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KE 7] QI3#A He Fozgs gustrz A4 KE9 &t KE el
g F5 T ks &olatAl FHOECD, 2016a).

AOP9 7} Q4+ Bradford Hill 715 A7 $AY 7FA (Weight
of evidence; WoE)oll 7 8lloFal™, 5428 F4HMoA) 7Hd e <AE &4
st AL RIAAA VE, S A5, $A9 A, BAY Bold, d#d 4l
= ST, AR g H2 diAA ARl digh aie o] tHOECD,
2012; Tollefsen et al, 2014). A 7}FsX(WoE)+ =H
ARgEte] AR aTARRS S5 TS AT
2018). atvte] AOPOIA &3+ @A)l KEE o8 714
£ AOPe %= x3rd + gtk AOPE ZE# 2 8]l Aoﬂ o7ld v
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HE doFHY BR(AE *éoi in vivo, in vitro /\]754734 Azt ] B 2
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W3S sk T /\}Q“Q‘C 7]%‘”] HLXW}Oﬂ Lﬂrﬂ 712 4RI} l‘i‘:} 3 st
A wate F s 9F42l 7]soltk(Villeneuve et al, 2014b). AOP= wh<=
o SAEE FHRHEE 3] FAES AHH o ofdsty] 4a, AOP
NS AR AAG Zlo] opet AV AR ddd 7IE Y skt
ATHAnkley et al, 2010; Leist et al., 2017).
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s}eh= Aol shtt o] MoAE 7H 4 OB E MoAd A&5 9l F=4

el

NS Adetn 1 AEeh Hade S5 soF @ Badel drh. o
5 Wl AgRA e g AT PEHE, FAE B4 4548S X
ek Amol U mek AAF Awo AolNrHMeck ef al, 2014). 54
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HuMde A F55 2o, w3 stetede i - AAgA B o)
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T dem, o] Ate]E= AOP /MEAkE ol #d JEE It EESH]
93l OECD+ "= EPA, FH3sA(EC)e] +sdAAE 2 nsat 7]=4}
AFNEAE T @Hste] Al&SHAl HATHOECD, 2018). AOP-KB+
AOPwiki, Effectopedia, Intermediate Effects DB % AOP Xplorer® A ¥t}
(OECD, 2018). AOPwiki= AOP, KE, KER ¥ stressors Z}2tel thsl] A&7}
3 223 AANE ATAR 5SS FASE AAES A3, Effectopedias™
AOPY 7 2 S8 fa AAld 2ds FdFo|th. AOP-KBe 7} 84
= A, SRR Wdy7] wiel AOP-KB+ thadgh AT-ellA o] &80
3ttH(Villeneuve et al, 2014a). OECDE= AOP 7| 2 #H71= 93k x84
#HelE  AFSH(OECD, 2016b), OECD w2 =gy % =AFHAS
(EAGMST)el #3% OECD &% 2kt el 93] =5, AOPwikis
EAGMSTS] A Hol| uwe} mAduddZ F&s|o|A #E]hH(OECD, 2018).
‘el e Fa Al os) HAIE ‘TJZVJ =44 = A HA
AOP7} OECDell ¢fal] 23xs o] AOPol| 3k o2 Hirxel x[3o] Wi
low, OECDE o4 7le] AOP #d Z3ES Alwsti 20183 8¢ @A
AOP 7B Z=adh A9 AgMol= 60749 ZRAES dAsta U
(OECD, 2018).
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AY3sk= d o5t Htodl= 8)st
HES AAslstr] 98 54%
(Adverse outcome pathway; AOP) A Al¢} 7|HE ARE3l7] Al Zelit) o

]
AOPS| F4& BaetA ghe FALTA HIY uggozry £57] Uy

oX
K
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2
e
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(ot
off
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oK
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30,
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w
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Do
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o] & A¥e Wyl olyz} FetEA FTE/FHVA Y3 EFAAS el
=719 2. AS YeRItHKimber et al, 2018). < 2 W <k AOP 7
d2 AdFad oz ojoX= Fo WAE (HeFs] Adiste A &% Ao
AR5 v 7 e VIEs vHhsta a1 ks e 99 VxEA 54
2t Fs Azt e #AE EYd A K Kimber et al, 2014). ¢H =714
A YFHACD)E A2 dildo)] ofgh #ARlAYg WAoo R HA{F wAid
ZH AALLNA) o] iAot ACDS EH34H4dS 7eks wf LINAE tiA
g T A SEAFAFATS)S S 95 W7 dd EA7 o] et
ARE Ho} mouse in vivo AT7F FHHAL

o} 3 B} Algho Aol 5A4FHA dolEHE
ol A ofF 2 AtolHE FRlstr] sl FIH LR Albg
3k, okt in vitro EA)A 2 EA
Arete] Hlug B oS 9 M2 FAVIREY in vitro WHE AT
UA E Aoty W3 in silico, in chemico 2 in vitro Wl 23 A 2E
FE AOP % ACD #AHA|=o dAgAFo = B 4= 9lom mE w7l
= BgsHA wrgstes Al e Aol HrH(Van der
Veen, 2014). ]9} 22 o8 AHAFEL & Fal/d3 7oA AOP 7
WS s S Bolal It Worth et al, 2014). AOP= 5737|174l st
ARE AFstes ool sheta datdlel] 71x3% QSAR ¥ 5A4AE Ay

2

=

4

-~



I MZ o 7

S X33t invitro A1E 2 53 7]W (Integrated testing strategies; ITS)S
SHAAHTATA) oI FHZol T¥d OECD AxAMe= #dA 2 4%
Aol AOPE 418, EA3telr] flsf ol® Au7F Aok o gk A3
& 3THOECD, 2013). E3 OECD A3 ol wet vzl o3k A
A3 A 7AH AX s e or Afete] AR AXKData gap)E M5

= Mdste o AMEE o, spetedRE i SA4S
st AAsk AOPsel sl xzhel 22 7]d(Mechanism) % A4 &2 4
5 5445 Rdy 2 FARE Algeted AHEE S ot
(Gerloff et al, 2017). ¥l%d AleH(Human ¥ MEE ©]&3 tauj/ldy 1
&4 Al (Multiparametric high-throughput screening) ¥ 722 4143}aL
LEEA ehHE AFHS Fa = st 1 =40 Y<lo] HE )% |

st7] fgt Ae=A FHA(Genome)o] WItE Qg thsd dBAULEFH
(Multi-walled carbon nanotubes; MWCNT)9} 752 Al zuesHol gk 2
GAFFE Fd F d=d, L T e 54 FHUE FH2dl EebbsA o R
ArtESlon, i Aol FAFdto AxvUxE
wA87] fsk dAle HHG dFoR AMEE A Ith(Nymark et al, 2018a
st 22l8ed AdSs UelE AxyU=sdENM)Y AREo] Frhekal
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o
o

=]
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Aol ob2 ENM®| A7l 7HHHRA)E A% AAl= SyeA sk
o AX T AR @), e R A AREd FEREYAA
1 54S 98]+ 'Golden standard’ 2 oA AR 574 A (Genome) L E &
A 2 in vivo 1E&E AFHHTS)H 22 gAY =758 9ozl A=
=9 &o] T7HH L o, o) AIFHES AFENTA viesHol g
EETFES gotste A0S 77N AlEHER E8E F Ues BT
At} PubChem, TOXNET % INCHEM &9 @2 3}stE4 otdAdH 7l DBE
o] AT YA, o|AES 3etEAY hHdS s Hrtshde B
w3k Adgolth wa FHREH(US EPA)S dubdoz sshEd o] {34



8- BIEHMY BISIEY SHUHYR +F DBIH AT

994 e AWk A, SU-ws B}

r
O
0!

THA ZEA AR Y Fdstal Stk
qaieE ZEdA(Mode of action
evidence)E ¥ 3F3}H, in vivo 2 in vitro A¥, AEFH FZ-FADA =

A g, X, A 2 i A diolBE o] &g A 7wk 54454
Ay 22 7 FARDS 7|Hte R Soh(Bessems et dl,
of A% §289 42 o4& TEH(End point)e] E 7S STHAIIE
A B ST EN FASd e HadA &S4SR3

ATHCohen & Arnold, 2011). HFAAoN A FH4 e $4FHE4 W)
sk ksl Ajazo]ifo] #HAlEE 4= Q)T American Cancer Society, 2018).
ofg] ZA 7|77} HAEAS A EFed, dF 5o, FAUdATA

(International agency for research on cancer; JARC)E WolE2S thal ¢

(
)

TRNTE S
2o

ro

2 ERFSTHIARC, 2018). et 7bede setEAnit tEER wE7|7h)
dE R AdEEe A 780w ks e ¥ = Uee ol
slof strh. AOPE EAPLAIAIA(MIE), 7 £9(IE) 2 549dA0S
b= AEe] Agtolw o] Ao 3 B HAS JduE WHow 44 5]
f8  EEskd e wEe O 8BS A9iEEe] Fosta Atk
OHT(OECD harmonized templates, 3}sH&2& 7]&sk= 1007] oo T4
of gk dole A Bg)e] xF vloly A4S sdste]l OECD7F A
g oolF, BE FHY A

effect; IE)el Wt stot=4 Fol4 do|HE <3, OHT 2015 Ah&sto] B
o
o

1‘
ot
9
-,
N :‘o
ol
oX
o,
N
N
=
>~
>
oo
A
rlr
ofN
-~
fol
=
=
=1
3
o)
%—:
o

H FadgsEd A2 A5 AOPE Fddow, OECD EAG MST(EA
~3gd 9 54 FAAg e 2 15)9 WHO IPCS(AIAIREAZ]F =
Agletetdxz a)o] 9o mEl AOP 7]&7|4He 74 YTHOECD, 2013).

AOPE= MIE ¥ AOE AZste 7|1E ARES YEhE Ao 7574t
AHD)2 7%-F, MIEE ROS A4, THX A 9 dAAX2FEH AdS5A4
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Ao setar] fal e gouyos
| 7.9}
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(Leem & Chung, 2017). Song 5(2014)e] <d-tol wt=w o ZZ o] PHMGY

EEHW I 45 2 ARsE e Buk oyt A|XE Yol 7ATS AlAL
SHH(Tang et al., 2013; Korean Statistical Information Service, 2016).

AdE Aok A AOPY §82 o B2 A9, &7, 543 2 F3llA

S w71 fa A #BAe] F5hA A4S Abgele WHE BT ¢ gl

in vitro 2 in silico 57389 7oA MIE 959 93h& A A8t

2 2 ez Ho we] zsto g MIEZ 2Wsla

o
— g [0 o
oo BN

o
i

%31 dth(Allen et al, 2014). &S24 o2 AOPY I3 Hg& HA4
2R FUEAE =4d w528 A 7l HAE d58 7 e 74
Oﬂ, Ulﬂﬂgl A E= %*c}% 7 7]*34 HHE A AEs YedE
AAEE AOPIA o48d + ItHCahn &

Siegel, 2011, Benowitz, 2014, McNeﬂL 2016; Meernik et al, 2016). &3k o]
g AOP 7|%9k9] in vitro NP2 ¢S4 0 % 31849 s ¢al AHes
A7) e o 8 5 AtHScheffler et al, 2015a; Scheffler et al, 2015b;
Shivalingappa et al, 2016; Taylor et al, 2016; Terron et al, 2018). o] A<
FA st B AW SolA el sHEe ofye} g T o4tel i



S

AetE AOP= TZ2-8A43Ae] &9 MEE in vitro SAANEY A 2 -

M9 HegFe] AHusls ¥shele ugdet HxHoz AFE 4 Ath(Vinken,
_]

2013). 4 R FAFAA wolert A HrE 3 =E7](0EL) 7l
p

O;
[¢]
of alH(Gallo et al, 2011), A A& H40d

Amel A4 ARAow WxE SHBAT Dol AvE Azl W] 24
6(}

& itete A &+ AAY AEA, FEEA 2 g4
zpol(el: Maze] 3 H 4, o2 A WY 54 2 SFHYE 2 gk
el A W3} BéruBé, K, 2013)2 18l Absell hak a4 F-4-8S o Sshal
Felstrloll HAsAY T84 25 7 JtHChapman et al,, 2010; Seidle et
al, 2010). ¥9=F F tIds AOPs7t #HeAH 13 AOPS #HH Fo
Ae Hrtsl7] $13% in vitro 2 in silico 718 et 737 AAYY, o
T A EE QT FEeA sALES AW 4 A 2 Aot
(Villeneuve et al., 2014a; Villeneuve et al, 2014b). ©]&|3t 7]H-& of# =4
A7l o] WrolEol A A= kAN g AT EoFo] tH(Clippinger et
al, 2018a). 3tetEde] FUFES Bristy] f8) IATAE /dele d 28
gk ghEol sl =95k, o= 71E9 A%t % ZA4AE T AR, AE=H
o] =Ystety A gEo] HIAY VIMEY 24S £ A 2 AolH, o

= FAH 7IHE ¢ B Holg s} o] & bR AL

olal7t Wastel we A% Askasl B Aolth =F 34 FAEA W
b ol7lel 459 Be AE Axgs Ade 37 HEEY Adel 48

st == A HClippinger et al., 2018b).

3954 B4 w54 A%9Y WS 98 Ame doge 549 )7

I

g5 29 in silico R 2 in vitro NEWH 7123 Aoy, o]y 3t 7]



I. M2 - 11

He] B3 TAS g3 SALALZ(AOP)Y ALe FrAXH(Data gap)
g dste d Efo] He T8 AE ZASHE vl E(Non-animal) 7]
of HAstd Zloltt 21417 Argsre] v Awe] Al Hejd el o
& ATAYU A =F FEH Al digh FAAQ oldlE e e A
sl 7135 Alestd, A4 A Aok s Bl 289 AEHQ AP
0= nyE u) w$- FL3(Langley et al, 2015), olAl& ol¢} #HH A
ok o B Aot Aies dofstar adstr] fIgk @A HEo] AlZtH
ojof & wjz}a dAekEr E3 o] JhA] AEACRRE FHE HolHE AL

ot A 2dES pEE 4+ 9oew, = EPA HAEAY

(https://comptox.epa.gov/dashboard/)= AF&7}s3 Rdy 1 oS 83

T e Hesk FAE9 988 & 4 JHClippinger et al, 2018a). 22

S #Add ESAAS A 7 Jd=F ARG At oEsE in vivo

deolg e #dd 7PAdS AlFstAl Hrbste o] sastH, e a3
<

HAHH in silico WH WSS & BEHAE ZREZEo] JEEa drt

=

(Myatt et al, 2018). T3+ FY=EF=2 <3 ZAUNHS FAHoz2 %
gk F7F AOPY 7idko] FastH, FYEA S 7ol ek AOPE A|&42

Ao 24AeE & ¢ de weAE 2 g9 vEA s Axd] 9
& AHEEE A ARE 1600 g 2 (A 2 dA)E 72 g, B 32,000
g, 7Fd =42 700 g 5 F 34372 go] oA e} stshE o] F]lFofof 8t
of 2 g wk=Al ol Hlal 17,186 il B2 oUA7F FUHE sloer B
A K Williams et al, 2002; #54 &, 2020). H3h, WAL 5hehEd ol

Aoz 2 olivh HASIE, 1 Sse e ALg ek ABHE Az
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WA B1SHEEe] AOP 40 A Al EES Aestart

A - Oﬂ*—rLLH*Q“Oit, REeA Aol A A g A Aol ek iR
A JAAES APst] T8 190F seEddd digk AOP 415 3t
R, o= ’3H Benzene®| w=E= QIst 54 MEges AT
SANHAZ(AOP)= o JiEEoo] A as & F AT 94
A Q17 7] %}l*éoﬂ e FaEdEs A2 F7H4 Q1 AOP DB
Agkel]l o] HEE 319om, sAOP(Stressor AOP) Alo]E 2 AQP
s E HEo R 2 Ao FHaz st FUHAY BREs 9

24 sFew, ‘193d% &AA AT A (In silico prediction) A¥HE3H2] H|al
£ 3l AHEA gobdl AOPE9] Ax 2 &&o el sl

S A8 FH(Weight of evidence)9] 7Nl tis] #pAls] z2eldar, o]

7k 3eEAE 3 AKX 2L =A 7)F EFH(Categorizing) =

& 4 den, 71 AOP A4 % EX}@%% 9 W o=A AOP

Exploratory Research Assistant(AOPERA)E &-&3lo] H72el A4

Z7} AOP AM 9 wxd=S ?43}04 AOP Exploratory Research
Assistant(AOPERA) step 1~49] toolsS &8sl oH,

AOP AAZE 93t F7FgRo AM(190F0 ek A 2 AdEE o
d 73 5 28 2ADS CTD, ATSDR, sAOP ¢ DBE &&3lo]

Yotk ool AFEES THtel, AOP A5 AASE o] Fazt



18...-

AOP A8 AARE 913 2% J(24 2 NP A48 L AA
A9 AAF ARES P4, 33 A7 vl 2viAst AOPs 2
A3} s A Fal MEANe B9 494 28 S| vholon)
Aol wng FAsga, #d 494 A8 So| woleriAd 4F 9

o, WA Ar e ﬁ]i “The Human Protein Atlas” ‘;‘ “KEGG
Cancer Network” AFe]E5 o skef B3k 3xte] A3 whe] ovir o} #d

¥ pathway H% A4S 5‘}04, AN wlo]QulA 9} Ao #AAE A
] H Q)

HHEAAkY geE A B o) wpolewmA 9] Aeto 2 AOPsolA HAL
A (Transcriptomics) & mRNA 23l ¢ $-83} &0 H}Olgu}ﬂiﬁﬂ
g8 7FsA 135S Comp. Toxicogenomics AFO)E DBE #8319 a1, 2
A4 A3t Eo] AOPs ¥4 2 Key events relationship #1A]¢F AOPs +
Aol th§k Taxanomic &+, 182 steh=2 W] FAHEFA9 AOPs
A A A

Ao e 12 HAPAHHZ(A0P) 7Igol uidt 2pAs 123 o
Bol, SAUHAEZ(A0P)Y] =9} wid 2 54, dA AOPwiki®] 4 %
5 gt dis) et on olF F3 AOPY AR 2 F9
A0 &I AAA A, A T AEsiith WY FAETE
A AOP #4145 )< AHstlon], AOP-## OECD 147+
EE5S AA, IATA WHoZ AOP 33 240 mE H4d3 g g
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T yi %2z Eo)Al(Tissue specificity) 4150 e FHlom o]=

4
M%) 320 gg Fo) w522y Sold nolouiAR &

7 9 41F 5 AR & Fd SALSA) FANSS Fo GHS &5
H W 2EA38t9a, o] 5 2%(1-nitronaphthalene, CAS 86-57-7 %
9-Bromoanthracene, CAS No. 1564-64-3)¢] ‘199 % AFIpA|o| A 2ot

g ASHRE Bk d sl

D onEA T B8 ARG % 4H0R, 1Y M-13 o] WA
A9l W AR 49 % BARES Fsan

2) 9] &3tEA #E AOP AA 2 BA(FY A0, T4, 349)S 593519
on, a7 M-29 o] WimAle] shehaide] AOP w4 7185 el
Atk

3) 71& AOPse| A 9 gl(AOPwiki, AOP-KB) ¥ #3502, RE=AAE
% stekEd o] AOP &40l AHERE Aol ESS 19 M-300 Aelskalt:.
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¢ Structure, Toxicity, GHS Cat.

Diseases

* AOPWiki, AOP KB
* MIE, KE, AO
* Weight of Evidence

ola

al
==

E

s TYE zEY

Al

#459 Increased, Liver Steatosis

+1193 NfA, BreastCancer

+1136 Impaired recruitment, Populationtrajectory

+505 Decreased sperm quantity / quality inthe adult, Decreased fertility
+719 Increase, Adenomas/carcinomas (hepatocellular)

#9847 Increase, Early Life Stage Mortality

#9732 Decreased fertility, Reduced number of oocytes ovulated

Al
=

o Bt A Z2}EE0], Haz-Map, HandBook

¢ Gene, Pathway, Target Organ, Symptoms,

-8

2R EHIE

SSI0[ 7320 195 - 74 42 15, 24 4% 05, 01230 28 15, 22 3
H13E, VD 2E

-2 ZEE NE - SUAGDE 35, € B4 3, BC 3 11F, A4 TW 15
202 2% 3% 35, HAS 3% 25 AYNS 45, 87124 13,718 35
g =R S
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<H II-1> AOP 36_Peroxisomal Fatity Acid Beta—Oxidation

Inhibition Leading to Steatosis

Chemical

Name CAS No.

Process in Semiconductor

2,2',6,6'-Tetrabromobisphenol A

Acetaldehyde
Acetic acid

Semiconductor and other electronic

79-94-7
75-07-0

64197  ME, HAIAIZL,

component manufacturing
2Cc3H, o zyate

goim 7kE2tel

Antimony trichloride 10025-91-9  Semiconductor Manufacturing
Bisphenol A 80-05-7 packaging
2-Heptanone 110-43-0 ol 7I&2kel, ZE(PREX))
Phosphoric acid 7664-38-2 90| 7}ZEl0l, SAlAlIZE

SA : Endpoint MIE KE Occupational Diseases

arene : Genotoxic
carcinogenicity, mutagenicity
phenol : Skin sensitization,
Potential electrophilic agents

aldehyde :Genotoxic
carcinogenicity, mutagenicity,
Potential electrophilic agents,
Non-genotoxic carcinogenicity
carbonyl :Genotoxic
carcinogenicity, mutagenicity,
Non-genotoxic carcinogenicity,
Potential electrophilic agents
ketone : Potential electrophilic
agents

carbonyl :
carboxylic acid : Genotoxic
carcinogenicity, mutagenicity

327 Accumulation, Fatty acid
231 Decreased, PPAR-alpha 140 Decreased, HSD17B10

459 Increased, Liver Steatosis

activation expression
232 Decreased, PPAR-beta 179 Decreased, Mitochondrial
activation fatty acid beta-oxidation

233 Decreased, PPAR-gamma 8 Decreased,
activation 3-hydroxyacyl-CoA
dehydrogenase type-2 activity

860 Decreased, Mitochondrial
Fatty Acid Beta Oxidation

859 Decreased, Peroxisomal
Fatty Acid Beta Oxidation of

Hepatoxic (a) from occupational
exposure(Secondary effect) or
(b) in animal studies or in
humans after ingestion

IARC Carcinogen Probable(2a)

Asthma

Carcinoma
Cardiomyopathy, Alcoholic
Fatty Liver, Alcoholic
Heart Diseases
Hypotension

Intestinal Neoplasms

Lung Neoplasms
Mammary Neoplasms, Animal
Necrosis

Nervous System
Malformations
Neuroectodermal Tumors,
Primitive

Rhinitis

Stomach Neoplasms
Tachycardia

[in animals: nasal cancer /
potential occupational
carcinogen]

Asthma, occupational
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arene : Genotoxic
carcinogenicity, mutagenicity
phenol : Skin sensitization,
Potential electrophilic agents

carbonyl :
ketone :
aldehyde :

Fatty Acids

451 Inhibition, Mitochondrial
fatty acid beta-oxidation

460 Increased, Fatty acid
uptake

1096 Increased, blood uric acid
concentration

1285 Up Regulation,
Unsaturated fatty acid

1305 Increase, cytosolic fatty
acid

1312 Induction, fatty acid
beta-oxidation

1313 Decrease, cytosolic fatty
acid

1424 Reduced, fatty acid beta
oxidation

1490 Inhibition, Fatty Acid Beta
Oxidation

1528 Fatty Acid Beta Oxidation,
Decreased

1641 Decreased retinoic
acid(RA) synthesis

1122 Under carboxylated
clotting factors will not
assemble on cell surfaces to

1134 Irreversible inhibition of

hepatic VKOR by binding of AR
at tyrosine 139, Failure to cycle
vitamin K epoxide to vitamin K

form clot, Failure of secondary1136 Impaired recruitment ,

hemostasis Population trajectory

L . 1130 Failure in vascular repair

to form vitamin K hydroquinone )
mechanisms, Unresolved blood

loss(Hemorrhage)

