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Adverse Outcome Pathways for Prediction of Chemical Toxicity at Work:
Their Applications and Prospects
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ABSTRACT

Objectives: An adverse outcome pathway is a biological pathway that disturbs homeostasis and causes toxicity.
It is a conceptual framework for organizing existing biological knowledge and consists of the molecular initiating
event, key event, and adverse output. The AOP concept provides intuitive risk identification that can be helpful
in evaluating the carcinogenicity of chemicals and in the prevention of cancer through the assessment of
chemical carcinogenicity predictions.

Methods: We reviewed various papers and books related to the application of AOPs for the prevention of
occupational cancer. We mainly used the internet to search for the necessary research data and information, such
as via Google scholar(http://scholar.google.com), ScienceDirect(www.sciencedirect.com), Scopus(www.scopus.
com), NDSL(http: //www.ndsl.kr/index.do) and PubMed(http://www.ncbi.nlm.nih.gov/pubmed). The key terms
searched were “adverse outcome pathway,” “toxicology,” ‘risk assessment,” “human exposure,” “worker,”
“nanoparticle,” “applications,” and “occupational safety and health,” among others.

Results: Since it focused on the current state of AOP for the prediction of toxicity from chemical exposure at
work and prospects for industrial health in the context of the AOP concept, respiratory and nanomaterial
hazard assessments. AOP provides an intuitive understanding of the toxicity of chemicals as a conceptual
means, and it works toward accurately predicting chemical toxicity. The AOP technigue has emerged as a
future—oriented alternative to the existing paradigm of chemical hazard and risk assessment. AOP can be
applied to the assessment of chemical carcinogenicity along with efforts to understand the effects of chronic
toxic chemicals in workplaces. Based on these predictive tools, it could be possible to bring about a
breakthrough in the prevention of occupational and environmental cancer.

Conclusions: The AOP tool has emerged as a future—oriented alternative to the existing paradigm of chemical
hazard and risk assessment and has been widely used in the field of chemical risk assessment and the
evaluation of carcinogenicity at work. It will be a useful tool for prediction, and it is possible that it can help
bring about a breakthrough in the prevention of occupational and environmental cancer.
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A Fstr|eo] gl wet E-2 dehEdEo]
AREE]DL 1o, A AAAHCE oF 1,500 & o)<
slehEdo] AdFog o]87ksstHIOMC, 2009).
AbE2 AAH0 R SIerEAS ARESH, A4Sl A
12 3Pk e 4 ok o|AdH g AREET]
= SHA|YE @2 SfeEdo] AR A7l vX= YF
< oA & HELE Zo] B2 AAon, 3ehE4o)
PR/l gk #ilo] st wet sFekEde] B4
oA Hrt HQa% EAIE diFEI ot s
SIREA Y] ARSI tbdE e o el #
Ataet AH 5 THEE T2 YEAo] At Qi
19709575 1998| Atolo] A AAFC=R Hie 3}
ShE4 AR RISl 109 ol ' AR EAYsk=
= 3 2 FEE QIR et 3= EAARG
(Bell & Healey, 2006; Zheng et al., 2018). 3Is+=
A2 Adigt A, 3 &5 FH 5o AR
2 St HAohH Hoff et et e 2
uoH, ol petEd AE TEsr] s BF
A 712 el JIAIRSiEl HE EE
Ay 7FA|3L Qlojof SHtkBell & Healey, 20006).
20079 BEaE 2141718 93 58419 vt
AEFoA u]=F Z7FATLYS](national research
council, NRC)= #j=jttde] HeE 7&stH A=
=HAAE AAE AstAa, FAIESHEQ] M=
AEHE AMESE in vitro AEY S &3 =4
AZE AFotaIA; JTHNRC, 2007). o]t Wt A
“=Adrd A Z(adverse outcome pathway, AOP)"=
=42 itk S TP BETSH H=
2, Ao gt A2 35ty B4 A4 AlZ}stod
ol& 7te] A2 AE9 S Sl IFHH, A2 F
83 AN FIES el7] g 4 HAES ]
P IAeES 40l -8 S EEIIh
A FFE diSst] Heiide 7 A+ =Y
o] ZQsHA Hrt ol= 71&9] AEH A1E 245}
o17] 93t 794 E24 AOPE EXPRAAFA(molecular
initiating event, MIE), 58AFA(key event, KE) ¥
EA9H (adverse output, AO)C. 2 FAETh o] gh
=9 8452 A=A 9hE-E U FARITA
(major event relations)2 AZAHc} o] AOP 7fd2
sS4 o] Weld B7tol =20 d & A= AEF<

ool wd, )

ol ox ol
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A ER1Z Al Fste, o|2X4 gfeEde] U] Jd=
B7to AOP 7Hd<9] A8 4 & aikZ #3t o] 7|9
-840l 7= 11 QtiKang et al., 2018).

1. AOP 7id & stet=& FolldH7I0IA e It

AOP+= MIE, KE, KER ¥ AOCE JHHFigure
la). MIE= AOP9| 27] AHo=, #te-4-84 2
3 E= DNA 283 £ BEAREOA Y skek 4
SAE-Z UERdlith, KE= AlZ 9 23 59| oot &
Fof|A MIES] 9o &4 AFEsH HalolH, E5
P2l KEZA] AO= MIEZ QI3 F&E3H4 452 1Y
Aol FEHLZ Yetlo] foi8B87F = A JAHE
gol a2k MIE, KE ¥ AO= KER®l#ZhH= ©H%F
shdE= AZE, KERS AF-(upstream) ¥ s}
(downstream) KE 7] Q13| = ol& & g5zt
|2 9ulstug AR KEQ o1 KE A=l thet 5
E= 94 8olstA gTHOECD, 2016).

AOP9] Z+ @4+ Bradford Hill 7| $A171=
SA9] 7F5A](weight of evidence, WOE)o A3l
ofstH, 2M&-FA(mode of action, MoA) 7Hd9] &4
£ gHdls A2 Ay A TIE & 245Y, 549
AT, TAC EolA, d: S ARE A, &%
US4, BT B, $A4Y 4 2 giAE
Argo] ofgt IEjo|tHHill, 1965; OECD, 2012
Tollefsen et al., 2014). A2 7ISA(WOE)= =1
ARl 49 JHE AMEslo] JH 8 ARFS 359
+ 575 ARt 7iEolt(ECHA, 2018). shte]
AOP= 3hH9] MIE®F sl AOE 7HAoFsHAIRE &
7k @AIRl KE9| F=ofl= Algte] glem, ZF KE= t&
AOPY|| 23HE & Qlth AOPE 2EF A Q]lof 23
op7|E vkt BESE FEoAe AdF ¥R <l
HHAE 7]&dk= AOZ oJojZAthAnkley et al.,
2010; Vinken, 2013; Villeneuve et al., 2014a). A3
= R WE o {39 AE(AE =01, in vivo
A2, in vitro A@23}, A} Hlole E AR
)7k AOPel A-&2 4 JUTHOECD, 2012). whe}A]
AOP+= ABESE W TS o AREEE= 7]&0]
et wet 71 JEIE Hoh JesiA #ekd ¢
Q1= tho|jalgt 7]&o|tH(Villeneuve et al., 2014b).
AOPE T43t &AL R =R sletEdo] Bz
&2 AB/Ho = olgfstr] Hil, AOP /ME2 A
AT Zlo] ofe}t 54471 Ax d 71& Jide] 2
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st & 4 QutHAnkley et al., 2010; Leist et al., 7V e £ 32 QARJoHEA SF 'Ho &Y
MoA9] 23S wqlow, /4 ZA3e] 7dof 244
ojlx &4 7hsT AR ‘?’l’ﬁ]iﬁ ‘A (key

2017).

