PRk 31 JEAGITBHEETR AR (LB Y 2 7 HHgEE3E)

RREL : 4 V) aTFRERORE - ZRAMICESILEDED
b MERY X7 OFEAR N FTU— D%
(H30-fL -8 %E-005)

SRR s E
RE#REFBHED AOP F—A XN —R77uR 5 )VokEE R _EIZBE 5%

Wy EE R HE EvERMBEMEENER ZEETHRFMEE W
WEwAE LU S EvERMEMEENER ZEMETHRFMEE =R
WEBIE HAR ¥ EvERMBEMEENER Tt TRFMEE R
BF3et /1% Susanne Stalford 7 —VHFFFT R

W32, /3%  Adrian Fowkes 7 —3 iR FEAR

Wt /1% Alun Myden 7 —3 iR FEAR

Wse 7% Emma Hill A2 ) M o = |

WREE

YRR 31 AERE, AFRAEFMEICET AV - KT 7 e 22T VOMEEEZHIEL T, &
PERRBRAE SR & BEJN 0 A58 A2 m eI B 2 1B & ool AR A I BE S 5 — Ao
Ny ROEERBRE (AOP) ORIEZEZRMRT, BEALFWESR7T a7 F A TiTh
NTEERFMEDNT A—F 27— 7 ~_— 2 L, Uk STV SR BRI 59 5 Filllbe
DFERE %455 7212, Derek Nexus & AOP (2RO < AR AFBETFHIO 70 s % 4 7%
FTHNERNTANY F—2 g &2 {To7=, FOREE, Derek Nexus (28 LT AOP (25D
SETNVCTRED EANRO LN, FFRMEOEK T - TRV | #RIICIZ2 2D
BT IVOMEEIZRFEE Th o7z, 20 AOP I[ZHSL BT VORED LA 2 WHFET 572
D& FROERBIEOTFELZIRRT DO, SHEOT —X~A =2 7 FEE -
7o RE—r~A =27 (Sherhod et.al.,2014) TIXARE/RFNIEA =X LTROND
o= FAEATEFMNOVEERS (Wuetal, 2013) T 2 f$H. Derek Nexus DD
FMEIC T 2M1E T T — b OfENTCIL 2 FESH. ToxCast 7 —# & OFHE~ A = 7 Tl
TR, 7 4> H—7V 2 M2 LD QSAR ET /L TIE 8 FMIEHDIEA A 1 = X L fgedili % h
HT D2 LM TEL, 2D B, = b FHFRILEMIEEST 2FEAA =L L LT,
TINEFF L OWDEEIBEA ML AT E I SN DRERE XU RS2
JRIK & 72 D BEHATEREOIR F 27~ 9 AOP Z[RETHZ &M TE, U— K77 B RXET
NVOYEREM EIZTe T TAEID AOP OBRRFEFIENAH TH L Z LR ENT,
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A BZEER
T DAL E O HHNZ B 2 [FEERAY 72

B.LE. AL E DR AMERERIZ 35V THY
W SEER % T3 BRI D 2 & e <
LW ERTE I L DA EEM 2 FE Lk
TLHIOOFHMIA ST TV — %ML T 52
LIZH Y O P I N THE ST FE
(QSAR)RC L T T Y —7 I —F 72 XD in
silico FlEZ A W-avEa—% NFoa
0 IEERMESTTLH Y, BED
EENDLHEDH CTh D, AR TIE, KB
B EttoEtETHITT VRO B E L
T, SFEND AR AEFERICET LY —
N7 727 VOMELBIE L, iR
Bt R & BEEn D AL HE R AE I B3 2 1E
ZotlT, GRS D F— A
¥ FR° AOP DRIEZHAALD Z &2 AL
L CHE 21T - 72,

B. HfE 5k
B-1 EEFBABMERRT —F O L 7 3
T IV AR — A ERAT
ML B 7 e 7T LTI T
X T AR B - - AR AR F I OF G R
(OECD TG-421) 3 X UM 5 A5 5 A= bk
Bk (OECD TG-422) Ti& bR
BEDONTG A= T —2 =2 LTz,
F 72, Lhasa DA RET —2 > M &
DEBERLT I TV AR— AT 24T - 12
B-2 A TS ABHERRT — % DR H(L
TR = T ~OEY DR
(B#¢ 23HMEE R o 7 — 7k E) %
794 iMEEBICOWTIX, F—% & v b
NTZY RARAS L bV —E L TEED,
Frbhuo—LoRRFREERAE L,
B-3 RBEROHEIE

Fosty bOVA =S R L

o

k&% € DR R > THET 572
HON—VERE LTz,
B-4 In silico £ T VDY) T — a v

R S T BB RS SR € - T Derek
Nexus (v6.0.1), AOP OFfA % JEHE L LT
oD 7 v h & A 7E7 /) (Myden etal.,
2018) Z MW T, THIMERE DR 24T - 7=,
B-5 7 —4%~A =7 LA