1122 Under carboxylated

i clotting factors will not
1134 Irreversible inhibition of

hepatic VKOR by binding of AR
at tyrosine 139, Failure to cycle,
vitamin K epoxide to vitamin K

assemble on cell surfaces to

form clot, Failure of secondary1136 Impaired recruitment,

hemostasis Population trajectory

L . 1130 Failure in vascular repair

to form vitamin K hydroguinone .
mechanisms, Unresolved blood

loss(Hemorrhage)

Toxic Pneumonitis

Hepatoxic (a) from occupational
exposure(Secondary effect) or
(b) in animal studies or in
humans after ingestion

Skin burns

Contact dermatitis, allergic
Contact dermatitis,
photoallergic

Toxic Pneumonitis
Skin burns
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<H Il-2> AOP 58_NR113(CAR) suppression leading to
hepatic steatosis

Chemical Name CAS No. Process in Semiconductor
2,2',6,6'-Tetrabromobispheno . . .
| A 79-94-7 Semiconductor and other electronic component manufacturing
2-Butoxyethanol 111-76-2 & x=Zejel Mut
Antimony trichloride 10025-91-9  Semiconductor Manufacturing
Bisphenol A 80-05-7 packaging
Catechol 120-80-9 lo|H 732!, ZE(PRK|H)
o-Cresol 95-48-7
Cresol p-Cresol 106-44-5 2E3H, 90|H 7}l & =220l ZE(PREA)
m-Cresol 108-39-4
Diethanolamine 111-42-2 Sljriz?e;:ﬂ: Xll. f jsf_ ig s E/\Ejl;ﬁgé(Phojo;esist) _j_HE{
d N WY T 2HRD ZIEYXAE FS MNASH=H A8
Dimethylformamide 68-12-2 2™

Perfluorooctane sulfonic

1763-23-1 photomicrolithography

acid
Phenol 108-95-2 SC3H™, & x=getel
Zinc chloride fume 7646-85-7 Semiconductor Manufacturing

SA : Endpoint MIE KE AO Occupational Diseases

457 Activation, SREBF1
66 Activation, ChREBP
Constitutive androstane 458 Increased, De Novo FA synthesis

arene : Genotoxic carcinogenicity, receptor, NR1I3 §4UI nc;eeasljztil:qlé/;réde formation
Py p Reg
468 Inhibition, PPAR

456 Suppression

mutagenicity - Hepatoxic (a) from occupational
e I p Reg - -
phenol : Skin sensitization, Acute alpha 32; 3 ::Z 3:232: EESD 1 459 Increased,  exposure(Secondary effect) or (b) in animal
A - - - p Reg - . " - : -
Aquatic Toxicity, Potential 167 Activation, LXR Liver Steatosis  studies or in humans after ingestion

451 Inhibition, Mitochondrial fatty acid
beta-oxidation

327 Accumulation, Fatty acid

470 Up Regulation, Acetyl-CoA

carboxylase-1(ACC-1
465 Increased, FA Influx

electrophilic agents, Idiosyncratic _228 peroxisome

toxicity, Reactive, unstable, toxic proliferator activated
receptor_promoter
demethylation

IARC Carcinogen Probable(2a)

ether : Skin sensitization, Genotoxic "
carcinogenicity, mutagenicity, " 1182 Increase, Cell Proliferation(Epithelial Cells)
Potential electrophilic agents 1088 Increased, Oxidative Stress

Encephalopathy, chronic solvent
Solvents, acute toxic effect

Toxic Pneumonitis
Hepatoxic (a) from occupational

- " " ” exposure(Secondary effect) or (b) in animal
studies or in humans after ingestion

Skin burns
arene: Genotoxic carcinogenicity,
mutagenicity N N Y Contact dermatitis, allergic
phenol : Skin sensitization, Potential Contact dermatitis, photoallergic

electrophilic agents

arene :Genotoxic carcinogenicity,
mutagenicity

phenoal : Skin sensitization, Potential
electrophilic agents
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arene : Genotoxic carcinogenicity,
mutagenicity

phenol : Skin sensitization, Potential
electrophilic agents

amine : Skin sensitization,
Genotoxic carcinogenicity,
mutagenicity, Potential electrophilic
agents

1182 Increase, Cell Proliferation(Epithelial Cells)
1088 Increased, Oxidative Stress

aldehyde : Skin sensitization,
Genotoxic carcinogenicity,
mutagenicity, Potential electrophilic
agents, Non-genotoxic
carcinogenicity

carbonyl : Skin sensitization,
Genotoxic carcinogenicity,
mutagenicity, Non-genotoxic
carcinogenicity, Potential
electrophilic agents

alkyl halide : Genotoxic
carcinogenicity, mutagenicity,
Potential electrophilic agents

arene : Genotoxic carcinogenicity,
mutagenicity

phenol : Skin sensitization, Potential 1181 Activation,
electrophilic agents Estrogen receptor

1088 Increased, Oxidative Stress Cancer

1182 Increase, Cell Proliferation(Epithelial Cells)1193 N/A, Breast

Hepatoxic (a) from occupational
exposure(Secondary effect) or (b) in animal
studies or in humans after ingestion
Nephrotoxin

Skin burns

IARC Carcinogen Possible (2b)
Asthma, occupational

Contact dermatitis, allergic

Acute solvent syndrome

Occupational hepatotoxin(Principal effect
Skin burns

IARC Carcinogen Probable (2a)

ACGIH Carcinogen Confirmed Animal
Encephalopathy, chronic solvent
Hepatitis, chemical

Solvents, acute toxic effect

Hepatoxic (a) from occupational
exposure(Secondary effect) or (b) in animal
studies or in humans after ingestion

Toxic Pneumonitis
Skin burns
Asthma, occupational

[Od& 111—-5] AOP 582 ZAlT
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<E Il-3> AOP 60_NR112(Pregnane X Receptor, PXR)
activation leading to hepatic steatosis

Chemical Name

CAS No.

Process in Semiconductor

2,2',6,6'-Tetrabromobisphenol A 79-94-7

Semiconductor and other electronic component manufacturing

Bisphenol A 80-05-7  packaging
Methylchloro-isothiazolinone ~ 26172-55-4 Semiconductor Manufacturing
Perfluorooctane sulfonic acid ~ 1763-23-1 photomicrolithography
Polyethylene polypropylene 9003116 # Z2jatol
glycol
Pyrene 129-00-0 Spin-On-Hardmask S8& E£Ia+T AX|
Tetrahydrofuran 109-99-9 ZECcZd s0=25% 3, & XEepel, sHAEDEH™
Zinc chloride fume 7646-85-7 Semiconductor Manufacturing
1-nitronaphthalene 86-57-7  Small Molecule Semiconductor Building Blocks
2-Methoxyethanol 109-86-4 manufacture wafers for the semiconductor industry
Dimethyl acetamide 127-19-5 ZE(Z|AA)
Ethyl acetate 141-78-6 & XZ2}0l, & HEH 2E, S0E2E% 3H S
Methyl isobutyl ketone 108-10-1 % =ZEIQl, EEZHS

SA : Endpoint ME KE AO Occupational Diseases

arene : Genotoxic carcinogenicity,
mutagenicity, Reactive, unstable, toxic,
Idiosyncratic toxicity

phenol : Skin sensitization, Acute Aquatic
Toxicity, Potential electrophilic agents,
Idiosyncratic toxicity, Reactive, unstable, toxic

arene:

phenol :

arene:
amine : Skin sensitization, Genotoxic
carcinogenicity, mutagenicity, Reactive,
unstable, toxic, Potential electrophilic agents,
Idiosyncratic toxicity

alkyl halide : Genotoxic carcinogenicity,
mutagenicity, Potential electrophilic agents

epoxide : Skin sensitization, Genotoxic
carcinogenicity, mutagenicity, Potential
electrophilic agents, Non-genotoxic
carcinogenicity

ether : Skin sensitization, Genotoxic
carcinogenicity, mutagenicity, Potential
electrophilic agents

£4> Activation,

PXR/SXR

471 Inhibition, FoxA2
179 Decreased, Mitochondrial fatty acid

beta-oxidation

472 Down Regulation, CPTIA
.. 474 Down Regulation, HMGCS2

215 Adhvation, 367 yp Requlation, SCD-1

54 Up Regulation, CD36

465 Increased, FA Influx

Hepatoxic (a) from occupational
exposure(Secondary effect) or (b) in animal
studies or in humans after ingestion

IARC Carcinogen Probable(2a)

459 Increased, Liver Steatosis

477 Decreased, Ketogenesis
454 Increased, Triglyceride formation
327 Accumulation, Fatty acid

Contact dermatitis, allergic
Contact dermatitis, photoallergic

Asthma, occupational
Contact dermatitis, allergic

Hepatoxic (a) from occupational
exposure(Secondary effect) or (b) in animal
studies or in humans after ingestion

1122 Under carboxylated clotting factors
will not assemble on cell surfaces to
form clot, Failure of secondary hemostasis1136 Impaired recruitment, -

1130 Failure in vascular repair

Population trajectory

mechanisms, Unresolved blood
loss(Hemorrhage)

Toxic Pneumonitis
Skin burns
Asthma, occupational
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arene :

nitro : Skin sensitization, Genotoxic
carcinogenicity, mutagenicity, Potential
electrophilic agents

ether :

carbonyl : Skin sensitization, Genotoxic
carcinogenicity, mutagenicity, Non-genotoxic
carcinogenicity, Potential electrophilic agents

carbonyl :

carbonyl :

ketone : Skin sensitization, Potential
electrophilic agents

aldehyde : Skin sensitization, Genotoxic
carcinogenicity, mutagenicity, Potential
electrophilic agents, Non-genotoxic
carcinogenicity

719 Increase,
Adenomas/carcinomas(Hepatocel

N . lular)
" 7:;#22;2?,_‘2/"‘??”';; el 947 Increase, Early Life Stage
p patooyt Mortality

1032 Increased, secretion of local growth

factors 351 Increased Mortality

361 Decline, Population

1164 Increased, Population

1193 N/A, Breast Cancer
Aplastic anemia
Encephalopathy, chronic solvent
Solvents, acute toxic effect

1193 N/A, Breast Cancer

1182 Increase, Cell Proliferation(Epithelial
Cells)
1088 Increased, Oxidative Stress

Acute solvent syndrome
Occupational hepatotoxin(Principal effect)
Nephrotoxin

Reproductive Toxin
IARC Carcinogen Possible(2b)

ACGIH Carcinogen Confirmed Animal
Hepatitis, chemical

Solvents, acute toxic effect

1193 N/A, Breast Cancer

1182 Increase, Cell Proliferation(Epithelial
Cells)
1088 Increased, Oxidative Stress

1193 N/A, Breast Cancer

1182 Increase, Cell Proliferation(Epithelial
Cells)
1088 Increased, Oxidative Stress

PE@ME

Ofher AOP including
e KE 01

[3& 11—-6] AOP 602 22T
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<H Il-4> AOP 61_NFE2L2/FXR activation leading to
hepatic steatosis

Chemical Name CAS No. Process in Semiconductor
2,2',6,6'-Tetrabromobisphenol 26.94.7 Semiconductor and other electronic component
A manufacturing
Acetaldehyde 75-07-0 EE3H, & =gzl
Antimony trichloride 10025-91-9 Semiconductor Manufacturing
Bisphenol A 80-05-7 Packaging
Catechol 120-80-9 Qlo|H 7322l ZE(PRA|7H)
o-Cresol 95-48-7
Cresol p-Cresol 106-44-5 SEIH, 90| 7t32t0l, & =Z2t0l, ZE(PREH))
m-Cresol 108-39-4
ME MM PMEL), flojm 7t52tel fXIE4 & =82t
Isopropy! alcohol 67-63-0 _
ol ZE(PREH)
Zinc chloride fume 7646-85-7 Semiconductor Manufacturing
2-Heptanone 110-43-0 Qlo|m7t=satel, ZE(PREX)
SA : Endpoint ME KE AO Occupational Diseases

arene : Genotoxic
carcinogenicity,
mutagenicity
phenol :Potential
electrophilic agents

aldehyde :Genotoxic
carcinogenicity,
mutagenicity, Potential
electrophilic agents,
Non-genotoxic
carcinogenicity
carbonyl :Genotoxic
carcinogenicity,
mutagenicity,
Non-genotoxic
carcinogenicity,
Potential electrophilic
agents

ketone : Skin
sensitization, Potential
electrophilic agents

arene : Genotoxic

480 Activation, SHP
227 Activation, PPARa
482 Decreased, DHB4/HSD17B4
478 Activation 451 Inhibi_tion, Mitochondrial fatty acid
NRF2 beta—o><|dlat|9n
479 Activation 483 ActI|Vjc1t.|on LXR alpha
NR1H4 878 Inh|lb|t|.on SREBP1c
879 Activation, MTTP
880 Increased, ApoB100
881 Increased, Triglyceride
458 Increased, De Novo FA synthesis

Hepatoxic (a) from occupational exposure
459 Increased, Liver(Secondary effect) or (b) in animal studies or
Steatosis in humans after ingestion

IARC Carcinogen Probable(2a)

Asthma

Carcinoma

Cardiomyopathy, Alcoholic

Fatty Liver, Alcoholic

Heart Diseases

Hypotension

Intestinal Neoplasms

Lung Neoplasms

Mammary Neoplasms, Animal
Nervous System Malformations
Neuroectodermal Tumors, Primitive
Rhinitis

Stomach Neoplasms

Tachycardia

[in animals: nasal cancer / potential
occupational carcinogen]

Toxic Pneumonitis

Hepatoxic (a) from occupational exposure
(Secondary effect) or (b) in animal studies or
in humans after ingestion

Skin burns

Contact dermatitis, allergic
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carcinogenicity,
mutagenicity
phenol : Potential
electrophilic agents

arene : Genotoxic
carcinogenicity,
mutagenicity
phenol : Potential
electrophilic agents

arene : Genotoxic
carcinogenicity,
mutagenicity
phenol : Potential
electrophilic agents

carbonyl :
ketone :
aldehyde :

1134 Irreversible
inhibition of
hepatic VKOR by "

binding of AR at1122 Under carboxylated clotting factors will not
assemble on cell surfaces to form clot, Failure of

tyrosine 139,

Failure to cycle secondary hemostasis

vitamin K 1130 Failure in vascular repair mechanisms,
epoxide to Unresolved blood loss(Hemorrhage)

vitamin K to

form vitamin K
hydroquinone

Contact dermatitis, photoallergic

N Encephalopathy, chronic solvent
Solvents, acute toxic effect

Toxic Pneumonitis
Skin burns
Asthma, occupational

1136 Impaired
recruitment , -
Population

trajectory

PPARa activation lgding,to impaired fertility

PPARa Agonism i A

AKT2 act

GR activation K
Inhibition fatty acid beta oxidation les
Inhibition of N-linked g sion leads to liver injury

Key Event

Messeular Intiateg
Event

Adverse Outzome o3
Othar AOP inclling Q
this KE

Noradjacant

nonalcoholic steatohepatisis (NASH)

[O8 111-7] AOP 612 2AT
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<H II-5> AOP 66_Modulation of Adult Leydig Cell
Function Subsequent Glucocorticoid Activation in the Fetal

Testis

Chemical Name CAS No. Process in Semiconductor
2,2',6,6'-Tetrabromobisphenol . . .
A 79-94-7  Semiconductor and other electronic component manufacturing
Acetaldehyde 75-07-0 ZcIN, & x2ael
Antimony trichloride 10025-91-9 Semiconductor Manufacturing
Bisphenol A 80-05-7  packaging
Catechol 120-80-9  glojm 7t=2tQl, ZE(PRA|A)
Glycerol 56-81-5 SHE8E% 3™, & =gztel
Perfluorooctane sulfonic acid 1763-23-1  photomicrolithography
Pyrene 129-00-0  Spin-On-Hardmask 58& XIs+E A
Zinc chloride fume 7646-85-7  Semiconductor Manufacturing

SA : Endpoint

MIE KE AO

Occupational Diseases

arene : Genotoxic
carcinogenicity,
mutagenicity
phenol :Potential
electrophilic agents

aldehyde :
Genotoxic
carcinogenicity,
mutagenicity,
Potential
electrophilic agents,
Non-genotoxic
carcinogenicity
carbonyl : Skin
sensitization,
Genotoxic
carcinogenicity,
mutagenicity,
Non-genotoxic
carcinogenicity,
Potential
electrophilic agents
ketone :Potential
electrophilic agents

655 Decreased testosterone by the fetal

653 Decreased testosterone Leydig cells, Increased COUP-TFII in fetal

by the fetal Leydig cells Levdig cells
Increased corticosterone eydig ces

656 Decreased number and function of
654 Decreased testosterone "
" adult Leydig cells, Decreased COUP-TFII
by the fetal Leydig cells, "
Activation by other stem Leydig cells
Activation by other
— 657 Decreased testosterone by the fetal
lucocorticoid receptor - " "
5 Leydig cells, Dysgenesis of fetal Leydig
agonists calls

505 Decreased
sperm quantity /

Decreased fertility

quality in the adult,”

Asthma

Carcinoma

Cardiomyopathy, Alcoholic

Fatty Liver, Alcoholic

Heart Diseases

Hypotension

Intestinal Neoplasms

Lung Neoplasms

Mammary Neoplasms, Animal
Nervous System Malformations
Neuroectodermal Tumors, Primitive
Rhinitis

Stomach Neoplasms

Tachycardia

[in animals: nasal cancer / potential
occupational carcinogen]

Toxic Pneumonitis

Hepatoxic (a) from occupational
exposure(Secondary effect) or (b) in
animal studies or in humans after
ingestion

Skin burns



arene : Genotoxic

carcinogenicity,
mutagenicity

phenol : Potential
electrophilic agents

arene : Genotoxic

carcinogenicity,
mutagenicity

phenol : Potential
electrophilic agents

alkyl halide :
Genotoxic
carcinogenicity,
mutagenicity,
Potential

1193 N/A, Breast
Cancer

1182 Increase, Cell Proliferation(Epithelial
Cells)
1088 Increased, Oxidative Stress

electrophilic agents

arene : Genotoxic

carcinogenicity,
mutagenicity

Contact dermatitis, allergic
Contact dermatitis, photoallergic

Hepatoxic (a) from occupational
exposure(Secondary effect) or (b) in
animal studies or in humans after
ingestion

Toxic Pneumonitis
Skin burns
Asthma, occupational

Moiscular Insang
Event
Koy Event

Adverse Outcome

Othar AOP inchuding
this K

Nonadjscent

Decreased sperm quantity

quality in the adult, Decreased fertility

[O& 111—-8] AOP 662 ZAiT
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<H Il-6> AOP 107_Constitutive androstane receptor
activation leading to hepatocellular adenomas and
carcinomas in the mouse and the rat

Chemical Name CAS No. Process in Semiconductor
2,2',6,6'-Tetrabromobisphenol A 79-94-7  Semiconductor and other electronic component manufacturing
Acetaldehyde 75-07-0 Z2E3H, & =gztol
Bisphenol A 80-05-7  packaging
Catechol 120-80-9 &o|m 7t&2}Ql, ZE(PRA|AH)

Perfluorooctane sulfonic acid 1763-23-1 photomicrolithography
Pyrene 129-00-0  Spin-On-Hardmask&™& Tk AXY
1-nitronaphthalene 86-57-7  Small Molecule Semiconductor Building Blocks
2-(2-Aminoethoxy)-ethanol 929-06-6 Qo|m Ztz2zfol
Piperazine 110-85-0 & =gztel, =HA0OEd

SA : Endpoint MIE KE AO Occupational Diseases

arene : Genotoxic carcinogenicity,
mutagenicity

phenol : Potential electrophilic
agents

aldehyde :Genotoxic
carcinogenicity, mutagenicity,
Potential electrophilic agents,
Non-genotoxic carcinogenicity
carbonyl :Genotoxic
carcinogenicity, mutagenicity,
Non-genotoxic carcinogenicity,
Potential electrophilic agents
ketone :Potential electrophilic
agents

arene : Genotoxic carcinogenicity,
mutagenicity

phenol : Potential electrophilic
agents

arene : Genotoxic carcinogenicity,
mutagenicity

phenol : Potential electrophilic
agents

alkyl halide : Genotoxic
carcinogenicity, mutagenicity,
Potential electrophilic agents

arene : Genotoxic carcinogenicity,
mutagenicity

456 Suppression,
Constitutive androstane
receptor, NR113

654
Decreasedtestosteronebythef
etalLeydigcells, Activationbyot
herglucocorticoidreceptorago
nists

715 Activation, Constitutive
androstanereceptor

1214 Altered gene expression
specific to CAR activation Hepatoxic (a) from occupational
Hepatocytes 719 Increase, exposure(Secondary effect) or (b) in
716 Increase, Mitogenic cell ~ Adenomas/carcino animal studies or in humans after
proliferation(Hepatocytes) mas(Hepatocellular)ingestion
774 Increase, Preneoplastic IARC Carcinogen Probable(2a)
foci(Hepatocytes

Carcinoma

Cardiomyopathy, Alcoholic

Fatty Liver, Alcoholic

Intestinal Neoplasms

Lung Neoplasms

Mammary Neoplasms, Animal
NeuroectodermalTumors, Primitive
Stomach Neoplasms

[in animals: nasal cancer / potential
occupational carcinogen]

Contact dermatitis, allergic
Contact dermatitis, photoallergic

Stomach Neoplasms

Chromosome Aberrations
Micronuclei, Chromosome-Defective
Occupational Diseases

Hyperplasia

Hepatoxic (a) from occupational
exposure(Secondary effect) or (b) in
animal studies or in humans after
ingestion

Chemical and Drug Induced Liver Injury
Liver Neoplasms, Experimental
Acute Kidney Injury
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arene : Genotoxic carcinogenicity,
mutagenicity

nitro :Genotoxic carcinogenicity,
mutagenicity, Potential
electrophilic agents

amine :Genotoxic carcinogenicity,

mutagenicity, Potential

electrophilic agents "
ether :Genotoxic carcinogenicity,

mutagenicity, Potential

electrophilic agents

amine : Genotoxic carcinogenicity,
mutagenicity, Potential
electrophilic agents

1130 Failure in vascular repair

mechanisms, Unresolved blood recruitment,

loss(Hemorrhage)

1182 Increase, Cell
Proliferation(Epithelial Cells)
1088 Increased, Oxidative
Stress

Hepatomegaly

Heart Defects, Congenital
Nervous System Malformations
Prenatal Injuries

Neoplasms

Immune System Diseases

Limb Deformities, Congenital

Chemical and Drug Induced Liver Injury

Lung Injury
Acute Lung Injury
Lung Diseases

1136 Impaired  Catatonia

Dermatitis, Irritant
Population Paralysis
trajectory Spasm

Vasculitis, Leukocytoclastic, Cutaneous

1193 N/A, Breast Arrhythmias, Cardiac
Cancer

Activation, Co

[O8 111—-9] AOP 1072 24

Mess s Intatng
Evert
b

Adverse Cutcome lo-1
Othar AOP including &
this KE N
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<H IlI-7> AOP 150_Aryl hydrocarbon receptor activation
leading to early life stage mortality, via reduced VEGF

Chemical Name CAS No. Process in Semiconductor
Bisphenol A 80-05-7 packaging
Catechol 120-80-9 ¢lo|m 7t52h2l, ZE(PRH|AH)

Stripper : BI=X| ZE 5 & ZEL|X|AE(Photo-resist) IE Y
sid 2= 2% ZEYXAE B2 MAHSHEH AME

Methylchloro-isothiazolinone  26172-55-4 Semiconductor Manufacturing

Dimethyl sulfoxide 67-68-5

Pyrene 129-00-0 Spin-On-Hardmask 588 Xiask AX|
Zinc chloride fume 7646-85-7 Semiconductor Manufacturing
1-Methoxy-2-propyl acetate 108-65-6 <QO|m7tz2tel, & Z=Ee2tol, ZE(PREHA)|)
1-nitronaphthalene 86-57-7 Small Molecule Semiconductor Building Blocks
1-Nitropropane 108-03-2 Semiconductor Manufacturing
SA : Endpoint MIE KE AO Occupational Diseases