1) ZH2UAl 71H(MoA frameworks)

event)’®] 9|, F2 ARIE 9 U3 BAE AAA

AR 2 T3 (international  programme o7 o] Qe 37 AL, o438 710l MoAE &
on chemical safety, IPCS)2] &4 MoA 7|®HE& A} |ot7] ol FFZ m/iisE AYsks A9 384

Follxo TAGE Aok A 5E9 3t5H MoA

A AEete] #de 3] djof & Baige] Utk

= 7]E°H—’ AFOlA 7HsAdol e MoA%t Wlawshk= of2fRt WOl ABFAL AE wAUSH FEH

ja

o

Lo |
£

T

7ol & 714 7124

Table 1. Definitions used in mechanistic frameworks for predicting and assessing toxicity

JAHR] S sEeth. 2719 IPCS 7IHole 42 v, $A= 24 Ao28S Edoke 4=l tiet 2ot
J dzjo] FAEo] 93, MoA AR dEoR FojHrhMeek et
27] skeb4 *Pﬂh%ﬂﬂfﬂ Aok Aol o] = N OR Rt tiet AR gl
ST A2E wEt dR9] F8 AoR o] griHded FEYEE s8I
. MoA7} #-8€ H=2 A oot Ha, o}

=do] 3ht o9l MoAS 71 & S12B= o8 MoA7t WIEAl SATAS ofwlsHA|

al., 2014). MOA

F4leh =HloH,

o] 7]Ho|l A MoASt AOP= 7fd2 o2 FAFSHATE

< g=t=CEE

Term Definition Reference
Key events are events that are toxicologically relevant and necessary to
Key event the apical outcome and experimentally quantifiable. They include the -

molecular initiating event and subsequent intermediate effects.

Molecular initiating event
(MIE)

The initial interaction of a chemical and a biological target which results
in a cascade of events(perturbation of the biological system) and which
may lead to adversity at a higher level of biological organisation.

Intermediate effect

An event in a pathway that occurs after(downstream of) the molecular initiating
event and is part of the cascade which may lead to adversity at a higher
level of biological organisation. An intermediate effect is distinguished from
a key event in that not all intermediate effects are necessarily key events.

Source-to—outcome
pathway

Cascade of measurable events starting from release of a chemical into
the environment to an adverse outcome.

Krewski et al., 2011

Toxicity pathway(TP)

A cellular response pathway that would result in an adverse health effect
when sufficiently perturbed

NRC, 2007

Mode of action(MoA)

Sequence of events, starting with a molecular initiating event, and leading
to an adverse effect at the level of whole organism/individual. This term
does not(usually) include consideration of exposure or effects at higher
levels than the individual.

US EPA, 2005

Mode of Action(MoA)

A biologically plausible sequence of key events leading to an observed effect
supported by robust experimental observations and mechanistic data. A
mode of action describes key cytological and biochemical events - that
is, those that are both measurable and necessary to the observed effect
- in a logical framework.

WHO, 2009

Adverse outcome pathway
(AOP)

The sequence of events from the exposure of an individual or population
to a chemical substance through a final adverse(toxic) effect at the individual
level(for human health) or population level(for ecotoxicological endpoints). AOPs
incorporate the toxicity pathway and mode of action for an adverse effect.

OECD, 2013

Reprinted by permission from OECD portal site(topics_adverse outcome pathways, molecular screening and toxicogenomics)
[serial online] 2019 [Accessed 2019 March 20]. Available from:https://www.oecd.org/chemicalsafety/testing/adverse-outcome—
pathways—molecular-screening—and-toxicogenomics.htm
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Sof obgo] mg vehd 4k 9l WolN 72w
tHMeek et al., 2014).

A 100] W B9t sjshgdel Bt 9 =4t
A PFE 71estaL dScEe Alee HAF 71AS 2+
2 1Hote FAIE A= o] gt F9% 6= A
SE45F 2ofo] @2 BHUE F "= NRCY 214071
o] FAAIE: HAT} Merolgkes KA At 5
5= 2o sehEdel foiAd - e BrkelA
‘el Mol oo itk EES olIi= A
7b EATHNRC, 2007; Collins et al, 2008;
Andersen et al, 2010; Ankley et al., 2010;
Boekelheide & Andersen, 2010; Schultz, 2010;
Hartung & McBride, 2011). NRC 1A= AR Al
2o} A =49 EAF HAYZ tigt ofsho] #
AHo g oEsh= 7HoRE 89 HAFPC 7Nkt
=3 AE= AAlshks @A 419 HalE Agsta
o} Hoh ZIAEAR] e EriEY] Mgk ZARE
5] AFOA) MlES, A vigE 9/ 24 dAE
A9l =2 A 9 1 8EAIEH(high-throughput
screening, HTS ¥ high-content screening, HCS)’
off 718kt in vitro A9 Q] AR ou|stH, HolE &
A 9 =454 EAREA Aol 4oAg BEE, B
Z2kg 9 Ayto] gt tpeet AL g-8oltt. AOP 7]
Ho| dutAel AAl= ofe dAY A= RA(A|Z,
ZA/37], |74, AADeIA BESHE HEE 7&
st =IAHEE dSoke o AHAA 54 7hs
gt AR Apo] FESI= Ao R, o= ARl &
A A2 Ag W gt tigt 712421 o] 7t S-=sHok
st F=HC0 2= A 9 JIAEY £t 29E
Z719] dEsd & Ae YA dAo FESHoF itk
Table 1°l= =495 2 B719] 71A4 Sl ARG

2) SEYLAZE(AOP) 71

AOP 7|2 A3 thfsliAl= 4ol ot sl 887t
o] E¥HAdE st et e R AH=/de FoF
oA AIZFER S ™, Ankley et al.(2010)°] E 13 A A
d AOP= UM, 7|AA, 24 T ATA 7|5
QAL ISt = Q= 74T 7]&olH, ol&o] 7|Fe =
ol= AHE+= in vitro, in vivo = FAA AR CR 71
(mechanism)¥ MoAS 2% ZE33SH 4= Qlth. AOP=
SishEZ o] ARG 2A Tl =84 )t 24

www. kiha.kr

ko] FAoAg o2 AlFsto] sishEdo] kEd & Ay
Sk EAVRAIARA(MIE)E 715}, oJojA] £x1& oz
Al D Aol A9l 73R8l T R0/l o
M =A45ES HIES foid 298 dISsta A=t
ARl =5 (= g9 7Hd)S Alsstr] flsf £4k<ol
Al 7WA ol olEVIZHA] e §9Y JEE S
= IA FH}Aok. AAFESNL 7] (organization for
economic co-operation and development, OECD)
¢} vl= HESH(US Environmental Protection
Agency, USEPA) ¥ ¥ %K european commission,
EC) &asd1AEE ead XA S 4EEFEE
(AOP-KB)'Z T-&5t%.0H, AOP-KBE: 3HA9] A+ A4
W7t 5o sk AR Hoh 2YFo = AAdE 4
U= JAEZ AlStttts SHolA A7 9 oA, 444
S TAAES i} dilo] tiFEar itk AOP 7l
< o8] 7HA] HHo = dig5Aderd 7S /o= T
-85, @717t BE4ASE AOPRAME 3feHEd B+
o} Folid 7] TAE B = 9l V& AEet 2R
HE 7] sjAo] SIS =Y & ol 78S JEE
Stislols B4 Al@xdZe g ARE 4 JITHOECD,
2017).