Derek Nexus & AOP % FWNT= R AT
Wo7a N ZATETVTIEAZITHN—
SN0 T mE PRSI ORI TS
WTLLFD S SO EE#A LT,
INB—<A =27 (Sherhod et.al.,

2014)

o ETHRABMEDOIER (Wu etal.,
2013)

e Derek Nexus (LoD 7 7 — &2\ %
F1E)

ToxCast 7 — % (USEPA,2015) & ®
B~ A => 7 (Sipeset.al.,2011)
ChEMBL #tHET V& oA
G740 H—=T Y Nk
B-6 AOP DYERRDFAT

FhH U 72 et n R e sk & A Sl e
OB EZ T D JRME, SO T =Xty
MIEENLDWE ORI G, YRR AR L
T UM AILE ~ (GnRH) Z &K & Aitis
MDD 7 F OO THAE L. AOP ®
VER & kA T2,

(M ELE A~ DELRE) ABFZEIXE) 2 -T2
W EITORNT- ORI TH 5,

C. WFrFmER
C-1 AFERAEFEERBRT —FZ O L 7 3
H IV AR R— R R
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ML E R 7T 0 77 ADT — 2|
EHEND 394 DILEHMD S B 105 DILH
W73 Lhasa OAEFEARMET —F &> M
TAAE Uiz, E 7o hOEHIR & O EE % it
Liz& 2 A, RBRAIZHOWT & v 2Ef 7t
WAL TCWDE T —X v ~ (Lhasa @
DART DB 35 L Of ToxRefDB %) & OFEM &
LT, fbAEnEE A E LIRS
—X%y b~ (FDABIUNTP 72 &) L&
HRRKE o7,

K1 T8y FOMAMDS b, fMOEFHFEATE

DOF—FEy MNIHEETHILEHDOEK

All Combination of the
datasets 105 datasets listed below
Mining dataset curated
FDA 50 and supplied by the FDAE!
Lhasa Curated dataset of studies
Limited 7 published in the literature
A dataset obtained from
NTP 94 the NTP WIth a binary
classification for
developmental toxicity
A database containing
ToxRefDB 7 repeat dose studies
including DART studies!®
Training set for an expert
Wu et al 9 rule-based prediction

system for DART

Tz, THIZXoTHAEINDLEEZE
M A et 5720, itahizr—%
-+t w % Lhasa Limited £E23 @V ME ML A
LTWa7r—&ty ML (K1),
Ta oy ME ERSEEITIC L - T 2 RoTIC
ffd/IN L, Morgan 7 o > % —>7"1  [RDkit]
IR TREESNTT I AN AR—ZND
fbeMmarERT, FOOBET v ME,
Lhasa OEJEBAERFMET —F 2y hD o H
FDA & ToxRefDB HIKD 7 X 71 /b A— A
TEIC, REDRIT, A EOTF—Z 2y FO
394 DHEEZ RS ARIOT =4t v MTiE,

A GE S AR FEVEVE F AN BB 0 DTV Bk
LEEER A EO TV A LD L HE, K
W E DR M e M ik A S T D
LDOLHDHIENDhoT, ZOT Y b
U7 . & 3 AL RS 2T AR A
PEGEAIC B9 B 1E SN S\ v AY 2 (T &
LZEpRmeEng (K1 kA BIW
B), 2D 2 DA DB 2 FET D & |
TEIR A IZE ENHIEHO AL, /Mb
G, FER=ULEM B L ORI EY T
DO, PR B TIEABEHEENZ N &R
REIT,

nsion 1

PCA dime
|

=2 -1 0 1 2 3 4
PCA dimension 0

K1 BREWERRS eSS AOEEBAEFET —
% & Lhasa Limited 383518 3 2 BEEO LB ETIET
—%ty ofbEE OB%R

C-2 AETERAEBMERRT — % OF%E{L
TG-421 & TG-422 HBAFER D S £ I E 72
FHEEE &2 ofER ML, TSk Yy
NNOMOFHIEE & BER T2, 2D
O S N-FHMEER 2T — %y FAO
L OFME H & AT 5720, /N7
FHMEEEEEER L. (F2), ZnbH0H
FEl%. EBI @ Ontology Lookup Service <M
HERB AL ha o—7p POMGEOF
feY—MmbAFLE, ZOX9RFIET
FHBTEE AT H 2 LT, T~ A =
YISO MBDIZ DDy hT—7 ¥
IR L7z (%2),
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x2 FHOEBEEOIER (Fr7N)