944 dimerization, AHR/ARNT
945 reduced dimerization,

ARNT/HIF1-alpha

arene : Genotoxic Contact dermatitis, allergic

carcinogenicity, mutagenicity . . 947 Increase, Early Life I
phenol Potential electrophilic 18 Activation, AhR 948 reduced production, VEGF Stage Mortali Contact dermatitis,

110 Impairment, Endothelial network photoallergic

agents 317 Altered, Cardiovascular
development/function
Stomach Neoplasms
arene : Genotoxic Chromosome Aberrations
carcinogenicity, mutagenicity " " " Micronuclei,
phenol : Potential electrophilic Chromosome-Defective
agents Occupational Diseases
Hyperplasia
Acute solvent syndrome
Hepatoxic (a) from occupational
sulfoxide : Potential electrophilic " " " exposure(Secondary effect) or
agents (b) in animal studies or in

humans after ingestion
Solvents, acute toxic effect

arene: Genotoxic carcinogenicity,
mutagenicity

amine :Genotoxic
carcinogenicity, mutagenicity,
Potential electrophilic agents

Asthma, occupational
Contact dermatitis, allergic

Chemical and Drug Induced
Liver Injury
Liver Neoplasms, Experimental
Hepatomegaly
Necrosis
arene: Genotoxic carcinogenicity, N N " Heart Defects, Congenital
mutagenicity Nervous System Malformations
Prenatal Injuries
Neoplasms
Congenital Abnormalities
Immune System Diseases
Limb Deformities, Congenital

- Toxic Pneumonitis



carbonyl :Genotoxic
carcinogenicity, mutagenicity,
Non-genotoxic carcinogenicity,
Potential electrophilic agents
ether :Genotoxic carcinogenicity,
mutagenicity, Potential
electrophilic agents

aniline : Acute Aquatic Toxicity,
Idiosyncratic toxicity, Reactive,

unstable, toxic

arene: Genotoxic carcinogenicity, N
mutagenicity

nitro :Genotoxic carcinogenicity,
mutagenicity, Potential

electrophilic agents

nitro : Genotoxic carcinogenicity,
mutagenicity, Potential
electrophilic agents

1122 Under carboxylated clotting
factors will not assemble on cell
surfaces to form clot, Failure of
secondary hemostasis

1130 Failure in vascular repair
mechanisms, Unresolved blood
loss(Hemorrhage)

716 Increase, Mitogenic cell
proliferation(Hepatocytes)

1032 Increased, secretion of local
growth factors

1106 Occurrence, cardiac arrhythmia
1096 Increased, blood uric acid
concentration

Skin burns
Asthma, occupational

Encephalopathy, chronic solvent

1136 Impaired recruitment , Solvents, acute toxic effect

Population trajectory

459 Increased, Liver
Steatosis

719 Increase,
Adenomas/carcinomas(Hepa
tocellular)

351 Increased Mortality
361 Decline, Population
1164 Increased, Population
1193 N/A Breast Cancer

Other CNS neurotoxin
Hepatoxic (a) from occupational
exposure(Secondary effect) or
(b) in animal studies or in
humans after ingestion

351 Increased Mortality
361 Decline, Population

reduced dil

AHR meciated epigdietit eproductive falurs

THIF1 -l Molecular Insiatng

o e .
Koy Event &

-
Adverse Ousome ool
Devel
Cmner ACP ingiuting }{}
this KE B
Noradjacent
Adwcant -
o

[Od3 1-10] AOP 1502 ZAx
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<H III-8> AOP 153_Aromatase Inhibition leading to
Ovulation Inhibition and Decreased Fertility in Female Rats

Chemical Name CAS No. Process in Semiconductor
2,2',6,6'-Tetrabromobisphenol A 79-94-7  Semiconductor and other electronic component manufacturing
Acetaldehyde 75-07-0 =EZJ7E & =Eetel
Catechol 120-80-9 ¢o|m 7}&2t9l, ZE(PRA|H)

i - H} IE DX = 1L AE resist) I
Dimethyl sulfoxide 67-68-5 Stripper : BIE=X| ZE 38 § ZE X|AE(Photo-resist) I{E

2 A Y = 2EHAY ZEYXAE FS MASH=OH AL
ME, AAF((PME ), flolE 7Hsatel, FRIES & =]2tel,
ZE(PREX)

Perfluorooctane sulfonic acid 1763-23-1 photomicrolithography

Isopropyl alcohol 67-63-0

Diethylene glycol monobutyl

112-34-5 Semiconductor Manufacturing
ether

SA : Endpoint MIE KE AO Occupational Diseases

965 reduction in ovarian granulosa cells synthesis
of estradiol, Reduced steroidogenic production of
estradiol in granulosa cells
654 966 Reduced Estradiol in Circulation, Reduced
Decreasedtestosteronebyt steroidogenic production of estradiol in granulosa
hefetalLeydigcells,Activati cells leading to decreased estradiol in circulation
onbyotherglucocorticoidre_967 Decreased positive estrogenic feedback on

arene : Genotoxic
carcinogenicity,
mutagenicity, Reactive,

. ceptoragonists hypothalamus, Reduced estradiol in circulation Hepatoxic (a) from

unstable, toxic, . " )

X ) - 964 Inhibition of decreases estrogen concentration at hypothalamus 972 Decreased —occupational
Idiosyncratic toxicity " . p ™

X Aromatase Enzyme, 968 Decreased Kisspeptin release from neurons in fertility, Reduced exposure(Secondary effect) or

phenol : Skin " " : h : ;
censitization. Acute Chemical exposure AVPV, Decreased hypothalamic estrogen reduces  number of (b) in animal studies or in
Aquatic Toxici PUU:_”Lididurinq critical window  kisspeptinergic neuron response oocytes ovulated humans after ingestion

q P v, of estrous cycle 969 Decreased GnRH Release, Decreased IARC Carcinogen Probable(2a)
electrophilic agents, " - — "
Idiosyncratic toxicity, between diestrus 2 and  Kisspeptin stimulation of GnRH neurons

g proestrus _inhibits 970 Decreased LH release from Anterior Pituitary,

Reactive, unstable, toxic aromatase conversion of Decreased GnRH stimulation of Anterior Pituitary

testosterone to estradiol Gonadotrophs
971 Ovulation of oocytes Reduced, Delayed, or
Blocked, Decrease or delay in LH surge required

for_ovulation
Carcinoma
Cardiomyopathy, Alcoholic
aldehyde :Genotoxic Fatty Liver, Alcoholic
carcinogenicity, Heart Diseases
mutagenicity, Potential Hypotension
electrophilic agents, Intestinal Neoplasms
Non-genotoxic Lung Neoplasms
carcinogenicity Mammary Neoplasms, Animal
carbonyl :Genotoxic N " " Nervous System
carcinogenicity, Malformations
mutagenicity, Neuroectodermal Tumors,
Non-genotoxic Primitive
carcinogenicity, Potential Rhinitis
electrophilic agents Stomach Neoplasms
ketone :Potential Tachycardia
electrophilic agents [in animals: nasal cancer /
potential occupational
carcinogen]

arene: Genotoxic
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carcinogenicity,
mutagenicity

phenol : Skin
sensitization, Acute
Aquatic Toxicity, Potential
electrophilic agents

sulfoxide : Potential
electrophilic agents

alkyl halide : Genotoxic
carcinogenicity,
mutagenicity, Potential
electrophilic agents

593 Inhibition, Ether-a-go-go(ERG) voltage-gated
ether :Skin sensitization, potassium channel
Genotoxic carcinogenicity,
mutagenicity, Potential

electrophilic agents

1181 Activation, Estrogen

receptor 1182 Increase, Cell Proliferation(Epithelial Cells)

1088 Increased, Oxidative Stress

1193 N/A
Breast Cancer

Acute solvent syndrome
Hepatoxic (a) from
occupational
exposure(Secondary effect) or
(b) in animal studies or in
humans after ingestion
Solvents, acute toxic effect

Encephalopathy, chronic
solvent
Solvents, acute toxic effect

Hepatoxic (a) from
occupational
exposure(Secondary effect) or
(b) in animal studies or in
humans after ingestion

Hemolytic anemia

Skin Sensitizer

Acute solvent syndrome
Hepatoxic (a) from
occupational
exposure(Secondary effect) or
(b) in animal studies or in
humans after ingestion
Contact dermatitis, allergic
Encephalopathy, chronic
solvent

Solvents, acute toxic effect

Inhibition of Arematase Enzyme, Chemi during critical window of estrous eycle b

Reduced Estradiol in Circulation, M@mmwdnmﬁd in granulos

Decreased Kisspeptin release from neu

reduction in ovarian granulosa cells. o, Reduced stercidogenic producti

inA

or delay in LH surge required f

Decreased fertility, Red

luced nump

ber of oocytes ovulated

[O8 111-11] AOP 1532 22X
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<H II-9> AOP 163_PPARgamma activation leading to
sarcomas in rats, mice, and hamsters

Chemical Name CAS No. Process in Semiconductor
2,2',6,6'-Tetrabromobisphenol A 79-94-7  Semiconductor and other electronic component manufacturing
Acetaldehyde 75-07-0 Z2E3H, & =gzl
Bisphenol A 80-05-7 packaging
Catechol 120-80-9 ¢o|H 7t22}tQl, ZE(PRK|AH)

Perfluorooctane sulfonic acid 1763-23-1 photomicrolithography
1-nitronaphthalene 86-57-7 Small Molecule Semiconductor Building Blocks
SA : Endpoint MIE KE AO Occupational Diseases

1029 Increased, adipogenesis
233 Decreased, 1032 Increased, secretion of
PPAR-gamma_activation  local growth factors
arene : Genotoxic 654 1033 Increased, proliferation
carcinogenicity, Decreasedﬁestosterqnebyth of mesenchymal cells
mutagenicity efetalLeydlgcells,Act{vatlon 1034 Increased,
L byotherglucocorticoidrecepIGF-1(Mouse)
phenol : Potential toragonists 1035 Increased,
electrophilic agents 1028 Activation of specificFirbrosarcoma
nuclear receptors, 1036 Increased, liposarcoma
PPAR-gamma activation 1037 Increased,

hemagiosarcoma

aldehyde :Genotoxic
carcinogenicity,
mutagenicity,
Potential
electrophilic agents,
Non-genotoxic
carcinogenicity
carbonyl : Genotoxic
carcinogenicity,
mutagenicity,
Non-genotoxic
carcinogenicity,
Potential
electrophilic agents
ketone :Potential
electrophilic agents

arene : Genotoxic
carcinogenicity,
mutagenicity
phenol : Potential
electrophilic agents

Hepatoxic (a) from
occupational
exposure(Secondary effect) or
(b) in animal studies or in
humans after ingestion
IARC Carcinogen
Probable(2a)

Asthma

Carcinoma
Cardiomyopathy, Alcoholic
Fatty Liver, Alcoholic
Heart Diseases

Intestinal Neoplasms
Lung Neoplasms
Mammary Neoplasms,
Animal

Nervous System
Malformations
Neuroectodermal Tumors,
Primitive

Rhinitis

Stomach Neoplasms
Tachycardia

[in animals: nasal cancer /
potential occupational
carcinogen]

Contact dermatitis, allergic
Contact dermatitis,
photoallergic



arene : Genotoxic
carcinogenicity,
mutagenicity
phenol : Potential
electrophilic agents

alkyl halide :
Genotoxic
carcinogenicity,
mutagenicity,
Potential
electrophilic agents

arene :

nitro : Genotoxic
carcinogenicity,
mutagenicity,
Potential
electrophilic agents

Hepatoxic (a) from
occupational

- exposure(Secondary effect) or
(b) in animal studies or in
humans after ingestion

459 Increased, Liver
Steatosis

719 Increase,
Adenomas/carcinomas(H
epatocellular)

947 Increase, Early Life
Stage Mortality

351 Increased Mortality
361 Decline, Population
1164 Increased,
Population

1193 N/A, Breast Cancer

716 Increase, Mitogenic cell
proliferation(Hepatocytes)

Molecular Initiating
Event

-
Adverse Outcome ja0-1
Othar ACP mchading
this KE

Nonadjacent

cells

[O& 111-12] AOP 1632 ZAE



M HPZAD} - 45

<H [I-10> AOP 187_Anticoagulant rodenticide inhibition
of vitamin K epoxide reductase resulting coagulopathy

and hemorrhage

Chemical Name CAS No. Process in Semiconductor
156-59-2
1,2-Dichloroethylene, all isomers 156-60-5 MIA
540-59-0

2,2',6,6'-Tetrabromobisphenol A 79-94-7 rsrfamnlucf?a r;i:JrT;c;r and  other electronic  component
Acetaldehyde 75-07-0 2E=E3Y, ® =geatel

I MH 2CcoX ool JHE2FOl OlAl=X Kl MKb
Acetone 67-64-1 E}}_EE}‘;IE_OO, wlomH sksetel, essE A EA,
Antimony trichloride 10025-91-9 Semiconductor Manufacturing
Arsenic trioxide 1327-53-3  Semiconductor Manufacturing
Bisphenol A 80-05-7  packaging
Catechol 120-80-9  9jlo|m 7tZatel, ZE(PRE|H)
Ethylene glycol 107-21-1 CVD, ZAAlAIZE Qoo 7t=2f9l, o|l2Fe 2
Isopropy! alcohol 67-63-0 g?ﬁ;ﬂ(xﬂ;g%&%)/ glolm 7tEetel, |XlEs, & xgat
Methylchloro-isothiazolinone 26172-55-4 Semiconductor Manufacturing
Perfluorooctane sulfonic acid 1763-23-1 Photomicrolithography
Polyethylene polypropylene glycol 9003-11-6 % =Zztol
Pyrene 129-00-0 Spin-On-Hardmaska™d& X1+ AX|
Silica, amorphous 7631-86-9 PolycrysFaIIine . silicon and silicon .dioxide materials are

112926-00-8 etched in semiconductor manufacturing

Zinc chloride fume 7646-85-7 Semiconductor Manufacturing
1-Methoxy-2-propyl acetate 108-65-6  ¢o|H7taEtel, & x=Eeel, ZE(PREX))
2-Heptanone 110-43-0 glo|m7ts2tel, ZE(PREH)|)
4-Chloro-2-methylphenol 1570-64-5 Semiconductor Manufacturing
Epichlorohydrin 106-89-8 -
Heptane 142-82-5 % =@ztol, EE3HS
Nitrobenzene 98-95-3  Semiconductor Manufacturing
Phosphoric acid 7664-38-2 90|I{ 7320l SAIAlZt
Piperazine 110-85-0 % x&lz}ol, =HAOIEH™
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Molecular Initiatng
Event
Failure in vascular repair

mmmmudmmu.muehm in bone, Imp

Uncoupling of oxidative ability to generate ATP ‘2:1-':;09-(..:\”
.

Key Event

Adverse Cutzome

> @H

Nonsdjscent

|

Adgscent
o e R Ay

Under carboxylated clotting factors. Il surfaces to form clot, Failur

[Od& 111-13] AOP 1872 AT
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<H II-11> AOP 200_Estrogen receptor activation leading

to breast cancer

Chemical Name CAS No. Process in Semiconductor
2,2',6,6'-Tetrabromobisphenol A 79-94-7 rsfamnf];r;ﬁr;:;r and  other electronic  component
2-Butoxyethanol 111-76-2 E xglgtel ™Myt
Acetaldehyde 75-07-0 23, & xggel
Antimony trichloride 10025-91-9 Semiconductor Manufacturing
Arsenic trioxide 1327-53-3 Semiconductor Manufacturing
Bisphenol A 80-05-7 Packaging
Catechol 120-80-9 Qlo|m 7+Ez2tQl, LE(PRKA)

Stripper : HtEX| ZE Z3F & ZE2|X|AE(Photo-resist)
Diethanolamine 111-42-2 OEY 8l s 7 2Lt ZEYXAE F2 HAHSHE
ol AL
Ethylene glycol 107-21-1 CVD, HAAIAZE Qlo|H 7}22}2!, o|2F¢ 3™
Glycerol 56-81-5 SHE84 3H, & =22l
n-Butyl alcohol 71-36-3 Semiconductor Manufacturing
Perfluorooctane sulfonic acid 1763-23-1 Photomicrolithography
Phenol 108-95-2 23, & xggel
Tetrachloroethylene 127-18-4 SEC3™, & ®E H g2, HAE 33
Zinc chloride fume 7646-85-7 Semiconductor Manufacturing
1-Methoxy-2-propanol 107-98-2 2lo|m7tEetel, ZE(PREXA)
1-nitronaphthalene 86-57-7 Small Molecule Semiconductor Building Blocks
2-Methoxyethanol 109-86-4 manufacture wafers for the semiconductor industry
4-Chloro-2-methylphenol 1570-64-5 Semiconductor Manufacturing
Diethylene glycol monobutyl ether 112-34-5 Semiconductor Manufacturing
Diethylene glycol monobutyl ether 112-34-5 Semiconductor Manufacturing
Dimethyl acetamide 127-19-5 ZE(S|MA)
Nitrobenzene 98-95-3 Semiconductor Manufacturing
Indium phosphide 22398-80-7 manufacture of semiconductor wafers
Methyl-3-methoxy propionate 3852-09-3 Qo|H7Iaelel, ZE(PREX))
Piperazine 110-85-0 X x=2lgol, sHAOEH
75-59-2
10424-66-5(Trihy
Tetramethyl ammonium hydroxide drate) Ao|H7tEerel, & =B, ZE(FHMM), = HAOSY
10424-65-4(Pent
ahydrate)
Trimellitic anhydride 552-30-7 -
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e drdd Aee & 4 ¢ AJD AR, WA (Benzene) o] =EE
AN e =T M-15)= AR SALAAZ(A0P)= ok 7|
o] A Gtk Ao

Benzene (CAS No. 71-43-2)

Benzene Exposure

idative T ABR
No AOPs § . Dysregulation
No Links

But it has picture summary.

Reduced
Immuno-
Surveillance

Reduced
Immuno-
Surveillance

- Keay Events | Modifying Factor
™y .
Stam Cells Taxicological Effect

[O& 111-15] Benzenel =2 QITt SHYUVFZE NET
Benzened] &2 A3t SAUNHAAZE S o] MFHor A 4
A9 AOPwiki 2 AOP-KBoll A ZAME R eFkth

Oll

=98
T“‘f:
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<E 1-12> BIEHAIQIOIA S P4 HEOI TS CIEXQ!

ik IV
8414, 0 4(CHE Y F3LS) 7044, HHEZS)
- HETACIB) A - SHO|HA(HF) Bt K|
- CMP, MM, Metal, ZE, CVD, AZt, AAt/2L{2| |- IMP, CMP, CVD/AX|L| O
O|H - EAHE, Of24, EA, IPA, OFME, Dtitstea, &

- OFMlE, MUY, &I, S8A, I4H, Hs, I ZE, | M EHIEE &
2-HEAEHE, &M S - TE[gAbA

=2 o

78 Y, HEHEETRUE, AY) 764, o J(ct2g, AMY)

- M2 _EEH
- 2+0[0f 2 Y/ 12| 0lH
- 19934 / 1999.6-2012.4 / 2013.2-2013.5 / 2017.7
- SUN2R Ol Lto|of ol Y. ChE 7i2

O
- AT RHRHY) B A 29 g2
- /ALY - AETROM HaYdozr B AFED AREQ
- =Ah Al EA, IMsleA, QI4E OFNELL, [ HIZO0| Ol He R 58
IPA, 7tHIE & - ZEYHIS|E, s, 7B WAIMEZHOIAY - A
SHEH0 =
- RofloIAt =g =E0 IHE Rold d4E5HE 10
- W2 R, A2 AE AL WY L= A5t &
[=13
o
84134, ofd(Craddats) 84144, ofd(Chaddats)
- HERRCIB) Bt H - HERRCIB) B H
- CMP, N7, Metal, ZE, CVD, Mz}, AA/2mg |- CMP, N7, Metal, ZE, CVD, A2}, AA/2mg
1= 1=

- OFMIE, MY, #H, E8A, 43, Hs I Z, |- OtME, A, #HH
=l

al A, E29, A, HE, 283,
2-0 S A0 ErE, B 2D SAOErS, BN 5

=2/ O = IO =
78, 8= 78, HEHEETE, AY)

- STRCIB) B A
- EDS/2TH2{ 0| §f

- AP XH(SHA) HEE X
- 1997.2/20124 - 2013.7/2017.2(¥&=At Zat= _:_; O”;(J i
Fyol gepaye RolsgoLh - BRIl )
. - B, IA, D, QM OHEH,
oz B Ze RUAYE SO =F IPA F1EZ =
- BT AYRRR A% e, AEyAR HoY T TS ©
Mot & AMHZIS o
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6) AOP 57} DB #HAMO. 2 stressor AOP(SAOP, a9 I-17) DB &9

dHS T e, A2 AOPsE & F AEE DBE =3k
THE THoH, ol T3 103FY gE=Edo] AOPsE zom 2652
A ZEA (Case evidences)E Zb+=the 1S 4 4 AT

[O8 111-17] sAOP(Stressor AOP) AIO|E ! AOP XNIT &
http://saop.cpr.ku.dk/
sAOP(Stressor AOP)+= ToxCaste 54 3lstEdo] AZH F40] 28 AOPE $3% Zax
oty AZd AEHE B4 EH-o| F4o] &d 600071 olAtel 3&EZ 3 2007] o4l AOP

g Bob ¥ JOE SAOPE 54 2 $AE PAE9 HhE £9w o EI: H5EA
o4 - 184 %71el Ik OECD 9 AOPE EHale tlolel AES EaHsel 55 AOP
o BEE B4 S9EA SALAARE AZe) 99 44 2 olv 49 $A4EL
Sed 242 F



7) AOP ¥4 Ao tfgt o Zz3d(xlsx) JYE Fsgoen, A4
0% stetEde 427] AOPsE zkom F8 190F ste&Edo] 1171
AOPsel| ald3te & 4 AATHGE M-13).
<H II-13> FL2 190F UANESEO| OjSt AOP EA Zilt

AOP Name Counts

200 Estrogen receptor activation leading to breast cancer 37
187 Anticoagulant rodenticide inhibition of vitamin K epoxide reductase resulting 31
coagulopathy and hemorrhage
60 NR1I2(Pregnane X Receptor, PXR) activation leading to hepatic steatosis 20
36 Peroxisomal Fatty Acid Beta-Oxidation Inhibition Leading to Steatosis 15
58 NR1I3(CAR) suppression leading to hepatic steatosis 15
66 Modulation of Adult Leydig Cell Function Subsequent Glucocorticoid Activation 13
in the Fetal Testis
107 Constitutive androstane receptor activation leading to hepatocellular adenomas 13
and carcinomas in the mouse and the rat
61 NFE2L2/FXR activation leading to hepatic steatosis 12
150 Aryl hydrocarbon receptor activation leading to early life stage mortality, via

12
reduced VEGF
153 Aromatase Inhibition leading to Ovulation Inhibition and Decreased Fertility in 12
Female Rats
163 PPARgamma activation leading to sarcomas in rats, mice, and hamsters 10

Etc.

minor




Q) 199% A+(Un silico prediction) Z3}&E3Fo] H WL

2 29 9 5 AW
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by Derek & Sarah-Nexus, Danish, Vega,
TES.T.(EPA), OECD Toolbox)®] 4%, (‘199% +9])
oA FPoz d5d 54 8F + 4F°] T AOPs7h a7t
- 2olA(By Derek & Sarah-Nexus, Danish, Vega)® 79, RE T2
oA FPo= 3 =4 115 F 2F°] T AOPs7t A+5 ¢A
A2 H TM-18).
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rot

1) AOPwikiel AOP7} %%} S+ 3+e&E4 (Weight of evidence(Z71<]
7FEA); Y M-19E 79 resorting — 1907] & disl], CTD,
pathway studio, SAOP AollA] AME = data 2D FHaFd W& 243
of KEZ AHEStes &F%lom,

2) ©] resorting 1907} EZ&o] thal, CTD % pathway studio 2ollA 721
+ data ¥ Fagd &S A8t AR, Y species, target
organ, pathway %) ®#7F3tal, KER El3A &4 — Fafde 234
A3 ¢4 9@ 244 KE, KERY 3k &AAE

3) F7Ho® a9 M-202 #Zo| 7zt setEd e e AR 9 =4 7|+
- (Categorizing) & &3 SA 71 (WoE) S

s,
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[O" 111-19] THUIFTEH(Weight of evidence)?l Ik

Qe =Al] ol Yes” EE No'E ARH] AT BHHA ZA% ANHL FA9 7
hH 2 MBoR ARl J1&olAth ol BE EE ARA B SHo 4EH AAH
2 sl QAT WAT H5e) 458 AES gvidet

FEA WA, B EEE 9 5448 2019, =SSR pp. 24 <™ 1-3 FAWFHE A
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Description of the AOP Development process

@) oECD

Making AOPs AOP Exploratory ResearchAssistant(AOPERA)

Level 0 : I do not know anything about my chemical.