2 A= A = Sk 24052 g
SAEEAEZ(A0P)S] AES ¢ FF AJEY £of
oMY S&AT=S &5t Ysl AOPY 7id, 5571
9 G2 {odE7E g oS 9 A o A
Hoflo] 383t T o7 =% ¢ AFe ARE F
g - 12t FAE Aottt ettt ARHAZ 9
S thFEY reviewolA &&sta Sl= F8 AHUA
APRIES AAMstglon, FAHCREE: 2 ShedA
(http://scholar.google.com), AC|AATIOIRE (www.
sciencedirect.com), 2FFA(www.scopus.com), NDSL
=2 (http://www.ndsl.kr/index.do), BWZ=(http://
www.ncbi.nlm.nih.gov/pubmed)s &-&stAtt. HA

2 “adverse outcome pathway”, “toxicology”, “risk

Ar-?L

|

RO

assessment”, “human exposure”, “worker’, “nanoparticle’,
“applications”, “occupational safety and health”
S FARE @480 E ARESto] sl o]k &
2 S &9l ANE 2 5 S9EEHEEA0P)
gt #2729 A(201549 o]F)E &8st
A shlow, 11 ol Aty 9 712 ol it A¢
2= 11 A9 ol Hdl 201549 olH9 A=zt
T g5 et
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SOl A2 gukdo g QlaHy, B4, ¥k
59 =93 EAERREAY)T fEEE 92
2 BEEru(Jefferson et al, 1997), o|&st s}s+4
E40=& Qlgf QAL ol A = THHL
2 g v £ Qlnh IeHd, #AA 4 wREA B
ShE2 112 9 pH 52 &9l et @4 A9
AolAl 83t fgo] HH, o]2gt 8 9 Qo=
SN2 2214 Q1 g e s Tk & Sl 25t
=24 5442 AAlel S4AQ &4 89 ofyE
DNA &40t} EdHo] 22 X A= Holx| o=
FAEZ dod £ glom, FFF R o3l 3fe}
4 549 A7 T2 I TreEE SHIE &
A HHOliveira et al., 2007; Cohen & Arnold,
2011). Fol/d%8 7= gerEd ] A vX|= HukH
Ql FFZ Brlokes 8% FHeE 7I5EY, SekE
Z9o] FoidE7tols AR A% B SHE JF
o] A 7Fs/dol w44, 5 2 Sg8T 52
olgflol= Alo| EZ3ETHChemSafetyPro, 2018). 3t
S 7o - A7 B8 skolA Bt
=4o] drpt fof - AT S om FF20E 2l
Aol vA= FFS wsto] I bAAYS Brkska o
A F8Z SHske b AR 28y B2 [eiA -
N AR SR A Y 5442 Brske 184
Ql "ol M3 ¢ @2 35t 4o AvehA] gtk
EA o AH Y rtHEdwards et al., 2016).

F|Zolli= AOP 7lide] =49 AA|(H3H - ¢
AIFS 2H5] gt 545 A84R ==
A-8E% o (Vinken, 2013), &erE4o] RoidE7}
o} IHE FESHY 2o gk A8 AT Hde=
(Ankley et al., 2010), 20079 NRC+ 2141719 =
AR wE BE A THKrewski et al.,
2010). o] BiA= 7|& A49] ARE-Z Sh3lolHA
T A&sta ARt 54 H7PHE Jddlior & 84
< Z3Zs5iH, o3t FAIE Wt AOP= 5EAES
= 3t H-8-S Hokst 4= Sl su SEhEd

£230]1l A&7 S44H7HT
Hol d34E FFAIXITAL SItHEdwards et al.,
2016). AOP= 3eEd9 folde ABH o= o|g)
o 4= QA SRR 11 H7pof| ERo] F 4= Qlt}. o] &
HojA= slehaEdel faidErt, Ed] U B7t

i}

o)
kl
>
L

o]
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AOPs9] -8 AJfotH, AOP7F 3420 = 9k o
Sotal ool i XRFAQl B o E Aex|o] &g}
4 =497t o] 2 AR 7dsial Ut

A (key eveny)2] AHA Aik= BESHH A
AR B3 A, 2 9 7]5 IS Xgste] 57
73t B9t 235 9 =i(Figure 1b), AOPE=
TZ27F FARE 2REES] FARS AdISsh| QIR 7E=EA
Sx-84  IA(quantitative  structure-activity/
property/toxicity relationship(QSAR/QSPR/ QSTR))
o] #AH HEE AlFotH, £ FAHFLE T w2
AgE 2= 188 A¥WH(high throughput
screening, HTS E+ HCS)o] o]&7Fs3slAY 7t
T = SAAYYY 43 9 FF A5 md"S Y
gt 4=t} o]} 22 AOP 7|W¥(framework)S 3Fst
EZ9] ol 7rgo) Higk AZE FAok= 8 AKE
(main events)e 9Zsk= A2 oZHYATE MoA ¥
AOPs9] Ha|7t A7id & Wg E= A1 S High
A B 4 AOP HE8S st 7144 ZEE
Aeol= “BEAIE A=K (integrated approaches to
testing and assessment, IATA)'S 7f&dsl= 5 1
7Fs/d& #=o]al It Murti, 1989; Silins & Hogberg,
2011; Anna Bal-Pricea et al., 2017). B2 34 -
AEdE7 eEdY] L& 85F-Hhgo] It = ¢
g5t A7t B E oM (Gollapudi et al., 2013;
Pletz et al., 2016; Hernandez & Tsatsakis, 2017),
2 APS AUt AHEE E9)71e @A Azt v
|2 Adstr] o eerEd faid - AE4E7E i
I 2 JjdstEal ksl Qo