Observation Preferred  Parent From

term endpoint
Abnormal Abnormal Female fertility http://purl.obolibrary.o
estrus cycle estrus toxicity rg/obo/MP_0009016
No. of mated Mating Mating http://purl.obolibrary.o
pairs| behaviour  behavioural rg/obo/GO_0007617

toxicity

No. of Abnormal Fertility toxicity http://purl.obolibrary.o
copulated copulation rg/obo/MP_0009697
pairs|
Copulation Abnormal Fertility toxicity http://purl.obolibrary.o

index| copulation rg/obo/MP_0009697
No. of Abnormal Fertility toxicity http://purl.obolibrary.o
pregnant pregnancy rg/obo/MP_0009661
females|

Fertility index| Reduced Fertility toxicity http://purl.obolibrary.o
fertility rg/obo/MP_0001921

Pairing days Mating Mating http://purl.obolibrary.o
until behaviour  behavioural rg/obo/GO_0007617
copulationt toxicity

Abnormal Abnormal Female fertility http://purl.obolibrary.o
estrus cycle estrus toxicity rg/obo/MP_0009016
No. of dams Embryonic  Embryo/foetal http://purl.obolibrary.o
with live pups| lethality lethality rg/obo/MP_0008762
Gestation Long Female fertility http://purl.obolibrary.o

lengtht gestation toxicity
period
No. of corpora  Decreased Female fertility
lutea| corpora toxicity
lutea
number

rg/obo/MP_0002293

http://purl.obolibrary.o
rg/obo/MP_0002680

X2 EHMEEE LAY Frd—L oREE %
EETRY NU—IK

C3 RBRME RO
T2ty bO~YA =T DRI LA
W% & OFBFER I > THET 720D
N—VERE LT, ZhbHDONL—LDHK
1T, fOFNEITHEIET D O T e < BIREY

\ZATRR A B Z S S 2T RO H 5
e ERFET D ETHD, ZRHOY
Bz DERWEEWE L L, £, 28
BIEDOFIE N CAMBEEEZ SRS
k& z DERIREEME] & Lz, FIH
AIREZR T — & B L O EIRINO 72 O
RHEEZ B LT, fkmaABRH & (HTD) %
B 2gmENRD 55 HEICHY
THEWRE LT, TORRUTONL— L%
MWL S OAFHIE B ORISR 2358 L
77
® i H o F/MEH E(LOEL) < HTD

= NERAEFEEDE )
® :IfiXEH o LOEL = HTD

= [IERIROFEDE |
® FTMHTE H 0 LOEL A8 S /ey

= [BEmMEYE
394 WPE ONMERERIIL I DL TR T,
#3 EROAFMEE OBEEMELK

BEY 39 102 253

REM 33 117 244

C-4 In silico EF VDY F— g v
EREGBICESE | B TTAER AR
P % T | AT HE 72 & 7 /L Derek Nexus
(v6.0.1) & AOP DFufA % Kbl & L 725t
O7a hH A FET /L (Myden etal., 2018)
ZHWT, BT VORGEERAT > 72, BEE
F O AR OFARE B 1220 T, Derek
Nexus 3 LTV AOP |2 < £ 7 /L (Lhasa AOP
Model) DY) F— g U &21To7= (X 4),
ARG B 126 L CBE T 57 L & IR
L7, B2 0%, HAR R o F I B 12D\ T
UTF—a 2T 58I, AR X
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@%E%@%?w%%wkgﬂaﬂuf~
va VR AERRT D2 0I, FRRIRAYE
PEE b EMEMEICE T e (Included)
TFUF] Lk E.?S’)iib\ B4 (Excluded)
STV D2 OTHT TR L=,

K 4& X 4. EBW OFHIHE B D€ 7 /MR

FEER B

EMYWE  Model Total TP FP TN FN

Excluded @ Derek 277 2 13 231 31
Nexus

Excluded AOP 277 11 62 182 22
model

Included @ Derek 394 6 13 231 144
Nexus

Included @AOP 394 40 62 182 110
model

Offspring

1
09
08

07 |
06 . | u
05 | 3
04 N |
03 | | -
0z
i
0 | - L

Balanced
Accuracy

Accuracy Sensitivity  Specificity Positive Negative

predictivity Predictivity

R S&X 5. BB OFMIEE DT T /VHERE

FEERY

HEHEME  Model Total TP FP TN FN

Excluded @ Derek 292 1 10 243 38
Nexus

Excluded AOP 292 12 63 190 27
model

Included @ Derek 394 9 10 243 132
Nexus

Included AOP 394 42 63 190 99
model

Dams

Balanced
Accuracy

Accuracy Sensitivity  Specificity Positive Negative

predictivity  Predictivity

N F—va rOfER, BEs X O
B OFGIEH . 72 5 N IERIR Y

B A

'ﬁéﬁéﬁﬂ%w:owf EF LD
XA OME P AR D 57z, Derek
Nexus & F#E L C. AOP Model TEE D

ANREDH Iz, 2D AOPModel (ZH1F %
B ERIE, RERMICB W THRBROIKR T &
o TR Y . FERAYITHET L O ILIR
FRIE T LT 7z, AOP Model (2515

