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iPSC ()

ID Chemicals Unit MTS ATP (*)

A MPP+ iodide uM 20.9 +£3.4*4(3) 16.5=0.4*(3)

B 2-Methoxyethanol mM 243 = 33 (3) 220+20@3)

C IDPN mM 30.2+14.42(3) 15.7£6.6%% @)

D 5-Fluorouracil uM 6.32+1.03* @) 5.92 = 1.06° @)

E 6-OHDA M 2.29+0.56*(3) 1.83 £0.352> (3)

F  6-Propyl-2-thiouracil M 766 =76 (3) 63184 (3)

G Manganese (II) acetate M N.C. 3) N.C. (3)

H Acrylamide mM 0.458 = 0.086*° (3) 0.274 = 0.039** (3)
I Aldicarb M > 1.000 (3) > 1.000 (3)

J  Bis(tributyltin) oxide uM 0.220 = 0.093% (4) 0.220 = 0.070° (@)
K Bisphenol A uM 19.8 + 3,124 (g) 15.2+1.52%(3)

L Captan uM 0.454 = 0.08549 (3) 0.497 £0.1304 (3)
M Carbaryl M 20.7+7.8 @) 224644

N Chlorpyrifos uM 86.1 £34.9 (3) 19.9£2.343)

O Colchicine nM 5.73+0.67° @) 5.32=0.54° @)

P  Deltamethrin uM 7.34+0.33 @ 3.42 £ 0.50%%* (4)
Q DEHP M > 200 @) 75.1 £31.1(5)

R DDT pM 3.83+0.26%(3) 2.33£0.37%9% (1)

S Dieldrin uM 5.64 +£0.90° (4) 3.17+0.47° @

T Diethylstilbestrol uM 2.24 + 0.8*4 (6) 2.09 = 0.912¢ (6)

U Heptachlor uM 4.60+0.76% @ 4.33=0.334@®)

V  Hexachlorophene uM 0.0851 =0.0164%° (5) 0.0911 = 0.0222** (5)
W  Hydroxyurea uM 19324 (3) 111 = 54* (3)

X Lindane uM 33.3+£7.4°(3) 15.0=1.3¢ (3

Y Methyl Hg (II) chloride M 0.0835=0.0304*(4) 0.0774 =0.0266* (4)
Z n-Hexane uM > 200 (3) =2003)

A’ Permethrin uM 311 1054 (3) 11.1 = 0.9%* (3)

B’ Phenobarbital. Na salt mM 1.37+0.25(3) 0.984+0.17524(3)
C’ Rotenone uM 0.0162 = 0.054° (3) 0.00823 £ 0.00233 (3)
D® Tebuconazole uM 45.1+7.003) 28.8=4.9°@3)

E’ Tetraethylthiuram disulfide pM 2.45+0.152(3) 1.99 =0.332 (3)

F° Thalidomide M > 500 @) =500 @)

G’ Toluene M > 1.000 3) > 1.000 (3)

H® Valinomycin nM 5.68 £1.242 (3) 5.94= 1.91* (3)

I" Valproic acid. Na salt uM 186 = 17*¢ @) 319+ 12224 (9)
(Negative control)

J°  Acetaminophen mM 0.919 = 0.02524¢ (4) 0.918 £0.05124 (1)

1. b MPSHIOHEHEREIZ X DALY E O R
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iPSC Differentiation to NPC NPC

+ SB431542 (10 pM)
+LDN193189 (1 uM)
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iPSC Differentiation to NPC

+DNTs
+ SB431542 (10 M)
+ LDN193189 (1 uM)

.
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RNA prep and qPCR

ID Chemicals P4X6 orx2 MAP2 OCT3/4 NANOG
I Aldicarb ) = i) - -

L Captan - 7 = - -
M Carbaryl L 1 i | =

0 Colchicine T - = = =

P Deltamethrin | (1) - - !

Q DEHP Wl m - () -

R DDT L = - ) -
S Dieldrin Ll i1 T () Tt
U Heptachlor i) = il m 1
Vv Hexachlorophene Ll L W Nl (N
X Lindane 1l ! i = =
A Permethrin = - - - W
C*  Rotenone i Wi L m i
I Valproic acid, Na salt  — 1l il [N) (NN
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4 VE bn#ESEEMICALS iPS DR ICEET SR

MRS EE BWE &

REBKE iPS HRITAZRRART - HHUR

MEES

AR TIE, OECD EHBFLTWLAILEMED IR ELHLEIC. 1 VE MO ETYERICK MBS
EZETO. HEHEOEMIE. 4 E FOREEHIMEICAV S E AT SR (iPS #lila) %58
v 5 & TH D, MMFEEFTTITER L -EMEEEDOEN -/ O—2[2DVT
T, ZDORDKREATPAX6 DRBELHFEYB LK, ARFICES LBV EARALMN G o=, £I T,
MNIEZEDETZ(Z RNA Z4RER L 7=%9 300 2 B— 212DV T, PAX6 DHRBFEEDF VY A— > % RNA-seq DT
— 2 ZRAVWTRER L=, ZDOFERE. PAX6 DFEBHEDE VY O— 2 (HPS4016, HPS4115) AGERIEShf-,
chod/O—ViF, 4 v E FOMESEHFRICANTHSAREENSVNEEZ oI, ARRICTILFE
TREDH S 25361 7 O— 2 EDHMAEIC OV THERREFEITo 1=

AL. Z£n5oLee

A. BB
AWFFECTlX, OECD &35 L WA ILZmE o
YA REH &I, A8 ha b ERIC X 54
B AT 9, SHEZEEO AL, A Bk
o AR MR I W D B N TS REME RS AR
(iPS M) 235 L, Z=Dfbie a3+ 25 2 & T
»H5,

B. WEFE

FEAERE & Clo, BEICHISEE TR L2/ AR
J—HskEe b iPS #ilE 6 BkAE xS & LT, SRk
b (PAX6+) R, HIRIESML & NIRZES)
{RICTEDN 72y CEBIZ o0 k) 7 v — 2 &R
L7z, UL, ZOHBOMmFcCInbD 7 B—
ZEERITHRRICHEET D & PAX6 ORBINH E
DE< <, ARFHZE S 72V 2 EBH BT
>77,

Z 2T AMBEESM BRI RNA Z 8- 8 L 7249 300
7 m—ZOWT, PAX6 ORBEDOE WY 10—
> % RNA-seq O7 —# % H\\CTEB| L7z, RNA-
seq (DWW T, BYLFFZERT O R B4 &
H[EHFFECHEhE LT,

(ffy F2 1 0D P )

BEOBIEFIEROID MR TiE, “E R
5 b BIGTIRITATZEIC B3 D R BRFE #H 12 Th -
T, HHRAMEFEARZ B S OFAAREZ T T
WD AR OFIZEDORFEIZONT, o RdE
LR S EBRAAT 9, iPSHIAERIC B 70 " A%
xp G &5 R RIS R B BRI S
WO, e MR RAIPSHIIa O 1ERL & 2 A
WICRBIRATICBE 9D 98] IOV T, R
EEEHMEERROABEZTHN TN D, TONE
REICESF L R —SADRE - th &/ TTr
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7o
Bhl L7z 7 v — (HPS4016, HPS4115) (2D

TINE CTHREMEFMIECHW BT & 72253G1
7 a—r L O ZEDKRTE TR BT T 12,

1. b b iPS iz

t ~iPSHifEZ v — 2 253G1, HPS4016, HPS4115
. TeSR-E8 Bz# (Stem Cell Technologies) (2T~
A—F =TV =RMETHELL, a—T 4 7#|
\ZIX ES M@ o~ KU~ v (BD Biosciences) %
Az,

2. B KPS fiah SR ia~0 01k

MR o AB ¥ 21X, SR (Chambers et al., Nat
Biotechnol 2009)(Z£:-5\ T Dual smad FHE 4% H
VW=, BMP v 7 LBHSEH] LDN193189 (Wako)
M OF Activin 27 /LB E A SB431542 (Wako) (2
£V iPS Hifu 2 #RRSMREE S & b S T,

3. S bMIAEIZ 31T 2 BRI BL O A

TRIzol ## % (Thermo Fisher) T4 {kfiia
XD RNA ZHhH L 7=, QuantiTect SYBR Green RT-
PCR Kit (Qiagen) Z MW TSk ZFHEL L. ABI
PRISM 7900HT % VT qPCR %475 7=, fif% (4+
IREE) sk~ — A —Pax6 72 & DFEEEIZ L Y 5
AT o7,

C. FRKER

3117 v — > OIMAZETE R O PAX6%E Bl & %4 7
Rz b2 A $91007 0 — o TIIAMRIE S L% b
PAX6DRELIIfER S N2 o T2,

D £12007 o — I ZPAX6 DR BN R S -
728, ZOHN S FEPAXGE IR 7 10— AR5
L7z (1)



BRI L7 27 v—2® 9 HHPS4016, HPS4115(2 5
WT IV E TR MR CEE D H 5253617
n— L ORI L (OMNBREE ML) RED Ll T
BiToTz, ZOREE., R HE D b~ —7
—PAX6D |- 1ZHPS4016 T3.7{i%. HPS4115T18f%.
253GLTCOLfETH -7 (X2) , TRk~ —T
—NANOG D F& H 1T HPS4016 T0.21% . HPS4115T
0.048f%. 253G1T0.026f% LK~ LTz (¥2) |
PLEX D AEERRI L7 27 g — 30tk
ST BHH DD, EEEIZ253GLE D E D L)
FER Lo,

D. &£

BAR IS BUEHT OFE 5 SMEEE /3 E1% H PAX6D
FENRLON2WT a— U NFEETHZ ENHL
NZlp o7, £7-. PAXGGHZ a— 1220 TH
REEIZIIRERIIODERH o7, ZiFIm
— DL ERN RN R D L 5 LT
WD ATREMED N B D

253G17 v — 2 L OB ZERFTOREF, 4k
Bl L7~ 27 o — 2 HPS4016, HPS41151F W\ 41 &
PAX6D E5H-  NANOGDEK FRFE D B, #fk (4t
JIREE) /b5 Z L AVRENT=A3, 253Gl 1 —
LT S ESILEENR L D Z E bR ENT,
251G1it = —nm v X AN F JERHESEMIAZ 12 OCT3/4,
SOX2, KLF4ZE A L TRV SN/ e—2Th
%, —7J7. HPS4016, HPS41151% H A A DAY ifi Hi
¥ Bk 12 OCT3/4, SOX2, KLF4, L-MYC, LIN28,
mp53DD, EBNAL1Z A L THISYL & T\ b, 7 1
— N KB LBEDFEIZZ D LIy s T T
R (NFE - fpafE) C/ERLGIEOEWIZER LT
WD H LV, 1E- T, iPSHIRLORER 75 % L
WRRET A2 L1320 Bug v v b o E s
@%@%%:%mf%%ﬁﬂkf%é LEZHN

BRI ZE DR ET 05 B, 253G1 7 1 — 1 fthod iPS
AR m— 2 X i ERER BN TR Y, A v
B AR I B W Tl b A T B ATHE
MERENEE X BT,

F. BFZesE
1. FmC3E
L

2. ZoBEK
L

G.HBIPT A HE D BRI
1. ®FrRE
L
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EEFEBFERREGBIE (LEMEIVRIOMREE)
(19KD1003)
AERRBEE
8RR In vivo HEET{E
MRESEE %&a F EBMMXKFEARREIKRE XFk BEWHEER SiMEGEFEM

N =

AHFFETIE, AL E DA > B b ot i s OB R 2 B9 L LT, OECD & A L T\ 21k
HOY A FaRITA v o EEERIC X DM i 217 5, WFESHEE L. a1 v
ER D% CTRAER 5T X 2 R EMRENEHME A 1T O

T2, SITEEICEW IR Z FEhE L7 b MO L TEERMEEREYE L L Tamboh
FEfREn, LT VI =0 A =X ) — L OFEIMREGN OV T, VS ERIRENZ I T 2 a8 ARk 35
FB R RA[ M S E D TGS L2, B2, OECDIZTA v Bk o R EHR IO R E L Shb 7/
VRV — MIOWT, T v baEHAWTISERRE 2 505 L7,

IERSDZ » M. EEREER 22,000 ppm, 4,000 ppm, LT VI = A% 0.25%, 0.5%, =% / —/L % 10%,
12.5%, 7'V A4 — NMIOUWCIJE{A% 15,000 ppm, 30,000 ppm. 27 U A&+ — FEI%1% (7Y R4 — k
3,800 ppmiHY) DOIRFETLEIR6 H B 250tk 21 H B £ THUKPEEE- L, R EIRE L=, Wi
OB B T Y, e HEHE TR ORE, S, BKER SICRERFEIIR NN, 4T
%??D%EF#2:D%E%@@f\ODEiﬁ%iiﬂiﬂthiﬁiE>§}iﬁﬁ><>f:o REh 2 HAE%2LA H | 77H BICHES L, St
SO RS TR O - oA b L7, \

FDOFER HEEEEN TITBEILIE ) & pk N £ T < metallothioneinfiE 77 U 7 A O BN, R IZEK L
T A b L ZADFEEZ I L COREEIZI T Db A b L SRS D ME9tE 0N, 36 K O 22t
TRRIE Z RIB T 2 8 s 1 B L &R 8 7o, MR AT % L CIEBEFLEF TDCX G Etype-3 R pi Bk AE o
b & AME R 72 SOX2, TBR2[ 1 type-2a, 2b i BTBHA I DN 2386 . AT IZBDNF-TrkB 7 F /L #%
B A4 L 7-somatostatinfs M E M E = = — 1 > O MRS L TWA Z E N RIE X L7,