1. AOPQ| &iZ=A

AOP9] 7HgL2 Ankley et al.(2010)°] 20104°] A
S WSk 707 20189 8¥ dA 2437H9] AOPL}
1,80071¢] KE7} 55 ¥ 7R ol et o] AOP &
K OECD7} #E]sk= 8 AOP HolE#o]AQl ‘X
A718 EALAAZ(AOP-KB) oA FEE AMLS 4
om, o] Alo|Ex AOP 7HEAE 7Ho] &3 HEE
8311 EE317] 98 OECDE w|= EPA, ECY &
BTATAE 9 ujS V1Rt ANEAE S g
slo] A|&sHA = JEHOECD, 2018a). AOP-KB:
AOP-Wiki, Effectopedia, Intermediate Effects DB
2 AOP Xplorer2 +AETHOECD, 2018b). AOP-
Wiki= AOP, KE, KER ¥ Stressors ZZtof| thsf A}
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Target Site Exposure

* Solubility
* Vapor pressure
* Particle size, density,

Molecular Ad
) . verse
Event

Adverse Outcome Pathway

Molecular Initiating Events

* Oxidation of cellular molecules
* Acetylcholinesterase inhibition
* Cytochrome C oxidase inhibition

(a)

Cellular Key Events

* ROS formation
* Antioxidant (e.g., glutathione)
depletion

" Organism
Tissue / Organ e 2 /
Population
Key Events
Responses
* Cell proliferation * Systemic
* Inflammatory response toxicity

* Cell transformation

* Acute lethality

distribution * DNA/protein alkylation * Inhibition of energy (ATP) * Squamous cell metaplasia « Target organ
* Mass transfer * Modulation of ion channels production * Loss of epithelial barrier effects (e.g.,
coefficient * Receptor binding e.g., * Cytotoxicity function hepatotoxicity)
* Chemical reactivity * Activation of EGFR * Collagen deposition * Reduced ciliary beat * Airway

* ADME * Activation of TRPA1 receptor * Increased mucous production frequency o

* Breathing mode, rate * Activation of glucocorticoid * Cytoskeleton disruption * Goblet (mucous) cell hyperre.actmty
and volume receptor * Cytokine/chemokine hyperplasia, metaplasia, and * Chemical

* Activation/inhibition of G
protein coupled receptors

* Inhibition of muscarinic
acetylcholine receptors

* Inhibition of NMDA
receptors

* Binding to hormone
receptor

production

 Surfactant depletion

* Modulation of signal
transduction pathways
* Inhibition of nucleotide
synthesis

* Protein modification
* Modulation of protein
synthesis

* Effects on the blood
 Vitamin interference

(b)

proliferation

* Respiratory failure

* Tracheitis

* Bronchiolitis

* Alveolitis

* Pulmonary edema

* Bronchoconstriction

* Alveolar distention

* Smooth muscle remodeling
* Change in lung mechanics
(resistance, compliance,
pressure-volume curves,
FEV1)

narcosis

Figure 1. Adverse outcome pathway and Selected key events and adverse outcomes

(@) AOP: a conceptual construct that portrays existing knowledge concerning the linkage between a direct molecular
initiating event and an adverse outcome at a biological level of organization relevant to risk assessment.

(b) The AOP framework: target site exposure(TSE) is a function of dosimetry including absorption, distribution, elimination
and metabolism(ADME) processes that dictate disposition of the parent chemical or its metabolite(s).

Reprinted by permission from Clippinger AJ, Allen D, Behrsing H, BéruBé KA, Bolger MB, et al. Pathway—based
predictive approaches for non—animal assessment of acute inhalation toxicity. Toxicol in Vitro 2018b;52:131-145

{7153 A3 AXE ATAE 52 FATE AlA
g9& A|55lH, Effectopediaz= AOP2] 7Hd 2 S-&
< ol A" nddy SFolct. AY HolEE AR
sto] AOP 8.4 tist 4 JEE Algst, A
Effectopedia®] He} WS AR 4= ot 7087
(intermediate effects) DB+ 3FsHd dlo|HE A5}
1 3lskEZo] MIE B: KES ¥o7]= S 4
Zn, AOP Xplorer= AOPQ] 1#® #HS 93t A
Atz tolth, #7ta3 DB 9 AOP Xplorer7l @4 7
gk FolH, Y] 7§9] AJAH] 5% AOP-KB S|1EE &9
HYEE SRAT. AOP-KBS] 4 84= 7HE4 S34
o7 HjgE7] wjEo| AOP-KB:= AOP2] 7k} thof

www. kiha.kr

g AolA9] Z-8oll f-&slthVilleneuve et al,
2014a). OECD& AOP 7id 9 B7hs 9t 283
T=E AZSHH(OECD, 2016), AOPsY] ¥ OECD
224 A~3Ed 9 5A5AIs] weE OECD & &
# IF(extended advisory group on molecular
screening and toxicogenomics, EAGMST)o] <]3}
A=E1, AOP Wiki= EAGMSTS] Ao wkel &4
TR &304 W RHOECD, 2018a). ‘T
29 FFAl 9 7MAlE HFEAE SEEHE
Z7g= A WA AOP7F OECDe|| olsf drasd o]
AOPO] #3t o HiAeh o] THEIOH,
OECD+= od 719 AOP #HH EWES AlFsty
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20184 8¥ A AOP /I T2 I3 2 AQA =
60789 Z2AEE AAstT YTHOECD, 2018b).

n
0x

at

1A
o

OoP

8% =R G ZAl0|
o, o 71AEH AL oldfioke A 1
SrEdS 9Alsh] et =484 =9 S A
Yot o Qs o= dekede 257] 1wl
ol gk olsiE Eot & HES & = BEE AA
3st7] sl AOPAIAIRF 7'M ARSI Al&FSHle
o, o] mEII/o] gt AOPLE -FAFSHARE 1414
Ql Zjo]Ho] Qitt. o] AOPL] +/442 et AL
79l oi utdo=RE 387 WzdTke] Xjo o
o digt & Aled & AUtKSullivan et al,
2017). stehado] 3871 HE FEdte 2E 714
= HESIL o] AEE ARESto] ni 9 S 57|9HlAg
Lol 7Fs?t AOPE sk Z22&, o] &5 AOP
9] & AHESHo] mREINIAYN S5V 7
54, FFAA 2 S/ HRH & Eelsks A
o|th. o] AOP= HF ¥ 57|39 o] A
2 o2A X9 gt 7IAEH olfE AT it
oflz} sletEd &7 NI thet EEAAdS ERlsH
= F7Ma7e "984E A&t Kimber et al.,
2018).

st ot 25719 Y 27] ARlgS H|HTt
AAY FHEY F83 A0 ZAE Holslth F
+ 2 ¥ 5% AOP 792 AR =E olojA]=
F9 GAE 7t dYske tH, % Ao 282
2 £ Qe 71EE vHHska O gijkS Aidsh] 9
St 7|2EA HTR FEA0] ARt IS EY
Ao HKKimber et al., 2014).