J&PE D 13, Derek Nexus & b _XTLE W)
@ﬁEFH%%T“@??E'J CHWONLWET 7 —
FPHR LV IENWZ LIk TAELD &
Aj%‘z BT,
C5T—F~A =7 L imikinm
In silico &7 )V ClX+I2 A=
WEPE AR B OB A R E L. BT O AE
BB IO hEEEE THICE 5 ET L
DR ZXZET H7202, BEEs XU
AR OFHIE A ORI 2 AV T 5 DDOFiE
ZRWT, BLEEk & 2O ROFE %2R
Tz,
o ¥ —r <A =7 (Sherhodetal.,2014)

TNV XA L > TTFRIERE T
— %ty NNOZLEW ORERE &t
B L7k, ET ML o ThH =S N7
Do To MR E O R & R R & FfE C
LN, FFEEINT-RE— B REE LT
R, B N—T T Lo TEMST BN
—HOLFEME N R o T2 &k
D, ZOFETITH LAY =2 Hn
2R ot,
o AFERAEFIEDOREN (Wu eral, 2013)
R 7o L — M C & T 7 — b
MW THEREFEE L THICTE2E
FIT, ZOFETNLERHNT, EEEODin
silico BT VT /R— L TR 2 DD
Bl.L I Z FrE CT&E 72 (R 6),
Derek Nexus (ft > 7 7 — F 2 W5 FE)
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Derek Nexus (27 £41 A D mMEDRE
fiEHH 2 PR 2MET 7 — F 2 v
T, 7u77A4 ) T ETo7 R, &£
R AEFRMEICEET S Bbhd X
VAT HT E AN A NE2ORFE LT
(% 6),
o ToxCast 7 — ¥ L OB~ A =7
(Sipes et.al., 2011)
A EIO T — & OFNE B D4y ik &

& ToxCast D EWIEMEAE & DOFAEHBER % |

Sipes B AHE L7z HiEE W THRETL
T2 WEHORER L OV — & HW iz,
Invivo \Z3\F 2 A FHiZ)R & T/ 8E 724
YITEMERRBR RS X O fEIR & 7 iRy E C
e (7,
o NAFT 4 H—T VL NETIL
ChEMBL 7 & #2{lk % 51 7= #i it 7
Nz T, RIREEME DA A7
A =TV b EAERK LT, BEIZ AOP
ICELSET LV E L THB SN TWDIE
()2 3T ZRA L B o T RIS DD
TV BT AR A TN & B
D& HEERZFFET D12 DITHRFE A AT
STm, FOFER 8 SOIER) & 2 X7 H[F
EL (#£38),
C-6 AOP DIERLDFAT
YL EfHTIC K > T, AEMEGEL 77— 4
T oA IEEMEIZOWT, BIER
IR AETERE A TR ORI R BAMR & LT 715y
WL ONDOEYFHNRERN R ET 5 2
EINTETN, 2D DEERIZDOWT, #i-
72 AOP ZAERRT D52 LN TE B0 E
[ZOWTIRGE L 7o, £9°, Al EME & o
HoT =2ty MNCEENIWE O E S
EZL L., MR A LE SRR LVE S
(GnRH) K & ARSI E DR O 7 ) v

WZDOWTHHA L, AOP OER A R AT,
ZO¥ T lE, QSAR THIIZ L - T
GnRH ZAKEMAEEMNT 2 LA REnT
—HOMAEMZESNTVER, ZhbD
L& BIT 2 EMIENET — 2 RX— 2 &R
RUTAER, EAWIL GnRH Z 8RR Y 7
Y RTEZ2WZ ERHH LT, Zhbofk
BYORICEZHEENDL = XU B U8
73, ChEMBL @ GnRH ZFKET /LD I L
—= 7ty hOIEHELEY O S &
LCEENDZ LA QSAR FHIDIRHLIZ 72
STWhEBZLNZ, L, Zhb=h
BB VEIL, Tty FOHRTCATH
AR L OB A R T Z IR ENT
WDHDT, B0 LHFREZAT > 1254
2 DAL G BBEAM OB 2 AT D
FEREEICEE T s Z s, £2
T, ZOMAZMHET 2 X O ITHEZITV,
= b EHRFEENBEA B LA Lo THE
OAFEFMEEZ S E T VD AOP Z1E
i L7z, 2D AOP OREZIILL F OERIZ 72 >
77