Level 1 : 1 know my chemical causes an AO, but I do not know how

Level 2 : T know my chemical causes a Key Event, but I do not know upstream or
downstream MIE, KEs, or AOs.

Level 3 : 1 know my chemical causes an MIE, but I do not know downstream key events
or AO

[O& 111-21] I AOP M U HXIATL YT YHOZ A AOP
Exploratory Research Assistant(AOPERA)
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7. AOP Xt=2| HAI=t

b 7}*3}0 of ;H%L?'f}?: &£ 22 1-Methoxy-2-propanol %
ghelo] didalE &2 2-(2-Ethoxyethoxy) ethanol 5
TEOR = E4E 1-Methoxy-2-propyl acetate 5 1
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Human Protein Atlas

* Z2]: The Human Protein Atlas https://www.proteinatlas.org/



<H I-14> 2 X2 @ HNL HEL AA KT TS
dolm 7F2ekel 1-Methoxy-2-propanol 5 25%, 3 ZH 2 1-Methoxy-2-propyl acetate 5 26

Chemical Name CAS No. Process in Semiconductor

1-Methoxy-2-propyl 108-65-6 ollo|H7FRErel, &l EEIEIQl I E(PREX)
acetate °
2K Mub QJo|H ZpEEtolL & XEE0|, 2CaF, ol

M2, &
— =2— Or = o
A

or -4

Acetone 67-64-1
o-Cresol 95-48-7

Cresol p-Cresol 106-44-5 QIO|1 7t=210l, & XEEIO, SEE3H, ZE(PREN) EE31
m-Cresol 108-39-4

Ethanol 64-17-5 Qo|H7tE a0l & ZABIEIOL ZTE(PREA)), ZEIZO! HHHA X H])

SIOIHERAOL K ZEetol & FAAM) SAMZL wet

Hydrogen peroxide 7722-84-1 cleaning, E225
fJlojm7tsetol, & ARl ZE(PREA]), MAEMPMEYS) &

fsopropyl alcohol 730 Rma M ko), 3EF 5
n-Butyl acetate 123-86-4 Qo|m7f=2tol, &l =220l ZE(PREAN), HAE 28 S

o olo|mH7Ratel, & Z2Iat0l, SAIAIZL din}, ing, E2=
Nitric acid 7697-37-2 ~ L = 2 S }, wetcleaning, =&

o
Potassium hydroxide 1310-58-3 oo|m7Ealel, kXl =2latol, BSG(MOp, E2aX
Sulfuric acid 7664-93-9 Qlo|H7IsE1el, & ZEEHOl SAIAZE wet cleaning, =237
75-59-2 10424-66-5
Tetramethyl ammonium (Trihydrate) _ S .
. Slolm7HBAt0L & FEALYl, EE(HA), SEQI0IEH
hydroxide 10424-65-4 b= 2hol ZEEEN =X
(Pentahydrate)

1-Methoxy-2-propanol 107-98-2 2lo|m7t52atel, ZE(PREA])
2-(2-Aminoethoxy)-ethanol 929-06-6 Qlo|m 7F=zfel
2-Ethoxyethanol 110-80-5 gllo|mH7HEEDl, ZE(PREX)
2-Heptanone 110-43-0 glojm7t2etel, ZE(PREH)
Catechol 120-80-9 glo|m 7H=zatel, EE(PRM|H)
Dibutyl ether 142-96-1 glo|m 71222l CVvD
Ethylene glycol 107-21-1 flo|m7isatel, AAMAZE CVD, O|2FR(IHAH 621X])
gamma-Butyrolactone 96-48-0 flojH 7520, ZESY

Methyl-2-hydroxy

— - o] I rul lo)
isobutyrate 2110-78-3 9ol ZFEatel



M Ra - 63
Methyl-3-methoxy ol _

-09- O|m7FE2tel X
propionate 3852-09-3 fo|H7Satel, ZE(PREH)
Nitric oxide(Nitrogen ol =

43- O|m7FZatol, ShAt
monoxide) 10102-43-9 fo|H7ISatel, =it
Phosphoric acid 7664-38-2 QO|H 7220l SAlAIZE
Trimethyl phosphate 512-56-1 Qo|H7t&2t2l, CVD
2-(2-Ethoxyethoxy) ethanol 111-90-0 A =2gel, 22y
2-Butoxyethanol 111-76-2 & Z=2letel et
Acetaldehyde 75-07-0 =SE3E o =8

K OAAIAIZE O KI(ZAL OHK OO 720l MK (SA =
Acetic acid 64-19-7 A;I;:,M;—‘—.—., HEEA, A, Aol 7hSerel, MEE: S)
H
£l m2Igjo] Al MAF BC AEEEARDN O|ANQIT OFZ)) AX

Glycerol 56-81-5 sOE55 378 & =Eere
Heptane 142-82-5 H xEER SE3E ZEREY S
Methanesulfonic acid 75-75-2 H =EE =538
Methyl isobutyl ketone 108-10-1 T xgefel, EE3Hs
N-Methyl-2-pyrrolidone 872-50-4 X a0l ZE(PRA|A, 4o
Phenol 108-95-2 H =gl =338
Piperazine 110-85-0 T xEetel, =HADLEH
Polyethylene 9003-11-6 & x2zfol
polypropylene glycol
Tetrachloroethylene 127-18-4 =3 & T, H g2l HAE 33
Tetrahydrofuran 109-99-9 & XE20l, =HAHOL SEERE, SE3™ S
Tin() methanesulfonate 53408-94-9 E xEgtel, =33
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B AAF ARES TEHEAR, 33 2 velemAe AOPs B AH)
A BE AP A Sol wpolomtA el e
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T8, B ARG A Sol wiolerntre T B AP de 5o

AOPs #41& 3titHaE M-15904 17, 28 M-26¢4 26).
°[& el AOPs A3 HEAMY set=d R dF A== AAEH

713 A Al AAZ “The Human Protein
Atlas” ¥ “KEGG Cancer Network” AFO]|EZE o]-&3}o] m3l 3xfo] AZl n}o]
SntA9L #HAYE pathway Ho AEES 3stof, AME vlo]omtA9d Hw o]
WAE AHEQTH Y M-27).
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<H |Il-15> HIO|20+2 AOPs X &I RS ME(1XY

BCL2 15 BCL2, apoptosis regulator https://www.proteinatlas.org/ENSG00000171791-BCL2
CASP3 46 Caspase 3 https://www.proteinatlas.org/ENSG00000164305-CASP3
CAT 26 Catalase https://www.proteinatlas.org/ENSG00000121691-CAT
CYP2EL 23 ;y;;%’;r;e P450 family 2 subfamily E ./ \ww proteinatias.org/ENSGO0000130649-CYP2E1L

IL6 31 Interleukin 6 https://www.proteinatlas.org/ENSG00000136244-1L6
MAPK1 42 Mitogen-activated protein kinase 1 https://www.proteinatlas.org/ENSG00000100030-MAPK1
MAPK3 43 Mitogen-activated protein kinase 3 https://www.proteinatlas.org/ENSG00000102882-MAPK3
PPARG 32 Peroxisome proliferator activated

receptor gamma

TNF 26 Tumor necrosis factor https://www.proteinatlas.org/ENSG00000232810-TNF
https://www.genome.jp/kegg-bin/show_pathway?159651
576418714/hsa05152.args
https://www.genome.jp/kegg-bin/show_pathway?159651
576418714/hsa05161.args

https://www.proteinatlas.org/ENSG00000132170-PPARG

hsa05152 Tuberculosis - Homo sapienstHuman) (6)

hsa05161 Hepatitis B - Homo sapienstHuman) (6)

hsa05132 Salmonella infection - Homo https://www.genome.jp/kegg-bin/show_pathway?159651
sapiens(Human) (6) 576418714/hsa05132.args
hsa05200 Pathways in cancer - Homo https://www.genome.jp/kegg-bin/show_pathway?159651
sapiens(Human) (6) [Cancer network viewer] 576418714/hsa05200.args
hsa04933 AGE-RAGE signaling pathway in diabetic  https://www.genome.jp/kegg-bin/show_pathway?159651
complications - Homo sapiens(Human) (6) 576418714/hsa04933.args

ARENT Sy == pm——— T

[O8 11—24] Hio| Ot HBE pathway ME(1X})

Z=2]: KEGG: Kyoto Encyclopedia of Genes and Genomes, https://www.kegg.jp/



<H lIl-16> HIO|20H2 AOPs X AL S MB(2XY

BCL2 15 BCL2, apoptosis regulator https.//www.proteinatlas.org/ENSG00000171791-BCL2
CASP3 46 Caspase 3 https.//www.proteinatlas.org/ENSG00000164305-CASP3
CAT 26 Catalase https://www.proteinatlas.org/ENSG00000121691-CAT
CYP2E1 23 E]yet;cg‘;?e P450 family 2 subfamily €\ .\ proteinatlas.org/ENSGO0000130649-CYP2EL

IL6 31 Interleukin 6 https.//www.proteinatlas.org/ENSG00000136244-I1L6

MAPK1 42 Mitogen-activated protein kinase 1 https.//www.proteinatlas.org/ENSG00000100030-MAPK1
MAPK3 43 Mitogen-activated protein kinase 3 https.//www.proteinatlas.org/ENSG00000102882-MAPK3

Peroxisome proliferator activated

PPARG 32 https://www.proteinatlas.org/ENSG00000132170-PPARG
receptor gamma

TNF 26 Tumor necrosis factor https://www.proteinatlas.org/ENSG00000232810-TNF
ABCB1A 12

ALAS2 10 5'-aminolevulinate synthase 2 https://www.proteinatlas.org/ENSG00000158578-ALAS2

AR 12 Androgen receptor https://www.proteinatlas.org/ENSG00000169083-AR
CASP7 10 Caspase 7 https.//www.proteinatlas.org/ENSG00000165806-CASP7
CYPI9AL 11 ;yetr‘;cngq‘e P430 family 19 subfamily A .\ proteinatias. org/ENSGO0000137869-CYP19AT

ESR1 12 Estrogen receptor 1 https://www.proteinatlas.org/ENSG00000091831-ESR1

Fos proto-oncogene, AP-1 transcription

FOS 11 factor subunit https://www.proteinatlas.org/ENSG00000170345-FOS
GATA1 10 GATA binding protein 1 https://www.proteinatlas.org/ENSG00000102145-GATAL
HBB 10 Hemoglobin subunit beta https://www.proteinatlas.org/ENSG00000244734-HBB
HMBS 10 Hydroxymethylbilane synthase https.//www.proteinatlas.org/ENSG00000256269-HMBS
HMOX1 18 Heme oxygenase 1 https.//www.proteinatlas.org/ENSG00000100292-HMOX1
INS 13 Insulin https://www.proteinatlas.org/ENSG00000254647-INS
MYB 10 MYB proto-oncogene, transcription factor https://www.proteinatlas.org/ENSG00000118513-MYB
NFE2 10 Nuclear factor, erythroid 2 https.//www.proteinatlas.org/ENSG00000123405-NFE2
NFE2L2 13 Nuclear factor, erythroid 2 like 2 https://www.proteinatlas.org/ENSG00000116044-NFE2L.2
TGFBL 11 Transforming growth factor beta 1 https://www.proteinatlas.org/ENSG00000105329-TGFB1
THRA 12 Thyroid hormone receptor, alpha https.//www.proteinatlas.org/ENSG00000126351-THRA
THRB 12 Thyroid hormone receptor beta https://www.proteinatlas.org/ENSG00000151090-THRB
THY1 12 Thy-1 cell surface antigen https://www.proteinatlas.org/ENSG00000154096-THY1
TIR 12 Transthyretin https.//www.proteinatlas.org/ENSG00000118271-TTR

hsa05200 Pathways in cancer - Homo sapiens(Human (13) https://www.genome.jp/kegg-bin/show_pathway?15965157
[Cancer network viewer] 6418714/hsa05200.args
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[O8 111—-25] Hio|03{Qt HUFE pathway 2= (2XH

* Z2): KEGG: Kyoto Encyclopedia of Genes and Genomes, https://www .kegg.ip/



<H |Il-17> HIO|202} AOPs X EFA S MB(3XY

hsa05200 Pathways in cancer - Homo sapienstHuman (37) [Cancer network viewer]

sa: ;_angiotensinogen

hsa:207 AKT1; AKT serine/threonine kinase 1

hsa:208 AKT2; AKT serine/threonine kinase 2

hsa:572 BAD; BCL2 associated agonist of cell death
hsa:598 BCL2L1; BCL2 like 1

hsa:841 CASP8; caspase 8

hsa:842 CASP9; caspase 9

hsa:894 CCND2; cyclin D2

hsa:898 CCNEIL; cyclin E1

hsa:1026 CDKN1A; cyclin dependent kinase inhibitor 1A
hsa:1027 CDKN1B; cyclin dependent kinase inhibitor 1B
hsa:1499 CTNNBI1; catenin beta 1

hsa:1869 E2F1; E2F transcription factor 1

hsa:1906 EDNI; endothelin 1

hsa:1910 EDNRB; endothelin receptor type B

hsa:2113 ETS1; ETS proto-oncogene 1, transcription factor
hsa:2308 FOXO1; forkhead box O1

hsa:2950 GSTP1; glutathione S-transferase pi 1

hsa:3091 HIF1A; hypoxia inducible factor 1 subunit alpha
hsa:7184 HSPI0BI; heat shock protein 90 beta family member 1
hsa:3458 IFNG; interferon gamma

hsa:3596 IL13; interleukin 13

hsa:3565 IL4; interleukin 4

hsa:3725 JUN; Jun proto-oncogene, AP-1 transcription factor subunit
hsa:3845 KRAS; KRAS proto-oncogene, GTPase

hsa:5604 MAP2K1; mitogen-activated protein kinase kinase 1
hsa:4790 NFKB1; nuclear factor kappa B subunit 1
hsa:4792 NFKBIA; NFKB inhibitor alpha

hsa:4843 NOS2; nitric oxide synthase 2

hsa:1728 NQO1; NAD(P)H quinone dehydrogenase 1
hsa:5155 PDGFB; platelet derived growth factor subunit B
hsa:5337 PLD1; phospholipase D1

hsa:5338 PLD2; phospholipase D2

hsa:5371 PML; PML nuclear body scaffold

hsa:5578 PRKCA; protein kinase C alpha

hsa:5970 RELA; RELA proto-oncogene, NF-kB subunit
hsa:7157 TP53; tumor protein p53

hsa05200 Pathways in cancer - Homo sapiens (Human (54) [Cancer network viewer]
hsa:I83 AGT, angiotensinogen
hsa:207 AKT1; AKT serine/threonine kinase 1
hsa:208 AKT2; AKT serine/threonine kinase 2
hsa:367 AR; androgen receptor
hsa:572 BAD; BCLZ associated agonist of cell death
hsa:581 BAX; BCL2 associated X, apoptosis regulator
hsa:596 BCL2; BCL2 apoptosis regulator
hsa:598 BCL2L1; BCL2 like 1
hsa:836 CASP3; caspase 3
hsa:840 CASP7; caspase 7
hsa:841 CASP8; caspase 8
hsa:842 CASP9; caspase 9
hsa:894 CCND2; cyclin D2
hsa:898 CCNEL; cyclin E1
hsa:1026 CDKN1A; cyclin dependent kinase inhibitor 1A
hsa:1027 CDKN1B; cyclin dependent kinase inhibitor 1B
hsa:1499 CTNNBI1; catenin beta 1
hsa:3576 CXCL8; C-X-C motif chemokine ligand 8
hsa:1869 E2F1; E2F transcription factor 1
hsa:1906 EDNI; endothelin 1
hsa:1910 EDNRB; endothelin receptor type B
hsa:1950 EGF; epidermal growth factor
hsa:2099 ESRI; estrogen receptor 1
hsa:2113 ETS1; ETS proto-oncogene 1, transcription factor
hsa:2353 FOS; Fos proto-oncogene, AP-1 transcription factor subunit
hsa:2308 FOXO1; forkhead box O1
hsa:2950 GSTP1; glutathione S-transferase pi 1
hsa:3091 HIF1A; hypoxia inducible factor 1 subunit alpha
hsa:3162 HMOX1; heme oxygenase 1
hsa:7184 HSP90B1; heat shock protein 90 beta family member 1
hsa:3458 IFNG; interferon gamma
hsa:3596 IL13; interleukin 13
hsa:3565 IL4; interleukin 4
hsa:3569 IL6; interleukin 6
hsa:3725 JUN; Jun proto-oncogene, AP-1 transcription factor subunit
hsa:3845 KRAS,; KRAS proto-oncogene, GTPase
hsa:5604 MAP2K1; mitogen-activated protein kinase kinase 1
hsa:5594 MAPK1; mitogen-activated protein kinase 1
hsa:5595 MAPK3; mitogen-activated protein kinase 3
hsa:4780 NFE2L2; nuclear factor, erythroid 2 like 2
hsa:4790 NFKB1; nuclear factor kappa B subunit 1
hsa:4792 NFKBIA; NFKB inhibitor alpha
hsa:4843 NOS2; nitric oxide synthase 2
hsa:1728 NQO1; NAD(P)H quinone dehydrogenase 1
hsa:5155 PDGFB; platelet derived growth factor subunit B
hsa:5337 PLD1; phospholipase D1
hsa:5338 PLD2; phospholipase D2
hsa:5371 PML; PML nuclear body scaffold
hsa:5468 PPARG; peroxisome proliferator activated receptor gamma
hsa:5578 PRKCA; protein kinase C alpha
hsa:5743 PTGS2; prostaglandin-endoperoxide synthase 2
hsa:5970 RELA; RELA proto-oncogene, NF-kB subunit
hsa:7040 TGFB1; transforming growth factor beta 1
hsa.7157 TP53: tumor protein p53
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* Z2): KEGG: Kyoto Encyclopedia of Genes and Genomes, https://www kegg.ip/
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KEGG Cancer Networks(https://www.genome.jp/kegg-bin/network_viewer)
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studies, and new discoveries will direct research towards targeted therapeutics for
diseases. These studies will yield new insights into mechanisms underlying toxicity
and guide approaches towards eliminating, minimizing, or by-passing normal cell
responses to reduce adverse outcomes.

Application of Transcriptomics Data to AOPs The utility of microarrays has been
demonstrated in countless applications, but the three most common applications
are: grouping/classification of compounds, elucidation of mode-of-action, and bio-
marker identification. Others have reviewed and reported the application of tran-
scriptomics data for hazard assessments (OECD 2013a, b; Thomas et al. 2013;
US-EPA 2013). RNA-seq holds promise with improved sensitivity, better precision,
a much greater dynamic range (microarrays lack sensitivity for genes expressed at
either very low or very high levels), and better reproducibility.

Application of Proteomics Data to AOPs Proteomics are increasingly being used in
toxicology and hazard assessment (Van Summeren et al. 2012). Some typical appli-
cations of proteomics to human hazard assessment of chemicals include: (1) the
identification of toxicant nrofein tareets to nnderstand MOA: (2) hiomarker discov-

[O3 111—28] AOPsOIM T AKX (Transcriptomics)2l &8

vpol oA ZA S B8 7HsA
* Z%]: Mary T. McBride. Chapter 9. The Application of Omics Data to the Development of AOPs: A Systems
Biology Approach to Advancing Adverse Outcome Pathways for Risk Assessment. Natalia Garcia-Reyero Cheryl A.
Murphy Editors. pp.192



72 WIEHAG BN SHYHAE 4EY DBRS o7
4) Wr=AA slstEd A9 A3 5o Biomarkers W8 (190% & 41
%) Abob AlgqrE EE24 2 CTD Ao waz=(127
biomarkers7} eF #ed; F M-18 2 19 MM-29)
X104

<H

n-18>

Ay AR e

i N

¥ = SOl HIOIQOIHO H|E

=
i

&3 v (41F

=

5

Q)
=

o

=

)

=]
=

W AIPHE Y AjRy

e Taxonomic
. HE 24] Biomarker(Breast . .
CI'Lear:‘:al (,:\:JS EHZZICH BRI HZ cancer specific in CTD Group(ht;;:i./{rg\;)mw.umpr MIE KE AO
i TUTh . FA|AZTICE verifiied) .
ANEE206E B Brpression
471 Inhibition, FoxA2 Inhibition,
FoxA2
179 Decreased, Mitochondrial
fatty acid beta-oxidation
472 Down Regulation, CPT1A
474 Down Regulation, HMGCS2
462 Up Regulation, SCD-1
54 Up Regulation, CD36
465 Increased, FA Influx
477 Decreased, Ketogenesis
454 Increased, Triglyceride
formation
245 Activation, PXR/SXR 327 Accumulation, Fatty acid
gl L=
8; Egg‘;j7ir§;4m§€:; 1181 Activation, Estrogen 1182 Increase, Cell Proliferation
““E:;(*f o e e receptor (Epithelial Cells)
(‘;)ﬁ;‘_*m/\} al xix 1183  Decreased,  Apoptosis 459 Increased,
o ;-;;im' ;AE\_E& e, N increased expression of (Epithelial Cells) Liver Steatosis
K|, At & g 4, AKRIC3 RNA UniProtkB - P42330 CYPL1AL protein 177 N/A, Mitochondrial
g o ey wmg g SP-Blood (AKIC3_HUMAN) N increased expression of dysfunction 1 1193 N/A, Breast
i T TEE e PRL protein 1088 Increased, Oxidative Stress Cancer
c’z_‘AE\gﬂTAIEM =a o CTTN RNA exp_Skin UniProtkB - Q14247 N increased expression of 1187 Increased, ER binding to
2-Methox 109-86 I *77‘5’.";" °°I§+a ;I (SRC8_HUMAN) SCARBL protein ] DNA (classical pathway} ) N Cgr}genital
ethanol -4 o oo = GSTP1 RNA exp_Blood N decreased expression of 1188 Increased, ER binding to Abnormalities
Y = NAL: AAIZ ZAF S| UniProtkB - P09211 AKR1C3 mRNA TF. to DNA (non-classical N Prenatal
%fy’;f}l ;;ﬂ}so =S NR5A2 Protein (GSTP1_HUMAN) N increased expression of pathway) Exposure Delayed
(;'C’x‘;jlgi ;DE"EEWM exp_Nuclear receptor AKT2 mRNA 1189 Increased, Proliferation Effects
OJA;}iAﬁAE;—"“sl;H" subfamily 5 group A UniProtkB - 000482 N increased expression of (Endothelial cells) N Teratogenesis
;rl‘,; E;"TE'HIA" S =TS member 2_Skin (NR5A2_HUMAN) CHP1 mRNA 1190 Increased, Migration N Reproductive
ﬁzEMEﬁ?;F :|71$N574A|' o N increased expression of (Endothelial Cells) Failure
A}ME“;)\.} 7;37;?;. 74'”:' CTTN protein 1191 Increased, Non-genomic N Necrosis
%ﬂ’g'ﬂﬁ\" a\igéﬂiﬂl) N increased expression of signaling
%JHIG#EEEIE EﬁJEXTJE'a’ GSTP1 mRNA 1192 Increased, Ductal
EEOE{TAg:éﬂg(‘—’) - N increased expression of Hyperplasia
e e NRSA2 mRNA 1194 Increase, DNA damage
1195 modulation, Extracellular
Matrix Composition
1196 Increased, Invasion
1197 Activation, Fibroblasts
1198 Activation, Macrophages
1213 Increased, Angiogenesis
1239 Altered, Gene Expression
1240 Altered, Protein
Production
1241 Increased, Motility
1242 Increased, Second
Messenger Production
715 Activation, Constitutive 1214 Altered gene expression 719 Increase,