A 2714 HA=E g A(allergic contact dermatitis,
ACD)2 22 criidl wk3Ad slsha4o] odf frs+=
g Hodtger, AXF =4z d HAKlocal
lymph node assay, LLNA)E &2l ¥ 1IZHd 59
AFH Hr7ke & 4 Atk ACDS] B34S 1Rtet o
a4 Ao 2= LLNAS HAE & AT B4
A2 (integrated testing strategies, ITS)S =3l I
5 izda A XA It 523 JHE B
o} ACD2] £} I3 ofsfistr] s AF in vivo A
Tofl gt AAAR] AEZE =™ ACD EAHA]
T7F 2 Bl ok ESE BAAE=e}E A|ghE ARl A

N
fol
ok

o N

i
ol
(e J
oN

7] dl

a3

< o x>

o
-
N
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o] ZARAA HoleE Hlwstd £4 Igo] et
AbhollA vl=otA] SLE AT v|ARt Afo| S ERlst
7] SleiM= F7HAQ1 Aol A 9] Holgzt 28t A
oty ¥Rt in vitro ALRILE HEE= EA|H
et B2 5l in vitro /31 (toxicogenomic)
glolE|ete] H|WEAS Bl 51 A5 Qo= &
A718] MEL in vitro < BT 4= Qlrh. ESF
in silico, chemico ¥ in vitro ¥Hol o3t A=
7S AOP B ACD “AAIE] APAIH o 2H Het
o o qleug i vl =8 ARS FYSHA
vt AldAe 7] 240 Etkvan der Veen,
2014).

oje} T2 o] A ATES =4 [oi/d B 71l
Al AOP 7HEE ge= WS Kol ItWorth et
al., 2014). AOP 7|&2 3= 549 7|40 gt
A4S 24k FHokes T2 AlTsh, skt 9 A
AFsho]l 7]1%3%F QSAR, E4sHH o ® I = o= 3
2 B35t in vitro A8 9 S3A A ZK(integrated
testing strategies, [TS)& Egok= A& 7[He| 7|22
AR 5 Qe Agubdoly B3 E M=K integrated
approaches to testing and assessment, IATA)O]
ot FZo] ¥HE OECD AIAE #AA 2 AHFA
SHolA AOPE A, EAEsH7| {8l ofd FHE7}
3] gk AL AlF2THOECD, 2013).

3. Lt==Z1t AOP

OECD A|Zof wha}, Attt 3404 gty o=s &
dhy] Bxlgof ofsh @2 AOPE©°| AU=E glod,
£35] Y=EZ(nanomaterials, NMs)e] S 11 11
5402 Qlsf dutAl 7AY} EE=E A3 H]
51717} oA, NM 578 olsfist= © Slo] B2
A4 AR7F JARE, =445 H H 5G] E4J0]
o A ¥ B2 d4E0] ¥R ok AOP= U
=40 93 BASAET A 7AE Al dHA
oz Agsto] AR A data gap)S W EAAY
A Ndste o AREE & o, serEdE {8
H 54 1Fsto] 47435 AOPsef| ool E2FE w2
71748 AAE eesd 5495 2y 9 /54 E
7V Algskedl A2 & 9 Ao|tHGerloff et
al., 2017).

ol

|

B o
f rolt

242 37)7 A7) ujge] v]x)9] A6
o] 9 5= glom, 53] AN B4 Azihe
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=49 B3 F49 A H 750l 9TF= HAA
Het o]t AME2 wiFE AlEhuman) H MNEZE
o83 tEH/iHs: 188 Al (multiparametric
h1gh—throughput screening)iﬂ- e A&35ly H|E
221 Qg AlEHES 2 stH, ol#gt in
vitro A1@9] & 7HX = FEHCE 11 =4do] Helo]
H+= 7™ (mechanism)¥ #HAHE} 5-744(genome)
o] |tz QI oFd EAULFH(multi-walled
carbon nanotubes, MWCNT)2} &2 AxYL&E2
of et B2 g I 4= Sl=dl, 1 5 st
£ FH7F F2ol drtsAHeE FriE e, 1
Agto] FFoto] AxUEd k&0 ot 34
IS B A9 T M=o R AREEHIL
AItH(Nymark et al., 2018). /n vivo SAFTT} A
sto] FHLR E23kehs dAE Yeie ohdst Al
ZU-EZ(engineering nanomaterial, ENM)o] A}
OJ;G_E A}_Q_g]ﬁ 01;<]U]— ENM_Q] 747}05HA41737}
(human health risk assessment, HHRA)Z 93t &
HH AA= obF] =R Askth AAFe 2| et
A, dgEke 9 ARy ST =LY
oA EEAHE EA4E ©A5kE ‘golden standard’®
oAAA LA, FAA(genome) AHES] TAEA I
in vivo 188 ANIHHT)Y T2 A=At E—?—
ERE §xE folgY o]&2 11 &-8o] FHEIL
o oy AIFHELS i‘(epidemiological)ﬁ:llﬂ
7Fs5HAl @& w AARAISKtranscriptomic)e] AEAA
oA Ylegdo] tigt 8 7t &35S oo
St= B2 7] - (mechanism)7|¥ Yo = AMG-H
T S HAFA

4. siet=20 Yy

|=1t AOP

4 d - A8 B7He BEH2 SstEA
gt 4444 ¢ %%@ FEZ B7tske Ao|tHClewell,
SHEZO A4S I o2 A8y ¢
A, & 549 gE1 PE-OJ Zoto g ZRZIITHNRC,
2003). B2 IA7|FEA = EHEL gt £4
T&, A, 544 4 H d H7} dlojgHo]A(c] 2

Al PubChem, TOXNET ¥ INCHEM B)°f gt %
AR JEE Bgotal JATE Il EFtotal o]
HJEES W2 IIFHEHY] S &Hs] Hrtetr]ol
= EZEsIHCarpenter et al., 2002). U= $3E
S (USEPA)S Yrtd o= 3leEdol {4 - 984

)
o
=)
<
|
o
oty

ol

www. kiha.kr

F7HE 984 A, 85-9ks UL =237t Y
54 49 v 7HA —i"ﬂ—i 9], 35t Ut
(USEPA, 2018). 548 &l9] 8 424+ MoA
24 94 A9 7ISA(WOE)E 36, in vivo ¥
in vitro A%, AFH L2-F4A == B89 &
=X, thAF E uj A TlolElE o]-&3t A} 7]Hte
A-]E]ﬂ]o]-xq Elg:_]al_],]- o _/,\_911-34‘ %74]31313 7]H]-o
2 gHHZvinavashe, 2008; Bessems et al, 2014).
EShE2 AN v AZe1A o AR = A ete)
ARLE AlQfstals /A= ;;%moﬂ 244
EE LEHe 9Pl S8 7o, AR &Y, A3
4 mR JE5Z B9 el &2 & Y
(Carpenter et al,, 2002). & E°i, H7E=4,
gl 71, vAEA], A E, 2HH U, ﬂzxﬂoﬂ
=5 x _,]okﬁ Q]—X]’E ol 7]1:4. L= 151
E‘}/‘éﬁ_i iggq o= Qupst 2 olouq o]
= 7280 A4 -2 £ U2 uRitKDuffus
et al., 2007). A7l 2H &80 542 A4S T
T¥(end poin) & s 78S %7}/\]71% ‘%‘;ﬂ
A EHAE SIS EN A=A

e =T

ItHSugimura, 1992, Suglmura,
2000; Oliveira et al., 2007. Cohen & Arnold,
2011) H]—OP_L]-X-]oﬂ/\-] _g_z-]x% o= 0*6]‘?1‘78_91]'}4 tﬂﬁ}g
QI ohFgh Alzzoldo] WA &= 912w (Oliveira et
al., 2007), o|& It ¥ IS = Q= Edol
AEFA Q918 WHEH(carcinogens)?|#tal Sith
(ACS, 2018). o= =A7|77} Lot &4 AAskaL
EE2351=t|, g5 £0], ZAYA*Ninternational agency
for research on cancer)= THEES Al TA =
EF3UTHIARC, 2018). ¥ ¥ sshaEdnitt
t2og 277} Fx 9 7F ARRRe] fA% 440
wEt elEo] oFF FHeH] 22 = U= ol
Sfiof gt