T X ) — )L TlL, BEFLEFCGFAPIGIET A oA FOWINEZRO 7 ) A— A AU TND I &R
2 X 37, MRS AR L CIIBEFLEF 2 DCX G type-3 R BBk A K AR 23 8 L. ARAEHIIZ SOX 28544
type-2afiBEAIAE O HEINASFRD SH41, somatostatin, calretininf5 /M 7E = = — 1 > OEERIC K 2 #hfe A= il 1E
RO G5 T L AVRIR STC, RIS W TR (231 5 c-FOSEEPEMIla DX T & L
THRBEESNDL VT T RAABIEORD 2380 . FIUCIZAMPARL 7L Z 3 e S RE R O3BV 3
BELTWAZENRBINT,

WAL T VS = AOFEELIRT TlE. BEILFEFICTBR2[ M type-2b R BTBIGHIAL ASHE N L. I BER A
calbindinB5 AR A3 B IEE [F) 27 L7228, BREVZICIEEIE L 7=, Calbindinl3 /i {F = = — 1 o OFERERL AT
BI5-9 5 Z LD, calbindinfG M E = = — 1 OEENNAS, type-2a7)> b type-2b s Al Al ia ~ Dt 5 A4
DIREIZES S L CnWb &2 B,

BE, 7V ARY— MZOWTHEBROBE 2 £ L T\ 5,

A. HFEER) BRICHFEE X Mk 5 EENRS EREEY S
{LFWE DA > B S o R HMlEOBR 2 CTHOIEE. b7 VI =T A =X ) — )LD
HEJE LT, OECD t#:HF LTV a{bsEmE D Y WT T v M HWTREEYGREZITV., SR
A &L LA U b CEWERIC L 2R E RO I 5 R A AR LRI
PRI 21T 5, MFFE0E T, B BRI L D8 R UTRER, BEgsh & =% 7 — L O EIIRGE C
MO 51Z X DR 21T 9, IR F D O A 31T 2 BRI R
PRSI TR I O B CAEBUCIRE D . M RO O B PREATEEAIN 2 AR & U T R i
AT O 5 - 70k, BE), A OKEMEN S a2 L. GABA MM E=a—n r OEEEZ
RERR S AL, ARHIEREE SRR & 72 D55t T L7 Su7=(X 1, X1 3), Fn 2 4R
PETIZ NS OBBEOWWT NN EELZT 5, IZBWTIE, Bifggh, =& 7 — L b7 v =0
MR AIZTN O R TORERRZ G-, 4 LAOMBHEEEMTZH O E T 57200 hE
RITHEE D UEE ORI A 1T RR & 7o R EEARRTEME FLRRL AR 3R OB IIARNT 36 1 OVBEE 9~ 2 AP T
WE OV R U TR E & R RTREE A A BN 2B U CGEB TR BUEIT 21TV, PRE
F- RIETO=2—n0 L OAEERHENICE D S P DOREZIT 5, Fo. KE EPA IZIBWTHE
Y FREFEICIE, AR EICRB T DR iR IR & I L CRRME Rl A R STV D
T ADIEK, BB O L@ T oHa0nE WETHL 7 VR — MIOWT, 7y FORE
W, DT, BRI RTT 2 T WINRER I X VS SR B O A ~ D B A 7
M2 R T RIREMED B D, FERARRA L NIRRT D,
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AL B b iPS Ml CRURMINERR) &2 VoA
YebhuT =% EREEL., LB O
57 & O bk U CEMRHRIE OB FEIC
w9 D,

B. WFRE5E

WHRSD 7 v b (lR1HTCAT, BHRAZ A=
V=) A, —fEHTZ0 12-13EF oL LT,
#lizk. EEEEEN 2,000 ppm, 4,000 ppm, Hifk 7L 2
=17 1 0.25%, 0.5%, % /—/L 10%, 12.5%, 7
Y 7k #— RJFEIR 15,000 ppm, 30,000 ppm, 7' U 7k
P MUK 1% (7' U FAY— b 3,800 ppm FH4) D
IREETIEYR 6 A B2 b3t 21 H H & TEUKE
B U7, BHHIAFR, —fRigIX 1 B 1 [E8ls
L. R, SRS X O KEZEIC 2 B OMEE
THIE LT, BELFECH DA% 20 HA (PND
21) (W EM DR A Rt U7e, &HE 10 T
PLEOREREMW) % CO/0, K T T 4%PFA,0.1M
U Uy 77— XD ERBEEZITV, A
kPRGN U7z, &8 6 PLLL EoREVE) %
COL/O, BRI T Tl L, A& A X 51— WKIZ T
EE L, SR 25 L Cl s 73 BT I
it U7z, &HE 6 VLLL oo HEMIC ST COY/0;
PRI T C LR F 72 1T A BRE L. BB B i
B L7z,

70 o WHEW)I X A% 77 H (PND 77) %
THBRWE 2 5 E R WEBKIC I VB L, —fiX
WeA 1B 1EEIE L, KEZEICLEOFET
HE Lz, HAE%R 7T BHE (REVE) ISR 10 [T
L EDHEREMIIZ ST CO/O, kB T T 4%PFA
JOIM U BNy 77— K EREE AT
VY, SRR RO L7, &8 6 IERL B
KRB % COL/O, FREE N Tl L, s A 2 7
— UHRIZTCEE L, 1S SR E T O s 18 BfE
Hricgt L7z,

PFA JE [E &I O TIER AN D bregma D%
J7KI-3.5mm » 1 AT CRREmE A ER L T, %
DO OXFRE (2 OliE) A EEHE & 78D K9
INTT 4L, 3 um B A FR L
7o BIA TTHERIHE L R EE O 43k BERE D FEAE
[GFAP, SOX2, TBR2, doublecortin (DCX), NeuN],
NIE==2—nu OFRFE [reelin (RELN),
parvalbumin (PVALB), somatostatin (SST), calbindin
(CALBLY), calretinin (CALB2)]. #fREIFIERIZIS 1T
HT A A NBIXORI 7 a7 7 OfE
[GFAP, IBAL], HHERRHEAETEEDFEEE (PCNA), 7
R b= ADFRE (TUNEL) 35 KO AT ¥k o
FEIE (FOS, ARC, COX2) (ZxI3 B Hiik % Fuv
T, DAB {412 C ABC IEIZ X D uE et 17>
720 WEBHRREID SGZ IZHB W CTHTE &4 720
D RGP A F 7 1S IR EIFZ F 1) £ B

18

FEMT7- 0 O E " L,

A X T — L EEMRIEL, KD bregma D% 55—
22mm D 2mmEZRT A ALY ERAFEH
W THERS BRRR RS 4> 2 BRER L, total RNA Z filiH
L7z, total RNA 75 cDNA % &k L. gRT-PCR
2 &0 BRI BT 2 e L 7=,

(fif B DAL RE)

B IFETHOKBE G N TEERTHY . SO ETR
/BRI O T, £, 8L~ T CO/0, %
JREE T COREVTEE 72 & Nz L 0 E&x L.
;W5 2 58 I3R/DRICE D=, £7-, 88
fE., HFEICH > T, BENRFIEN FOET
KFEOENWY)EERZEZB T 2 HE 72 & N B Bk
et~ 72,

C. WrskER

HERAEN CIX AR LM I2 L PND 21,
PND 77 2B W CTH IR EIMEHICE T D
metallothionein 1 7" U 7 #2786 . PND
772 Clbal Bt 7 v 7 U 7 & GFAP (57 % |k
YA FOEMERD (X 1) , B I3
DOFESR, IEH AR K 7 Th 5 Bdnf & E D
FIRTH D Ntrk2 OFEEL8 PND 21 THIINL 7= (X
2) . FEHUERLBEES 73 PND 21 (280 L,
PND 77 \ZJ Uiz, VA DA v7p & O SRIERSE
AR T1ZDWT PND 21, 77 & H IS0 LN
23807 (X 2) |

TH )= O W TR LR R IR
N C PND 21 THDIRIEIFTE D GFAP BT A k=
A FOHEMEROT (K3) . Bla T RESRETIZ
£V, PND21(Z¥1) % Gfap 8 LN AMPA L 7 L
X RS ARG T ORBIE N 258, PND 77
WCBWTIEH Y 7 AR E B LA B LW
AMPA B 7 v 5 I Ul RAKE R T O3B %
iz (1X4)

HALT V2 =7 ATl PND 21 (2 TBR2 [l
PSEEAN L, CALBL FE AR 23 B8 AME R) 2 7~ L7223,
PND 77 (ZiX[ElfE L7z (XI5) , B THRIUENTC
I%. PND 21 |Z Sox2 O F B | Thr2 O3 ELHI N,
Gadl DOFBUE . kR E R 7D Ntrk2, Hifa/E
B BEHE4 % Cdkn2b, Cdkn2c, Ccndl, Cdkl. 7
RN b= RZBEHET 2 Caspl2 OFEHED D3RS
72, PND 77 {2 Sox2 OFHIE/ . Dex DI HLHE
. #EEEER T Bdnf, 7R h—3 R CEHE
% Bax ORBURD R SN (3 1),

7V AR — NRIREARANCOW TR ST X
D BEEhSC IR T DIAE < FEAE - Bk B
PR Btz (X 6) , BIfE, WHEIRENCE
VT B PR AR B L B T D S AR A L AT
ZHED TR Y | FEEMRMN S-S, BT 50



PR EPIER T (= U AREE - 70 2 2 TREE)
PEAT T PRRERCR R TR . AR E SR HIE R, 7
RN b= AR E) I LT, Bis I BT
EATOVIRR ST DRFEEAT D0

D. B8

WEEREN DT EWIRERIC L v | VR ICER(L X b
L 2Tkt 2 MEFITED NN, 35 X O R0 7o fhifk
RIEMNRBD BTz, MRFAEICBE LT, BERLRET
type-3 FHFRATEEAIAL O & ARUER 7 type-2a, 2b
PR RTBHI AL DN 2D Tz, ZDA T = AL L
LT, BDNF-TrkB ¥ 7} /L& 2 g1 L7z SST Bhitk
ME=a—a U BENT 5 2 ERRB ST,

T, =& ) — VO ENRERIT, BELRIZE
DTV A= A EFHE R L, MR N T
type-3 FHERHTERMIAL 2 A L, ARIERYIZ type-1 Hif
BRHIAR 2SN L 72, Z AU 1E GABA PEFE= = —
0V DOMEBNE L TWD ZENRBREN-, /K
ARIZEB T DT T AREEEORATIE AMPA
BT NH I R RIROWB DO BNEEL T 5 AlHE
PEARIB X7z,

I Bz, LT VI =T LD EIRE X, %
FEAL T HEIC type-2a 7 5 type-2b #FFERTBRHIIE~
RRH A AR L, Zi2iE CALBL Bt E=
o — 0 OO R RE STz,

E. #&#

7 v e HWTEERgRSR, =& 2 —, HkT v
R = U AOFREIRE 21TV, AR OIS
BT AIC BT DR RREI BT D EELZH G
M LTz, FENENOEWE A O~ D
FE2E A = X WO TIRAT % 320 L 7=,

BE, 7V A — MNRIEIESARANCE L T,
IR AT DB EME IOV THRET 2 FEi L C
W5,

F. BFZesE
1. FmC3E
L

2. FERR

1. ZgHh HRSe. REF bR, &G BEE. @ e
LT BRADF /bR e EH B B 95
WALT VI =0 LOFEYREICL LT v b
YIS B IR B AR BT AR~ D . 55 47 [B] B ARH
PESRRAES, A0 T4 V%5, 47 H
KPR PR E 4L (P-183, S157, 6
H 29 H-7 H1H, 2020

2. WT EbT. &S BETE. M BRsE,
E. /bR s, HE OB g 1E

19

DI EMRFEIC LD T~ MBI
T OB AT Bl H ARSI ES, A
VI L, AT B B AR RS TS
BS4E :P-184, S157, 6 H29 H-7 H 1 H,
2020

3. EE FETE. LT B 5Hh R MR ik,
I FNEL, /AR SEd. EHE OB ER E
TH )= )VOREMREIZL DT v NOWEE
BRRENZ IS T DA T A~ D2, 5 47 [/ H
KEMEFREPNES, T4 %8, 64T
b H AT FINESEESE - PB3E, S
106, 6 H 29 H-7 A 1 H, 2020

4, BB VE SRR AEOEEMEICER LizA
VR EIE O, B AKEES AR
VIRT T L ALY E O R FEEFEAR O BLK
AR, AT B H AR RTINS, Y
T A FE, B AT B HAREEFSFHNESE
S :S5-1, S15, 6 H 29 H-7 A 1 H, 2020