Acetaldeh 75-07-

yde

0

B
T
o
z
o
In
]
=]

TGFB1 RNA exp_Skin,
Blood

UniProtkB -
(TGFB1_HUMAN)

P01137

androstane receptor

N increased expression of
COL1AL1 protein
N decreased expression of
ALDH2 protein
N increased expression of
COL1A2 mRNA

specific to CAR
Hepatocytes

716 Increase, Mitogenic cell
proliferation (Hepatocytes)

774 Increase, Preneoplastic foci
(Hepatocytes)

activation,

N Increased, Ductal Hyperplasia

Adenomas/carcin
o m a s
(Hepatocellular)

N

Neoplasms
Colorectal cancer,

Bladder  cancer,

Lung
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acid

7

UniProtkB
TNF RNA exp_Blood

CASP3
exp_Blood

RNA UniProtkB

CAT RNA exp_Blood  UniProtkB

(CATA_HUMAN)

NFKBIA
exp_Blood

RNA
UniProtkB

(IKBA_HUMAN)

(TNFA_HUMAN)

(CASP3_HUMAN)

P01375

P42574

P04040

P25963

N affects the localization of
TJP1 protein

N affects the localization of
OCLN protein

N increased transport of
Inulin

N increased expression of
TGFB1 protein

N increased secretion of
and results in increased
activity of TGFB1 protein
N decreased expression of
COL4AL1 protein

N Decreased, Apoptosis

N increased expression of (Epithelial Cells)

PLAU protein

N Increased, Reactive Oxygen

N increased expression of species

FN1 protein

N increased expression of
FOS protein

N increased expression of
FOS protein

N increased activity of
MAPK1 protein

N increased
phosphorylation of MAPK1
protein

N increased activity of
MAPK3 protein

327 Accumulation, Fatty acid
Accumulation, Fatty acid

140 Decreased, HSD17B10
expression Decreased,

231 Decreased, PPAR-alpha
activation
232 Decreased, PPAR-beta ‘
activation
233 Decreased,

PPAR-gamma activation a

3

N increased expression of d

TNF protein

N increased expression of
IL1B protein

N increased expression of
PTGS2 protein

N increased expression of
CASP3 protein

N increased expression of
MPO protein

N increased activity of

MPQO protein

N increased
phosphorylation of RELA
protein

. y a
N increased expression of

RELA protein

N decreased activity of
CAT protein

N decreased expression of a
CAT mRNA

atty
Decreased, Mitochondrial fatty

HSD17B10 expression

179 Decreased, Mitochondrial
acid beta-oxidation

cid beta-oxidation

Decreased,
-hydroxyacyl-CoA
lehydrogenase type-2 activity

860 Decreased, Mitochondrial
Fatty Acid Beta Oxidation

859 Decreased,
Fatty Acid Beta Oxidation of Fatty
Acids

451 Inhibition,
fatty acid beta-oxidation

460 Increased, Fatty acid uptake

Peroxisomal

Mitochondrial

1096 Increased, blood uric acid

concentration

1285 Up Regulation,

Unsaturated fatty acid

1305 Increase, cytosolic fatty
cid
1312 Induction, fatty acid

beta-oxidation

1313 Decrease, cytosolic fatty

cid
1424 Reduced, fatty acid beta

oxidation

N increased expression of
PCNA protein

N increased expression of
1L6 protein

N increased expression of
NFKBIA mRNA

1490 Inhibition, Fatty Acid Beta

Oxidation

1528 Fatty Acid Beta Oxidation,

Decreased

1641 Decreased retinoic acid

(RA) synthesis

N Increase,

Reactive oxygen

species production

Non-small cell
lung cancer, Breast
cancer, Glioma

N Liver fibrosis
N Breast Cancer

459  Increased,
Liver Steatosis

N Chemical and
Drug Induced
Liver Injury

N Fatty Liver
N Hepatomegaly
N Hyperglycemia

N Diabetes
Mellitus, Type 2
N Glucose

Intolerance

N Hyperglycemia

N Inflammation

N Non-alcoholic
Fatty Liver Disease

N Reduced,
Reproductive
Success

N N/A,  Breast
Cancer

N Increase,
Adenomas/carcin
o m a s
(Hepatocellular)

N Increased,
Oxidative damage
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These: penes are assaciates Ith Sredst NeapUss or s descencants. A Qene R €XDer & CUraTea Q55000n 1o the isease ([ marker/mechanysm and/or [ herapeutic) o an Infered ass0cton via & curated chemical nteraction.
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s 4 e 71081 13121 1 ot [

Diect | Ennenment erance
Gane © Omeaie  feidesce’  Amiin Interence Nabwsrk

@i MR Breat O QO 5 chemcals: cuoses| Doy s | Brirben o e %
Hesplasms ®

@t s O QOO 2 chimical: ninutin | s an 3
Hesplasrns, Male

@ AR Breast O OO0 3 chemcals: st | futanide | insslen an H
Heoplasms, Male

S04 TRIMIZA  Breast O OO  chemcal: hovuie Tormiandbendon | Tagimn | ot bnassns W m
Newplasms L]

5 cuw Breast o DO 4 chemicals: basherd & | Caserr | Crclapsres | Fart vy a8 15
Nepiasms

6 AR Breast O Q00 I emas: 177,45 sncisstebey | LALT.4 5 banionsgtan | Danbicn LRI
Hespiasms .

7. PEONGHE Breast O QDO chemeals: uue | Brsss | Wsrsbimssbics a7
Wephms ®

S CHEKD  Breast O GO 2 chemcals: trisuiie | usmide LETR
Hezplasms, Male

6 PRSSAE  Breast 0O 908 e [SRTNNT S — LA )
Heoplasms

S YAPL  Trple Negative O QDO 2 chemicals: casos | genibon LI |
Breagt
Mecplasms.

511, HORAD O OO 2chemicas: oomnsen vrese e 1w

A gene that may be a biomarker of a disease (e.g.,

increased expression of gene X correlates with
breast cancer) or play a role in the etiology of a
disease (e.g, mutations in gene X causes liver
cancer).

[O3 111—29] HIO|RQOIHZ A2 HE I8 BT (Comp.
Toxicogenomics DB)



<EH III-19> XZE B 50| HO|OIH HT &
No. Name Disease I?lrect Inference Score References
Evidence
82 AHR Breast Neoplasms M 134.87 404
3 BCL2 Breast Neoplasms M 307.33 742
5 PARP1 Breast Neoplasms M 285 701
10 TNF Breast Neoplasms M 254.24 755
11 AKT1 Breast Neoplasms M 250.16 704
14 CASP8 Breast Neoplasms M 24474 680
24 IFNG Breast Neoplasms M 217.06 619
27 SOD2 Breast Neoplasms M 213.22 691
28 CXCL8 Breast Neoplasms M 208.81 604
31 NFKBIA Breast Neoplasms M 204.82 647
37 CAT Breast Neoplasms M 198.96 658
43 GSTP1 Breast Neoplasms M 179.83 610

-19% CTD AbolEo| A 1270¢] nfo]lmpAEo]
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& e,

=AG0F) = A3 A 29

a9 M-30%

ey events relationshipg *

N
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<HE lI1-20> MY Y 50| AOPs =X

AOPs MIEs KE s AO s

AOP 200 Estrogen receptor activation leading to breast cancer 1181 ﬂg% 1193

AOP 293 Increased DNA damage leading to increased risk of breast cancer 1194 1492 185
1493 1192
1632 1193

AOP 294 Increased reactive oxygen and nitrogen species(RONS) leading 1632 1182 1194
to increased risk of breast cancer 1492 185
1493 1192
1494 1193

AOP 66 Modulation of Adult Leydig Cell Function Subsequent 653 655 505
Glucocorticoid Activation in the Fetal Testis 654 656

AOP 67 Modulation of Adult Leydig Cell Function Subsequent to 658 655 505
Estradiaol Activation in the Fetal Testis 659 660

AOP 68 Modulation of Adult Leydig Cell Function Subsequent to 661 655 505
Alterations in the Fetal Testis Protome 657

AOP 107 Constitutive androstane receptor activation leading to 715 1214 719
hepatocellular adenomas and carcinomas In the mouse and the rat 716

AOP 108 Inhibition of pyruvate dehydrogenase kinase leading to 724 768 719
hepatocellular adenomas and carcinomas(In mouse and rat) 209

AOP 117 Androgen receptor activation leading to hepatocellular 785 716 719
adenomas and carcinomas(In mouse and rat) 774

AOP 118 Chronic cytotoxicity leading to hepatocellular adenomas and 786 787 719
carcinomas(In mouse and rat) 774

AOP 37 PPARalpha-dependent liver cancer 227 1170 719

AOP 153 Aromatase Inhibition leading to Ovulation Inhibition and 964 965 972
Decreased Fertility in Female Rats 966

AOP 345 Androgen receptor(AR) antagonism leading to decreased fertility 26 286 972
in females 971




Chemicals

MiEs KEs Ay i
| i 1255 Tasteaptanel 3 :
ethoryethancl, 40 ; e’ ok ;
i, Ssphenol &, Catechol, Cumens, Dihanolamin, iethylene gycol :
imethyl acetamide, Ethyl acetate, Ethylene glyeal, Glyceral, Nexamethy disilazane, - SEs H
9) ks o oy A, g2, il ltion Gl e i
S e, et s, Nirsbendene, Penasry ol g, Beruaroscang sunic b ;
it Phenol,Pgersne, Potassum dichromate, Tetracharscthyien. eramethy ammoniim / !
s, Toluen, Tl sohysise,Zn chirice fume i ;
(1) lonizing Radiation 1190 e INA amage 1193 N/A, Breast Cancer
-y Tl wiion :
<
I Aot ety ety !
{257 o nasmeiiin !
(2)  Mitricoxide (Nitrogen monoxide], Nitrogen tifluoride PET————— |
2258 : g sshan 1. - ;
(13 senesis i . :
e e 5 red ety e L e e |
2165 Tateoabeghenot . Acealdey e etmony i, Baghanc A, Caacl, Gl 4 e tely e ey o Aimiy e :
<onsthidsl s Pemam i
(13) Sashisln nemen o s ‘s;s:f:.m«mq the et Ltigoshs breaesd COLPTF i ftd :
8 e e b Fe el ek el gt P d ity qualty n
9 e oty e ey o Kty - 4
i & %W"w 7 theaduh Deceasedftlty
o 657 Decsedstoserce by el eyl Dysgeesisf el eyl
[l pr— T i
it e :
e 5
(1) sromoantiracene, dcealsehyc, sisphencl 4, Carbon mones e, Ctechol, ryckoquinone,
G, ST e 15 Kt ot et :
Fyrene i
s, iogec o ol fepicee 719 Increase,Adenomacanares
T ko e 3 7
TR — (hepatocelar
T8 e ity epcte .
(1) Perfluoro compounds, C5-18. 1 i 8 !

364 nltonf Aot s, Chesceosre dng il wndor

22,6 cetaldehyde, Catechol, Cumene,
(13)  monobuty ethe i | N-Methyl2-
Byrroiidone, izcryiste,
Potassium dichromate.

e o onstin
[ ——

Dusedor ot Derese i 4 iTZ Decreased frtiity, Reduced number

of octes ovulated

[d

o E0| AOPs

= = == X
relationship HIA|
KEs s Taxonomic Applicability Evidence
human_Homo sapiens High
181 e, gt 142 e, ol oo il oty for e ;:g{(d:nﬂlfuthdnm :3
154 b, Dk comge 1193 WA BreastCancer | Ratvus rottus_Ratos rottas Mentesate
432 i et o cioion Mus musculas_Mus musculus Maderate
45 crased oty e AP 234 - -
34 ekt et ciaten
163 ot e ngen nd e e BN
53 Doonsed shnterce b he Lyl ok nomed oot HOP 66 Rattus nonvegus Rattus nonegcus Hgh
54 Do ke b he eyl o At
ot gt g 35 Dectted ot by e el eyl el s COUR-TH el
e s . by e bl eyl g AP 6T Rt rwwegins RS, norvegiass High
8 Deonned teseterce by ch bonned } quantity | qualtyin
e > e il i
g:n;:mwwﬂcvﬂeﬂg(*k‘vmh ovigls the sl Decased bty
7 e bl Ly s HOP 68 Rattus norvegicus Rats narvegicus High
6 noned sty el e o M el
i pteone
ap 1g7 vtz norvesicus Rarus narvegicus High
[LTT r i —— Mus musculus_Mus musculus High
16, s ol ot P . aop 117 Mus muscaus Mus muscubis .
e > ™ ‘Mm»\#m’fﬂms Ratts norvegius, Rattus mangicus
VTR — (hepa i) M — ‘
4 b, oy Pty PO LI b ruveitns, R, moveditass -
- — mouse Mus musculus High
it A T g High
%54 o of koot gy, Checl s dng i widow AOP 153 - -
il m’m;“' i o Deaed e B w312 D y, Reduced number
omsionl s 7;‘“:«% — of oocyes owated s

et hn e
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Chemicals

Processes

1-Methoxy-2-propanol
1-nitronaphthalene

2-(2-Aminoethoxy)-ethan

ol

2,2',6,6'-Tetrabromobisph

enol A
2-Butoxyethanol
2-Methoxyethanol

4-Chloro-2-methylphenol

9-Bromoanthracene
Acetaldehyde
Acetonitrile
Antimony trichloride
Arsenic trioxide
Bisphenol A

Carbon monoxide
Catechol

Cumene

Diethanolamine

Diethylene glycol
monobutyl ether
Dimethyl acetamide

Dimethyl sulfoxide

Ethyl acetate
Ethylene glycol
Glycerol
Hexamethyldisilazane

Hydroquinone

Indium arsenide

Indium phosphide

Ionizing Radiation

Isopropyl alcohol

Methyl-3-methoxy
propionate
Naphthalene
n-Butyl alcohol

flol 752l ZE(PREA)
Small Molecule Semiconductor Building Blocks

flol Zh=s2tel

Semiconductor and other electronic component manufacturing

A mgztel Hur
manufacture wafers for the semiconductor industry

Semiconductor Manufacturing

OLED &M M=& S|

H zHEre 2238 S

Semiconductor Electrodes

Semiconductor Manufacturing

Semiconductor Manufacturing

Packaging

flolm 7t5arel

Q0| 752l ZE(PRY|H)

HE= K9] direct photocatalytic hydroxylation of benzeneOf|A| benzene2| CHA|X|
Stripper : Bt=X| ZE 5 & ZEY X|AE(Photo-resist) E ' 2 Si4 = EL QS
ZEYXAE 2 WA= AL

Semiconductor Manufacturing

ZE(B|IMH)

Stripper : BI=X| ZE 3 T ZEHX|AE(Photo-resist) THE ' Sl st & 2EQTH
ZEYXAE 52 HAHSH=H AL

B zEErel & g, 2L SHERN 3™ S

Qlolm 752kl AAAZ, CVD, o2 YA 621X])

A xgetel, 2OERY 3

HMDS was used to silanize the surface of silicon wafer

A Semiconductor and Fluorescence Dual-Mode Room-Temperature Ammonia Sensor
Achieved by Decorating Hydroquinone Into a Metal-Organic Framework

a semiconductor composed of indium and arsenic

Electronic grade in semiconductor devices, injection lasers, and experimental solar cells.
Single crystals of indium phosphide for the manufacture of semiconductor wafers are
prepared by the liquid encapsulated Czochralski method.

Indium combines with several non-metallic elements, including phosphorus, to form
semiconducting compounds. Gallium arsenide can substitute for indium phosphide in
solar cells and in many semiconductor applications.
01222Q) ZHH|OA] FR|MAMI(X-41 B! ZiOpM) 2a, ZHd| 7, 42| U x| 52 )
ol2Zel AH|0| MM A HalWALMY| LEE £ UL, AEHZS SRS AEjolA
Ol2FAUHl WEZ MA7H S0j2 8% Halgituo =28 = AS
flojm 7ta2tel- ZE(PREH), MAK(PMEYS)

H ZEER - RXE MY S

ol 7t=2kel, ZE(PREH)

simple organic semiconductor
Semiconductor Manufacturing



Nitric oxide(Nitrogen
monoxide)

Nitrilotriacetic acid
Nitrobenzene
Nitrogen trifluoride

N-Methyl-2-pyrrolidone
Pentaerythritoltriacrylate
Perfluoro compounds,
C5-18

Perfluorooctane sulfonic
acid

Phenol

Piperazine

Potassium dichromate

Pyrene
Tetrachloroethylene
Tetramethyl ammonium
hydroxide

Toluene

Trimellitic anhydride
Zinc chloride fume

AL

ol 7t5arel, =t
Chemical Bath Deposition Of Group li-vi Semiconductor Thin Films For Solar Cells
Applications

Semiconductor Manufacturing

a high purity special gas used as a cleaning agent for semiconductor and LCD
manufacturing equipment, and as a dry etching agent.

H ="arel flojm 7tE2tel- ZEPREA, widl)

DIE ATTACH MATERIAL FOR MANUFACTURING SEMICONDUCTOR DEVICE

Semiconductor Factory(Inverter, Electrical Panel, etc.)

Photomicrolithography

H zHEre 2238 S

H zgerel, 2HAnEH

Conversion of Cr(VI) to Cr(Ill) in an aqueous medium by photocatalytic reduction using
UV radiation and ZnO semiconductor catalyst has been investigated using potassium
dichromate as the model Compound. The initial rate of the photochemical method
was found to be independent of the concentration of potassium dichromate.
Spin-On-Hardmask&’8-8 Xna&k AX|

H zEerel ® 3 25 HAE 3E S

flolH 7=satel- ZE(RYA)

& xgatel - SHA0EY

H =gl 2E3E 5

Epoxy resin composition for encapsulation and semiconductor device
Semiconductor Manufacturing
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Chemicals \ MEs M 05
1Methaey 2 prapanal. 1 L 1T EE Az Meth o

‘aspethanal, & Chiora 2 methylphenal, 9 Bramasnthracens, Acetaidshyde, Azerontrils, Antimany trichl
‘arids, Arsanic triauide. Bisahenal A, Catochol, Cumens, n.c-\mumw Dethyiene ghycal mmmwel
Etiryl acetate,

G =
Ik s, s e, Wctind mem:mmmc Hophaiene.n Bl akchol,Hii 311, g gt
Wasabenacne, triayiae, e |

e 5 Tetrameth by, Tokuene, Trimedini

anteydric, Zinc chiaride: fume .

lonizing Radistion 15 o, WA ot A o 1183 N/, Breast Caner
1 12 i resdet el atiation
. 7
| 11 cressed ro-nammaton meditors

13 Lyt et catien
Nic oeide (Nirogen manciidel, Nirogen trfluande Jst o e cngen s s NS
omm o mm o omm s omm s omm o ommoromm s omm s omm o

1.2 6.8 Tendmemickisphno A Acetdiubyde, Antmeey sichloads, Sapbmol A, Cahol, Ay, S

Auruluas, Horegurses, e laebnal nande felomsowes whiee ad, Folaam dckrmai M

64 st oty
e i e e e L T Pt [ T r———rs

igoes

el eresed COURTH et

5 Db bt oLyt Do o 30 Deteased sperm quantlty/ quality n
e =¥ the adult, Decreased fertiity

%;'a«mc fstatone by b el Loy el Dy el Loyl

Loni E yethand, 2766 B

raene Aetadehyde, Baghensi & Cabon manoid, Cotachs, IIVquu o, Bemtaenythrital 15 e

tiacrylate, Pesf Fipesatine, Pyrene
. . . f‘s--c.w. Waagec ol probnton heptoce __3 119 Increase, Adenamas/carcinomas
6 Ao Ardgn s

e, Frcecplsic o Depatonted (hepatocellular)

T ——

Perfluoro compounds, C5-18 e

1 ket bR
2,266 Tetrsbromabisphenal A, Aceisdshyde, Catechal, Cumene, Disthylene gheal ma
mabutyl ether, Dimethy] sulloxide, Hydraquinane, lsagrapyl akohol, N-Mathyi-2-pymaiid 1 001 dodian

ane, Pentasythritol triacrylale, Perfiuoraoctane sulfonic acid, Pipesaing, Potamsium dic 500 00t tandeta
nramate camvesion o stecee o eadcl

1 g, e eegtr

<E 1-22> HUY EFPTTENC AOP E4|(US &)

WoE WoE
Chemicals CAS No. (Cat. (Cat. GHS In Process Etc.
Inf.) Tox)
1-Methoxy-2-propanol 107-98-2 Cat. 4 Cat. VI Qlsld olix| @ L& fJojm7tz2atel, ZE(PREX)
Qlabd 1N : T2 ~
AXFO| 7K Hl—:l_}
1-nitronaphthalene 86-57-7 - Cat I 24 SH@EP : +&3 2";3 tel 7t axl M=EE 19 1HA|
BhY SUEY ROl D A
EXMFEEAY| EM(13 =k .

o ;‘:’ﬁﬂo | 5408 =3) : 723 Semiconductor and other
22,66 79947 cat7 carv = VAFE electronic component
Tetrabromobisphenol A ’ ' =24 #d=d fld - 21 manufacturin

Bhy SuEY [oly - el enuiactining
4 SHET 4
24 SHEY 57) : 73
2-Butoxyethanol 111-76-2 Cat 4 Cat. I IO BAM/mOE =24 0 &2 & xgetol Mut
HSt £ SAN/E XS TR
oty : 2
oISy o : 73
34 SHEY 57) P4
2-Methoxyethanol 109-86-4 Cat 6 Cat I MAI=A : DEIB S";?I‘C‘frf;‘lﬁor I‘r’::ff: forthe
SHBNWI| 5413 =8 : 7L Y
SHEHR| SN L)



c=283
=4 SEEY 22/0|2E) : &3
o= SAl/mE X3 PR
4-Chloro-2-methylphenol ~ 1570-64-5 Cat. 7 Cat. T MAIMZ HHO|QM : 1E1B Semiconductor Manufacturing
=4 S8 | - =1
oy sy ]l - R
9-Bromoanthracene 1564-64-3 - Cat. I X2 OLED 22N HM=E S| ‘19 1tH|
Qlatd x| @ T2l
=24 =4@7 - 724
AlSH = AAM/S Xp2A - S
Acetaldehyde 7070 Grs Gl o SO HEE TR ge3y, @ mEetel
200 - =
SERNYI| 2413 B FE3=
714 *=)
Qlatd x| @ F22
=24 4@ - 724
Acetonitrile 75-05-8 Cat. 6  Cat. Il AlSH &= &MM/E X2 82
EFRNYI| 5413 B FE3=
714 *=)
SEFAEER  FEL
-91- M EM(Z) - e
Antimony trichloride 100295 T s can Zaj %égg/%—?xr—fr“ e Semiconductor Manufacturing
ohY dshd Rl - FR2
=8 4@ #a2
Mo & &8Y/E A=EY L FEL
gt - FE21A
Arsenic trioxide 1327-53-3 Cat. 6 Cat. I E™MEHMEI| E4(13| L5) . FE3(Z Semiconductor Manufacturing
E71A A=)
T4 SAHH o« 7L
e dehd /el - 7Rl
Mo & &89/E A=EY L FEL
. o el o el .
Bisphenol A 80-05-7 Cat. 5 Cat Il g{lggg :o—_rl—i-:r;B Packaging
SERNY| S4EE =F) : 7&2
=24 4@ - 73
=4 S4(&0) . #&3
_U_lt:: HA‘\M/IL [=] Xl.:l.}d . ?_5_2 _ - _
Catechol 120-80-9 Cat. 7 Cat. I él_ﬁ:} ; _@zgé x?%og =} 2ol 7p-32tel, = E(PRA| )
AAME oY - E2
et FE2
Qlobd x| - F&3
et FE2 H ° : -
EXEHE| EAIY L3) : THIS HE= K9] ) direct  photocatalytic
Cumene 98-82-8 - Cat. I hydroxylation ~ of  benzeneOj|A{

g717 X3
g9l gaj : 2Ll
BHY $UEZ Roby  PE2

benzene?| CHA|X|




8. 2& X}22]2|(20.10.23) ZI=XE ¥ 0| HtHst H2t 7

1) ol AOP 7HeHe low dose, long—term exposure’} L@ & o]oF &7
o] AA AFALG Al Al 7hs s deet AOPHE A&k A
S ARG on, AA E Ao wold#E o2 AOPwikiolA A