B F A (GSH) 1, EHAERAIZLD
KEFMEEREDICAEY ORE R X OVEM
fesEfE (ROS) D/ = F U T DOIE LD
NUNRTF R CTHD (Forman et.al, 2009),
ROS I%, ¥ 7 FNVEHRICBITS kA vE
YVx— L LTOEM. BEOA A ik,
FIEFIE R, BB IO R h—v
ZZBET 57 ADEA & e —H O
EH 7R AW FHMEICH L CEETH D
(Ray et.al., 2012; van Gelder et.al., 2010), W
EMEROS 1, 2 Fav RU T OBREY
Fefbs AR L, 22 CHERKREAZHT
5HZ ENTE D (Rayetal,2012), L L7g
W5, 1R ROS 1T, FEEEMER LU F

-52-



TR 2 5 o LR PH O mg MR D LIRS
B3 Al b A F L RREEE & 72 57 A[HE
M3 & 5 (Creasy et.al., 2018; van Gelder et.al.,
2010) , &% 72 ROS B L UL A b L A%,
= b u BHFEER E ORI L EMIZ L -
THEE S D ATHEME N & D (Creasy et.al.,
2018; Kovacic et.al., 2001) (X 6),

X 6. = b uHFEFREIC X DHBEOEHHFELED AOP O X —
A Ry DR

= b FEHEOHEI — GSH O

= e FEBEIZ, SN T GSH & X
ST HIENTELIHERELERT S
(Kovacic et.al, 2014), GSH & = b v 5 &R
[ D5 & RIS (SNAT J)UER) 137
U — AL & O EHARRITKAFEL TV D
(Ruzza et.al., 2013), = 512, GSH ® &1k
IZROS DILEED 7= 8 DFEFR UG FEM TH D
728 . GSH @ —EAbiX ROS % FEAET 54K
ABEMIZE o TRES D FREMER H 5
(Nimse et.al., 2015),
GSH Db — ROS DN

GSH L. 8% ROS DA K3 2 M D
B b HE R B BEARE T & 5 (Nimse et.al,
2015), L7=h3o T, ALFHEEN AT D
GSH D722 45181% ROS O¥EIN% 5] X
ZL15%, GSH & DOFEEDORNT, ARSI
W7 V) —Z A VR 2 20T 5
Z L NN (Wells er.al., 2009), =@ GSH &
DFEEITMA, ZNHDT7 V=TT HNLD
A B RS BIMDOROS 24T 5 2 &2
T& 5, LI o T AEKREMORFITL D
GSH DOH5BIZ L > TilFEl7Z2 ROS M3ALT

2o
ROS O — WA b LA
ROS i%, X bz FU 7O Y g
b, N A A ik, 218 R, 855
BELOTHR M=V RIZEAGT 527 rE A7
EDZBOEYFN T aE AZEHETH D
(Ray etal, 2012; van Gelder et.al., 2010;
Wagner et.al., 2017), ROS [TF(Z, BE{LAY
VEREIZEBWT I har R 7 TART S
(Ray et.al, 2012), P&fb A kL A%, ROS &
MBI o A~HH e EZIND
(Betteridge et.al., 2000), L7-723-> T, MLz
TCIRA T AL L AL MeFF+ D U AT DDA
B9 5 E TROS BHIMNT 5 LBMEA b
AMAELC DR & 5,
BE{LA b LA — HHEEME
ROS L DNA, # > /37 Bk L OWRHE & 4
AEa L, MlaER~DH G UM
a2 7 F AREREE % 5] E & Z 9 REMEN
& % (Creasy etal, 2018; van Gelder et.al.,
2010), EE(LA b L RIS EOREEZ I LT
BHEE LD LG50, B0 EM %
Fra R4 5 2 LITMHE TRV s, AdE
HIEE AT 22 BOILEMEEL, £ D@
5T 2 EERXONDMILA N L A%E]
TR T R BN TV S (Kovacic et.al.,
2001; Creasy et.al., 2018), = F v HEHFHEILE
WITRAEA L RAZG| SIS Z LN TE
(Kovacic et.al., 2014), f5 B mEME LB T 5,
AOP LB % = b v HHEBE(EEH DB
o 2sec-7 T IN-46-V=bn T /)= (Y
JE7)
T T EEEIC RS SRR OREE
TIiE, ¥/ BTET v b~DOkkx 22 AER
H #5350 RBEREREED
ERHEEDE LI SN TWVD
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(Matsumoto et.al., 2008),
e 46-V=Fu-0-7 LY —/L (DNOC)

R A %, DNOC 1Z¥ /&7 LV §
b\**%f&ﬁ# HThdLfimIhTND
(Matsumoto et.al., 2008),

e 24-vV=Fu 7= /—/L (DNP)