G. AT A HE D BRI
1. %45
7L
2. EAHRBRE
7oL
3. ZTDH
7L



HEFET—H— HREME 7R —RAT—h— D FTRAAEEEE
GFAP PCNA FOS
(fmm)  PND21 (fmm)  PND77 (fmm)  PND21 (fmm)  PND77 (fmm)  PND21 (mm)  PND77
6 6 10 10 8 ) 8
st L ] 3t i 5 |> 4 5 al | H l b5
0 D I_ 0 L H ._ 0 l 0 —T r—l ._ 0 { 0 |:|
0 2000 4000 0 2000 4000 02000 4000 0 2000 4000 02000 4000 0 2000 4000
sox2 (ppm) (ppm) TU N EL (ppm) (ppm) ARC (ppm) (ppm)
(mm)  PND21 (fmm)  PND77 (fmm)  PND21 (mm)  PND77 (fmm)  PND21 (mm)  PND77
40 40 14 0.4 5 5
200 . H l 20 o7t ) 02 25 201 1 o
oL . Dl e c‘.Hllo»lﬂ:n- oL Ell_o Dl
0 2000 4000 2000 4000 0 2000 4000 0 2000 4000 0 2000 4000 0 2000 4000
TBR2 (ppm) (ppm) (ppm) (ppm) COX2 (ppm) (ppm)
(/mm)  PND21 (fmm)  PND77 (/mm)  PND21 (mm)  PND77
10 10 50 50
*
st | o l 5 2| l 2
’ H . B creatifrE=2—D> o‘ m
0 2000 4000 0 2000 4000 [ 4000 0 2000 4000
DCX (ppm) (ppm) CALB2 (ppm) (ppm)
(fmm) PND 21 (fmm)  PND77 (/mm) PND21 . (mm) PND77
200 200 30 5 30 **
*
100 1 100 15 15
| ﬂ g 7
0% 2000 4000 ° 0 2000 4000 0=3 2000 4000 ° 2000 4000
TUBB3 " W  ssT o Gom  MT-1/10
(imm)  PND21 (fmm)  PND77 (fmm)  PND21 (Imm) PND 77 (fmm?)  PND 21 (lmm’) PND 77
70 70 80 70 *
35 35 40 ! *
| : ﬂ D N,
0 ole— = mm 0 0
2000 4000 0 2000 4000 0 2000 4000 2000 4000 2000 4000 2000 4000
m) . (ppm) (ppm)
NeuN o) e Reelin ®™ (pprm) GFAP
(/mm) PND 21 (/mm) PND 77 (Imm) PND 21 (Imm) PND 77 (/mm?) PND 21 (lmm”) PND 77
600 80 80 600
. ) | I *  owk
H l H i i i ﬂ H l . |
| ﬂ l 0 H l
2000 4000 2000 40000 ° 0 2000 4000 0 2000 4000 0 2000 4000
(ppm) (ppm) (ppm)
PVALB ™™ (ppm) IBA1
(fmm) PND 21 (fmm) PND 77 (fmm?)  PND 21 m’) PND 77
20 .20 100
10 H l 10 ,‘ ﬂ l 50 H H [ H ﬂ l
05 2000 4000 ° 0 2000 4000 ° _O 2000 4000 2000 4000
(ppm) (ppm) (ppm) (ppm)

1 Mefdn

correction.

DG R AR AT
*P < 0.05, **P < 0.01, significantly different from 0 ppm controls by Dunnett’s test or Aspin-Welch’s t-test with Bonferroni
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*P < 0.05, **P < 0.01, significantly different from 0 ppm controls by Dunnett’s test or Aspin-Welch’s t-test with Bonferroni

correction.
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*P < 0.05, **P < 0.01, significantly different from 0% controls by Dunnett’s test or Aspin-Welch’s t-test with Bonferroni

correction.
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*P < 0.05, **P < 0.01, significantly different from 0% controls by Dunnett’s test or Aspin-Welch’s t-test with Bonferroni
correction.
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#P < 0.05, ##P < 0.01, significantly different from 0 ppm controls by Dunnett’s test or Aspin-Welch’s t-test with Bonferroni
correction in 15,000 ppm glyphosate.

P <0.05, 71P < 0.01, significantly different from O ppm controls by Dunnett’s test or Aspin-Welch’s t-test with Bonferroni
correction in 30,000 ppm glyphosate.

*P < 0.05, **P < 0.01, significantly different from O ppm controls by Dunnett’s test or Aspin-Welch’s t-test with Bonferroni
correction in 1% glyphosate-based herbicide (GBH).
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PND21

PND77

Control

AICI3 0.5%

Control

|AICI3 0.5%

Gene expression normarized to

Gene expression normarized to

[Gene expression normarized to

IGene expression normarized to

Gapdh Hprtl Gapdh Hprtl Gapdh Hprtl1 Gapdh Hprtl
Gfap 1.00 = 0.08 1.01+ 0.14 1.00+ 0.11 1.08+ 0.17 103+ 0.24 104+ 030 096+ 0.25 099+ 0.23
Sox2 104+ 032 1.06 = 0.40 064+ 020 * 071+ 0.28 1.01+ 012 102+ 0.19 070+ 025 * 071+ 0.24
Tbr2 1.07+ 045 1.05+ 0.37 144+ 027 155+ 0.27 1.02+ 0.21 1.01+ 014 | 097+ 042 1.00+ 0.39
Dcx 102+ 0.23 1.01+ 0.18 111+ 027 119+ 0.28 1.00+ 0.11 101+ 0.11 123+ 0.28 126+ 0.25
Tubb3 1.02+ 0.21 1.02+ 025 | 097+ 0.7 105+ 0.16 100+ 0.07 1.00+ 0.08 1.07+ 0.09 110+ 011
Pvalb 1.07+ 047 1.09+ 0.57 066 £+ 0.26 069+ 0.19 1.00+ 0.10 101+ 0.17 1.00+ 0.21 102+ 021
Reln 102+ 022 102+ 020 | 098+ 0.21 1.06 + 0.29 1.02+ 0.20 103+ 025 111+ 021 114+ 0.20
Gadl 1.00+ 0.10 1.01+ 0.16 078+ 011 ** 084+ 0.14 1.01+ 012 101+ 0.18 1.00+ 021 102+ 021
Sst 103+ 0.27 103+ 0.27 110+ 0.22 118+ 0.21 1.01+ 0.16 102+ 025 097+ 0.16 100+ 017
Calbl 102+ 0.20 1.01+ 0.14 095+ 0.24 1.02+ 022 1.01+ 018 102+ 0.20 090+ 0.21 093+ 0.26
Arc 102+ 023 101+ 0.15 090+ 0.28 097+ 0.33 102+ 0.23 102+ 018 094+ 023 098+ 0.24
cFos 1.03+ 027 1.04 = 032 083+ 0.11 089+ 0.10 1.00 £ 0.07 100+ 0.11 118+ 0.37 121+ 037
Plgs2 103+ 027 102+ 0.21 111+ 024 119+ 024 1.00+ 0.07 100+ 0.10 100+ 017 1.02+ 0.17
Pcna 1.01+ 019 1.02+ 025 | 093+ 0.09 1.00+ 0.06 1.00 = 0.04 1.01+ 0.13 1.06 £ 0.29 1.09+ 0.26
Cdknla 109+ 054 112+ 0.64 080+ 0.19 087+ 0.29 103+ 0.28 103+ 025 133+ 044 140+ 0.50
Bax 101+ 014 101+ 013 | 091+ 0.4 098+ 0.05 1.00 = 0.06 101+ 012 | 090+ 006 * 092+ 0.05
Bel2 101+ 0.14 1.01+ 0.20 088+ 0.07 096+ 0.19 1.02+ 021 103+ 0.28 1.04 + 0.16 106+ 0.14
Bel2l1 101+ 018 103+ 0.25 088+ 0.13 096+ 0.21 101+ 013 101+ 012 098+ 0.14 101+ 0.11
Casp3 1.01+ 013 1.02+ 021 115+ 0.60 121+ 050 104+ 033 1.04 £ 0.36 102+ 031 1.02+ 0.32
Casp6 1.02+ 0.27 104+ 035 | 089+ 0.14 097+ 0.19 101+ 0.11 1.02+ 0.20 109+ 0.62 110+ 0.58
Casp8 1.02+ 0.22 1.03+ 0.31 096 + 0.8 103+ 0.21 103+ 0.26 1.03+ 0.27 121+ 055 123+ 052
Casp9 101+ 012 101+ 018 095+ 0.04 103+ 0.15 1.01+ 012 101+ 013 094+ 0.1 096+ 0.10
Caspl2 101+ 0.14 1.01+ 0.16 080+ 016 * 088+ 0.21 1.03+ 0.26 102+ 0.21 126+ 034 130+ 0.32
Nitrk2 1.01+ 0.16 102+ 024 | 082+ 011 * 089+ 017 1.01+ 0.4 1.02+ 021 090+ 0.11 093+ 0.12
Bdnf 1.02+ 0.19 1.01+ 017 | 099+ 0.24 107+ 0.26 1.00 + 0.04 100+ 0.10 | 088+ 006 ** 090+ 0.08
Tp53 102+ 023 103+ 0.29 100+ 0.40 117+ 0.59 1.00+ 0.09 101+ 012 109+ 0.15 112+ 011
Cdknib | 1.02+ 0.23 104+ 031 093+ 0.11 107+ 0.21 1.00 £ 0.04 100+ 0.11 1.08+ 0.25 111+ 023
p57 1.04+ 032 106+ 042 | 080+ 0.16 091+ 0.15 1.02+ 025 1.03+ 0.25 118+ 0.37 122+ 038
Cdkn2b | 1.00+ 0.11 106+ 038 | 071+ 015 ** 082% 0.13 1.02+ 023 1.03+ 028 | 1.03+ 0.10 1.06 + 0.13
Cdkn2c | 1.00 = 0.08 1.04+ 033 | 084+ 012 * 098+ 0.21 101+ 0.16 1.02+ 0.21 107+ 034 1.09+ 031
Cendl 107+ 040 118+ 0.62 061+ 014 * 072+ 0.20 1.01+ 0.12 102+ 0.20 118+ 048 120+ 0.44
Cend2 104+ 0.29 1.02+ 0.25 101+ 0.18 116+ 011 1.00 = 0.06 100+ 0.10 1.06 + 0.13 109+ 0.12
Cdkl 1.02+ 0.20 1.08+ 042 | 069+ 026 * 080+ 0.30 1.06 =+ 0.40 1.04 £ 031 096+ 0.15 1.00+ 0.18
Checkl | 110+ 0.59 111+ 058 | 075+ 0.28 086+ 0.26 1.06 + 0.41 106+ 038 | 072+ 0.28 0.74+ 0.30
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*P <0.05, **P <
0.01, significantly
different from 0
controls by
Student’s t-test or
Aspin-Welch’s t-
test.
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. Positives Negatives i
Descriptor P value Description
Min. [Median| Max. | Ave. | Min. |Median| Max. | Ave
1 [H% <0.0001 0| 46.23 70| 42.95 0 50| 70.59| 47.84|percentage of H atoms
2P vsA ppp cye | 0.0001 o| 48.96| 217.4| 53.02 0| 27.65| 170.2| 35.73|"-"/SAllke on potential pharmacophore
points, cyc - atoms belonging to cycles
3|P_VSA s 6 0.0002 0| 94.99| 416.6| 112.4 0 70.68| 533.1| 88.83|P_VSA-like on I-state, bin 6
4 |nCIC 0.0003 0 1 8| 1.793 0 1 9| 1.184|number of rings (cyclomatic number)
5 [nCIR 0.0003 0 1 28| 3.189 0 1 28| 1.706|number of circuits
6 [TRS 0.0005 0 6 51| 10.41 0 6 54| 6.811|total ring size
7 |mv 00007 | 0.461| 0622| 1.125| 0.651| 0.428| 0.601| 1.05| 0.618|MEAN alOMIC van der Waals volume (scaled
on Carbon atom)
8 [C-040 0.0008 0 0 4| 0.671 0 0 4| 0.423|R-C(=X)-X / R-C#X | X=C=X
9 |P_vsA ppp_ter | 0.0009 o| 98.43| 416.6| 1155 0| 74.62| 472.7| 96.03|P—"SA-like on potential pharmacophore
points, ter - terminal atoms
Cl attached to C2(sp2)-
10|CI-090 0.0009 0 0 4| 0.128 0 0 2| 0.015 C4(sp2)/C1(sp)/CA(sp3)/X
11(nR0O6 0.0010 0 1 5| 1.299 0 1 6| 0.905|number of 6-membered rings
12|P_VSA LogP_6 0.0010 0 0| 156.6 14.28 0 0 141| 6.905|P_VSA-like on LogP, bin 6
13[C-008 0.0010 0 0 12| 0.762 0 0 12| 0.353|CHR2X
14(Rperim 0.0011 0 6 41| 8.848 0 6 36| 6.164|ring perimeter
15(MCD 0.0013 0| 0.509 1| 0.431 0| 0.353 1| 0.333|molecular cyclized degree
16[(nCsp2 0.0018 0 6 24 6.5 0 4 32| 4.98|number of sp2 hybridized Carbon atoms
17(nR11 0.0018 0 0 3| 0.116 0 0 2| 0.015|number of 11-membered rings
18(D/Dtr11 0.0020 0 0| 204.1| 7.69 0 0| 385.1| 2.743|distance/detour ring index of order 11
19|SAacc 0.0020 o 71.23| 324.9| 81.05| o 50.75| 551.1| 65.85|SuITace area of acceptor atoms from P_VSA-
like descriptors
20[Me 0.0022 | 0.950| 1.015| 1.327| 1.032| 0.820| 1.000| 1.216| 1.015|MeaN &lomic Sanderson electronegativity
(scaled on Carbon atom)
21|P_VSA v _2 0.0022 0| 71.32| 324.9| 81.48 0| 51.58| 551.1| 66.88|P_VSA-like on van der Waals volume, bin 2
22|RCI 0.0026 0 1 2.3 0.817 0 1 2.3| 0.666]ring complexity index
23[nHDon 0.0028 0 1 7| 1152 0 ol 16| 0816 g;mber of donor atoms for H-bonds (N and
24|H-053 0.0028 0 0 4| 0.262 0 12| 0.114 :eiit?fhed to CO(sp3) with 2X attached to
25[H-050 0.0029 0 1 7| 1.171 0 0 16| 0.821|H attached to heteroatom
26|SCBO 0.0032 1 21 75| 22.79 1 17 90| 18.91|sum of conventional bond orders (H-depleted)
27|nArOR 0.0033 0 0 4] 0.232 0 0 3| 0.08|number of ethers (aromatic)
28|Rbrid 0.0038 0 0 9| 0.78 0 0 9| 0.323]ring bridge count
29|nBM 0.0040 0 7 25| 6.738 0 3 44| 5.567|number of multiple bonds
30|Uc 0.0040 0 3 4.7| 2.529 0 2| 5.492| 2.101|unsaturation count
31|RED 0.0044 0 0 1.8 0.097 0 0 1.8] 0.043]ring fusion density
32|P_VSA p 2 0.0044 0| 67.83| 324.9| 78.84 0 50.1| 551.1| 64.19|P_VSA-like on polarizability, bin 2
33|nBO 0.0045 1 18 69| 18.46 1 14 68| 15.24|number of non-H bonds
34|Ui 0.0050 0| 2.322| 3.858| 2.16 0 2| 4.807| 1.822|unsaturation index
35(D/Dtr06 0.0053 0] 54.05| 796.8] 90.33 0| 22.46] 1185| 65.99|distance/detour ring index of order 6
36[nR05 0.0064 0 0 4] 0.427 0 0 4| 0.229|number of 5-membered rings
37(C% 0.0065 0| 36.36| 54.55| 34.95 0| 33.33| 57.14| 32.71|percentage of C atoms
38|P_VSA i 4 0.0066 0| 13.34| 154.1| 20.74 0 0| 183.2| 17.47|P_VSA-like on ionization potential, bin 4
39|nCXr= 0.0066 0 0 2| 0.098 0 0 2| 0.015|number of X on ring C(sp2)
40|P_VSA LogP_2 0.0071 0| 9.185| 72.97| 14.42 0| 5.069| 131.6| 11.67|P_VSA-like on LogP, bin 2
41|D/Dtr05 0.0085 0 0| 267.2 19.7 0 0| 237.8| 12.2]distance/detour ring index of order 5
42|C-011 0.0086 0 0 8| 0.287 0 0 8| 0.149|CR3X
43|C-025 0.0088 0 0 4| 0.72 0 0 8| 0.567|R--CR--R
44|P VSA e 3 0.0090 o| 9.794| 154.1| 20.89 0 o| 1838| 17.07 E%SA""‘E on Sanderson electronegativity,
45|D/Dtr09 0.0093 0 0| 268.4| 18.55 0 0| 895.6| 12.7|distance/detour ring index of order 9
46|P_VSA_ppp_L 0.0093 o| 64.18| 3915 843 0| 51.23| 469.8| 64.53|"—VSA-lke on potential pharmacophore
points, L - lipophilic
47|nR0O9 0.0096 0 0 4] 0.25 0 0 6| 0.124|number of 9-membered rings
48|NRS 0.0099 0 1 4] 1.189 0 1 4| 0.915|number of ring systems
49|nRNHR 0.0099 0 0 2| 0.073 0 0 1| 0.015[number of secondary amines (aliphatic)
FRERUVBRBEETNENTRMERVRRBEICET S0 FRBFETRY.
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% 2 Bootstrap ForestiEZICE T2 FERHIFH VL LAUS0E D5 FiLikF