=, AOP_107(Constitutive androstane receptor activation leading to

1

hepatocellular adenomas and carcinomas in the mouse and the rat)$}
AOP_200(Estrogen receptor activation leading to breast cancer)E& 7]
2 oo #7149 ABQl Key eventsE FloJEulo] A3} oh= WH o R
Fastenh

2 AIRZAA A A EHG B BUE VR 23 AOP )

o}
= 21dx ?i:rLJJrXﬂE F 301]73 o] “MEA 1 8H(Bioinformatics) 7]H< ©]
=

£ 34 5471 A7 FAA SR A5 Aot bk &
ATolA E&3 FardAFHFT 5, 2000004 =& HPEiﬂ" A 3}t
54 & 1 == AYg] Q2 (Exposure scenario; ES)E TA|4 o w2 HY 4
A B 7 gEgEdEd dg =F AU s ofdl i II-23¢] e
iAot

setsddels ¥ Hazard) #HElolA S8 =(Risk) #el® ASHEHA

EE AU LE o] &F steEd] 9fsi= H7HRisk assesment)7} B L5}
¥tk REACHE 33Edo] ofg 173t 740 glojxe] kg9 §i%
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<H 11-23> R JIX| BHr &Y NEEO L E AT L(ES)

Chemicals Exposure scenario(ES)

* TUOIAM et MYE2 HEMEHAZIMZ, S=ME M= 7|E HiES
HBHAML ABEL QU= HHOICL aasiHAE R7] 280 T MEYS
S7HAZ17] QI8 2neEo| 2 A0 MEsts REME B H=E 2ot ™
23t H|2 Arsine Kb AHOIM ARSI
(CAS No. 7784-42-1)

r
M
>
-
u
o
4a
2
H1
>t
>
B
<
av)
OH
oz

IMP 7HB(0I2F)BH2 LI £A0N Kelo| HSOE O|RO{X|D), KX}
717N X BHE
Ag5tn SRl U

7HAH|(Plasticizers) 9 £=QtM(Hydraulic fluids) ®|Z=0f| AFRE|D, Bt=XIZ AE|20

Hotste OlMT 22 AL8EICL

LE o Z2FE0IR}: AYN EF2 OIMERERRA MK}, HE ga M=EX}, o
b4

[

EAZHA Qreh S WoIH| M Z=AL AEAH W Ff MEXL et XA, A LY [E K|
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Toxicity Information:

Public databases (e.g., LiverTox)
Literature (e.g., PubMed)
Datasets used in published models

Relevant websites (e.g., AOPwiki)

Chemical Information:
Name

Molecular weight
Molecular formula
CAS...

a's

Data mining (data extraction/filtefing/normalization/integration)

Molecular Biochemical Cellular Pathological | Others (dose-
effects effects effects effects response)

ASDIFITERIN =2 = I | | |

lindane

Library A
Hepatotoxins: causing
pathology-based liver injuries

Library B
Non-hepatotoxins:
causing no liver injuries

AOP/MOA-based categorization & potency quantification

Fibrosis
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S7betal AR &F-dhg BEY w=F /hE 9PA 3Uh AE oo
A MOA % AOPE #¢lstr] 918 71 A7k dasieh fdA-874 A5zt
&S Hrlete A2 984 7k fHA 2 $ARAA volHE AR
JE 71Zelth In vivo X in vitro HolEE AR A 9 Expst ool A
T AL dlelHEz Bekuojof o, 34 B AR FAMolst =



A AR Apole] BAC diE 7hed B2 AHE ATIEE A5 Aok
e, R ST AA dHo By ATt Aol AbgE w ASEe A D
gol| FoJ & 7]&ofof gty THoR fHd B FAFHT A5 ol Wi
A= A dAds Hrtsh] A8 AR R, A9 =% $F(0EL)9 T
& olgg Wyt A9 =& 2 54 2o P vHvs A Aok
SHGallo V et al, 2011). A4 A& 2 54 AR AES FARE SAE

o
P, 2013; MacKay C et al, 2013). Z&7]4F 7|4 AR E
e st A Ade Adstr] g Bu 57k B9tek LCy
= 718 in vivo #Eel tid AT BEE AT F Aok A S A5
7] A8l T8 dolEHE 9itele AL TE Aol A sy, sRsty 4
AL zpol(dl & 50 AE 73 2 48, & A HEE 34 3 55 3
®, tiAks, Aedhd wMshE 23 ¢ JdoH(BéruBé K, 2013), A
A F28Ss o Fsta Ao FEdloF shth(Zbinden G, Flury-Roversi M,

i
o
2
2L

el AR APBES PR oF F gom, FF ARGl
=] 12]]

AOP-KB 53 72 €17]

it
>
3
i
o
2
o
Q‘L
iy
>~
>
K3
[m
s

=

1:}.0;2‘

2

A
NREYE T
9]

=T
N

)

g Zlojtt

201494 OECD, EU 2 w= FEPAe g =3 Azg



- 101

o stal

= [e)
qds &

bl

gk

A4}

AOPwiki(https://aopwiki.org/) ¢ 7Fo]

AOP 71+ 2 A}

=
__OL
B
iy

AOP AR E du

T

;01_

o

vl
=

7}l

4

Dy

b o el Abg

o] 7}

e
E

e
of

oh
o

A

}

;OL

¥ AOPe] T

=
=

o 5
Z1o]tHJeong & Choi, 2017). ©]

o]
s

AOP=Z 44 7H4&

ol
=

o

=

A zelef) o] 27]7}
lel AOP 74

AOP 70&Ah), A4

12 ddolEst= &
dd 93 9 2 A

[s]

}

<)
i

)

13
=]

F

R

7}
Ego]) AT,

v
-

=

S
=

=
=
=

o] 7]
ur

3

b ol

i

=
(&

AYA

=i
N

0]

-

Al 2 Ao]ti(Maurice et al., 2020).

[s]

A AOPs
AOP

=1
N
A= 3}
[e)
TS
=
) .

3}

gl

=4
=
3

[e)

1

T

- EL
],
!

1 BAREA

3o}

5]

°
2 ALgA

XE

o

A

[¢}

B, §§ == UEYA 7]vke] o] 53t

2 #Ae]o A glEojof
Microsoft Windows &9 A Al (Windows)ol| A

Iz

T

AMEta e
7] AOP A4 o]~ (AOP-KB)<2] 7l

9/]

o} o] &

o]
PR

=
=
To% WHL o

o

| .

=]
=
P
T
H

g

1.
%

SHA

gk A 2=glof| A 7
(CMS)
, AR 281 7
s
o]
s

|

=
]
7

T

-

=

[¢}

T
2]
al
e}
2

T
0

]
el
i
T
N

o

stol, =l

Xo

A el

o]t} (Hecker & Lalone, 2019).



102 WHEHAQ BISIBN SHUHNFR $FY DBRE A7

TUEE F ugE AOPY AL f71Al H/EE AR FEolA 54
WS AYE = 9 AOP ¥ FHE Hrkst] #lal in vitro R in silico
7l kel £S5 94 = AolH(Villeneuve DL et al, 2014ab), ©] AOP %=
T B AFE F de AERE Alestal 347 S ek 538 =
3 stEEdol At A A= Fs O & oldlishe H =wo] @ Aolth
o 7l =A Al 7ol ofef ofA FEHA S FET AT Foprt o
Ao (Clippinger AJ et al, 2018a), B %2 dlo]EH ¢ =71 Al 54
71del gk olszl el wel HA Ve AL e Aotk w4
U= olfole B2 AE A2EH JES AV wHEES] At 48

o AHClippinger AJ et al, 2018b).

5 A A% gk FU=A4 Ed AyE Hrishr] HEAe AES A
ool dast, o]yt 7|e2 A 7|H, & A ugt ol in silico
wdz 9 oy vitro AEHEE 7)Hto g slth AOPY /e 2yl 7)HE o]

ggto A oy AAE Fdats H Ego] Hi Fo AHAS RAME F
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2 | Dot ¥ 2 A dQlel uigk HelHE
3 A E 7] e Al 55T 9 tE AEEH g4 AOPE 9]
S ¥ A7 Dot (Jarabek AM, 1995; US
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re SIS 4¥S AEstn 1@ o)
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o] 7)Ao thak 717 ¢l MoA(mode of action, ZA2Hg %4b), (4) MOA<]
o)3t A FEAA =A71HQ toxicity pathway(TP, SAZ4 &), 183l (5) %
23} 7ol Ao 23k HF adverse outcome LA7FA 2] 7] AOP(54
BARR) Fol g Ayolnz sietEdd ofg 54L& Hx =F § 27
HEgAte] AR FHEF HALENA 22 A dE5H Fogge] Ay

[O8 Iv—-3] AOPOlIA{Q] T8-S Xt JHEL MEE HET
Chemical initiatore A)AAE 20174 w5 EPAS] AOP(SARAAR) Ll o
2 AMEATL 9714 B AOPY AETA muik 54)oAMAH chemicale UEH,
chemical initiatore A WellA AFAfs] 2 Asehd Hd3 & SA4FES 8] 40 AU EA
oF Ag e AsAgste ASA BT gAY 22 Z7IWEAE AEA FolE
(USEPA, 2017).

22 A, sAEE IS S48 dFeEAR 2019, pp. M
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AOPwikiv= AOP /W& H7bs st £ o5 54 2 SAFHA4 9
FAzFHEel OECD EAGMST(Extended advisory group on molecular
screening and toxicogenomics)2} AOP A 93]l SAAOP(Society for the
advancement of adverse outcome pathways)ollA ##]¥ 1 At} SAAOP+=
AOPwikioll &% AOP7} OECDOlA &3 AOP A HA 2 kA< d
e AT 7 AEE ZEste 7ITolth AOP 7/ dAke ot 19 V-4

o gto] o] FojAit}.

Liead comntry/ !
oiganation |

ADp
preject
nopoial

v

. HNomsales eperts

When res :I.
mm! [ril’r}

Inte e we
elfecty dhae

o j ACR ki
ot XN
the AOPD
i Lo |
[.&J | Partnership EU IRC - US EPA - DECD ] Atoech
N\ vvesa reien
¥ mocss ro—
v [ Description of the AOP Development process
Evtarnal ravies
proceid

[O® Iv—4] OECD FT AOPY % 1%y
AOP 7N A8 AZE %2el “OECD Adverse Outcome Pathway-Project Submission Form”™

S FAA s OECD ¥ ¥4 Al&sd AOP-KBE Ea B¢ 4% ¥ AOP draft7} ¢
AE™ OECDY Algrtol=gel Az z2a=e] AF7e WNT(Working group of national
coordinators of the test guidelines programme)$t $131A % 71E $13 TFHA(Task force for
hazard assessment) 2] HEE Azl & Fx7} o]Foizlnh

* %21 OECD-The AOP Development Programme, 2019,
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F¥H Version 1.09] AOPE= Fol 4=4o] € 4= glom OECD Series on
Testing and Assessment®} Series on Adverse Outcome Pathway: OECD<2]
AOP$} #dH ¥4+ OECD Series on Testing and Assessment(A]d 2 3
7F A&7 E), OECD Series on Adverse Outcome Pathways(AOP <2713}
&), 123 IATA(Series on testing and assessment) 59 3ZF= AOP 7§
of Wy #HAl %S AMdwsta 9tk OECD Series on Testing and
Assessment@ S}t o] Algy} Hriel AdE A&HIFYEZ OECD A&7t

ol=&}el(Test guideline, TGl thdk AA KW 14 (Validation reports), A 3A]
(Guidance documents), %7 EX 114 (Detailed review papers) 5= =3 A
A3 F= &S F& LAt E V-1).

AOP$} #dsle] ‘OECD Series on Testing and Assessment’= No. 168,
184, 233¢] Ar}t. 18]3L OECD Series on Adverse Outcome Pathways®] 4]
= FAARY TGelH ol webA stetEde] A48ty Hrrt 8 E o] qf

A7 o3 FAHoz A= A & 4 itk OECD Series on
Testing and Assessment®} OECD Series on Adverse Outcome Pathways<]
A+35 BAE= OECD Series on Testing and Assessment”’} A 1159 HIEE
ZEA A o] A7} OECD Series on Adverse Outcome Pathwaysel =] €]o]
HH olo] wl B tE WHE Folrp o]Folxith o]elgk o= OECD Series
on Testing and AssessmentlA &Y A9 A&EE 731 & No. 1849}
No. 233 42 & 4 2t} OECD Series on Testing and Assessment®] No.
2332 OECD Series on Adverse Outcome Pathways®] No. 122 Alg]= W3
=5 zrta Q). a8y o] de= OECD Series on Testing and Assessment9]
No. 1847} OECD Series on Adverse Outcome Pathways®] No. 19| HEE 7}

ol U8 FAHSE Noo 184+ ALsa 4% No. 233°] OECD
Series on Adverse Outcome Pathways®] No. 19 W37} F-ol= itk OECD
Series on Testing and Assessment®] No. 184 2012130 2ad “AOP 7§
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ot

2 kel U A7 BA'E AOPe] Aol ta ol3l, A 2 Aol b
2ME AFste EA AR 20179 OECD “AOP AHEA} QhiiA "= B
TA7F F7HE A AOP 7iEe] ik & o AFHQ ARE Aed F s
No. 23322 tiA = At whde] 2012 71 WA wHEo]x OECD Series on
Testing and Assessment®] No. 16891 ‘The Adverse Outcome Pathway for

rrﬁ

Skin Sensitisation Initiated by Covalent Binding to Proteins's AF7}9] AE
£ &3 OECD Series on AOP F-FollA A= A= o= o] LAl 23
Azd 54 ststadol Frks ATl o8 dde w7 offHus A
ojm it} AA7kA OECD Series on AOPE AOP A A ¢} & dAgke sl
No. 1& £33t ofF W7k /iAo 6971 A4 AOP7F OECD 7
z2ads 8 A Foll ATHOECD library, 2019).
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<H IV-1> AOP—E OECD AUX[ZYE

Category Year

No

Title

2012

OECD Series on
Testing and 2013
Assessment

2017

168

184

233

The Adverse Outcome Pathway for Skin Sensitisation Initiated by
Covalent Binding to Proteins

Guidance Document on developing and assessing Adverse
Outcome Pathways

User's Handbook supplement to the Guidance Document for
developing and assessing Adverse Outcome Pathways

2018

2016

2016

2016

2016

OECD Series on
AOP

2016

2018

2018

2018

9

User's Handbook supplement to the Guidance Document for
developing and assessing Adverse Outcome Pathways(Series on
Testing and Assessment No. 2331t <)

Adverse Outcome Pathway on Alkylation Leading to Liver Fibrosis

Adverse Outcome Pathway on Alkylation of DNA in Male
Pre-Meiotic Germ Cells Leading to Heritable Mutations(OECD Series
on Adverse Outcome Pathways No. 3)

Adverse Outcome Pathway on Aromatase Inhibition Leading to
Reproductive Dysfunction(In Fish)

Adverse Outcome Pathway on chronic binding of antagonist to
N-methyl-D-aspartate receptors(NMDARs) during brain
development induces impairment of learning and memory abilities

Adverse Outcome Pathway on binding of agonists to ionotropic
glutamate receptors in adult brain leading to excitotoxicity that
mediates neuronal cell death, contributing to learning and memory
impairment

Adverse Outcome Pathway on Inhibition of the mitochondrial
complex I of nigro-striatal neurons leading to parkinsonian motor
deficits

Adverse Outcome Pathway on chronic binding of antagonist to
N-methyl-D-aspartate receptors during brain development leading
to neurodegeneration with impairment in learning and memory in
aging

Adverse Outcome Pathway on Androgen receptor agonism leading
to reproductive dysfunction(In repeat-spawning fish)

22 0l QAARNE A8

598 IR 2019. pp. 189,
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IATA(Integrated approaches to testing and assessment):™ ‘SAA1E 2 3
7Hll T8 AW S ouisiy tds] ‘BEAEH P ot & S

%, IATA® FA7)3e] Tolmeleldl weh 298 A4 44 Az

o] AEA AE SAFRE F@sto]l FA7| e iRt tigk o
AMEARS SAACE FEste TEA AR Mol IATAE ASHH A&
Al AR EA g B o] S48t o] & Hekety] S8 FAEHAY It
A7|Ee] gtol] F-&ato] 744 AR ALks Fd FaE 4 Ak F71AQ
BEE A7) 9 AP FAY BEE gt gEo] A7 A A A S
= EEAAE AAE F s AFARs Agste Ao Fasith dukA
o7 JrAZIEe AEE adE 7t A5 BAA AAE LAY oo
H, BEAAHS AASE Weke UEE AR A5 WHEH AFolt) e
Aol AEE =o)7] YaHe 71E A7 B et Jg3 vty 3}
A -7IRF g o] A2 Ahto]l Hastm ol HHo] IATAS H: Wi
olgtil & < AUtk mebA AV EFHYE S5E F Ade 54T
A (Testing strategies) A8 2 73S 3l M2 AR A4 183 7]
ol EAlsHE ARt 94 A4S T sEtEde] 54 faldel Al
w0} olo] o]Fo|x]7] wjiEo] IATALE Ipsh-7d Hte] 284 #Htolgha
g ok 53] S AR vES o83 SAANES AAstHA FA
st Mg At aFE = F7F AR o] E A HRE 3A
o] W= A nfAQ] TFA|7I e 87 witol IATAS] Ha o] AAE AT
OECD+= 20101 TATAE $13 AOP 89 HoA7 AHAds b7 2o
A A Zdell A Awsigith (1) AOPS] MIEZF #A1e] &4l A8l in vivo
of Auete] AW/ SH oM FALE & F de FHLEY AOP 7}

[e)
= AHE xAg el AAHE Ndd 35 %(Conceptual framework)$! AOP7}

Sy Aol that A we I s FE Ao FA

1l
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5t = %fﬂ ?‘&S‘Li %}%*é %aﬂr 22 Al 7HA 01% OECD:= A7 2ol 9
AAAF7} AEE AESsh= W = wel W og AQOP &-43 IATA 7/

o] o]Folxon Ztol=gil7kAl A EATE. OECD: 2016% IATA 7iEol
AJA AOPE oEA o]&d ZAVFE AAE IATA A-A Q0 “Guidance
Document on the Use of Adverse Outcome Pathways in Developing IATA”
o] Series on Testing and Assessment No. 2573 No. 260 52 F /M9 A A
e E3hste] @718k tHOECD, 2016ab,c). © #1349 542 JATAZ 7|
Wkl ARESk= 7] (Frame) AHAIRE of el o] @A IATACIA AOP7} 7]Rto]

rO

Ho] 4@L Heske] NS lEsn Uk o E Sof 54 AOP U9 KES
Wkt dEnd mE AR FHEAS e A7 el el AN
A RS T S8 AGAEE o5 AL ke Al
3 W E 4 9 AOPIN AEAE £Y5] A AdE AdsD 9
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* 2 a9 IIE Y3 SA 8 d=EstEA B 2019, pp. 191: PBO - Piperonyl butoxide

A7 2] AREARL APAA B A AOP7L o' ZF8ell Al o g A 7Y

AT =AE AHAA T A IATA A F Ao Aed s5%

ok Al A A Aol ofvet AOPE o= AH7}
7139 oAb AAol| A R S Y FAS TP 2
lolAf wHEA g 2]&4] 7)]o] o] Fo] X tH(Sakuratani, 2018).
w5 B AT AAA A o E AT HEo] AR HAl
A AdEolA EGAg ] AblATeE 3 9 el AAEHAT A
o FA"o] AAEE AOPE Ui setEdd didt 5 /b3 7€ HARE
AOP Frame® WHo® FAHE Hrigty 28 7|1& ZE7F SA0SH
(Weight of evidence) H7}oll &3t JAFAA ] HAAE glgit}, whof 7|&
AR7E AdstA] Fom AOPw o= BRI7E fFastal JfA7]#e] AbEA
g A NS A Wb AA T Rl oA AL RS F F
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Ak 9 2o Al A= WA ARRSe mlHEA] 125%¢] piperonyl
butoxide(PBO)oll tgh 77| 7]32] FHAdH7F A A IATA W4 AOP
o] &4 2 AA4S vehd Aolth MIE-KE1-KE2-AO9] frames 2HJ317] ¢
3 WA wA7|Ho| H= HLiver)d #HE FEISHH AEZE in silicodt in

H

vivo Ak5E Aol o2 KE9F + 7H4] AOPS] ZHA 2 ZHAd v gkel et
AOPE A% 7| ARE FA47|8A PBOS &A% A AAol&&

(Potential systemic bioavailability)®} olel 23t 54 #3¢] MoA(Mode of
action, 541 2H-g-9kah)eke] QA AE KERS F3 &<lsl= AOPE ZA&HA
Hrh olF B3l F4E 125% PBOC sl 1747189 AAAS & F J=
= MOS(Margin of safety, ¢Fd )9t MOE(Margin of exposure, =% <4 <)
o= AAskE o] IATAC A ] AOP 9&olgta & 4= Qi
ofg] ¥ IV-20l& 3stEd A7 zkzel g &34

H
ARE AOP ¥AE Fo) Bad Aol FRE 3
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<H IV-2> IATA YE2=2 AOP H

2| HIA|
n8Y-DHY
2MI7|HHT/HC assay)*

4

A

AO

AOP Ljo| EX

ol

|

KH S = o

- = O

Eo|H =4
o 7t

=

%0 3& & 3 &0 my
Wjr o o O Wir o

g Y oA,

o H|

2dst

HA
b Reporter cell

P}

A
o

4

L= AHIE ol =

= O/
EE9| HTS)

zhAM

<]

o
assay(0q|:

Glutathione, DNA adduct
T

Ml=ZF
o
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MIE
MIE, KE

In chemico

C elegans

MIE, KE

S22 OiHAl
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At 1 7)ol 7]

I

o]tHKim MH et al,

i, eoeoly mgAteh
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D. rerio embryos
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SLENNE
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MH| Hx520|
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MOLECULAR DIAGNOSTICS IN ONCOLOGY
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ASSAYS ASSAYS | ASSAYS | [ assars
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MLPA) T v I |
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* 23 Sokolenko Anna P., Imyanitov Evgeny N. Molecular Diagnostics in Clinical Oncology. Frontiers in Molecular
Biosciences. 2018:5:76. DOI=10.3389/fmolb.2018.00076
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Iyevleva and Imyanitov, 2016; Lord
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Iyevleva and Imyanitov, 2016; Lord
and Ashworth, 2016
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General Population:
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Moderate-Risk Populati
2.g. previous colon polyps,
breast mass etc

High-Risk Population:
e.g. hereditary cancer
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Exposure to Cancer initiation Invasion Metastasis Q
carcinogen and progression ;} EB

Primary Prevention Secondary Prevention Tertiary Prevention >
NSAIDs
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Cells)
1182 Qlsky 2K -
1181 I 11! =22
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X 1182 MAZES . 22
z:;n';’;sruaor 1181  Increase, 1193 1B
2,2',6,6'-Tetrabro R Activation, Cell N/A, SHLMElAS
3 ) 79-94-7 | o = [=3erE=3 SEZ YIS g
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manzfacturin receptor  (Epithelial ~ Cancer  QHdMztAQ
9 Cells) A1
RISl A =R
B SEED: o
=V H JEREE
1182 ey 764D
1181 Increase, 1193 57|)T|?t‘§‘ ]l PNXSECT = 72
A x=a2lgrol ® ivati o/ T 2% Moz K| &EH 7
4 2-Butoxyethanol 111-762 & = t Acivation, Cell —  N/A gy 22 } siggg 47T K|
Ht Estrogen Proliferation Breast SxpaAED S4dgric (+=8d) 2
receptor  (Epithelial  Cancer ;'Ts} B i'MA':/ CHAMS B (RIGH (2000L)
yetEEdd <
Cells) XA F7[1270g)
drob. 15D =E71EEY
Zo0o T ox|
=2
manufacture 1181 1182 1193 OIS oty : 3+ RislA=™ = X2
5 2-Methoxyethan 109-86-4 wafers for the Activation, Increase, N/A, =3 HSE2EEE ooy 97 XZH7
ol semiconductor  Estrogen  Cell Breast SMEMZET): Z7|:64Y) T oS (e84 =2

industry receptor  Proliferation Cancer 24 2| C AR (2000L)
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SRl
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11 Arsenic trioxide 1327-53-3