TR am LT, DNP XA EREEME Cldie
WS, Z OB BIE, Wl R BN U T T

IR 5 &b am S 4L TV D (Matsumoto
et.al., 2008),

e FU=Fhuw k= (TNT)

Z v MZEBIT5H TINT OFEZH 7= 13

WO ARG, INT [ $xmHAETO
FE MG RS LR D2, VM7 14 7
1 v LMD & ORHELIR S
Nl AR ETH R i KO R
AR DI 72 83T B AT (Levine et.al,
1984),

e = hu~__¥r (NB)

7 v MZEIT 5 NB O HLE# 5308k Tl
JFfi & KBRS 2 OMK/E.\%O)E?LM%E‘JHJ%«"%%T‘
b5 Litwm S L, mAEEEHME OB

RO HAL, KR ORkEE & FFE FERD
B OWD 138 H 7= (Bond et.al., 1981),
o 13-=tur~¥ (1,3-DNB)

F v b~D 8 HEEOBUKBEEIZ LY | K
BFEMTIMA, K FROIET & REHE D
Wiv&. HASE. 16 M T3 B O E &R H
ERY) ’Bﬁ/bt(Cody etal., 1981), £7-,1,3-DNB
X, S har RUTINETF A RELK
TS5 ZEHHLNITIA TV S (Creasy
et.al, 2018),
e 26-=1Fu hLx=> (2,6-DNT)

AX LTy baEHnE 13 BEEORERT

X, BERZEMB L OB RO TR4AT

7= (Rickert et.al., 1984),

e 24.Y=}Fnu hLx (2,4-DNT)

T v hEA X~ 13 EERTE O RZEN
&R TE Al L B AU 7- (Rickert et.al.,
1984),

e 3 AF)NA4-=FrrT7x/—/L (PNMC)

~ 7 A~D 100 mg/kg O HAIfEFEN 5
THIME I LWHEE %2R L7=(Bu etal,
2012), S 502, MAEREHIIED 40%HE K,
RWHTFOIHERM., BEZEWR RO b,
INLOFTRGL I NVEF A REDIKT &
[FIRFIZ 3R B, B kB Ik (k)
DFRIFFRGIC L T, BESCTINVE T A
B DRI S T,

Elaﬁ)

D. B
ML E 7 0 77 A TiTo X
WG EERBRO 5 HARAEREEA %
FEMT LT/ . R — A O FHIET L X
D, AOP |[ZED W= T HIE T /L CRUE D
WLI=Z LDt BFEOMETIE I N—T
ETWRWATARAEFBEDOIER A 1 =X A
FEHBETEDWREEDOH D Z EWRENT,
D DOFEME A T = X MMER & T D EMTE
PEREI & B 2L S MREDFAE & 1D T
W ZERTENIE, HHlo AOP BEJE & 4k
IV —R7 7 uA7 7a—Ffkie 4t
A A TR T L OMERER BT TE S
LOLEZOLNTZ, T T, 2L DOAEYTE
PERZ D 5 b B A B & O BEMES
T2ty MCEENLIMEOE ESE L
U PERRFIY S Ve > B 7R 1€ o (GnRH)
SRR EEEREOM O vk = kR
FEFACE Y DB OV TIAE AT -
7o, SEEEIE GnRH & O BIEME L R 728
minotz, LinL, = e FEFEEE R &
SE DT —H ¥ v b OfFENTIC & % BIREN
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WE L OBEEREN EnD, E5R5
A LD THER, B A L RIZK D8
HFEMEE OBREENEN PR ER -T2, ZD
ZliE, ML AR L OMBIED AT
FHo TN ClE, M2 A W =X L%EIR
B DN D a2 R LR, &5
RBHT—H v =7 THEYRIG LS L
O EMEZ T2 2 ERARETH D Z &
HRLTWD, BT, AREIOENTRI R L LT
BDOAT) = A LT LN TEZ LI,
AElOT 7a—F 37 AOP DI T
Bl L TRYThHoTmZ Eard i,
AEFEEMEICBEI LT, &b 785 AOP DRFE D
RHPRHLZEHRBLIEEDEEZ B
ol

E. f&#

IR AEFMEICET DY — KT 7 r R E
TNOREEE B LT, mHRBE R & BE
HMOFEFEICHET HERE I, BEE
PEICBEE T 5% — 4 X2 R AOP DJRE
rikHlo, B FWE SR T e 7T LT
TON TEEEEND AT AR T —X
N—=24{L L, WS TWDHRERIZXT 5
THEEDFIIE A2 15 5 7212, Derek Nexus &
AOP [THEAS AT O T 1 h 2 A7
EFETNEHNTANY T = a 2 To0,
Z DfER, Derek Nexus (Z ki LC AOP (Z

WS ETNVTRED ERDZED AL,

FEMEOK T HE-TRY . MR 2
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Compound class? Numbers of Biological In silico model Recommendation(s)
Chemicals in DB plausibility knowledge

and Scores®

Anthraquinones
(DART decision
tree)

3 compounds

Signal:
Dams = 0.5
Offspring = 0.67

Chemicals such as
these can inhibit type
Il topoisomerase and
thus disrupt DNA
synthesis and repair.