AOP= EAHA, Wy, A 9 A4 A4
AR Sk ALAo)al AR 7HEAE 7HAH, oA
BETTH o7 7Hseh AA7IAS Ao =N /o
B7F BgollA skt s S &olstA &
ot Al AOP= &% 3shEdo osf op]|== ¢
A2 oF7] gt AlE 9 H7tol oigh ARl S9t
7IHE AAE Ao, AFH 7|8yt ofvet BESH
2 o|gfe] o% *(Oﬂilﬂ QUIA Tle, E7IAIE vl
AT 27 52 AeHoE 334 ﬂi‘:]r a4 =

I ox rlo rl

& o st
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4 oldfst= o MEE 7MEZ AAstL Ao
(Clewell et al., 1995). o] 2& 7|He] EH= &8
AL FIAZIL [ - AR B &
ol Ao=, F o] /E2 QUA A% & BHSH &
o] gk B7HE #Is AOPE F4l3k e, OECD
9] AJdAA(test guidelines)oZ = ALt

5. X[A17]8 AOP(AOP-KB)<Q| 7H&

AOP9] #+d-2 MIE, 78 Kintermediate effect,
[E) ¥ S4UHAO0)E st tlolg & x]4]o] A3/
Ew, o] FHO| =3 ¢ FMEZ A3 HHAlo = golst
Al 5171 flsl AOP T& HIoJHE & 4= = FA0HHA
T 3ok S vieE b B2 dq|Ee] Fkot
3 ZoJitt. OHT(OECD harmonized templates, 3¢
ShEAZ 7]|&sh= 10071 ol/4de] Lol tigt HiolH
AP FA B39 3= Hlold P4 7fdste] OECD7t
et o] %, BE TR AolA FaldB 7ol AREE
+ [E°] ozt 3lekE4d S04 flol8E 44, OHT 201
2 ARgote] HuH FaTES AR dZE0 AOPE
2Hdgl o, OECD EAGMST(ER} ~A32d 9 54 &
FAAsto] gt A 152 WHO IPCS(HIAIE A7+
A SFRPAZ R T5H)9] @3] wet AOP 7&7]9
TAJFEHUS EPA, 2005; WHO, 2009; OECD, 2013).

AOPE &4 A= H=2 = o] wakd o
gzt 9 dE&vbsdt AESE 718 Vet
(Villeneuve et al., 2014a). AOP= T 7R9] HH<l
MIE ¥ S4UAAO0)S FZot= 7| A4S YEY
= Ao®, g7 ARA BF, MIE= ROS A4, T
AE 74 9 AOPE Wt tAA|Z2RE Y] AR5
AR|EZRI B3t 2 8 ARA(KE)Y idoz
AxE 5 oH, 7 SA4UEA0)S M HRS
9 HE, M4, S 271G v, LEET1 R, X
3 A% AE3 A% die, "ol ARY, RAH &
o, A 1 54, A =54, o s A2
HEolth, FUAZEERR D AOP A|4]7]|Hke] vl
olEl(big data)E ARgSt= 93 ¥ =A% AGE
B9l A0S AR fEES ST = UoH, o] 2L
S 8ok 771 A 2E2EHAE o Y
QA 552 22 4= Stk wEkA AOP, HE7I5He]
580} 22 A 5482 7RE71AHAIY] 549
Hes] ke 2 WHo] 2 4 Aok

ol7del Haro] oJshd, At of ol BARle] 7157
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A A (humidifier disinfectant, HD)Z Q13 2F 240
T 5O AlEEo] SRS g AoE dAEe
o, o]F 9] A= tE At vlwsto] BolAql WA
o7 7|3A "] 7+ HRdtel 237 w1 3
ot HDO| AxkAQl 92 motstr] s M=
o g AOP7E FHESeH, A1ARES A=t
AOP A|47]5t Hlglo|g& ARESE Hot ¥ SAAGE
Bof S AA Y-S ERIT & 1A, oA Af
S A8shd HDOl =E&H RS o Az &
229 2k 4= ltlLeem & Chung, 2017). HDZ ?

Mo
of Hl JJ

:

o,

G3H AolEslele] 43t WMme] W Fee

do

i

N

i
< P

A e|etd HAaks mdat 289 AZsE A
BRI, TAIE Heyt 3E YA A ES] mRNA
5 3 AASH FAF. o]t Aif= ¥ ¥ o]
PHMGO =254 5 935 € 473ke 8% &4t of
Yt Al o] ZHAgS AJARIHTang et al., 2013;
KOSIS, 2016).

6. AMAHZAZOA AOPL| S &

AEMPA & S Bk [l - A 7]

= ARESte] sidE =& 9 /54 HlolEE 7Nt
2 3 AOPY] /E4 &2 e 5444 Yo &
&2 olsfist AR [ B7 WHE AHASH=T
AREE 5 e =EEQ 4R AR e Pes
AAES. e EARAARIMIE)S] gkt o
= oF2] gukARQl 8ol ZEekA] ZPARE, MIE= 4
2Z 3o 2xe} JAAVE S & e EAeE A
AEAL Tz BEAIAE 7HO] 27] ABAE o R, 1 A}
AT 9 Hojet AE FA7E oA AL Ut whk
Al o] Hol= ¢ B2 A9, EF, 549 ¢ 7oi48E
7Ve =71 #8 o8 9] ey A4S ARESh=
WS S £ Qlow in virro W in silico S4JSt
9] 7oA MIE A9 dekZ AlAlstar, =ty 9
sisba H wHol 23og MIES A)dsta E4s)
sk ATtE0] JYP=E L UrhAllen et al., 2014).