. Contribution - Average
Descriptor . Description

ratio Positives |Negatives
1 [H% 0.0309 percentage of H atoms 42.95 47.84
2 |Mv 0.0207 |mean atomic van der Waals volume (scaled on Carbon atom) 0.65 0.62
3 |P_VSA ppp_cyc 0.0191 P_VSA-like on potential pharmacophore points, cyc - atoms belonging to cy( 53.02 35.73
4 |Hy 0.0161  |hydrophilic factor 0.16 -0.04
5|P_VSA LogP_2 0.0146  |P_VSA-like on LogP, bin 2 14.42 11.67
6 |C% 0.0142  |percentage of C atoms 34.95 32.71
7 [P_VSA s 6 0.0142 |P_VSA-like on I-state, bin 6 112.42 88.83
8 |Mp 0.0124  |mean atomic polarizability (scaled on Carbon atom) 0.69 0.68
9 |Me 0.0120 |mean atomic Sanderson electronegativity (scaled on Carbon atom) 1.03 1.02
10{MCD 0.0111 molecular cyclized degree 0.43 0.33
11| AMW 0.0108 |average molecular weight 9.58 8.64
12|P_VSA ppp_ter 0.0108 |P_VSA-like on potential pharmacophore points, ter - terminal atoms 115.48 96.03
13({P_VSA MR 2 0.0108 P_VSA-like on Molar Refractivity, bin 2 69.91 57.24
14|ALOGP 0.0103 | Ghose-Crippen octanol-water partition coeff. (logP) 2.28 2.29
15|P_VSA_MR_5 0.0101  |P_VSA-like on Molar Refractivity, bin 5 30.08 25.54
16({P_VSA MR 7 0.0097 P_VSA-like on Molar Refractivity, bin 7 33.38 25.90
17|ALOGP2 0.0097 |squared Ghose-Crippen octanol-water partition coeff. (logP2) 10.05 9.59
18| TPSA(Tot) 0.0092 |topological polar surface area using N,O,S,P polar contributions 63.30 60.33
1910% 0.0092 |percentage of O atoms 10.14 8.32
20|P_VSA v_3 0.0091 P_VSA-like on van der Waals volume, bin 3 112.69 94.93
21(PDI 0.0089 |packing density index 0.88 0.87
22(P_VSA e 2 0.0089 |P_VSA-like on Sanderson electronegativity, bin 2 75.58 70.67
23|P_VSA LogP 4 0.0088 |P_VSA-like on LogP, bin 4 50.28 41.06
24(P_VSA LogP_6 0.0088 P_VSA-like on LogP, bin 6 14.28 6.91
25(P_VSA s_3 0.0084 |P_VSA-like on I-state, bin 3 20.57 20.36
26(P_VSA ppp_con 0.0082 |P_VSA-like on potential pharmacophore points, con - conjugated atoms 47.63 39.77
27(P_VSA p 3 0.0082 P_VSA-like on polarizability, bin 3 111.16 92.15
28(H-047 0.0080 |H attached to C1(sp3)/C0(sp2) 7.49 6.86
29(P_VSA ppp_L 0.0078 |P_VSA-like on potential pharmacophore points, L - lipophilic 84.30 64.53
30|P_ VSA i 4 0.0074 P_VSA-like on ionization potential, bin 4 20.74 17.47
31(P_VSA LogP_8 0.0074  |P_VSA-like on LogP, bin 8 20.57 23.05
32[SAacc 0.0073 |surface area of acceptor atoms from P_VSA-like descriptors 81.05 65.85
33|P_VSA v_2 0.0071  |P_VSA-like on van der Waals volume, bin 2 81.48 66.88
34(RBF 0.0070 |rotatable bond fraction 0.10 0.11
35|P_VSA e 3 0.0069 |P_VSA-like on Sanderson electronegativity, bin 3 20.89 17.07
36| MW 0.0068 |molecular weight 273.99 237.75
37|Mi 0.0067 |mean first ionization potential (scaled on Carbon atom) 1.13 1.13
38[P_VSA s 4 0.0067 |P_VSA-like on I-state, bin 4 48.96 42.08
39(MLOGP2 0.0067 |squared Moriguchi octanol-water partition coeff. (logP"2) 7.49 6.43
40|P_VSA ppp_A 0.0066 |P_VSA-like on potential pharmacophore points, A - hydrogen-bond acceptor 68.53 56.51
41|P_VSA m_2 0.0065 P_VSA-like on mass, bin 2 84.77 72.12
42| TPSA(NO) 0.0064 |topological polar surface area using N,O polar contributions 54.58 47.36
43|P_VSA m_3 0.0063 |P_VSA-like on mass, bin 3 63.39 52.10
44|P_VSA MR_6 0.0062 P_VSA-like on Molar Refractivity, bin 6 46.08 38.87
45|P_VSA p_2 0.0062 P_VSA-like on polarizability, bin 2 78.84 64.19
46(P_VSA i 2 0.0061 |P_VSA-like on ionization potential, bin 2 69.48 59.63
47|MLOGP 0.0061  |Moriguchi octanol-water partition coeff. (logP) 1.83 1.77
48| Ui 0.0059 |unsaturation index 2.16 1.82
49|N% 0.0058 |percentage of N atoms 4.18 3.97
50(P_VSA i 1 0.0058 |P_VSA-like on ionization potential, bin 1 10.43 16.11

REIDBITIZH T AEDFRBRFNDEIEE (contribution ratio) DEEHE1 &4 5, RICIZSEIDOFEHEER LT,
FERUBGEEIZINENEBRERVRRBEICEAT 20 FHEBFETT,
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B2 (Y) RUFE (N) FENAZTNBEEMERVIEEMEZ T, HBICAVLLOAZREBRFIELUTOEY : HY
(percentage of H atoms) . nCs (number of total secondary C(sp3)) . MCD (molecular cyclized degree) .
P_VSA_LogP_1 (P_VSA-like on LogP, bin 1) . nBnz (number of benzene—I|ike rings) . MLOGP2 (squared Moriguchi
(logP™2)) . C% (percentage of C atoms) ,

octanol-water partition coeff.
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g8 ) RUKE (N) EENRENBEHDERVIEEMEZ TS, HANICAVWLONIEBRFIETUTOEY : Hb
(percentage of H atoms) .MATS4e (Moran autocorrelation of lag 4 weighted by Sanderson electronegativity).

BO5[C-N] (Presence/absence of C — N at topological distance 5) .ATSC2i (Centred Broto-Moreau autocorrelation

of lag 2 weighted by ionization potential) . MATS4i (Moran autocorrelation of lag 4 weighted by ionization

potential) . SaasC (Sum of aasC E-states) . SssO (Sum of ssO E-states) .
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JEA TR AR R A B & (L ) A 7 WF7EH3E)

GRE#FES: 19KD100 3)

WFFER A =

MEA FHH) (ZB83 B 0F5%

WHIE T

A ARER

RAETRRY: HeHR

MAERE

b MiPS Mk == —1r 0 MEA FHlICIB W T, B2HEXTICH 2 DMSO @ SD §iff )b DOFf
BECHEMEY AV RHMIZAT 5 BT IEZ BRSE Lz, HEBEICIF L C 3 R Y 27 (I, . &)
L7c& A HEKGANR ) A ZHENTE L, E LTEERD~ v 7 REICEHEEPBERTH D
RGBT — X 27 oy hLT2EZ A, INFETHEIN TSI EMEY A7 HETU 27
EINTWEZ &b, KUY X T HEIEDOZ YN RE I,

Flo, JAX—7 vy NE#EO Deep learning L& et L=, BMHALEY LR ILEW O I BEZ
T HE LB, ERAMHTCE U A7 EHIESNTEHEDO —ORIOHENGE Y A7 LHIET
26 &Y . Deeplearning & H 2 U A7 FHRIEIX, KEOESWTHITE L 720 155 AlEEMEDVR

ZRRE

2=,

72, in vitro HEIEBI & HEM & LILAMO B L LC, MEA FHLE D A 21—
Y MEEHT S Caf A=V JCTF— 2 EMH Lz, ABMITEERAT 5 PETHE.

A. HRER

AWFFETIL, OECD L3 LA bemE o Y
A M &I B MPSHE R = 2 — 1 O BRI E)
ZHRHE & L7 E Din vitro @ LT E DR
ZHE LTS, AT, & PSSl k= =
—a ORI T L L HIZ, Rodent==2—nm
HLHWTLEMOT — X ZBfF L, ERRSEITIES
& U'Deep learningitz AW 723 Y X 7 §HliE %
Bt L7z, £7o, HMREZFRIE L LefHliiE s LT,
M NEmRT LA (MEA) 3072 54, Ca2+
A A=V 7EbRE Lz, BonieT —4 b
PEY 27 %R D 2% OfENTIE 2 M Lz,

B. BFRHE
1) ik

t k iPS #f 2 # >k Glutamatergic neuron
(Glutamatergic induced neurons, NeuCyte Inc.) &
GABAergic neuron (GABAergic induced neurons,
NeuCyte Inc) & & b 7 A k 1 % A | (Astroglia,

NeuCyte Inc)% 7 : 3 : 3.5 DEIGTRA L, 8.0X105

42

cells/em2 @ % £ T 0.1% @ Polyethyleneimine
(Sigma Aldrich) & 20 pg/mL @ Laminin-511
(Nippi) T=2—7 1 > 7 L 7= MEA plate (Axion
BioSystems)(Z#5Ff L 7=,

Elixirgen fE® & bk iPS fildH k== —nr >

(Mixed neurons) % 7.0x105 cells/cm2 D% & C
0.002%® Poly-L-Ornithine (Sigma Aldrich) & 20
pg/mL @ Laminin-511 (Nipp)) Ta2—7 4 > 7 L7z
MEA plate (Alphamed scientific.inc) |{Z#&HE L 7=,

HIRZ » PRV R AR L, fMH LR ENS
FRELL 7= KM E % 6.0 X105 cells/lem2 D% T
0.05%? Polyethyleneimine (Sigma Aldrich) & 2.5
pg/mL @ Laminin-511 (Nipp)) Ta2—7 4 > 7 L7z
MEA plate (Axion BioSystems)|Z#&HE L 7=,



2) e
IFofle&®ZzEH L, 0.01, 0.1, 1, 10, 100 uM
DOHETREEKRG 21T,

x1 HEBEEY

Trichlorfon

Azinphos-methyl

1

2
3|Tritosulfuron
4] A -Cyhalothrin
5|Thiacloprid
6
7
8

Spirodiclofen
Malaoxon(Malathion ® %> #24%)
Tebuconazole

9|Sodium chlorite

Deltamethrin
3,5,6-Trichloro-2(1H)-pyridone(Chlorpyrifos ® 9> #2#7)
2-Mercapto-1-methylimidazole(Methimazole)