12 Bisphenol A

13 Catechol

14 Cumene

15 Diethanolamine

80-05-7

120-80-9

98-82-8

111-42-2
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Manufacturing

Packaging
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45 X3
e chvco cericonductor b merese S e e Neg
16 Diethylene glycol 112-34-5 emicon u§tor Activation, Cel ) ] N/A, X2y LE7|1EMEY sogle (=e2M  doge
monobutyl ether Manufacturing Estrogen  Proliferation Breast 5 =22 o)
receptor  (Epithelial ~ Cancer (ZOOOZ)
Cells)
oSy
Y SHEI) SRS
. 284 )
SMEMSY  BRICHASS
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18 Ethyl acetate 141-78-6 F=*h, 2E, &0 X . AlgleB)7 AP CHH| o
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qug=zr b
ot E|FEY
e 23
syENY|s =<
B E)T
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20 Glycerol 56-81-5 i o Lo ' PR ST sges L sfgels
ycero CHE54 3% Estrogen Proliferation Breast t=gt =] st (=84 sl
receptor  (Epithelial Cancer (4000
Cells)
Hexamethvidisila HMDS was used 1181 1182 1193 Qlohd HK| - 7+ SHYAHED = A1
Jane y 999-97-3 to silanize the Activation, Increase,  N/A, 22 MPsM) HE  sigels 4fF  dgels
surface of silcon Estrogen  Cell Breast FHSH(ETF): CHAEZE (H=8



22 Hydroquinone

23 Indium arsenide 1303-11-3

Indium
phosphide

Methyl-3-metho
Xy propionate

123-31-9

wafer

A
Semiconductor
and
Fluorescence
Dual-Mode
Room-Tempera
ture Ammonia
Sensor
Achieved by
Decorating
Hydroquinone
Into a
Metal-Organic
Framework

a
semiconductor
composed of
indium and
arsenic

manufacture of

2398-80-7 semiconductor

3852-09-3

wafers

AlojE7 5 2tel,
ZE(PREH)

Proliferation

receptor  (Epithelial
Cells)
1182
1181 Increase,
Activation, Cell
Estrogen  Proliferation
receptor  (Epithelial
Cells)
1182
1181 Increase,
Activation, Cell
Estrogen  Proliferation
receptor  (Epithelial
Cells)
1182
1181 Increase,
Activation, Cell
Estrogen  Proliferation
receptor  (Epithelial
Cells)
1181 1182

Activation, Increase,

Estrogen
receptor

Cell
Proliferation

Cancer

1193
N/A,
Breast
Cancer

1193
N/A,
Breast
Cancer

1193
N/A,
Breast
Cancer

1193
N/A,
Breast
Cancer

224
FHSYEI)
3
FHSNEY
5773

T 2A/m]
2R34T EL
NLERSON)
ERFYTEL
SHENYIIS
8B
238717t

r2 4y

Hr >4 o A 0x  oX 0X

B b Ar
o ox

]

41 e
A -

o
+
0:
I
40

0
0x
S~

= ElAro> 4oy

AN O
g2
Elcan
SRS
Hazl=Z):T
E3(=E7|AR
=)
SRS
HegesT

22

FETYELR
shgTEl
HYsdE]

SRl

SyENYI|S
S8BT

=S

%7 6748
REEIEE
23

S5ty
CharERmst
F7112748)
e

22X
=2

ct

BEIThRe
sR(QIs %
0 epe)
esasy
fuEEE
F7167h )Rl
s9sts2
(2021.1.1.8H
x8)
sa7zg
QBRI
F711242)
(IEERE
=(2021.11.%
EX8)

GAH))
(2008)

X8H7|

X78H7|



Iv. n#&k ... 147
(Epithelial
Cells)
Qlapd 1K :
=2
1182 s
aMEMA
1181 Increase, 1193 ;_;; 3B
il . - = == AR
2 Naphthalene ~ 91-20-3 SMPle organic Adivation Cel NA - gopgan,  =BIEEY go00 goos smes
semiconductor Estrogen  Proliferation Breast TGS =23
receptor  (Epithelial  Cancer f;lz_'__;‘;z e
oS T
cell) Dr s
SRl
AelsEsd
Qlakd oK : 7 TS EEYE
= F7| : 671g)
. mEsAy/m  Eeloly
HXIM-TE) ZE = A
1181 Increase, 1193 Iﬁ[:ii}:; Efﬂqu i;r; E1|2
. P oTToo sTiUovC =TT T
27 Byl alcohol  71-36:3  onondudor Adivation, Cel WA xzgam gusame dgns @eg g0
Manufacturing  Estrogen  Proliferation Breast EMEHYIE FI[1270) A) 2
receptor  (Epithelial  Cancer | C. o F TTRANE =
pror &0 Hase®? BEoHED (10001
Cells)
E3(OFEE)  MPSMEIEL
BoReERE 48T
2 CE7|EET
=2
=4 S4ED
T
Motz
. AT E2
ghemgl Bagfl 1182 sropETp
eposition i
Gr(fup livi 1181 Increase, 1193 EYENHYI|IE
Nitrilotriacetic R Activation, Cell N/A, A1 eE)TF
28 139-13-9  Semiconductor o ' = sl sHEels sietls detls
acid Thin Films For Estrogen Proliferation Breast — 23(Z&7|A%t st dBHE dans HYUs
Solar Cel receptor  (Epithelial  Cancer =)
iy Cells SHENYIS
pplications (e )
=22
BRI R
sfdTE3
=4 S4ED
T4 ——
Fusy@m Hoeed
a3 22"
1182 aysy@e 1o = 3
1181 Increase, 1193 2 ;’l)f‘_?_"ﬁ;' = PRIOAR L emx e
) Semi duct Activati ST o x| TEEE AT T T
29 Nitrobenzene  98.95.3  Semiconductor ctivation, CeII‘ A N/A, gopgmsy = AT (H28 X’8H|7|
Manufacturing  Estrogen  Proliferation Breast MAE R E4dZre o5 ) 2
receptor  (Epithelial  Cancer ;7‘3;;”;5 HAEREE == (§OOOL)
Cells) N o EI1204E)
dEEeE) T
=1 CEI|IELEE
;WAAM P=) =2
CLoToToT T
A
organic
semiconductor, =248 E4EW:
CSA-doped 1182 T4
PANI as a gate 1181 Increase, 1193 n|22AN/I)| M4z R
: ivati = Mas B
P§ntaerythr|tol 3524-68-3 electro.de, and Activation, CeII‘ ) N/A, BIESd.1E2 Sgge sjoigle 4M9E  sgole
triacrylate cross-linked Estrogen Proliferation Breast — AlSHea=AbAl/ - 6300 L e
pentaerythritol receptor  (Epithelial ~ Cancer &=XI=4:7&2 ¢ )
triacrylate(PETA Cells) ol o
) as a gate 1

insulator



148..-

32

33

Perfluorooctane
sulfonic acid

Phenol

Piperazine

Potassium
dichromate

1763-23-1

108-95-2

110-85-0

7778-50-9

1181

Photomicrolith  Activation,

ography Estrogen
receptor
1181

& =220l 2 Activation,

CEI3¥E Estrogen
receptor
1181

* X220l 3 Activation,

Holota ™ Estrogen
receptor

photocatalytic

reduction using 1181

UV radiation Activation,

and ZnO Estrogen

semiconductor  receptor

catalyst has

1182
Increase,
Cell
Proliferation
(Epithelial
Cells)

1182
Increase,
Cell
Proliferation
(Epithelial
Cells)

1182
Increase,
Cell
Proliferation
(Epithelial
Cells)

1182
Increase,
Cell
Proliferation
(Epithelial
Cells)

1193
N/A,
Breast

Cancer

1193
N/A,
Breast
Cancer

1193
N/A,
Breast
Cancer

1193
N/A,
Breast
Cancer

oIty oK : 7
=2
FHEHET:
T4
FHENEY
PAyTE
FHEEY

=X/0|AE)F

i

>
et
%
<

% Ar o
100 o
dnox 4P Hr
x ) oz Ty
-LJFIH-LJg

N

2 AL oX Jn &5 o 0
e 0
oz M
o= i ox
wowe
0 = Hr M Hr
dJo Hm i }

2
r:lgoi ox ox *
s
L8
N

0x
o
]

4oy

TREAN/D|
23R
Heteadd/
=AFETEL
AN Z O
T2
SRS
HegesT

0x

E 4o 4oy
0x
o
g

i3t

it
0x
=~
H

SRR
AsHea At/

EXTYPE

=
JEEE)T

=1

=2

e
FHEHER)
783
FHSHFEI)

24

dgee  ses
REERER

QB REY
77| : 6742
B2 Re

g2 fs2%
S37ZEE  AnyH|
gaeREE 23
F7112708)
Sume|gy
wE7|EN

gz

dgee  ses
EEEREE

QB TEY

77| NYEy 8581
SHOYST 6 B
HE)

22|l

Mg &
354

£(1000
kg)

X8H7|

X8H7|

=



- 149

35

36

37

38

Tetrachloroethyl
ene

Tetramethyl
ammonium
hydroxide

Toluene

Trimellitic
anhydride

been
investigated
using
potassium
dichromate as
the model
Compound

127-18-4 %, & =gat

75-59-2

10424-6-5

(Trihydrat  9J|0|H7}-&2}2l,

€) Y zEete, =

10424-65- E(HYY), =H

4 iy

(Pentahyd

rate)

108-88-3 ng;}g?_l, g
Semiconductor

552-30-7 assemblies
having

1181

Activation,

Estrogen
receptor

1181

Activation,

Estrogen
receptor

1181

Activation,

Estrogen
receptor

1181

1182
Increase,
Cell
Proliferation
(Epithelial
Cells)

1182
Increase,
Cell
Proliferation
(Epithelial
Cells)

1182
Increase,
Cell
Proliferation
(Epithelial
Cells)

1182

Activation, Increase,

Estrogen

Cell

1193
N/A,
Breast
Cancer

1193
N/A,
Breast
Cancer

1193
N/A,
Breast
Cancer

1193
N/A,
Breast

FHENEY
=Sy
FHEEY

27/0jAE)F

LIS
1

MAME Ol
7218
wohy ARIA
RERE
1B
SHENYI|S

dEte s

oo 2
0% 0% 0% Ox
L4
T oe e
o} o}
o o

arobiy 7218
SHENEI|S
H(1glwez)T
23015 2)
BHYSNBHS

sieE2

4 S4ED:

722
FHEHF)
21

Ij 8 44/]
227 EL
NLERIOY]
EXFYTEL
BLUEE]
P2

olpy o - 7
¥
Ay
SR
SR
SHENDIIS
H1glez)T
230115 2)
SHENDI|S
YT
g

e
goIRsRE
1

=} =20
o
22
=1 ES
HAstASRH

77| : 6742)
zR|Are s
23

SazEg
iaE A
#7112748)
Sup2|2n
wEI|ENY

22X
=2

77| 6742
2o Rel
g3
S5z
Chr 2 (RIE
F711274)
ZorHEn
HPSMFIECH
48
E7|ELY

o =]

w5=3 sstele

HBrEm OME

REEX dgs

ozox 47 ML

Ny 9RF

AbCHH]|

i (H+8
= A)(200L)

siels siggle

X8|

X8|

X8H7|

o

X187



150- SIEHIAY SBBT SHUNPE +FY DBRE ¢
=g7|aelgT
o
i Cani el PRy
electrophoretic Proliferation 1 lradeTe
ally insulated  receptor  (Epithelial ~ Cancer ENEREI|E
ias Cells e s
v ) HaglB)?
23(=E7|A X
=)
=4 4@
T4
1182 HehEE g/
1181 Increase, 1193 AT EL HECH AR
Zinc chloride Semiconductor  Activation, Cell N/A, A zZHOI 2F XEm|7|
7 -85-7 S=EEX e
39 fume 646-85 Manufacturing  Estrogen  Proliferation Breast — 7122 CEIFENY T == Rk =
receptor  (Epithelial  Cancer ZdaMztdq 22
Cells) Sl
e SYIRES
SRl
1182
Increase, -
Cel HUsEEy
Proliferation " 23T
1632 (Epithelial tetg s 21 oHE)
B 2| ChALS Y
Increase in Cells) :i*ﬂ" ES :.x! 1859
Nitric reactive  1492Tissuer 1193 j:t' —e E»vprxll:r
10102-43- 9Jo|E 7}32] i llac N/A, - sol noe i AbDCfH
40 oide(Nirogen 002> MO JHERH - ovgen esidenteellac WA ysnmer nusams 2™ sges swus
monoxide) 9 oI, =it and tivation Breast Shrygn =5|1274e) =2
nitrogen ~ 1493Increas Cancer EK_‘EI:XWIE ;ﬂlomgﬁ
species(R  edPro-infla o oo
NS rematoryme Has=E)R  MESMTIEC
=1 AFEEI
diators = o=
1494Leukoc =E71EdE
22X
yterecruitme ==
nt/activation
1182
Increase,
Cell
a high purity Proliferation A
Kol TpA
special gas used 1632 (Epithelial :T}o ke
as a cleaning Increase in Cells) = N
TOFIIACHSIT A O 11
agent for reactive  1492Tissuer 1193 iu teetetrt ;(gslhl;fﬂi
: . - & £
rliltrogct:‘n 7783-54-2 semiconductor  oxygen §S|d?ntcellac N/A, MM e sjogle siele sgele
rifluoride and LCD and tivation Breast JAymsd eEI|EaY
manufacturing nitrogen  1493Increas Cancer Eﬂﬁx-rxrﬂs \:-E TES
equipment, and species(R edPro-infla :‘(E}'E_E:—_O")<; ==
as a dry etching ONS) mmatoryme :2I_ i
agent diators =
1494Leukoc

yterecruitme
nt/activation




- 151

Mol #

3
pud

A HEAORE H|A
22 Al A

=

o

s
wARe] A4 A A
H
=]
o

_]

A
&

]

A
Z

=]
Run
]— =

3
T

o719l H|
T8

In silico

|

7

9.
o

w 2% o & on | O IR
FETE RS o R T
o T A — o =

o) M = = > 5 ol < Mu,_ — B =
el RO oA g T
mETEgR®RE il = O
fo} e B o
IR 2w e ®
AT T gy o
= " I S Nlo moﬂ P Mm
w =n o m%u W ® BB ol nMno = oﬂ
mr_.E :.L ‘LIW ﬂ.ﬂ O ok _zT o o) 5 ,m-f
U AT SIS = o B =
wmolodow oy T BRER
| = 3 % T XX g oa
- =) 5 W 5 &
T o M P o w2 g
S_.L O#E ) - Lt O#E E__l ,mn_u 1__/| &O =
ol o Mo B B w B — 9°
WH A " 0 ol oR Al m@ m = 7o S 0 MX_H
b - _M_ ™Aoo ol = = o T W
T S TN (R s

G w L LEALE Eguwal
o|J o A = < oR 9 < = )
o R ode & ™ X of 5 = wp <
ul ~ X ol N NF A= ~ = IX_I B
° N H T o= e X MK s
dr._n%oﬁ G %OW% [ S T I
T o oM AT ex D TEE e T
"4 LC NN s.L — R A I_ﬁl _ ®)
N —_ —_— W: 0 o N o .HL ~ A ‘mlv Lt O#E
woe ST T oo o T W
o ~ T ~0 = ol O I Ot o ‘M D.rl
A S TR SR VO S i R
— Nr ol X o XA o o o X @ B R0
o B 1%0 m_u A ﬂ S0 A N3 ~ o ) U_.E
%o o Ao i T N
L O T ow oo oo






153

v, A2 ...

)
eq

ke

oq

13
o

2

LR RN

sfol,

2ol 714

Aol 47

F5%

=
=

b, o

B

wK

H

F 23477 (Key event relationship)oll t3dh Al

H

I (AOPwiki,

R

e
=9 Excel 3 A2 (AOP_36, 58, 60, 61,

71%€ AOP

w

af 48% stet=HelA 117) AOPsE 2t

66, 107, 150, 153, 163, 187, 2000 &

i, AOP 57} DB

S

9
o
=3

Ze| gs
1
=

103

9]

=
=]

3

o

o
7 (Case evidences)E ZHs-

&

4], stressor AOP(sAOP) DB W

o] AOPs& ztom 26&2 Abel

Atk AOP

A=

o
Aae

0

ol

=
]

M
Ay

A AOPsE ztom, 8 190F stetE4d2 1171 AOPsE Zes & 5 AU

A3} Derek &

t} ‘199% A(Un silico prediction) A3}E3}o] B
Sarah-Nexus, Danish, Vega, T.E.S.T.(EPA), OECD Toolbox

z2a9E

=

o

Zo] AOPs AHEZ 7FAx Ao Derek & Sarah-Nexus, Danish, Vega)

=4 11



154 WHEHAY BI8I8N SYUNZR $FY DBRE A7

o\

% 2%°] AOPs AXEE 7FA 2 AT

AT AREd s diEvt Ao oAS whedste] BeE X5
o, AOPwikiol AOP7} +=% o] = 382 (Weight of evidence(5 A7}
F)NE T resortingdt A3, 19071 =2 s, CTD, pathway studio,
SAOP el A= data B FaEd So] Adem 1 &S 45

KEZ AF&3FAT} o] resorting 1907] EZol thall, CTD % pathway studio

Foll Al HAEE data 2 Fawd &S A5kl FAM(A, T species,
target organ, pathway %) %5sti, KER B34S 243 Ay FaE3d

v77
A4 A3 54 9 BN KE KERO) d# 2A4RE $4% & 9
b AP A4 2 wARFe

Assistant(AOPERA) step 1~49] toolse &&3giow, AOP AAES $3

il

AOP  Exploratory  Research

F7HE RS AM(190F] ek Al 2 HAdsE #d £3 F A8 PR
= CTD, ATSDR, sAOP DB 5& &8s}tk 190F stetedat Abd 3 4
ool da-24ue, W, 713, A AW AAAEE FH8te] 1F
3l Az} wtEAA Y] Yol JhEEFlo A= 1-Methoxy—2-propanol 5 25%
o], 3 X9l A = 1-Methoxy-2-propyl acetate 5 26%°] F&AHFA
d APAER, vl ertz], AOPs, AW )& A nE& 5 QI

Hs A 4 S

biomarkers7} -+ #HEAS & 7 AJAL, =AM Fst=dR Q17
A Ak Bl So]Hel 5059 skl thF AOPE Al stk =3
speted ol FAAETEAY AOP 585 fldl ddE=dd EFEAAA
o] &87Fsde nEsh Aty shet=del o An TAe] WY
SHA & BE A oA (RbE AAstler, ofd A= dteted oS543
7F ARdell 28, gt AFAEE ke B drAdgA 5 geed
el de AT 7 BH(ALE T, AEe oA, AT )



155

V. 42 ...

of A|F, WHEoF SCIE =EAA 2L ¢

o

off

9|

e

(2019)=>

=
o

Carolina Negrei

By

=

ERIE BB

%

d

Aoz Akl

gg

=
=

o). ol

)
=
=
o
oF
ol

rvael

irl

™

)

—_
fite)

Wr
B

0%

+
gyl

B

S R

o
s
X

puze]

—

NI
o
)

file}
;OU
A
ol

Wr

Aol

wK

Mo

3
H

)

3}

oAM= EAHAR AR ] 7] A A

T
-y



o

FAT.

[€]

=

=

17} et g

strlgts =5t

[e)
M3k G o

go8 %

°

S|
S|

At

Al BUE #(Smart sensor

1A

o

1

A
o
OECD ¢ Y71EadE 7

9/]

24 AOPs#e] A
2912, A,

td

P2
a4

A AzeAel 3
EU,

-

-
A

s
Sh

g

A HAAEE A

)

o]

kls
&

5w

Fo

2
&7 £ (AOP-KB)
°

Ak

Al A
=]

9
monitoring)< °]&¥ HEo g

=N

[€)

A AOP +%& F=

]

AN

(e, AloT
[ex

=
T

=
-

_Z# r
KA
"

o

=
o

¥ o]

1
T

S Aotk AOP I+

b1 9

°©

A3

=
=

7}

[c]

]

143

0

AOP 7]%be]

fi%e)
o
el

i

H]



- 157

oz
K
Ao
rot

- u -
153

Alexandrov LB, et al Signatures of mutational processes in human
cancer. Nature. 2013;500:415 - 421

Allen TEH, Goodman JM, Gutsell S et al, Defining molecular
initiating events in the adverse outcome pathway framework for
risk assessment. Chem Res Toxicol 2014;27(12):2100 - 2112

American Cancer Society. Known and probable human carcinogens.
Available from:
URL:https://www.cancer.org/cancer/cancer—-causes/general-info/k

nown-and-probable-human-carcinogens.html

Andersen ME, Al-Zoughool M, Croteau M et al, The future of
toxicity testing. Journal of Toxicology and Environmental
Health, Part B 2010;13:163-196

Ankley GT, Bennett RS, Erickson R] et al, Adverse outcome
pathways: A conceptual framework to support ecotoxicology

research and risk assessment. Environ Toxicol Chem

2010;29:730-741.

