +£36 +18  £36 =+ 45
1059 1032 1143 1032 99.0 94.4 96.1 101.7
= +11.9 +80 +£00 +£80 21 +126 +21 £ 101
18002 5325 13971  989.7 5654 2919 21829  800.5
- + 217 +463 £284 +257 177 +21 £ 1542 £ 120
L.  10511.0 10099.9 10732.3 10241.8 98225 107729 10616.6  10502.9
/CXCL8 948 + 008 + 2513 =+ 1554 + 467 + 3472 + 2165 =+ 41.7
4161.1 37861 74983  3396.9 20743 34215 33693  3740.4
MMP=T + 959 + 3700 +271.3 + 645 + 861 * 646 =+ 3259 + 140.3
82698.0 48330.0 74995.1 56606.7 30759.1 29291.4 126551.0 79580.1
MMP=2 + 16991 + 16171 + 560.3 + 453.8 + 2015 =+ 7088 + 31129 + 282.0
TNF- 28.5 26.6 29.4 24.2 23.7 17.3 25.7 20.4
alpha +05 +£31 +03 +£03 +00 *+13 +£23  *00
TGF- 277.7 2783 3141 283.1 371.1 3769 2337 2799
bata2 +00 +265 +30 +£30 +38 +00 +00 *61
TGE- 28361 27397 26252 27504  2290.0  3467.0 24454  3134.2
beta1 +50 +404 +00 +152 +359 +323 +51.0 =+ 350
TGE- 54.4 49.9 40.7 40.7 36.2 40.7 54.4 40.7
beta3 +64 +00 +00 +£00 +65 +00 +64  +00
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(® m-8) MDI, TDI

2l TMA &0 2|3t Cytokine & Chemokine 3}

(Smalllair™—asthma)

SmallAir™ | . MDI  MDI MDI TDI TDI TDI TMA TMA TMA
—asthma -low -mid -high -low -mid -high -low -hid -high
CCLy 48047 22832 3150.8 3649.9 60363 41484 1037.6 6301.2 2066.1 33302
/MCP-1 g +107 +1015 =386 +2M6 =+662 +259 50289 =801 + 494
IL-1bet 133 125 137 121 108 7.1 5.5 9.8 121 123
/“__a1F2 +25 +11 +16 +06 +12 +11 +00 21 +05 =25
647.1 6468 6721 6572 647.0 6067 4785 616.6 637.1 6321
-1 +284 +463 +190 +199 +328 + 00 + 00 393 +203 =+ 194
IL-17 200 211 217 217 204 158 98 191 204 204
NMA1T7A 450 +13 +£15 +£15 22 =13 00 15 +00 =+ 22
1222 1184 1229 1229 1217 1081 567 1139 1162 1162
. +46 +58 +25 +25 +00 +24 +45 27 +53 =+ 37
183.4 2123 3248 3244 1607 131.8 1122 1941 2611 3662
=0 + 186 +374 +443 + 77 +521 +131 +539 1098 +103 +* 75
IL-g 84333 96646 95727 95294 84575 50923 24702 8300.8 9380.6 92908
/CXCL8 .17 =+1%7 =+ b4 +268 +O168 +OB6 + 186 5386 + 252 + 2047
3211.9 30005 3671.3 35354 2623.4 22024 342.9 19774 28543 2586.6
MMP=1 + 467 +ON8 +765 +1484 12 +837 +417 13356 +1807 + 747
179420 180529 191278 185658 204249 181910 105303 171468 151701 162830
MMP-2 AP £ U2 A2 5144 +UB3 3749 +GEB 47033 =+ 148+ 504
INF- 102 109 113 112 100 85 47 92 108 105
alpha 07 +08 +00 +03 07 +00 *+03 10 +05 +03
TGE- 1072 1503 1416 1201 993 986 604 830 1457 1397
bata2 ;359 1+9230 +£82 +£159 +377 £104 + 79 237 £ 77 17
TGE- 4813 6249 6449 6550 5088 3889 217.9 3829 5584 6538
betal 12151 +506 +956 + 900 +1R7 +5651 +1074 1345 =+227 =+ 1074
TGE- 179 238 261 192 180 96 238 214 191 180
beta3 1144 +70 +123 +£59 +38 +72 +45 104 +123 + 77
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V. 1%

1. AOP2| 0|8 H HY

1) AOP9] A3 Hgf

AOP+= 2010¥ OECD F&= 7=7] Al&et old, g4 tHd
B7He] &Y ASdE S7HA717] Aol ASH ' bt /idEe] 71
Aoz NE=E Qo E3t SEEY Bt ofyel T Y Y 9 AR
£9] QQlo] YA E A7t A&ET YO wW(Chauhan et al., 2019;
Jeong et al., 2018), Hlo|gute|dt H2ld 59 7144 s WS ol
St A28 AOP AJAF wBiol AotE]7| = Stch(Rugard et al., 2020). ES
AOPE XA EE= AHFH AOPE FHEHZIZE sk=d], o] & AHH
AOP(quantitative AOP, qAOPs)+= 3FeM=49] A4 A H7He A3 =
T2 -85 A4 4 AtHCoady et al., 2019). gAOPE ¥ZF9| q=7
AL mEZ o849 & 9lom, AOPE /5= KE Atolof| Wy} Z&jA
E= voly A 821 Bol AO7F =& & Qe 7Hs8S wud & 7| o
o] gQAOPY 2d 7S 95t W2 L7} o]F XAl JQeH(Wittwehr et al.,
2017). OECDo|A= AOP W< figt 712 AE xS KERS HHH
olgflof Tt F844S FEoFI2H(OECD, 2018), I o]Hof oJn] F3t A
A7t AZHIATA)Y LS 93l qAOP7t KEE EF3AY A0S H7t
] R B R4 88 AR v ITHOECD, 2016). kA skt
9] AOPE 45t= 7+ KE9 &7 2 TAZ 71529 €H= AOPS] a4