T80 =, AOPY & A8 IR =&
U= 24l =EH ARY ¥ 75 HAE dS
T S 7hsAel lem, ozt wWEhoa AbH
AOP+= SUEE Al IA9] #¥s 2T = U=

www.kiha.kr



TS AEHL AT & e 54 Ao w
Z7l2 B5s 4 Q= v18antAd in vitro NI
7REE o]ojd 4= QItHCelli et al., 2003). &Al°l, |

#o] Ay T &4 b Ve T A 9EE
Uetfl= A4 TEHEE /o] A AR EE
AOPOA oE 4= QItHCahn & Siegel, 2011;
Benowitz, 2014; McNeill, 2016; Meernik et al.,
2016). of=] A ollA AlASE 712k Blaste] ROS 4=
+0] F7Iok= 59 $HAH0] AOP] 7]1%3t EGFR

245} 9 SR ASHDS B RS s

= Zo] 593t Ao AOP= AUt in vitro &
I AEE TPt FRARKE)S AARCRE H7Ke

o
rlr
1]

1

©

== AFT & Stk ES o]z’ AOP 7|4t
in vitro Ng< 35402 34| fdds &
AMEE A2l o /& 5 AtHAnkley et
al., 2010; Scheffler et al., 2015a; Scheffler et al.,
2015b; Shivalingappa et al., 2016; Taylor et al.,
2016; Terron et al., 2018).

AOP= FaldB7tet #ed S4UdE ZHsk=
TrRo] wE ARAL] ol gk X4 A|AIS} 5= 7]
2 &2 ATste des, 544 A ekedy &
A R A 7F 9FE EZFSE A=Al Higt ofsiet
SAEEE AT & e 582 TP H 5F
< & AOP Aol 2ol BHA St AOP2] 7lido]

%

ki 1o 4

Table 2. Guide to assessing genetic and epigenetic data for risk assessment

Risk assessment Genetic Epigenetic
functions Inherited Acquired Inherited Acquired
* Does the agent * Does the agent lead to
. damage DNA in * Does the agent lead to new  new epigenetic
Hazard Bﬁis f:erea%ggtgs\?;age somatic cells? epigenetic marks? marks?
identification P * Does the agent * Does the agent lead to loss « Does the agent lead to

cells?

change gene
expression?

loss of epigenetic
marks?

of epigenetic marks?

Does the DNA

polymorphism change * Is DNA changed at + Do the epigenetic marks
current OELs?
Does the DNA + At what dose does

internal dose?
Dose-response

Do the epigenetic
marks change at the

i ?
change internal dose? current OFLs?

* Do the epigenetic marks

modeling . . C » At what dose do
polymorphism change gene expression change the physiological . .
. . epigenetic marks
the physiological change? response’?
5 change?
response?
* Does the DNA
. » Are Adverse . .
polymorphism change * Do the epigenetic marks < Are Adverse Outcome
' Outcome Pathways . )
internal dose? . 5 change internal dose? Pathways activated?
Exposure activated? ! .
* Does the DNA * Do the epigenetic changes ¢ How long are Adverse
assessment . * How long are Adverse e
polymorphism affect affect distribution, Outcome Pathways
S . Outcome Pathways . . .
distribution, metabolism . metabolism or excretion?  activated?
. activated?
or excretion?
* Have rates of cell * Have rates of cell
« What is the ultimate prohfera_tlon and pro||fera_t|on and
hvsiological effect? apoptosis changed? apoptosis changed?
physiolog T * What is the ultimate * What is the ultimate
. * Has increased tissue Have rates of cell physiological effect? physiological effect?
Risk damage or necrosis .

characterization

occurred?

Is organ function within

normal physiological
limits?

proliferation and
apoptosis changed?

* Has increased tissue
damage or necrosis
occurred?

* |s organ function within «

normal physiological
limits?

Has increased tissue
damage or necrosis

occurred?

Is organ function within
normal physiological

limits?

Reprinted by permission from Schulte PA, Whittaker C, Curran CP. Considerations for Using Genetic and Epigenetic Information
in Occupational Health Risk Assessment and Standard Setting. J Occup Environ Hyg. 2015;12 Suppl 1(sup1):S69-S31.
doi:10.1080/15459624.2015.1060323

www. kiha.kr
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Ab wAYES] g T F/4Z23e] disl 7]ofs)
, =5, 545 9 AP Aol digk AR
st &4H AOP= SAEH Higt F9 ¥hs
HAbeks B4 A 9 Xs|uE REsat opyzt
A4 dlolHE HIES TRt X oA mYE R4
Fols 9T & 5 UL oA FH ek ¢
} 5ol3 [odErHET ot % o] Q4o
2t AOP AAE Btk 88208 HE5HA & Ao|th
(Groh et al, 2015). A&EA ARFE AOP+ +2-24
TA 9] &, M2 in vitro SAAIES] i 9 241
=9 A=) Fusks Z3bols ot 540= AlE
4> QltH(Vinken, 2013).
=4l fod dig 9 A AR
AA 9 SHFAE Holg= ASEHIL YA
Agtd 08, 85-4hg 2dy o
37}, A4 /535A8 HolY YFo] FHDlE
Zol MoA%t AOPE ERIsH| fsiAl= F7F A+
a3t Aotk A9 dod-gS B7tsH
AL 74 4 T4 HolHE a4 - AEA
B7te] &8 4 Sl 7127F =9, in vivo R in
vitro AtE= AMFEA 9 BAAGS AtoA F£HH
AAAEE HYxlojop o Q7 flomg {4 &
A2 Holt S IEA 2] I it JEE
gt Wo| 42 5= LS AFE AAGfoF gt o]
o} tjEo] 3 9 SA4R34 Hlo|E7) AR BT}
o & B% &5, HA, ARRA 9 HXH gl
FoE 7]&0do} gtKTable 2).

=802 fd 9 SAARAE Holgrt AiEA
H7l 9 w=Z7]%(occupational exposure level,
OEL) 7igo] AREE7] Aol HEd A<= ol=gt ¥
3P A A e S4UE 7o) J3E nxt=
< Z99loF 5lH(Gallo et al., 2011), FAMYE
SRR AR AR HIT SA4E
Zholl dE A=y woo] 23{Z w5A 2 A
(Jennings, 2013; MacKay et al., 2013; Figure 2).

AE 7|5te] 7AEH FHE E85l= o' Al
71 /et A foi8S gRlshy] fRt A=
TTE AT E olYe} LCs = OE in vivo &
ZEY o - A8 B A4AEOlA o B2 4
BE A5 Aot} ARJYTFE dEst] fldl 5= ©
ol E = AL T A9 AYF, sjFed ¢

A Fol(e: T2 7w olRy, Alze] 99 @ 7

oo oX Mo mu E H
2 o ook

0.

Rl

il

flo do
e

i,
)

©)

oA

o2
o

W

_ —

7
7

s

o 2 n

i
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1
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Occupational and Environmental Exposures

T

Genetic > Epigenetic
Inherited! Acquired? Inherited? Acquired
genetic DNA damage/ epigenetic epigenetic*
make-up mutation make-up changes

A\

Adverse Effects

Figure 2. Possible genetic and epigenetic pathways linking
occupational/environmental exposures and adverse
effects

The concept of inherited epigenetic effects is meant to be

used figuratively since the epigenome undergoes constant

reconfiguration during zygote development and maturation
of the individual and it is difficult to identify a single
epigenomic configuration and define it as “inherited.”

(1) Genetic information inherited during meiosis; (2)

genotoxic effects; (3) inherited effects that do not depend

on DNA sequence variations; and (4) epigenetic effects.

Adapted from Bollati V, Baccarelli A.

Reprinted by permission from Bollati V, Baccarelli, A.