Ankley GT, Edwards SW. The adverse outcome pathway: a
multifaceted framework supporting 21st century toxicology. Curr
Opin Toxicol 2018;9:1-7

Anna Bal-Pricea, Pamela J. Lein, Kimberly P. Keil et al, Developing

and applying the adverse outcome pathway concept for



158 BHEXIAY SBIEN SHUHYR +F DBRE 4T

understanding and predicting neurotoxicity. NeuroToxicology
2017;59:240-255

Arah OA. On the relationship between individual and population
health. Med. Health Care. Philos. 2009;12:235 - 244

Avital I, et al Evidence-based Guidelines for Precision Risk
Stratification-Based Screening(PRSBS) for colorectal cancer:
lessons learned from the US Armed Forces: consensus and
future directions. J. Cancer. 2013;4:172 - 192

Benowitz NL. Emerging nicotine delivery products. Implications for
public health. Ann Am Thorac Soc 2014;11:231-235

BéruBé K. 2013. Medical waste tissues—breathing life back into
respiratory research. Altern. Lab Anim 2013;41(6):429-434

Bessems ]G, Loizou G, Krishnan K et al, PBTK modelling platforms
and parameter estimation tools to enable animal-free risk
assessment: recommendations from a joint EPAA-EURL
ECVAM  ADME  workshop. Regul Toxicol Pharmacol
2014;68:119-139

Blot, W. J. & Tarone, R. E. Doll and Peto’s quantitative estimates of
cancer risks: holding generally true for 35 years. J. Natl. Cancer
Inst. 2015;107:djv044

Boekelheide K, Andersen ME. A mechanistic redefinition of adverse
effects—a key step in the toxicity testing paradigm shift.
ALTEX 2010;27:243-252

Browne P, Casey WM, Dix DJ]. Use of high-throughput and



- 159

rot

Haz

computational approaches for endocrine pathway screening. In:
Garcia-Reyero N, Murphy C(eds) A systems biology approach
to advancing adverse outcome pathways for risk assessment.
Springer, 2018

Burden N, Sewell F, Andersen ME et al, Adverse outcome pathways
can drive non-animal approaches for safety assessment. ] Appl
Toxicol. 2015;35:971 - 975

Cahn Z, Siegel M. Electronic cigarettes as a harm reduction strategy
for tobacco control: A step forward or a repeat of past
mistakes? J Public Health Policy 2011;32:16-31

Carolina Negrei, Bianca Galateanu. Ch. 46. Risk Factors as
Biomarkers of Susceptibility in Breast Cancer. BIOMARKERS
IN TOXICOLOGY. 2nd ed. Academic Press. Imprint of Elsevier.
2019, pp. 850

Celli B, Halbert R]J, Isonaka S et al, Population impact of diferent
defnitions of airway obstruction. Eur Respir J 2003;22:268 - 273

Chapman K, Creton S, Kupferschmidt H et al, The value of acute
toxicity studies to support the clinical management of overdose

and poisoning: a cross—discipline consensus. Regul Toxicol
Pharmacol 2010;58(3):354-359

Clippinger A] et al., Alternative approaches for acute inhala tion
toxicity testing to address global regulatory and non-regula tory

data requirements: an international workshop report. Toxicol
In Vitro 2018a,;48:53 - 70

Clippinger A] et al, Pathway-based predictive approaches for



160 BHEXIAY BBIEN SHUHYR +F DBRE 4T

non-animal assessment of acute inhalation toxicity. Toxicol
In Vitro 2018b;52:131 - 145

Clippinger AJ, Allen D, Jarabek AM et al, Alternative approaches for
acute inhalation toxicity testing to address global regulatory and
non-regulatory data requirements: an international workshop
report. Toxicol in vitro 2018c¢;48:53-70

Cohen SM, Arnold LL. Chemical -carcinogenesis. Toxicol Sci
2011;120(Suppl 1):S76-92

Davis AP et al, The comparative toxicogenomics database: update
2017. Nucleic Acids Res 2017,45:D972 - D978(Database issue)

Dayan CM, Panicker V. Novel insights into thyroid hormones from
the study of common genetic variation. Nat Rev Endocrinol
2009;5(4):211 - 218

Deng X, Nakamura Y. Cancer precision medicine: from cancer
screening to drug selection and personalized immunotherapy.
Trends Pharmacol. Sci. 2017;38:15 - 24

DHHS(NIOSH) Publication Number 88-100. Reducing the Potential
Risk of Developing Cancer from Exposure to Gallium Arsenide

in the Microelectronics Industry. October 1987

EC JRC Report, 2014. Available from:
http://publications.jrc.ec.europa.eu/repository/bitstream/JRC91361/e
cha_jrc_sla_report_public_05-09-14_withcover%20ipo.pdf.
Accessed on 30 Mar 2017

Edwards SW, Tan YM, Villeneuve DL et al, Adverse outcome



- 161

rot

Haz

pathways-organizing toxicological information to improve
decision making. J Pharmacol Exp Ther 2016;356:170-181

Elmore SA, Ryan AM, Wood CE et al, FutureTox II: contemporary
concepts in toxi cology: pathways to prediction. in vitro and in

silico models for predictive toxicology. Toxicol Pathol
2014;42:940 - 942

European Chemicals Agency(ECHA), 2018. Weight of evidence.
Available from:
https://echa.europa.eu/support/registration/how -to—avoid—unnecess

ary-testing—on-animals/weight-of-evidence

Forman MR, Hursting SD, Umar A et al, Nutrition and cancer
prevention: a multidisciplinary perspective on human trials.
Annu. Rev. Nutr. 2004;24:223 - 254

Foucar E. Diagnostic precision and accuracy in interpretation of
specimens from cancer screening programs. Semin. Diagn.
Pathol. 2005;22:147 - 155

Gallo V, Egger M, McCormack V et al, Strengthening the reporting
of observational studies in epidemiology - Molecular
Epidemiology STROBE-ME: an extension of the STROBE
statement. ] Clin Epidemiol 2011;64(12):1350-1363

Gerloff K, Landesmann B, Worth A et al, The Adverse Outcome
Pathway approach in nanotoxicology. Computational Toxicology
2017;1:3-11

Gilbert ME, Rovet ], Chen Z et al, Developmental thyroid hormone

disruption: prevalence, environmental contaminants and



162 BHEXIAY SBEN SHUHYR +F DBRE AT

neurodevelopmental consequences. Neurotoxicology 2012;33(4):842
- 852

Gohlke H, Klebe G. Approaches to the description and prediction of
the binding affinity of small-molecule ligands to macromolecular
receptors. Angew Chem Int Ed Engl 2002;41(15):2644 - 2676

Gollapudi BB, Johnson GE, Hernandez LG et al, Quantitative
approaches for assessing dose-response relationships in genetic
toxicology studies. Environ Mol Mutagen 2013;54:8-18

Groh K]J, Carvalho RN, Chipman JK et al, Development and
application of the adverse outcome pathway framework for
understanding and predicting chronic toxicity: I. Challenges and

research needs in ecotoxicology. Chemosphere 2015;120:764-"777

Hartung T, McBride M. Food for Thought ... on mapping the human
toxome. ALTEX 2011,;28:83-93

Hecker M, Lalone CA. Adverse Outcome Pathways: Moving from a
Scientific Concept to an Internationally Accepted Framework. Environ
Toxicol Chem. 2019;38(6):1152-1163

Hernandez AF, Tsatsakis AM. Human exposure to chemical
mixtures: challenges for the integration of toxicology with
epidemiology data in risk assessment. Food Chem Toxicol
2017;103:188-193

IARC(2018) Agents classified by the IARC monographs, volumes
1-122 Available from:
https://monographs.iarc.fr/agents—classified-by-the-iarc/



- 163

rot

Haz

Imperiale TF, Monahan PO, Stump TE et al, Derivation and
validation of a scoring system to stratify risk for advanced
colorectal neoplasia in asymptomatic adults: a cross—sectional
study. Ann. Intern. Med. 2015;163:339 - 346

Jarabek AM. The application of dosimetry models to identify Kkey
processes and parameters for default dose-response assessment
approaches. Toxicol Lett 1995;79:171 - 184

Jaworska JS, Natsch A, Ryan C et al, Bayesian integrated testing
strategy(ITS) for skin sensitization potency assessment: a
decision sup port system for quantitative weight of evidence
and adaptive testing strategy. Arch Toxicol 2015;89:2355 - 2383

Jennings P. Stress response pathways, toxicity pathways and adverse
outcome pathways. Arch Toxicol 2013;87(1):13-14

Jeong J, Choi J. Use of adverse outcome pathways in chemical toxicity
testing: potential advantages and limitations. Environ Health Toxicol.
2017;33(1):e2018002

Kang DS, Yang JH, Kim HS et al, Application of the Adverse
Outcome Pathway Framework to Risk Assessment for
Predicting Carcinogenicity of Chemicals. J Cancer Prev
2018;23(3):126-133

Kim MH, Kim H, Paek D. The health impacts of semiconductor
production: an epidemiologic review. Int J Occup Environ
Health. 2014,;20(2):95-114

Kimber I, Dearmana R]J, Basketter DA et al, Chemical respiratory

allergy: Reverse engineering an adverse outcome pathway.



164 BHEXIAY SBIEN SHUHYR +F DBRE AT

Toxicology 2014,318:32-39

Knudsen TB, Keller DA, Sander M et al, FutureTox II: in vitro data
and 1in silico models for predictive toxicology. Toxicol Sci
2015;143:256 - 267

Kohler C, Barekati Z, Radpour Z et al, Cell-free DNA in the
circulation as a potential biomarker. Anticancer Res 2011,;31:2623
- 2628

Korean Statistical Information Service. Age specific pneumonia
mortality in South Korea during 1995-2015. 2016.

Krewski D, Acosta D, Andersen M et al Toxicity testing in the 21st
century: a vision and a strategy. ] Toxicol Environ Health B
Crit Rev 2010;13:51-138

Langley G et al.,, The Humane Society Institute for Sci ence and
Policy — Animal  Studies Repository 2015 Lessons  from
Toxicology: developing a 2lst-century paradigm for medical
research. Environ Health Perspect 2015;123:A268 - A272

Le Magnen C, Dutta A, Abate-Shen C. Optimizing mouse models for

precision cancer prevention. Nat. Rev. Cancer. 2016;16:187 - 196

Leem JH, Chung KH. Combined approaches using adverse outcome
pathways and big data to find potential diseases associated with
humidifier disinfectant. Environ Health Toxicol 2017;32:e2017003

Leist M, Ghallab A, Graepel R et al, Adverse outcome pathways:
Opportunities, limitations and open questions. Arch Toxicol
2017;91(3):477-505



- 165

rot

Haz

Li F, Yang XH, Chen JW et al, QSARs on the thyroid hormone
effects of polybrominated diphenyl ether(PBDE)
derivatives(Chapter 17), In: Zeng EY(ed) Persis tent organic

pollutants(POPs): analytical techniques, environmental processes
and biological effects. Compr Anal Chem 2015;67:547 - 586

Lippman SM. Cancer prevention research: back to the future. Cancer
Prev Res (Phila.) 2009;2:503 - 513

Loberg M, Lousdal ML, Bretthauer M et al, Benefits and harms of

mammography screening. Breast Cancer Res. 2015;17:63

Loomans—-Kropp HA, Umar A. Cancer prevention and screening: the
next step in the era of precision medicine. NPJ Precis Oncol.
2019;3:3

MacKay C., Davies M, Summerfield V et al, From Pathways to
People: Applying the Adverse Outcome Pathway(AOP) for skin
sensitization to risk assessment. Altex-Alter Animal Exper
2013;30(4):473-486

Martinez G, Cebrian M, Chamorro G et al, Urinary uroporphyrin as
an indicator of arsenic exposure in rats. Proc West Pharmacol
Soc 1983;26:171-174

Maurice K. Payne, Andrew W. Nelson, Walter R. Humphrey et al, The
Chemical Management System(CMS): A Useful Tool for Inventory
Management. J. Chem. Educ. 2020;97:1795-1798

McNeill A. Should clinicians recommend e-cigarettes to their patients
who smoke? Yes. Ann Fam Med 2016;14:300-301



166 BHEXAY SBIEN SHUHYR +F DBRE AT

Meek ME, Boobis A, Cote I et al. New developments in the evolution
and application of the WHO/IPCS framework on mode of

action/species concordance analysis. J Appl Toxicol
2014;34(1):1-18

Meernik C, Goldstein AO. Should clinicians recommend e-cigarettes
to their patients who smoke? No. Ann Fam Med
2016;14:302-303

Meyskens, F. L., Jr. et al Cancer prevention: obstacles, challenges
and the road ahead. J. Natl. Cancer Inst. 2016;108:djv309

Miller SM, et al. Primary prevention, aging, and cancer: overview and
future perspectives. Cancer. 2008;113:3484 - 3492

Morelli MP, et al Characterizing the patterns of clonal selection in
circulating tumor DNA from patients with colorectal cancer
refractory to anti-EGFR treatment. Ann. Oncol. 2015;26:731 - 736

Murk AT]J, Rijntjes E, Blaauboer B] et al, Mechanism-based testing
strategy using in vitro approaches for identification of thyroid
hormone disrupting chemicals. Toxicol Vitro 2013;27(4):1320 -
1346

Myatt GJ, Ahlberg E, Akahori Y et al, In silico toxicology protocols.
Regul Toxicol Pharmacol 2018;96:1-17

Nadler DL, Zurbenko IG. Estimating cancer latency times using a
weibull model. Adv. Epidemiol. 2014;2014:1 - 8

Nagpal M, Singh S, Singh P ef al, Tumor markers: a diagnostic tool.
Natl. J. Maxillofac. Surg. 2016;7:17 - 20



- 167

rot

Haz

NIOSH. Criteria for a recommended standard---. occupational exposure
to Inorganic arsenic; new criteria - 1975. Cincinnati, OH: U.S.
Department of Health, Education and Welfare, Public Health
Service, Center for Disease Control, National Institute for

Occupational Safety and Health.

NIOSH. NIOSH testimony to U.S. Department of Labor: comments at
the OSHA arsenic hearing, July 14, 1982. NIOSH policy
statement. Cincinnati, OH: U.S. Department of Health and
Human Services, Public Health Service, Centers for Disease

Control, National Institute for Occupational Safety and Health.

NIOSH. NIOSH Manual of Analytical Methods. Volume 1, 3rd
edition. 1984. Eller PM, ed. Cincinnati, OH: U.S. Department of
Health and Human Services, Public Health Service, Centers for

Disease Control, National Institute for Occupational Safety and
Health.

Nymark P et al, A data fusion pipeline for generating and enriching
adverse outcome pathway descriptions. Toxicol Sci
2018a;162(1):264 - 275

Nymark P, Kohonen P, Hongisto V et al, Toxic and genomic
influences of inhaled nanomaterials as a basis for predicting
adverse outcome. Ann Am Thorac Soc 2018b;15(2):S91-S97

OECD. Proposal for a template, and guidance on developing and
assessing the completeness of adverse outcome pathways. Paris,
OECD Publishing, 2012

OECD. Guidance document on developing and assessing adverse



168 BHEXIAY SBIEN SHUHYR +F DBRE AT

outcome pathways. OECD environment, health and safety
publications —series on testing and assessment, No. 184. Paris,
France, 2013a

OECD. Adverse Outcome pathway knowledge base(AOP-KB). Series
on Testing and Assessment No. 184. ENV/JM/MONO(2013)6,
2013b

OECD. Guidance document on developing and assessing adverse
outcome pathways. OECD Environment, Health and Safety
Publications. Series on Testing and Assessment No. 184.
ENV/JM/MONO(2013)6, 2013c

OECD. AOP handbook, Users’ Handbook Supplement to the Guidance
Document for Developing and Assessing AQOPs.
ENV/JM/MONO(2016)12, 2016a

OECD. OECD Series on Testing and Assessment No. 260: Guidance
Document on the Use of Adverse Outcome Pathways in
Developing Integrated Approaches to Testing and
Assessment(IATA). OECD, Paris, 2016b

OECD. 2016¢. Available from:
http://www.oecd.org/officialdocuments/publicdisplaydocument

pdf/?cote=env/jm/mono(2016)67&doclanguage=en

OECD. Adverse outcome pathways, molecular screening and
toxicogenomics, 2020. Available from:
https://www.oecd.org/chemicalsafety/testing/adverse-outcome-pat

hways-molecular-screening -and-toxicogenomics.htm

OECDiLibrary. OECD Series on Adverse Outcome Pathways, 2020.



- 169

oz
K
Ao
rot

Available from:
https://www.oecd-ilibrary.org/environment/oecd-series-on-advers

e-outcome-pathways_2415170x

Ogilvie G, et al Optimizing secondary prevention of cervical cancer:
recent advances and future challenges. Int J Gynaecol Obstet
2017;138:15 - 19

Ogino S, Fuchs CS, Giovannucci E. How many molecular subtypes?
Implications of the wunique tumor principle in personalized
medicine. Expert Rev Mol Diagn 2012;12:621 - 628

Pletz ], Sanchez-Bayo F, Tennekes HA. Dose-response analysis
indicating time-dependent neurotoxicity caused by organic and
inorganic  mercury-implications for toxic effects 1in the
developing brain. Toxicology 2016;347-349:1-5

Rabinowitz JR, Little SB, Laws SC et al, Molecular modeling for
screening environmental chemicals for estrogenicity: use of the
toxicant-target approach. Chem Res Toxicol 2009;22(9):1594 -
1602

Rebbeck TR. Precision prevention of cancer. Cancer Epidemiol.
Biomark. Prev. 2014;23:2713 - 2715

Riediger AL, et al, Mutation analysis of circulating plasma DNA to
determine response to EGFR tyrosine kinase inhibitor therapy of

lung adenocarcinoma patients. Sci. Rep. 2016;6:33505
SaferSkin. 2017. Available from https://its.douglasconnect.com

Sakuratani Yuki, Horie Masashi, Leinala Eeva. Integrated Approaches



170 BHEXAY SIEN SHUHYR +F DBRE 4T

to Testing and Assessment: OECD Activities on the
Development and Use of Adverse Outcome Pathways and Case

Studies. Basic & Clinical Pharmacology & Toxicology
2018;123:20-28

Salvi S, et al Cell-free DNA as a diagnostic marker for cancer:
current insights. Onco. Targets Ther. 2016;9:6549 - 6559

Scheffler S, Dieken H, Krischenowski O et al, Cytotoxic evaluation
of e-liquid aerosol using different lung-derived cell models. Int
J Environ Res Public Health 2015a;12:12466-12474

Scheffler S, Dieken H, Krischenowski O et al, Evaluation of
e—cigarette liquid vapor and mainstream cigarette smoke after

direct exposure of primary human bronchial epithelial cells. Int |
Environ Res Public Health 2015b;12:3915-3925

Schultz TW. Adverse outcome pathways: a way of linking chemical
structure to 1n vivo toxicological hazards. In in silico
Toxicology: Principles and Applications(ed. M.T.D. Cronin &
J.C. Madden), p. 346-371. Cambridge, UK: The Royal Society of
Chemistry;, Hartung T & McBride M(2011). Food for Thought
on mapping the human toxome. ALTEX 2010;28:83-93

Seidle T, Robinson S, Holmes T et al, Cross-sector review of
drivers and available 3Rs approaches for acute systemic toxicity
testing. Toxicological Sciences, 2010;116(2):382-396

Shivalingappa PC, Hole R, Westphal CV et al, Airway exposure to
e-cigarette vapors impairs autophagy and induces aggresome
formation. Antioxid Redox Signal 2016;24:186-204



- 171

rot

Haz

Silins I, Hogberg J. Combined toxic exposures and human health:
biomarkers of exposure and effect. Int J Environ Res Public
Health 2011;8:629-647

Sokolenko AP, Imyanitov EN. Molecular Diagnostics in Clinical
Oncology. Front Mol Biosci. 2018;5:76

Song JA, Park HJ, Yang M] et al, Polyhexamethyleneguanidine
phosphate induces severe lung inflammation, fibrosis, and
thymic atrophy. Food Chem Toxicol 2014;69:267-275

Stewart BW et al Cancer prevention as part of precision medicine:

‘plenty to be done’ Carcinogenesis. 2016;37:2 - 9

Sullivan KM, Enoch SJ, Ezendam J et al, An adverse outcome
pathway for sensitization of the respiratory tract by
low-molecular-weight chemicals: Building evidence to support
the utility of in vitro and in silico methods in a regulatory

context. Applied in vitro Toxicology 2017;3(3)

Tamborero D, et al. Comprehensive identification of mutational cancer

driver genes across 12 tumor types. Sci. Rep. 2013;3:2650

Tang S, Cui H, Yao L et al, Increased cytokines response in patients
with  tuberculosis complicated with chronic  obstructive
pulmonary disease. PLoS One 2013;8(4):e62385

Taylor M, Carr T, Oke O et al, E-cigarette aerosols induce lower
oxidative stress in vitro when compared to tobacco smoke.
Toxicol Mech Methods 2016;26(6):465-476

Terron A, Bal-Pric A, Paini A et al, An adverse outcome pathway



172 BIEXAY SBIEY SHUHYR +F DBRE 4T

for parkinsonian motor deficits associated with mitochondrial
complex I inhibition. Archives of Toxicology 2018;92(1):41-82

Tollefsen KE, Scholz S, Cronin MT et al. Applying Adverse Outcome
Pathways(AOPs) to support Integrated Approaches to Testing
and Assessment(IATA). Regul  Toxicol  Pharmacol
2014;70:629-640

U.S. EPA, 2018. Human health risk assessment. Available from:
URL:https://www.epa.gov/risk/human-health-risk-assessment

US EPA. Risk and Technology Review(RTR) Risk Assess ment
Methodologies: For Review by the EPA’s Science Advisory
Board. Case Studies—MACT I Petroleum Refning Sources Port
land Cement Manufacturing(EPA-452/R-09-006), 2009

van der Veen JW, Soeteman-Hernandez LG, Ezendam ] et al,
Anchoring molecular mechanisms to the adverse outcome
pathway for skin sensitization: Analysis of existing data.
Critical Reviews in Toxicology 2014;44(7):590-599

Villeneuve DL, Crump D, Garcia-Reyero N et al, Adverse outcome
pathway  development II:  best practices Toxicol Sci
2014b;142(2):321-330

Villeneuve DL, Crump D, Garcia-Reyero N et al, Adverse outcome
pathway(AOP) development I: strategies and principles. Toxicol
Sci 2014a;142(2):312-320

Vinken M. The adverse outcome pathway concept: A pragmatic tool
in toxicology. Toxicology 2013;312:158-165



- 173

rot

yne

Webb DR, Sipes IG, Carter DE. in vitro solubility and in vivo
toxicity of gallium arsenide. Toxicol Appl Pharmacol
1984;76:96-104

Webb DR, Wilson SE, Carter DE. Comparative pulmonary toxicity of
gallium arsenide, gallium(IIl) oxide, or arsenic(Ill) oxide
intratracheally instilled into rats. Toxicol Appl Pharmacol
1986;82:405-416

Williams ED, Ayres RU, Heller M. The 1.7 kilogram microchip:
Energy and material use in the production of semiconductor
industry. Environ. Sci. Technol. 2002;36(24):5504 - 5510

Wood PM. Living in a material world: the gallium arsenide wafer
market. Solid State Technology 1986;29:120

Woods TS, Fowler BA. Altered regulations of mammalian hepatic
heme biosynthesis and wurinary porphyrin excretion during
prolonged exposure to sodium arsenate. Toxicol Appl Pharmacol
1978;43:361-371

Worth A, Barroso J, Bremer S et al, Alternative methods for
regulatory toxicology - a state-of-the-art review. European
Union Reference Laboratory for Alternatives to Animal
Testing(EURL ECVAM), Systems Toxicology Unit, Institute for
Health and Consumer Protection, European Commission Joint

Research Centre, Ispra, Italy. 2014

Yamauchi H, Takahashi K, Yamamura Y. Metabolism and excretion
of orally and intraperitoneally administered gallium arsenide in
the hamster. Toxicology 1986,40:237-246



174 BIEXIAY SN SHUHYR +F DBRE 4T

Yoon CS. "Much Concern but Little Research on Semiconductor
Occupational Health Issues”, Journal of Korean Medical Science
2012;27(5):461-464

Zbinden G, Flury-Roversi M. Significance of the LDs test for the
toxicological evaluation of chemical substances. Arch Toxicol
1981;47:77 - 99

BHAS. MEA e AAAAY Awe ARE. FHAYR A

Al 2012;22(1):32-41

)
of

=3, A=A A T = 7] MA A @
A AA Akt gole] mMARE S F ot 9ld 201818

vl AR A 9
HA

%

T - -

ot

N

=
A4 ==

L
>.
A
O
N
[40
-
o
o
)
2
ST
ofo
18
:Ll
2L

AAG G Aol A Abgste gtEde 5445 99 QSAR
AW, 3 B 83 A 2014;40(2):105-113

FF2 T WEA Ao frafl A, o 9 28 |l 2020, 269~ 272%

ojF . “HA fle WwEA Al o AAHF FATAYT | AL LF

2012;107=.:110-122



Abstract ---- 175

Abstract

Research on the construction of DB for Adverse Outcome

Pathways of chemicals in semiconductor manufacturing industry.

Objectives:

In order to solve social issues using big data, to improve the efficiency of
selection of substances subject to chronic and carcinogenic inhalation
toxicity tests of semiconductor process chemicals, and to resolve issues
related to the semiconductor and electronics industries. To establish a

toxicity path for exposure, we tried to establish test data for each level.

Methods:
Chemical data by semiconductor process were searched and entered, AOP
related to the above chemicals was searched and analyzed(Same AO,

process, harmfulness), and existing AOP oils were searched and
verified(AOPwiki, AOP-KB) and verified.

Results:

As a result of organizing the Excel file of the results of the promotion,
there were 11 AOPs from 48 chemical substances, and the correlation with
occupational disease recognition As a result of the review, 103 chemical
substances had AOPs and 26 had case evidences by searching the additional
AOP DB with entering the contents of the stressor AOP(sAOP) DB.
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The results of the AOP analysis were summarized in xIsx and were
compared with the results of the 2019 study(in silico prediction), and
technical advice and supplementary measures were implemented. Additional
AOP search and cross—validation were performed, and CTD, ATSDR, and
SAOP DB were used to search for additional information for AOP
systematization. Linkage with 190 chemical substances and blood and
histopathology of humans and experimental animals, lesions, organs, and
diseases of individual data were constructed and reviewed, and common
factors(Test data by process, biomarkers, AOPs, diseases, etc.) were

screened and reviewed.

Conclusions:

It was presented the chemicals with occupational disease-specific
biomarkers were compared and searched, and AOP specific to occupational
diseases caused by chemicals(50 chemicals). It was suggested the possibility
of AOP as a tool for estimating carcinogenicity(Single substance vs.
mixture) and pathological and safety management prevention(Proposal) of

occupational diseases caused by chemical substances.

Key words: DB construction, adverse outcome pathway, chemicals,

semiconductor industry
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