Acibenzolar-S-methyl

Thiamethoxam

Tembotrione

Flubendiamide

Aldicarb sulfone(Aldicarb® 9 #24)
N-Carbobenzoxy-L-homoserine Lactone(Carbaryl D 4> f247)
Mepiquat chloride(1,1-Dimethylpiperidinium Chloride)
Omethoate(Dimethoated 7 #24)

Methamidophos

Cymoxanil

A H 1T 9~ T DMSO(D8418-100ML ; Sigma
Aldrich) Ti&fiZ L. Neurobasal Plus Medium T3
R U7z, B mE & LT, DMSO % 0.1%7°5
0.6% = TR T LTz,

3) MEERy hU— 7 IHBIDEHR

Maestro

B X W
Presto(Alphamed scientific. Inc)% iV T 37 C.
CO2 5% 1AL F TIT o7,

(Axion  BioSystems)

43

FHA7— %1%, AxIS Navigator (Axion BioSystems)
¥ K O~ Spike extract for presto(Alphamed scientific.inc)
ERHWT AL 7T o 72, B EMOTHEIAR L]
DN—=ATA ) A AOFEHERAE + 530% D BIH
% ERD b DEANAL 7 L LTHRH L, BIHLE
ANA 7T — A D Fx 3EFE LTz 4-step method
(Biochem Biophys Res Commun, 497, 612-618,
2018) % AW TR AN—Z M KO EIT -7,

RN /8T A — 21X, 1S3 X 512, Total
Spikes, No. of SBF, Inter Burst Interval, Duration
of SBF, Spikes in a SBF, Max Frequency (MF), CV
of MF, Inter MF Interval IMFI), CV of IMFI ® 9
D% T,

(fa B OFLFE)

AKWFFECTHEMT % b MPSHE K== —1 2D
FIAIZ, flRO=2—a>ThH | FEHK3048H .
DFICAE6 B ISR PR & 2 B TR C
o, Flo, REBRTHERT 27 v MK E M
X RFEYERE B S CTERRES KRESTE
589%5) Th D, A TIL., BEIETIT. BET
R EBR AT DR T OMMLE R Tt & 1%
AN



C. R

AT4EEE . Neucytettd b MPSHfpE k=2 —n
EAWTHEERBR A AT > 7o, XU X —Ee o
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ARE

Max Frequency
CV of MF
CV of IMFI

PC1 PC2 PC3

-0.60341 0.48235 0.635
0.65404 -0.15619 0.74015
0.4562 0.86194 -0.22123

PC2 (29.3%)

Flubendiamide 10 uM
([

.Mepiquat chloride 100 uM

Methamidophos 100 uM
PC1 (51.0%)

1 1.5 2
o ® Deltamethrin 0.1 pM
Tembotrione 100 pM

Acivenzolar-S-rmethyl 100 wyl

X4 bNPSHR-1—0> (Elixirgentt) (CHIFEDMSOTF—4%E#L0XI7OvM

50



PC1 PC2 PC3 PC4
No. of SBFs -0.33598  0.28948 -0.6677 0.55648
IBI 0.53945  0.25358 0.12018  0.19198
Duration 0.48793  0.1611 -0.36242  -0.39407
SpikesinaSBF  0.53643  -0.073211 -0.38949  0.17883
CV of MF -0.23977  0.63406 -0.17952  -0.57912
CV of IMFI 0.11308  0.64695 0.47377  0.3617
Acloenzolar-S-rmetnyl 10 v
Cymoxanil 100 uM °

Mepiquat chloride 100puMm_ @

PC5

0.091348
-0.45796
0.64594
-0.31595
-0.39534
0.3295

PCé6

-0.19871
-0.6194
-0.17913
0.65067
0.12875
0.32375

PC2 (23.2%)

Flubendiamide 0.1 pM
® Deltamethrin 0.1 pM

@
... ® Methamidophos 100 uM
®® ¢ Tebuconazole 1uM

3

[embotrione

PC1 (36.4%)

100 Mt

5 SyMIRARREZ1-0>(CHIFBDMSOT —4ZR4LLIXT7T0Ov A
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Rat cortex

hiPS (Neucyte)

hiPS (Elixirgen)

Concentration (uM)

Compound

3,5,6-Trichloro—2-pyridone

Goncentration (uM)

Compound

3.5,6-Trichloro—2-pyridone

6 ENPSH¥Zi-0O>

Acibenzolar-S—methyl Acibenzolar-S—methyl
Aldicarb sulfone Aldicarb sulfone
Cymoxanil Cymoxanil
Deltamethrin Deltamethrin
Flubendiamide Flubendiamide
Mepiquat chloride Mepiquat chloride
Methamidophos Methamidophos
N-Cbz-L-homoserine Lactone _ N-Cbz-L-homoserine Lactone
Omethoate Omethoate
Tebuconazole Tebuconazole
Tembotrione Tembotrione

52

Concentration (uM)

Compound

0.0 01 1

10 [ 100

3,5,6-Trichloro—2-pyridone

Acibenzolar-S—methyl

Aldicarb sulfone
Cymoxanil

Deltamethrin

Flubendiamide

Mepiquat chloride

Methamidophos

N-Cbz-L-homoserine Lactone _

Omethoate

Tebuconazole

Tembotrione

M Low risk

[ Mmiddle risk

M High risk

= Disappearance
of Burst

(Neucytett. Elixirgentt) &Rodent=1—0OX(CHIF2)RVEEA



x 4-AP 0.3,1,3,10,30 uM

Kainic acid 0.03,0.1,0.3,1,3 uM
loading PCl PC2 Pilocarpine 0.3,1,3,10,30 uM
o % Picrotoxin 0.1,0.3,1,3,10 uM
Maxfrequency  -0.60 04 * | PC2(29:3%) x PTZ 30, 100, 300, 100%, 3000 pM
CV of MaxFrequency 0.65 -0.16 ® * Acetaminophen 1, 3, 10, 30, 100 uM
CV of IMFI 0.46 0.86 3
3,5,6-Trichloro-2-pyridon
Acivenzolar-S-methyl
2 ® Aldicarb sulfone
@ Cymoxanil
L @ Deltamethrin
b @ Flubendiamide

@ Omethoate
® Sodium chlorite
@ Tebuconazole
-2 Tembotrione

® Thiamethoxam

©® DMSO 0.2,0.3,0.4,0.5,0.6 %

1 1%
[ ] ™ ® Methamidophos
4 L ® PC1(51.0%) @ Methimazole | 0.01,0.1,1,
2 15 1 d a 15 , ©® Mepiquat chloride 10, 100 uM
’ ’ @ N-Chz-L-homoserinelactane
1 X

X L

7 EZEMHEEYMEOECDILEMED AT TOY b L TOLEER
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bt 13 4oy

Goncentration

Compound

0.3,1,3,10,30
Kainic acid

0.03,0.1,03,1,3

Pilocarpine 03,13, 10,30

Picrotoxin

PTZ 30, 100, 300, 1000, 3000 uM

Acetaminopheq 310,30, 100

OECDIL &

Concentration (uM)

Compound

3,5,6-Trichloro-2-pyridone

Acibenzolar-S-methyl

Aldicarb sulfone

Cymoxanil

Deltamethrin

Flubendiamide

Methamidophos

Methimazole

Mepiquat chloride

N-Cbz-L-homoserine Lactane

Omethoate

Sodium chlorite

Tebuconazole

Tembotrione

Thiamethoxam

8 EESHtEYEOECDILEMEDTIEIATLEE
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M Low risk

[ Middle risk

M High risk

= Disappearance
of Burst



Pre-trained compounds: Aldicarb sulfone, Deltamethrin, Flubendiamide, Methamidophos, Mepiquat chloride, Tembotrione,

(n=5)

(A)

DMSO(0.1% 0.2% 0.3%,0.4%,0.5%,0.6%)

PCA

Sodium chlorite
¥

!
Tembotrione

Concentration (uM)

Compound

(B)

3,5,6-Trichloro-2-pyridone
Acibenzolar-S-methyl
Aldicarb sulfone
Cymoxanil
Deltamethrin
Flubendiamide
Methamidophos
Methimazole
Mepiquat chloride
N-Cbz-L-homoserine Lactane
Omethoate

B Low risk

I Middle risk

M High risk

— Disappearance
of Burst

Tebuconazole

Thiamethoxam

Al

Concentration (uM)

Compound

3,5,6-Trichloro-2-pyridone
Acibenzolar-S-methyl
Aldicarb sulfone
Cymoxanil

Deltamethrin
Flubendiamide
Methamidophos

Methimazole

Mepiquat chloride

N-Cbz-L-homoserine Lactane

Omethoate

M Low risk 60%LL T
I Middlerisk  60-70%
M High risk 70- %
= Disappearance
Thiamethoxam of Burst

Sodium chlorite
Tebuconazole

Tembotrione
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Cytotoxicity comparison of 35 developmental neurotoxicants in human R
induced pluripotent stem cells (iPSC), iPSC-derived neural progenitor cells, &
and transformed cell lines

Shotaro Kamata®, Reina Hashiyama®, Hiroto Hana-ika®, Issei Ohkubo”, Ryota Saito®,
Akihiro Honda®, Yasumi Anan®, Noriyuki Akahoshi”, Kohji Noguchi”, Yasunari Kanda“",

23a,%
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2 Department of Health Chemistry, Showa Pharmaceutical University, Machida, Tokyo 194-8543, Japan
Y Laboratory of Molecular Target Therapy, Faculty of Pharmaceutical Sciences, Tokyo University of Science, Noda, Chiba 278-8510, Japan
¢ Division of Pharmacology, National Institute of Health Sciences, Kawasaki, Kanagawa 210-9501, Japan

ARTICLE INFO ABSTRACT

The Organization for Economic Co-operation and Development (OECD) test guideline 426 for developmental
neurotoxicity (DNT) of industrial/environmental chemicals depends primarily on animal experimentation. This
requirement raises various critical issues, such as high cost, long duration, the sacrifice of large numbers of
animals, and interspecies differences. This study demonstrates an alternative protocol that is simple, quick, less
expensive, and standardized to evaluate DNT of many chemicals using human induced pluripotent stem cells
(iPSC) and their differentiation to neural progenitor cells (NPC). Initially, concentration-dependent cytotoxicity
of 35 DNT chemicals, including industrial materials, insecticides, and clinical drugs, were compared among
iPSC, NPC, and two transformed cells, Cos-7 and HepG2, using tetrazolium dye (MTS)-reducing colorimetric and
ATP luciferase assays, and ICsq values were calculated. Next, inhibitory effects of the 14 representative chemicals
(mainly insecticides) on iPSC differentiation to NPC were evaluated by measuring altered expression of neural
differentiation and undifferentiation marker genes. Results show that both iPSC and NPC were much more
sensitive to most DNT chemicals than the transformed cells, and 14 chemicals induced differential patterns of
marker gene expression, highlighting the validity and utility of the protocol for evaluation and classification of
DNT chemicals and preclinical DNT tests for safety assessment.

Keywords:

Developmental neurotoxicity
Induced pluripotent stem cell
Neural differentiation
Cytotoxicity

Preclinical test

Cell viability assay

1. Introduction

Epidemiological studies suggest close association between em-
bryonic/postnatal exposure to some industrial chemicals and the onset
of neurobehavioral disorders, including learning disabilities, attention
deficit hyperactivity disorder (ADHD), autism, and the other cognitive
abnormalities, in millions of children worldwide (Landrigan et al.,
2012; Grandjean and Landrigan, 2014; Ross et al., 2015). These che-
micals include insecticides/fungicides, industrial solvents, catalysts/
plasticizers, clinical drugs, and research reagents (Pei et al., 2016;
Harrill et al., 2018). Some of these chemicals have already been
banned. The central nervous system in the fetal and neonatal periods is
especially vulnerable to such chemicals, perhaps because the blood-
brain barrier is not yet complete (Tohyama, 2016) when critical pro-
cesses of temporal/regional neural development are ongoing (Rice and

* Corresponding authors.

E-mail addresses: kanda@nihs.go.jp (Y. Kanda), isao-ishii@umin.ac.jp (I. Ishii).
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Barone Jr., 2000). Neurobehavioral disorders affect ~10% of all new-
borns/children, and prevalence of ADHD in the US young (3-17 years)
population increased from 7.2% (in 2007) to 8.5% (in 2011) (Bloom
et al., 2009; Bloom et al., 2012). Genetic factors play substantial role-
s—perhaps 30%-40% of all neurobehavioral disorders are due to ge-
netics, but non-genetic environmental factors, including chemical ex-
posure, are also involved (Grandjean and Landrigan, 2014).

To date, DNT behavioral/neurological test methodologies depend
heavily on experimental animals, mainly rats (TG426; Developmental
Neurotoxicity Study). Significant limitations with animal experi-
mentation under this guideline are high cost, long duration, the sacri-
fice of large numbers of animals, interspecies differences, and lack of
skilled laboratory animal technicians in the face of increasing demands
(Schmidt, 2009; Tsuji and Crofton, 2012; Tohyama, 2016; Taylor,
2018). The Organization for Economic Co-operation and Development
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(OECD) has begun discussion on a DNT in vitro guidance document for
protection of developing brains from chemicals that cause DNT
(Fritsche et al., 2018b; Sachana et al., 2019). The basic concept is that
the complex procedure of brain development can be disassembled into
several neurodevelopmental endpoints which can be represented by a
combination of different alternative assays (Fritsche et al., 2018a). The
discovery of induced pluripotent stem cells (iPSC) and their differ-
entiation to various cell lineages provides an opportunity for applica-
tion to DNT evaluation (Pei et al., 2016; Ryan et al., 2016; Bal-Price
et al., 2018b; Barenys and Fritsche, 2018; Fritsche et al., 2018a). iPSC
are not tumor cells but proliferate infinitely and they can differentiate
to neural cell lineages.