AFAE FHa=E ¢ T8% do] € <+ St

ﬂ.lg ){1\:1
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( MY U stst=Z0| oot L2l 2571280 AOP gA| &4

2) 494 FAAY 337 A% B AOP

O

A A+ IAE B ODCDE AOP wiki W 71 F FL3t
& AOP(AQOP 39)& B4, ol& &9 3¢ MIEE ZH= AOP
MEL 7139 AOP 14 A|tstith. AOP 39+ ARASE /7
At HHE 71-ADE BAIsHL doH, ARASH 771 8kt
37 Be OF & T FHF oWl AotoA A|FE o], o
o] Jue} thE AMxo| o FH ARl AEHA, Alo|EFIR]
S A2 B AE Y ASE BT FAGAIRE FSA
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automated quantitative High content imaging, PBPK modeling?} &
E3t Organ(body)-on-a-chip, Omics, Read-across 5°] & &4 Ut}
(Escher et al., 2019; Mone et al., 2020; Prantil-Baun et al., 2018).
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o] W4 A7) 542 a5ty stal AtHPunt et al., 2020).
o]=9] EPA= 2016EKH 2141715 913t 3shEd Qhdwol 9
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o]-&5t7] Yl Fx3tE HE WA= Fote YN AE ol&35tH, IATA=
AOPe} a5t 152 ¢ UZ BAISHY AUTHAnkley et al. 2010). ©]
HJ’ HAS & ojn] mEANEE B WEH A2 ey A3y
S 95t mdlo] /=t (Browne et al., 2015)
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edor 44" Ed2 it xRtY 7]e JIYE PTBE, BEAS-2B

o3 ‘:}% /‘ﬂi g Zdo] /I Qv AR &3t AW A7=
2E2 MucilAir™, SmallAir™(Epithelix S'arl) ¥ EpiAirway™(MatTek
Corporation)”7} St} o] A AL, FH BH] 3k Al 9 74 Ax=2
TFAEH(Balharry et al.,, 2008; Huang et al., 2013) T3t 23 %oH

H o] I JYoA ety 24Z Bhgst=s ALE ASEHUH o] &
2 MEZZF A5AE AFE 7HsoHA SHal(Clippinger et al., 2018),
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A Ao® 9 Hurt =31 QIok(Baloh Sivars et al., 2018). &
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A2 RE AFdot mEE FASH|Z ShH(Beubler et al, 2016;
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Al &4 AAS Th2 HRESo] FEHil Ao|E7RlIE0] vy #H[H
o+ (Moro et al., 2010). 7|38A] 45 Alzo] Al 249 A&AQI kg0l
U= BF ol WS FTHA ARIEZIRIY 4% F7HBarnes,
2008), B "xZt9] W3l 7|3A| W AF A2 F7F= olojXtt (Deckers
et al., 2013). H|YbA| 2] ET}gof| ofgt S| AN, A2EW 59 W& =
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(Kim and Lee, 2019). o|¥ oA AFER 2 9 Al F= A3
A} 52 AlEZOA Q] cytokine T+ chemokine? W3E ©AolY st AL,
HEsHH o g EAA Q= WHI= SQIE R by,

I AT ZFEo gigt AR H2029] o=

A Ao disf] FrEE AF7F Sl o] Ao wEW ZIHRHE
(superoxide)& ¥/ (oncogenic) ROSE 97|, H202E& ‘*OP‘”XVH
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cell?}e] A2 S5 FBAY dAF oA 7120 AedZ P EH
=329 ol 714, AW olEol gt ¥, FZEH oA ¥ fA4 HES
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Abstract

® Key words : AOP, Occupational asthma, chemicals, respiratory diseases,
reactive oxygen species
® Title : Allergic respiratory diseases linked with AOP caused by chemicals

in the workplace

Objectives : Occupational allergic respiratory disease (occupational
asthma) is an immune disease caused by antigens in the workplace. For
the initial detection of this disease, we tried to identify the disease
mechanism and markers using AOP, which is being developed as part

of an animal replacement experiment.

Methods : Using a 3D-cell model constructed with human
respiratory  cells(MucilairTM,  SmallairTM, SmarllairTM-asthma), the
cytotoxicity, oxidative damage-related and inflammation-related indicators
of MDI, TDI, and TMA were examined, and morphological changes of

the constituent tissues were confirmed.

Results : Cell damage caused by the test substance was confirmed
in each respiratory system model d 24 hours or 48 hours after
administration of the test substance using the Mucilair, Smallair and
Smallair-asthma models. In addition, an increase in ROS/RBNS by the test
substance by model and time was confirmed, but clear changes in

cytokines and chemokines were not confirmed. Morphological changes
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and mucus secretion changes of each model were confirmed through

histopathological examination.

Conclusion : AOP and KE related to occupational asthma were
experimentally confirmed through a 3D—cell model composed of human
respiratory system cells. Indices of respiratory system cell stimulation
and damage and oxidative damage by each substance were changed.
However, the next phase of cytokine and chemokine changes is not clear,

so it is considered that additional experimental evidence is needed.
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