Environmental epigenetics. Heredity (Edinib) 2010;105(1):

105-112

A, OE A MY a4 9 SEuE 9 diakee] Ay
2 WMsh(BéruBé, 2013)% 9lsf], Aol oist FAA
F28-2 diSstal #Estr]of JdstAY FwE5HA| &
2 4 UtHZbinden & FluryRoversi, 1981; Balls,
1991; Chapman et al., 2010; Seidle et al., 2010).
FALE & Tt AOPs7t B AH 183t AOPS}
HHE FUHS Hrlotr| A% in vitro 2 in silico
7S st 7187F AU, o= 7iAl E= 4t
A F2oA SgUdS A9 5= A 2 AHoltt
(Villeneuve et al., 2014a; Villeneuve et al., 2014b).
ojHSt AOPE & in vitro 7| T+ 24 H
< A Sl BAEE AlE, 2H71 a3E Bt
o, §4 Edo] AR 54 fdske HHE,
LCsoollAl =8 &= Q= A ol 71AE4 58
AE 7= o & oo = AxF I Ao|t. o]
3t 7|2 ofx] A A7l Qg RolEofX]A|
= EFAN st A7 Eopo|tKClippinger et al.,
2018a). & FHoA = =4 FA=ES Folst

www.kiha.kr



7] 9l =2 AMEZ HIAIE 4= Sl IATAE 7Hdst
= ol 283 &5l s =95y, ol= 71E9 F
A(Qe 4 =475 2o =E2FHE, AE=EY &
ggietd g4, vAE 7IH(eIEA, QSARs, read-
across = AAHEY 5)9 XS T3S ZHolt}.
A o] 7 ¢ 2 flojEet 7ol o]&7FsslA| 1,
=4 WAYUE digk 9] o]zt WAT ol wet A
& ZIgke Aotk E3 34 SU=A B9t ofyeE o
710l A B2 Al AA”Y EE AR v
< A g0 A5 =& JHClippinger et al., 2018b).

LA A%l vlAls EUEE E49 ¥ ¥
7Fsk7] ek M= o] "85, oj2et 7|HE =
A9 wAULE, &% SFHY olsl, in silico ZEH
D jn vitro A/@Hl 712 Zolth. ol 7' F
AR S 7HEE)el] 9l AOPY /e 2 I
710] gt olsiE HHAXKdata gap)E AlHstAL
Sfdsk= o TRo] E 4 3loH 8 ARE AR
<= H AR & 3= HlsE(non-animal) 7S
Aot & & Uk 214)7] Agaete] W2 A3
Ry} Hej ol tigt J5AR AAF 23 Al
gt AR ol B2 4 S A fi= 7I¥E
Agst, 47 A+, AleF /i 9 A4 &89 A&54
A AFReE 1Y o miY F3stHLangley et
al., 2015). A7|&2 4R A AF L Ay Ao
285 5 AN, o]#3t A Hofl= H3te] o] A
7] 913t M=% o+ 9 =7 wfjziviqlo] 8
sk Al AW =AM SAUEA R} FARE
ofg] HESE =2 AOPsE olsflslr] Yt Al &
olF ndof 2HS YWE Aot oA A HH
Agejof| #3t HlolHE SFotL siAstr] sl AlAR
5/d%H(systems toxicology) E=7E ARgSlof Tttt
(Jarabek, 1995; US EPA, 2009). oJA] £&2& o]}
HAH sfdofor & W2 HAet AE-S mhetstal 11
5t7] 91gt A%l o] Al&tEofof o wjgta wt
2=

2 AL L5/ APRESE 93 TN S5t
=49 FU=ES Frkoks d ARRE 4 Sl V1A
9 Ao et A9 Hehy ZHE Q95 on,
71&9] RS ARESHa] gutAQl v[EE AJgHo o
S A FUTE @A SU=A Aol FESE 5
+ QSAR Ed2 A9 AT o mdo] FU=EA
&2 Al HHsHE 5= A=A oARE FRlsh] Yol

7|
o
o2
[e3]
=

ot

Py

oL
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QSAR(?]l : TOPKAT, REACH Across ¥ MultiCASE)
9] A& 7rsd Y9 RARGHY, 7|E HE9| ATt
2ol & metsto], £ S-8ZE I ojH HdS A}
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Table 3. External links about AOP sources

AOP KB homepage

This wiki represents a joint effort between the european commission - DG joint research centre(JRC) and U.S. environmental
protection agency(EPA). This serves as one component of a larger OECD-sponsored AOP knowledgebase effort and represents
the central repository for all AOPs developed as part of the OECD AOP development effort by the extended advisory
group on molecular screening and toxicogenomics. The other major components of this knowledgebase are effectopedia,
produced by the organisation for economic co—operation and development(OECD), the AOP Xplorer, produced by the US
army corps of engineers — engineering research and development center, and the intermediate effects DB produced by
the JRC.

https://web.archive.org/web/20141204223309/https://aopkb.org/aopwiki/index.php/Main_Page

OECD adverse outcome pathways, molecular screening and toxicogenomics programme on the development of AOPs
The OECD environmental, health and dafety(EHS) programme has been helping member countries to make better use
of increased knowledge of how chemicals induce adverse effects in humans and wildlife, through the so-called adverse
outcome pathways.

http://www.oecd.org/chemicalsafety/testing/adverse-outcome—pathways—molecular-screening—and-toxicogenomics.htm/

European commission's joint research center

The joint research centre(JRC) is the european commission's science and knowledge service which employs scientists
to carry out research in order to provide independent scientific advice and support to EU policy.
https://ec.europa.eu/jrc/en

Adverse outcome pathways: from research to regulation

The science of toxicology is turning towards a new model based on a better understanding of toxicity mechanisms, which
will enable prediction of toxic effects in humans. A key element of a mechanistic understanding of a specific toxicity
is the construction of an adverse outcome pathway for that toxicity. An adverse outcome pathway is a conceptual framework
constructed from existing knowledge that relates exposure of a type of toxic substance to subsequent molecular and
cellular changes that result in illness or injury to an individual or population. Effective communication between researchers
and regulators is a critical determinant of whether new methods or approaches are efficiently translated from the scientific
bench to regulatory decision—-making practice.
https://ntp.niehs.nih.gov/pubhealth/evalatm/3rs—meetings/past-meetings/aop-wksp-2014/index.html|

NTP interagency center for the evaluation of alternative toxicological methods

NICEATM is an office within NTP that evaluates alternatives to animal use for chemical safety testing of chemicals. Alternative
test methods: replace, reduce, refine. NICEATM activities include supporting the interagency coordinating committee on
the validation of alternative methods(ICCVAM), a committee representing 16 US federal regulatory and research agencies
that generate or use toxicity testing data, providing bioinformatics and computational toxicology support to NIEHS and
NTP projects, especially those related to Tox21, conducting and publishing analyses and evaluations of data from new
testing approaches, providing information to test method developers, regulators, and the regulated community through
its website and other communications.

https://www.niehs.nih.gov/research/atniehs/dntp/assoc/niceatm/
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