We assume that DNT in early stage of neural differentiation consists
of two components: cytotoxicity to neural cells and differentiation al-
teration activity on neural stem/progenitor cells; therefore, we initially
compared concentration-dependent cytotoxic effects of DNT chemicals
selected by National Toxicity Program among iPSC, neural progenitor
cells (NPC), and two transformed cell lines. Subsequently, we examined
the impacts of 14 representative DNT chemicals on iPSC differentiation
to NPC. These results support the utility of iPSC/NPC to supplement
animal experimentation for the evaluation of DNT in safety assessment.

2. Materials and methods
2.1. Chemicals

The 35 DNT chemicals and a negative control, acetaminophen,
analyzed in this study are listed in Table 1 with brief notations. All
reagents were analytical grade and purchased from Sigma-Aldrich
(Merck, Darmstadt, Germany), Wako/Fujifilm (Osaka, Japan), Nacalai
Tesque (Kyoto, Japan), Tokyo Chemical Industry (Tokyo, Japan), Santa
Cruz (Dallas, TX, USA), and Abcam (Cambridge, UK).

2.2. Cells and cell culture

Human iPSC line 253G1, established by retroviral transduction of
OCT4, SOX2, and KLF4 to adult human dermal fibroblasts (Nakagawa
et al., 2008), was obtained from the Riken BRC Cell Bank (Ibaraki,
Japan) at passage 27 (Lot no. 022). The cells were acclimatized to
feeder-free culture conditions using human embryonic stem cell-quali-
fied Matrigel (BD Biosciences, San Jose, CA, USA) and TeSR-E8 medium
(Stemcell Technologies, Vancouver, BC, Canada) at 37 °C in a 5% CO»/
95% air incubator. iPSC colonies were dissociated into single cells using
Accumax (Innovative Cell Technologies, San Diego, CA, USA) for pas-
sage and cultured in TeSR-E8 medium supplemented with Y-27632
(ROCK inhibitor, 10 uM, Wako). Total passage numbers for all iPSC
used in this study did not exceed 50.

The dual SMAD inhibition protocol (Chambers et al., 2009) was
used for the induction of neural lineages with some modification
(Yamada et al., 2017; Yamada et al., 2018a; Yamada et al., 2018b).
Briefly, iPSC colonies were dissociated into single cells using Accumax,
and cells were seeded into 12-well tissue culture dishes at a density of
6.66 x 10* cells/cm? in TeSR-E8 medium on Matrigel-coated plates
and become nearly confluent within two days. Then, medium was
changed to knockout serum replacement medium consisting of 82%
KnockOut DMEM (Gibco/Thermo Fisher Scientific), 15% KnockOut
Serum Replacement (Gibco), 1% MEM Non-Essential Amino Acids So-
lution (NEAA, Gibco), 1% GlutaMAX Supplement (Gibco), 1% peni-
cillin/streptomycin (P/S, Nacalai Tesque), and 3.5 ppm 2-mercap-
toethanol (Wako) supplemented with SB431542 (TGF-$ inhibitor,
10 uM, Wako) and LDN193189 (Bone Morphogenetic Protein [BMP]
inhibitor, 1 pM, Wako). Cells were maintained for four days with
medium renewal after two days. From the fourth day on, the medium
was stepwise replaced with N, medium consisting of 95.06% Neuro-
basal Medium, 1% N, Supplement, 2% B-27 Supplement (minus vitamin
A), 0.97% GlutaMAX Supplement (all from Gibco), and 0.97% P/S plus
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1 uM LDN193189. Replacement steps were 25:75 on the fourth day,
50:50 on the sixth, and 75:25 on the eight (the first value in each ratio
represents the N, medium). After 10 days, established NPCs were dis-
sociated into single cells using Accumax and maintained in neural
maintenance medium (NMM) consisting of 47.628% Neurobasal
Medium (Gibco), 47.628% DMEM/F-12 medium (Gibco), 20 ng/ml
FGF-Basic (R&D Systems, Minneapolis, MN, USA), 20 ng/ml human
recombinant EGF (R&D Systems), 1% N-2 Supplement, 2% B-27 Sup-
plement (minus vitamin A), 0.486% NEAA, 0.486% GlutaMAX Supple-
ment, 3.4 ppm 2-mercaptoethanol, and 0.972% P/S. NPC were frozen at
passage 2 in NMM supplemented with 20 ng/ml FGF-Basic, 20 ng/ml
human recombinant EGF, 5 pM Y27932, and 10% DMSO until use. The
NPC stocks were thawed, and passages 4-10 were used for the re-
petitive experiments that gave reproducible results. Giemsa staining of
iPSC and NPC at passages 7 and 10 was used for chromosome counting
as described previously (Sugawara et al., 2006).

Cos-7 and HepG2 cells were also obtained from the Riken BRC Cell
Bank (RCB0539 and RCB1648, respectively). They were maintained in
DMEM (Wako), supplemented with 10% fetal bovine serum (French
origin; Biowest, Nuaillé, France) and 1% P/S.

2.3. Immunocytochemistry

iPSC were cultured on Matrigel-coated glass coverslips and fixed in
10% formaldehyde in phosphate-buffered saline (PBS, pH 7.4) for 1 h at
room temperature. Fixed cells were incubated with blocking buffer
(10% normal donkey serum [Millipore/Merck] and 0.1% [v/w] Triton
X-100 in PBS) for 1 h. After washing twice with 0.1% [v/w] Triton X-
100 in PBS (PBST), cells were incubated with anti-PAX6 mouse
monoclonal antibody (1:100; Santa Cruz, sc-81,649) or anti-OCT3/4
mouse monoclonal antibody (1:100; Santa Cruz, sc-5279) in blocking
buffer for 1 h. After washing twice with PBST, cells were incubated with
Alexa Fluor 488-labeled donkey anti-mouse IgG (H + L) antibody
(1:500; Molecular Probes/Thermo Fisher Scientific, A-21202) in
blocking buffer for 1 h. Finally, coverslips were mounted with SlowFade
Gold Antifade Mountant with DAPI (Invitrogen/Thermo Fisher
Scientific) and examined using a BZ-X810 fluorescent microscope
(Keyence, Osaka, Japan) equipped with a CFI Plan Apo A 20 X objective
lens (Nikon, Tokyo, Japan).

2.4. Cell viability assays

Mitochondrial MTS  (5-[3-(carboxymethoxy)phenyl]-3-(4,5-di-
methyl-2-thiazolyl)-2-(4-sulfophenyl)-2H-tetrazolium inner salt)-redu-
cing activity and cellular ATP levels were used as two indicators of cell
viability. The cells were seeded into 96-well tissue culture dishes at
1.5 x 103 cells/well (4.69 x 10° cells/cm?) for Cos-7 and 2.0 X 10°
cells/well (6.25 x 10° cells/ecm?) for HepG2, iPSC, and NPC, and
cultured overnight at 37 °C in a 5% CO, incubator for cell adhesion.
Cells were then incubated in culture medium with each chemical for
48 h. The MTS-reducing activity was evaluated by measuring the ab-
sorbance at 490 nm (and 700 nm for reference) using a CellTiter 96
AQueous One Solution Cell Proliferation Assay kit (Promega, Madison,
WI, USA) and an Epoch 2 Microplate Spectrophotometer (BioTek/
Agilent, Winooski, VT, USA). Cellular ATP levels were measured using a
Cell ATP Assay reagent (TOYO B-Net, Tokyo, Japan) and a LMax II 384
Microplate Luminometer (Molecular Devices, San Jose, CA, USA). ICso
values were calculated using a Prism 5 software (GraphPad, San Diego,
CA, USA).

2.5. Reverse transcription-quantitative polymerase chain reaction (RT-
gPCR)

The total RNA was isolated with a ReliaPrep RNA Miniprep System
(Promega). One pg of RNA was reverse-transcribed (RT) to first-strand
cDNA using a ReverTra Ace qPCR RT kit (Toyobo, Tokyo, Japan), and
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Table 1
35 neurotoxicants and developmental neurotoxicants analyzed in this study.
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ID Chemicals/Abbreviation CAS Mol. formula MW Stock Application or origin Known target
A 1-Methyl-4-phenylpyridinium iodide/MPP + 36913-39-0 C12H1oIN 297.13 1 m DMSO Toxic metabolite of MPTP ETC complex I (Dopaminergic
iodide neuron)
B 2-Methoxyethanol 109-86-4 C3HgO, 76.09 (1 m media) Solvent/additive
C  3,3"-Iminodipropionitrile/IDPN 111-94-4 CgHoN3 123.16 (1 m media) Synthetic material/ Research Neurofilament proteins
reagent
D  5-Fluorouracil 51-21-8 C4H3FN,0, 130.08 1 m DMSO Anti-cancer drug Thymidylate synthase
E  6-Hydroxydopamine hydrochloride/6-OHDA  8094-15-7 CgH;2CINO3 205.64 0.5MDMSO Research reagent (Dopaminergic/noradrenergic
neurons)
F  6-Propyl-2-thiouracil 51-52-5 C;H;0N>0S 170.23 2 m DMSO Thyrostatic agent Thyroid peroxidase/
Todothyronine deiodinase
G Manganese (II) acetate 638-38-0 C4HgMnO, 173.03 (1 m media) Catalyst/Fertilizer (Induction of Parkinson's disease)
H Acrylamide 79-06-1 C3HsNO 71.08 (1 m media) Industrial material/ DNA (Group 2A carcinogen via
Byproduct glycidamide)
I Aldicarb 116-06-3 C7H14N50,S 190.26 1 m DMSO Carbamate insecticide Acetylcholinesterase
J  Bis(tributyltin) oxide 56-35-9 Cy4Hs5408n, 596.11 1 mm DMSO  Antifoulant/Biocide (Endocrine disruptor)
K  Bisphenol A 80-05-7 C15H1602 228.29 1 m DMSO Resin material (Endocrine disruptor)
L  Captan 133-06-2 CoHgCl3NO,S 300.59 0.1 m DMSO  Phthalimide fungicide Thiol and amino groups of
enzymes
M Carbaryl 63-25-2 C1oH;1NO, 201.22 1 m DMSO Carbamate insecticide Acetylcholinesterase
N  Chlorpyrifos 2921-88-2 CoH;,CI3NO3PS  350.59 1 m DMSO Organophosphate insecticide Acetylcholinesterase
O  Colchicine 64-86-8 CHsNOg 399.44 1mMDMSO  Anti-gout/FMF drug Tubulin
P Deltamethrin 52918-63-5 CooH;9BraNO3 505.20 0.5 DMSO Pyrethroid insecticide Voltage-gated sodium channel
Q  Di(2-ethylhexyl) phthalate/DEHP 117-81-7 Cy4H3504 390.56 0.2 M DMSO Plasticizer Androgen receptor
R Dichlorodiphenyltrichloroethane/DDT 50-29-3 C14HoCls 354.49 0.5 DMSO Organochlorine insecticide Voltage-gated sodium channel
S Dieldrin 60-57-1 C12HgClgO 380.91 0.5M DMSO Organochlorine insecticide GABA-gated chloride channel
T  Diethylstilbestrol 56-53-1 C18H2002 268.35 0.5MDMSO Synthetic nonsteroidal Estrogen receptor
estrogen
U  Heptachlor 76-44-8 C;0HsCl, 373.32 0.5M DMSO  Organochlorine insecticide GABA-gated chloride channel
V  Hexachlorophene 70-30-4 C13HeClgO04 406.90 1 m DMSO Organochlorine disinfectant ~ (Protein denaturation)
W  Hydroxyurea 127-07-1 CH4N,0, 76.05 (1 v media)  Anti-cancer drug Ribonucleoside diphosphate
reductase
X  Lindane 58-89-9 CgHsClg 290.83 1 m DMSO Organochlorine insecticide GABA-gated chloride channel
Y Methyl Hg (I) chloride 115-09-3 CH;CIHg 251.08 (0.5M Catalyst/Fungicide/ (Induction of CNS disorder)
media) Bacterial product
Z  n-Hexane 110-54-3 CeHi4 86.18 0.2 M DMSO  Solvent
A'  Permethrin 52645-53-1 C21H0Cly03 391.29 1 m DMSO Pyrethroid insecticide Voltage-gated sodium channel
B’ Phenobarbital, Na salt 57-30-7 C1oH11NoNaOs;  254.22 (0.05 m Anti-epileptic drug GABA, receptor
media)
C’ Rotenone 83-79-4 Co3H2506 394.42 0.2 M DMSO Insecticide/Piscicide ETC complex I
D' Tebuconazole 107534-96-3 C;4H22CIN3O 307.82 1 m DMSO Triazole fungicide (Inhibition of sterol C14-
demethylation)
E' Tetraethylthiuram disulfide 97-77-8 C10H20N2S, 296.54 1 m DMSO Anti-alcoholism drug Acetaldehyde dehydrogenase
F’ Thalidomide 50-35-1 C13H10N204 258.23 0.5 M DMSO Anti-cancer (multiple
myeloma) drug
G' Toluene 108-88-3 C;Hg 92.14 1 m DMSO Solvent
H’ Valinomycin Valinomycin 2001-95-8 Cs4HgoN6O1g 1111.32 0.1 mDMSO Depsipeptide antibiotic Potassium ionophore
I’  Valproic acid, Na salt 1069-66-5 CgH;5NaO, 166.19 1 m DDW Anti-convulsive drug Histone deacetylase (HDAC)
(Negative control)
J'  Acetaminophen 103-90-2 CgHoNO, 151.17 0.1wm Anti-fever/pain/headaches Cyclooxygenase-2 (COX-2)
media)

MPTP, 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (=a contaminant of illicitly synthesized meperidine analog MPPP [1-methyl-4-phenyl-propionoxypiperidine]);
ETC, electron transport chain; FMF, familial Mediterranean fever; CNS, central nervous system.