Putative AOP linking
genetic instability to

developmental toxicity.

These compounds
were not captured by
the current research
model.

AORP for type Il
topoisomerase inhibition
leading to DART.

AOP network linking
DART to genetic
instability.

Perfluoro-
carboxylic acids
and perfluoro-
sulphonic acids

(DART decision
tree)

5 compounds

Signal:
Dams = 0.2
Offspring = 0.5

Chemicals such as
these are associated
with DART which may
be driven by disruption
to the endocrine
system.

No model in the AOP-
based approach
captures compounds
of this type.

Mode of action analysis
for compounds within
this class. Synthesise
structural alert or AOP
accordingly.

Alerting for
mitochondrial
toxicity (Derek
Nexus)

33 compounds

Signal:
Dams = 0.46
Offspring = 0.40

Mitochondria are
essential for cell
survival and therefore
their perturbation of
could lead to a variety
of toxic outcomes.

Disruption to
mitochondrial function
is not a key event
described in the AOP-
based approach.

Synthesise an AOP
network for
mitochondrial toxicity
and link to DART
endpoints if appropriate.

Quaternary
ammonium salts
(Derek Nexus)

6 compounds

Signal:
Dams 0.42
Offspring 0.33

Possible mechanisms
of action include
disruption to
membrane integrity or
uncoupling/inhibition
of oxidative
phosphorylation.

No Lhasa model for
predicting the DART
effects of compounds
within this class.

MOA analysis for
quaternary ammonium
salts. Synthesise
structural alert or AOP
accordingly.

a. Method used to identify chemical class of concern is given in parentheses.

b. The signal for each endpoint is the average score for compounds captured by the feature described
where compounds are assigned values according to the following rules: Selective toxicant = 1, non-
selective toxicant = 0.5 and non-toxicant = 0.
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Compound class?

Numbers of
Chemicals in DB
and Scores®

Biological plausibility

In silico model
knowledge

Recommendation(s)

Pregnane X
receptor
(ATG_PXRE_CIS_
up')

Endpoint = Offspring

Non-selective
toxicants = excluded

Signal = 0.18
(17 compounds)

Pregnane X receptor is
involved in foetal liver
metabolism. However,
mouse knockout data
indicates that the
receptor is not required
for normal development
or reproduction.

Pregnane X receptor
is not described in the
AOP-based approach.

Investigate pregnane X
receptor as a potential
MIE for reproductive
toxicity.

Matrix
metallopeptidase 9
(BSK_KF3CT_MM
P9_down)

Endpoint = Offspring

Non-selective
toxicants = included

Signal = 0.36
(11 compounds)

Matrix
metallopeptidases
breaks down
extracellular matrix
proteins and are
required for cell
differentiation and
growth.

Matrix
metallopeptidases are
not described in the
AOP-based approach.

Investigate matrix
metallopeptidases as
potential MIE for
developmental toxicity
AOPs.

SMAD1(ATG_BRE_
CIS_up)

Endpoint = Dams

Non-selective
toxicants = excluded

Signal = 0.4
(5 compounds)

SMADs (mothers
against dpp) are signal
transducers in multiple
signaling pathways.

Knockout of SMAD
genes result in embryo
lethality in mice.

SMADL1 is not
described in the AOP-
based approach.

Investigate SMADs for
potential roles
developmental toxicity
AOPs.

Histone
deacetylases
(BSK_3C_HLADR_
down)

Endpoint = Dams

Non-selective
toxicants = included

Signal =0.38
(8 compounds)

Histone deacetylases
have roles in key
cellular processes. AOP
leading to testicular
toxicity is described on
the AOPwiki.

The broad family of
histone deacetylases
is described in AOP-
based approach.

Create an AOP network
for histone deacetylases
inhibition leading to
DART endpoints.

IChemokine ligand 2
(BSK_3C_MCP1_d
own)

Endpoint = Dams

Non-selective
toxicants = included
Signal = 0.43

(7 compounds)

Chemokines act as
growth factors.

Chemokine signaling
is not described in the
AOP-based approach.

Create an AOP network
for disruption of
chemokine signaling
leading to
developmental toxicity.

Vascular cell
adhesion molecule]
1
(BSK_hDFCGF_VC|

Endpoint = Dams

Non-selective
toxicants = included

Inhibition in the placenta
has been linked with
restricted foetal growth.