5 ng of cDNA from each sample was amplified via qPCR using KOD
SYBR gPCR Mix (Toyobo), primer sets (Supplementary Table S1), and
the Bio-Rad CFX Connect Real-Time PCR Detection System. mRNA le-
vels were quantified using a comparative CT method with glycer-
aldehyde-3-phosphate dehydrogenase (GAPDH, a housekeeping gene)
levels for normalization.

2.6. Statistical analyses

Data were expressed as mean = standard error (S.E.) (n: numbers
of independent experiments with triplicate well samples). Statistical
comparison was performed by one-way ANOVA with Tukey's multiple
comparison test for ICso values and an unpaired two-tailed Student's t-
test in RT-qPCR experiments using Prism 5. All p-values less than 0.05
denote a significant difference.

3. Results
3.1. iPSC differentiation to NPC

Using the modified dual SMAD inhibition protocol (e.g., LDN193189
was used instead of Noggin as a BMP inhibitor [Chambers et al., 2009;
Yamada et al., 2017]) (Fig. 1A), human iPSC were successfully differ-
entiated to NPC, as confirmed by mRNA induction of neural differ-
entiation markers, PAX6, MAP2, and OTX2, and mRNA repression of
stem cell (undifferentiation) markers, OCT3/4 and NANOG. The mRNA
level induction in MAP2 and OTX2 preceded that in PAX6, although all
reached plateaus at day 8; the magnitude of PAX6 induction was most
prominent (X 1728 versus X169 [MAP2] and x 26 [OTX2] at day 10;
Fig. 1B left). Repression of NANOG preceded repression of OCT3/4, but
both finally approached a comparable level at day 10 (1.23% and
1.73% of day O, respectively) (Fig. 1B right). Immunocytochemistry
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Fig. 1. iPSC differentiation to NPC. (A) Differentiation overview by the dual SMAD inhibition protocol. (B) mRNA induction of neural differentiation markers (PAX6,
MAP2, and OTX2; left) and repression of stem cell (undifferentiation) markers (OCT3/4 and NANOG; right) that is normalized by a housekeeping GAPDH gene.
Representative data from three independent experiments are shown and mean =+ standard error (S.E.) of triplicate samples are presented. S.E. bars are not shown
when they are smaller than the size of the data points. (C) Inmunohistochemistry of PAX6 (green; upper three panels) and OCT3/4 (green; lower three panels) with
DAPI (blue; all six panels) in iPSC (day 0), the differentiation waypoint (to NPC, day 5), and NPC (day 10). Bars are 50 pm.

showed PAX6 protein upregulation and OCT3/4 protein down-
regulation during differentiation to NPC (Fig. 1C). NPC were thereafter
maintained and passaged ten times in NMM, and PAX6/MAP2 upre-
gulation and OCT3/4/NANOG downregulation were maintained. In
contrast, OTX2 upregulation was cancelled-OTX2 was instead down-
regulated—during the maintenance period in NMM (Supplementary Fig.
S1A). NPC at passages 4-10 were used for ATP(/MTS) assays that

produced similar ICsy values (Supplementary Fig. S1B, for example).
Total chromosomal numbers of original iPSC and NPC at passages 7 and
10 were 46 as evidenced by Giemsa staining (Supplementary Fig. S2).

3.2. Cytotoxicity of 35 DNT chemicals on Cos-7, HepG2, iPSC, and NPC

Thirty-five DNT chemicals and a negative control, acetaminophen,
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Fig. 2. Concentration-dependent inhibition of cell survival activity (“~1,” MTS assay; “~2,” ATP assay) in four cell types (Cos-7, HepG2, iPSC, and NPC) by six DNT
chemicals (A, MPP + iodide; B, 2-methoxyethanol; C, IDPN; D, 5-fluorouracil; E, 6-OHDA; and F, 6-propyl-2-thiouracil) and calculated ICs, values (“~3”). Data are
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were administered to four cell types (Cos-7, HepG2, iPSC, and NPC) at
varying concentrations (Table 1). After two days, cell survival was ex-
amined with two common assays, mitochondrial MTS reduction activity
and cellular ATP level, and ICs, values were calculated (Fig. 2, Sup-
plementary Fig. S3, and Table 2). The highest concentrations of DNT
chemicals were individually set so that the chemical did not precipitate
in medium. Most, but not all, DNT chemicals displayed concentration-
dependent inhibition by MTS reduction and cellular ATP activity (Fig. 2
and Supplementary Fig. S3). Some DNT chemicals, including aldicarb
[1], n-hexane [Z], thalidomide [F’], and toluene [G'], were not cytotoxic
when administered at their highest concentration. Generally, similar
ICsp values were obtained from two cellular assays (Supplementary Fig.
S4), demonstrating the accuracy and validity of the assays. The ICsq
values for most DNT chemicals for NPC, and especially iPSC, were >

1-2 orders of magnitude less than ICsy of Cos-7 and HepG2 cells
(Fig. 3). Further, the differences in ICsq values of most DNT chemicals,
based on ATP assays, were more apparent between Cos-7 and HepG2
(Fig. 4A) than between iPSC and NPC (Fig. 4B). The ICs, values of most
DNT chemicals were one order of magnitude higher in NPC than in iPSC
(Fig. 4B). NPC passage numbers did not affect the concentration-de-
pendent inhibition and thus ICsy values (Supplementary Fig. S1B, for
examples in ATP assays).

3.3. Differential inhibition of iPSC differentiation to NPC by DNT chemicals

To consider the application of the differentiation system for eva-
luation/classification of DNT chemicals, effects of 14 representative
DNT chemicals (mainly insecticides) on day 0-4 differentiation from
iPSC to NPC were investigated (Fig. 5A). Specifically, total RNA was
isolated from cells at day 4, and expression of differentiation vs un-
differentiation marker genes was examined by RT-qPCR (Fig. 5B and
Supplementary Fig. S5). DNT chemicals induced different patterns of
gene expression (Table 3). For example, aldicarb, a carbamate in-
secticide used worldwide and is a known environmental toxicant,
which did not show cytotoxic activity on iPSC (Supplementary Fig. S3,
I-1-3), downregulated PAX6 expression but upregulated MAP2 ex-
pression without significantly altering OTX2, OCT3/4, and NANOG
expression (Fig. 5B top column panels). Another carbamate insecticide,

S.E. of 3-4 (presented in parentheses in “~3”) independent experiments that have four sample replicates (wells). N.C., not calculated.

carbaryl, also downregulated PAX6 and upregulated MAP2 but down-
regulated OTX2 and OCT3/4 at its highest concentration (100 uM;
Fig. 5B third column panels). Among the four organochlorine insecticides
(DDT, dieldrin, heptachlor, and lindane), the registrations of which
have expired in most developed countries (Aktar et al., 2009), PAX6
expression was suppressed by all four chemicals, but OTX2 expression
was only suppressed by dieldrin and lindane, and MAP2 expression was
upregulated by dieldrin, heptachlor, and lindane, (Supplementary Fig.
S5 top, second, and fourth column panels) but not DDT (Fig. 5B bottom
column panels). The organochlorine disinfectant, hexachlorophene, and
insecticide/piscicide, rotenone, displayed typical inhibition patterns
that repress induction of three neural differentiation markers while
maintaining OTX2 and OCT3/4 expression (Supplementary Fig. S5 third
and sixth column panels). In contrast, the two pyrethroid insecticides
(deltamethrin and permethrin) that have been developed as safer re-
placements of organochlorine insecticides due to relatively low mam-
malian toxicity and rapid environmental biodegradation (Jayaraj et al.,
2016) did not modify expressions of marker genes to such an extent
(Fig. 5B fifth column panels and Supplementary Fig. S5 fifth column pa-
nels). Captan and colchicine showed limited ability to affect marker
gene expression (Fig. 5B second and fourth column panels), whereas
valproic acid exerted significant effects except for PAX6 (Supplemen-
tary Fig. S5 bottom column panels). Constant yields of total RNA from
each well and viable cell appearances in microscopic analyses suggest
that such expressional alteration did occur at concentrations below
cytotoxic ranges (data not shown).

4. Discussion

This study modeled in vitro the impacts of DNT chemicals on early
stages of neural differentiation among various key neurodevelopmental
processes (Bal-Price et al., 2018b; Fritsche et al., 2018a), by examining
the cytotoxicity activity to iPSC/NPC as one measurement endpoint and
alteration of gene expression of neural differentiation marker genes
during neural differentiation as a second endpoint. A previous study
investigated the cytotoxic effects of 80 drugs and environmental che-
micals provided by the National Toxicology Program (US Department
of Health and Human Services). Toxicity was evaluated in human iPSC



Toxicology in Vitro 69 (2020) 104999

S. Kamata, et al.

‘(quaunean/sajdures [[[om] § jo sajedrjda1 feyuswadxa se u) "H'S F

‘sure)ied uonIqIyur IeM39III JO ISNedaq A[ISOW paje[naed 10U :')'N
*1591-7 JUSpNIS Yl A4Q G0'0 > d 1B BIep (L)S.LIN Pue ‘(P)DAN ‘(9)2Sd! ‘(9)zOdeH (8)/-S0D 9A1129dsal 91} SNSLoA PIAISSQO SIIM SIDUIIYIP JULdIYIU3IS

ueaW Se UMOYs aIe G-1-TS "S14 Arejuswaiddns pue 7 81, woij paje[nored sanjea 0GDI YL

(€) 5+€C0 F 6¥°C (€),S¥'0 F 6T (#) p=1S0'0 F 8160 (F) pSTO0 F 6160 ©oz < ©oz < (9) pC€0 F €9 (€),890 ¥ ¢ge NWw uaydourweldy [
(onuod aane3daN)
(€) 5458 F €942 (€) 5q0bE F ¥6SE (#) peCCI F 61€ (F) pelT F 981 (#) pCOT F €6€ (€) p0L9 F S6E1 (€) 5qLSC F THET (€),e0z ¥ viez WM Ies BN ‘pre otoxdfeA 1
(9) ,€2°C F 689 (9)S6 + 9'8C (€) .16'T F v6'S (€) ¥T'1T F 89'S (9) «29Y F 96’6 (DTS F L9T () poqCT’Ll F L'8S (€),961 ¥ TS5 WU upAwourep H
(€) 0001 < (€) 000T < (€) 000T < (€) 000T < (€) 0001 < (€) 0001 < (€) 000T < (€)ooor <  Wn suan[ol, D
(€) 005 < (€) 005 < () 00s < (#) 005 < (€) 005 < (€) 005 < (€) 00s < (€©o00s < Wd sprwopifeyr 4