Vascular cell
adhesion molecules
are not described in
the AOP-based

Investigate disruption to
vascular cell adhesion
molecules leading to
reproductive toxicity.

(BSK_4H_Pselecti
n_down)

Non-selective
toxicants = included

Signal = 0.44

(9 compounds)

angiogenesis.

AM1_down) approach.
Signal = 0.50
(8 compounds)
P-selectin Endpoint = Dams P-selectin is involved in | P-selectin is not Investigate disruption of

described in the AOP-
based approach.

P-selectin leading to
reproductive toxicity.
Implement models as
appropriate.

a. ToxCast assay identified as being predictive for adverse outcome is given in parentheses.

b.  The endpoint and method for compound classification using the donated dataset. The signal is the average score
for active compounds in the ToxCast assay (IC50 < 10 uM), where compounds are assigned values according to
the following rules: Selective toxicant = 1, non-selective toxicant = 0.5 and non-toxicant = 0.

c. Values were calculated using compounds which were present in both the aggregated Lhasa Limited DART dataset
and the ToxCast assay dataset. Molecules in the Lhasa Limited dataset had a binary classification for DART and
compounds were classified as active in the ToxCast assay if they were more potent than 10 uM. Prevalence is the
ratio of compounds classified as a toxicant and the positive predictive value (PPV) is the ratio of compounds
predicted as active in the in vitro assays which are classified also classified as toxicants in the Lhasa Limited dataset.
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Signal:
Dams =0.11
Offspring = 0.18

pharmaceuticals
show no DART
effects

not described in the
AOP-based approach.

Compound class Numbers of Biological In silico model Recommendation(s)
Chemicals in DB plausibility knowledge
and Scores®
Lanosterol 8 compounds Part of the Lanosterol synthase is | Investigate DART
synthase cholesterol not described in the liabilities associated with
Signal: biosynthesis AOP-based approach. | Lanosterol synthase.
Offspring = 0.188, | pathway. Implement models as
Dams = 0.188 appropriate.
P2X purinoceptor 2 | 14 compounds Marketed P2X purinoceptor 2 is Curate relevant DART

data for marketed
pharmaceuticals.
targeting P2X
purinoceptor 2

iG-protein coupled
receptor 84

2 compounds

The receptor plays
a role during eye

G-protein coupled
receptor 84 is not

Investigate DART
liabilities associated with

data also highlights
developmental
toxicity issues.

Signal: development in described in the AOP- | G-protein coupled

Dams = 0.5 Xenopus. based approach. receptor 84. Implement

Offspring = 0.5 models as appropriate.

ISerine/threonine- 1 compound The kinase acts as | Serine/threonine-protein| Investigate DART

protein kinase a negative regulator| kinase WEEL1 is not liabilities associated with
WEE1 Signal: of entry into mitosis | described in the AOP- | serine/threonine-protein

Dams =1 (G2 to M transition).| based approach. kinase WEE1. Implement

Offspring = 1 Mouse knockout models as appropriate.

ICannabinoid CB2
receptor

11 compounds

The receptor plays
a role in supporting

Cannabinoid CB2
receptor is not

Investigate DART
liabilities associated with

C and disrupt for
female fertility.

Signal: female fertility. described in the AOP- | cannabinoid CB2
Dams = 0.273 based approach. receptor. Implement
Offspring = 0.227 models as appropriate.
Tyrosine kinase 1 compound The kinase is Tyrosine kinase non- Investigate DART
non-receptor involved in signal receptor protein 2 liabilities associated with
protein 2 Signal: transduction. receptor is not tyrosine kinase non-
Dams and described in the AOP- | receptor protein 2.
Offspring = 1 based approach. Implement models as
appropriate.
ISomatostatin 1 compound Pharmaceuticals Somatostatin receptor | Investigate DART
receptor 3 targeting the 3 is not described in the | liabilities associated with
Signal: receptor are AOP-based approach. | somatostatin receptor 3.
Dams =1 classified as Implement models as
Offspring = 0.5 pregnancy category appropriate.

Gonadotropin-
releasing hormone
receptor

12 compounds

Signal:
Dams = 0.25
Offspring = 0.292

Drugs targeting the
receptor are
contraindicated for
use during
pregnancy.

Gonadotropin-releasing
hormone receptor is not
described in the AOP-
based approach.

Investigate DART
liabilities associated with
gonadotropin-releasing
hormone receptor.
Implement models as
appropriate.

a. The values represent the signal for each target. The signal is calculated as the average score for
compounds predicted to interact with the target, where compounds are assigned values
according to the following rules: Selective toxicant = 1, Non-selective toxicant = 0.5 and Non-

toxicant = 0.
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