apynsip
(€) DN (€) DN (€) ,€€0 F 66'T (€) ,ST'0 + Sb'T (#) 00T < () 00T < (€) €00 F €9€0 (€) ,-80T°0 F 88€0 NN wemnpAyeenay,  d
(€) T€ F 0bp (€) £'1T F 6°4S (€) 67 * 8'8C € 0L F ISk (1) po91€ F 00°S (¥) p2'8 * 891 () 000T < ) ooor < Wd sjozeuoongal, d
(€) TL00°0 F 86S0°0 (€) qIZ00'0 F £8£0°0  (€) €200°0 F €T800°0 (€) 4vS0°0 F 29100 (€)86'0 F 6%  (€) polS'T F S0'9 (€)€1e * 8TS (€)o01 ¥ e Wd suoudloy D
(€) 540 F STT (€) .190 F €0°€ (€) pSLI'0 F ¥86°0 (€) .ST0 F LE'T (€) .8€0 F 61’1 (€) vSL'0 F 68T (€) xp2q60'0 F GLY  (€) pg9T'0 F 8Y'S  WW J[es BN ‘Terqieqousyd g
(€) xo€F F 00€ (€) 549 * Sc8 (€) +p60 F T'IT (€) pSO0T F 1IE (€) 0001 < (€) 0001 < (€) 00S < (€©o00s < Wd umpeuRd |V
(€) 00T < (€) 00z < (€) 00T < (€) 00T < (€) 00T < (€) 00T < (€) 00T < (€)oo < W SUBXOH-U 7
(€) L20'0 F TST'0 (€) 1200 F 0610  (#) 99200 F ¥4£00  (#) FOEO'0 F SE€80°0  (€) ISTO F S98°0 (€)6€0 F 9T'L ) 5250 F 84’1 (#) p8€0 F 8G'T WM apuIo[yd (IN) 8H AU &
© b1 F ¥21 (€) .41 F 0ST (€©) €T ¥ 0SIL (€©) b2 ¥ g€t (€) 00T < (€) 00T < (€) 00T < €)ooz < WM suepur] X
(€),19 F vIv (€) DN (€) #pS F IIT (€) vz * €61 (€) 000°0T < (€) DN (€) 000°0T < (€ oN Wi BOMAXOIPAH M
(€) q=€€0 F 61'S (€) =650 F 0€'S (S) q+CTCO'0 F 11600 (S) q=9T0°0 F 1S80°0  (€) poeb’T F 691 (€) po€T F 081 (€) pog€¥y F 0°SE ) poS€ ¥ 6T WM sudydoIo[yoexsH A
(€)1 F SvI (€),€0 ¥ 891 ) p€€°0 F €€ () p9L°0 F 09'% (€) 00T < (€) 00T < (€) 00T < €)ooz < WM loperdsH N
(€) 59T + 881 (€) 58T F 6T (9) p160 ¥ 60T (9) p80 F ¥2T ) DN ) DN (€) pCt F 89S ) 89 F TLF WM [onsaqus[AyPIa L
(#) ,S6'0 F TT'6 (1) ST F €€1 ) pL¥'0 F LTE ) 060 F ¥9'S (€) 00s < (#) 005 < (€) p9'€T F L'SS (©o00s < Wi uuppIq S
(€©).6T F 11 (©),ST ¥ 991 (F) »pL€0 F €£T (€) p92°0 F €8¢ (€) 00s < (€) 005 < (€) 00s < (©o00s < Wi laa ¥
W 1L F LST ) §'IT F 8'8¢ (@ 11e F T'SL (#) 00T < (€) 00T < (€) 00T < (€) 00T < €)ooz < Wn dHAa O
(©),b61 F L'€8 (€) 00T < (F) p05°0 F TH'E b €€0 F veL (#) 00T < () 00T < (€) 00T < (€)oo < W upyPwepd 4
(€) 4v8°0 F 6T€ (€) 4890 ¥ 92T (h) bSO F TE'S () 290 F €4S (€) poeC’IT F 6'SL  (€) poSE€EL F T'8E (€) §'S * T'9C (€)69 ¥ T'ZE WU aupIpRIO) O
(€) .86 F 9€1 (€) LS F LIT (€) €T F 661 € 6ve ¥ 198 (€) 0001 < (#) 0001 < () 000T < #)ooort < Wr sojuAdioryd N
©¢€v ¥ Toe (€) 001 F €2 W9 F vee W) 8L F LoOT (#) 005 < (#) 005 < (€) 00s < (©)00s < Wi Areqred W
(€) .S€'T F b9 (€).€LT F TLY (€) LOET'0 F L6V°0 (€) ;S80°0 F ¥S¥'0 (€) 00T < (€) 001 < (€) 00T < (©oor < Wd ueydey 1
(€) qT’L F 6'S9 (€)1 F 061 (€) q=S'T F TSI (F) pqel'€ F 861 (#) p0€ F +81 (F) <CC F THT ©,r1 F II1 (€) 59 F 92T  Wr v [ousydsig
(€) 2800 F 0T'0 (€) 00T°0 F 9650 (¥) 40£0°0 F 0TT0 (F) 4€60°0 F 0220 (€) ,€40°0 F TISO (+),b0T0 F +¥6°0 © 1< © 1< wi apixo (unjlanquu)sig
(€) 0001 < (€) 000T < (€) 000T < (€) 0001 < (&) 0001 < (&) 0001 < (€) 0001 < (e)ooor <  Wr qIedpry I
(€) q=SS0°0 F S€9°0  (€) q=I¥0'0 F €S0 (€) q=6€0°0 F ¥LT0 (€) 9800 F 850  (€) poIS0 F ¥ET  (€) pob€0 F 0TT (€) poSP'0 F €6°T (9) p>82°0 F LET W SpIuE[ADY  H
(€) €1 F 80F (€) DN (€) ON (€) DN (€) «v0T * 889 (€) DN (€) 9'ST + €89 © oN Wi 9je1ave (I1) osauesueN D
(€) 68y ¥ 9261 (€)T1S * 1291 ©+¥8 * 1€9 (€)9L F 99L (€) 61T F T€pl (€) v1z * £801 (€) 000T < (€) 000z < Wi [pemornyp-z-[Adoid-9 A
(€) w8 F 0%E (€) ON (€) q=S€0 F €8T (€) :95°0 F 62T (€) powST F S61 (€) DN F vl ©,r * vog Wil VAHO-9
(€) S€L F T'ly (€) 0T ¥ 801 (1) 90°'T ¥ T6'S () €0'T F TE9  (€) poe TOE F 6V9T  (€) poulSP F 6611 F 8¢l ) 1S * ¥69 Wi [Pemoloni-s
(€) xobV F LTS ©TT F LL9 () pe99 F L'ST (€) ¥'vT F TO0E (€) ov'S ¥ S¥E (€)0CL F 919 (€) porqI'€ F T'16 (€),I'L ¥ §€8 NWuw Ndar D
(€) 0T F v¥1 (€) 40T F 691 (€) oz ¥ 02T (€) €€ F €V (€) «81 F 8IC (€) p>eC8 F 8¥9 (#) x6T F OVT (1) 2T F €6 NWw [OUBTIROAXOUPIN-Z &
(€) -81T * 921 (€) 5qS€ F 0S¥ (€) b0 ¥ 91 (€) peb'€ ¥ 6°0C (€) €6 ¥ 0'1L (€) pO¥ F 111 (€) I8 ¥ 66C (€) 5q€8 F €65 W1 9pIpor +ddiN v
(+) d1V SIIN () dLV SIIN (+) d1LV SIIN () dLV SLIN un s[eorweyd - dl

(P) OdN () Dsdr (q) zodoH () £-50D

‘sAesse LV pPue SLIN Wwoij pajemoed sadA) [[92 anoj ur uaydourure}ade [01U0D dANESIU B PUR SJUBIIX0)0INaU ([eiuaido[aaap) Gg Jo sanjea 0S)T ay],

¢ 2lqelL



S. Kamata, et al.

A 1000,000 4

y=100x y=10x  y=x

100,000 1
10,000 4
~ 1,000
=
=1
=
S 100
3 g
S o
,: 10 G N.C. (Cos-7 /iPSC)
| oC’ 1&G" ; >1 mM (Cos-7 / iPSC)
8 0.001 . Z;>200 uM (Cos-7 / iPSC)
) 1 e F’; >500 uM (Cos-7 / iPSC)
R . 1 o 10 100 1,000 10,000 100,000 1,000,000
014"
0.01 |PSC ICs0 (HM)
0.001 -
C 1000,000 y=x
100,000
10,000

=3
=3
I=1

18G’ ; >1 mM (Cos-7 / NPC)
Z;>200 pM (Cos-7 / NPC)

=)

Cos-7 ICs0 (M)

0.001 E’; 0.363 uM (Cos-7), N.C. (NPC)
; i F’ ; >500 uM (Cos-7 / NPC)
601 .01 1 10 100 1,000 10,000 100,000 1,000,000
011"
oord NPC ICs0 (uM)
0.001

Toxicology in Vitro 69 (2020) 104999

B 1000,000

y=100x y=10x  y=x

100,000 1
10,000 4

<" 1,000
=
3
=
o 100
e}
o v G; N.C. (HepG2 / iPSC)
N 10 o 1&G’ ; >1 mM (HepG2 / iPSC)
1) ’ T;N.C. (HepG2), 2.09 yM (iPSC)
Q. Z;>200 uM (HepG2/ iPSC)
% 1 F’; >500 uM (HepG2 / iPSC)

10 100 1,000 10,000 100,000 1,000,000

014"

—r iPSC ICs0 (uM)

0.001

1000,000 q y=100x y=10x  y=x

100,000 1

10,000

1,000

18G’ ; >1 mM (HepG2 / NPC)

T; N.C. (HepG2), 18.8 uM (NPC)
Z;>200 uM (HepG2 / NPC)

E’; >100 pM (HepG2), N.C. (NPC)
F’; >500 uM (HepG2 / NPC)

HepG2 IC50 (uM)

10 100 1,000 10,000 100,000 1,000,000

NPC ICs0 (uM)

0.001

Fig. 3. Comparisons of ICs, values of 35 DNT chemicals and acetaminophen in ATP assays between (A) iPSC and Cos-7 cells, (B) iPSC and HepG2 cells, (C) NPC and
Cos-7 cells, and (D) NPC and HepGz2 cells. Tail portions of the comets represent ICso values higher than the dots. The three lines indicate 1 x (solid), 10 x (dotted),

and 100 x (bar dotted) divergence in magnitude.

(BC1 cell line originated from newborn cord blood mononuclear cells
[Chou et al., 2011]), human iPSC-derived neural stem (= progenitor)
cells, neurons, and astrocytes, using only two concentrations (10 and
100 uM) by MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide) assay (Pei et al., 2016). Except for this study, information on
cytotoxicity or inhibition of neural differentiation by those chemicals
on human iPSC(/NPC) is lacking in the published literature. All the 35
DNT chemicals tested in this study (Table 1) were included in their 80-
chemical list, and they demonstrated cytotoxicity of 14 DNT chemicals
(MPP + iodide, 2-methoxyethanol, 6-propyl-2-thiouracil, acrylamide,
aldicarb, captan, carbaryl, DEHP, DDT, dieldrin, deltamethrin, hepta-
chlor, rotenone, and valinomycin) on iPSC and those plus manganese
(I) acetate, bisphenol A, colchicine, and n-hexane (total 18 DNT che-
micals) on neural stem cells at 100 uM concentration (Pei et al., 2016).
All other chemicals were considered nontoxic to iPSC or neural stem
cells (Pei et al., 2016); however, our present study demonstrated that
IDPN, 5-fluorouracil, 6-OHDA, bis(tributyltin)oxide, chlorpyrifos,
DEHP, diethylstilbestrol, hexachlorophene, hydroxyurea, lindane, me-
thyl Hg (II) chloride, permethrin, phenobarbital, tubuconazole, and
tetraethylthiuram disulfide (but not thalidomide/toluene) display con-
centration-dependent inhibition of MTS or ATP activity in iPSC, even at
concentrations lower than 100 uM (Fig. 2 and Supplementary Fig. S3).
The discrepancies in sensitivity could be attributable to differences in

human iPSC lines (XCL1 deriving from < 1-month-old male CD34-po-
sitive cord blood cells vs 253G1 from 36-year-old female dermal fi-
broblasts in this study), assay methods (MTT vs MTS), cell densities
(3.2 x 10%/cm?® vs 6.25 x 10°/cm? at experiment start), or culture
duration (1 day vs 2 days).

We utilized two independent assays, MTS and ATP. The former
measures mitochondrial enzyme activity in living cells and the latter
quantifies ATP content in cells living just before assay. Our results
obtained by these two different cellular assays assessing mitochondrial
function indirectly were almost identical (Supplementary Fig. S4);
however, monophasic inhibition curves were not observed in some
cases. 6-OHDA (Fig. 2, E-1) and hydroxyurea (Supplementary Fig. S3,
W-1) upregulated the activity in MTS assays of HepG2 cells via un-
known mechanisms. In such cases, our independent ATP assay was
found to be beneficial as a backup (Fig. 2, E-2, and Supplementary Fig.
S3, W-2). The ATP luciferase assay could also be influenced by un-
known factors/mechanisms as shown in biphasic effects of manganese
(I) acetate on iPSC (Supplementary Fig. S3, G-2). One possibility for
the reversed effects and biphasic effects is the reduction potential or the
pH-altering effect of the chemicals independent of biological activity.
When ICs, values of 200 uM were used as activity cutoffs in either MTS
or ATP assays on iPSC, 25 out of 35 DNT chemicals (71.4%) were
identified as DNT-positives while the remaining 10 chemicals,
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Fig. 4. Comparisons of ICs, values of 35 DNT chemicals and acetaminophen in
ATP assays between (A) Cos-7 and HepG2 cells and (B) iPSC and NPC cells. Tail
portions of the comets represent ICso values higher than the dots. The three
lines indicate 1 X (solid), 10 x (dotted), and 100 x (bar dotted) divergence in
magnitude.

including 2-methoxyethanol, 3,3’-iminodipropionitrile (IDPN), 6-
propyl-2-thiouracil, manganese (II) acetate, acrylamide, aldicarb, n-
hexane, phenobarbital, Na salt, thalidomide, and toluene, (plus control
acetaminophen) as DNT-negatives (Table 2). These results suggest the
substantial potentials of these assays for the large-scale DNT chemical
screening.

The iPSC and NPC were more sensitive to almost all DNT chemicals
tested than in two popular transformed cell lines, Cos-7 (a fibroblast-
like cell line obtained by immortalizing CV-1 African green monkey
kidney cells with SV40 large T antigen) and HepG2 (a hepatocellular
carcinoma cell line derived from a 15-year-old hepatoma patient; also
referred as hepatocellular blastoma [Lopez-Terrada et al., 2009])
(Fig. 3). In new drug development, nonclinical safety tests using
mammalian cells and experimental animals are mandatory. Notably, no
rules/guidelines for selecting cell types for the safety examinations
exist, and human (or other mammalian) transformed cells such as
HepG2 and HEK293 are most often used because they, unlike normal
human cells, proliferate eternally. Human iPSC (and their derivatives
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such as NPC) are proliferative and have a much closer resemblance to
normal human cells with normal chromosomal numbers (e.g., 253G1
cells [46XX; http://cellbank.brc.riken.jp/cell_bank/Celllnfo/?cellNo =
HPS0002&lang =En]; HepG2 [51-53; http://cellbank.bre.riken.jp/cell
bank/Celllnfo/?cellNo =RCB1648&lang =En]; HEK293 [63-71; http://
cellbank.bre.riken.jp/cell_bank/Celllnfo/?cellNo=RCB1637&lang =
En]). Therefore, human iPSC might be better suited as a standard cell
type for drug safety tests, especially for clinical evaluation of DNT
chemicals, such as 5-fluorouracil, colchicine, hydroxyurea, pheno-
barbital, tetraethylthiuram disulfide, thalidomide, and valproic acid
(Table 1).

The use of differentiation of pluripotent stem cells into neural pre-
cursor cells for DNT evaluation is classified as a “UKN1” test in a recent
OECD/European Food Safety Authority (EFSA) testing battery (Bal-
Price et al., 2018a). This study has become the first to evaluate the
impacts of DNT chemicals on iPSC differentiation to NPC by examining
the altered expression of neural differentiation as well as un-
differentiation (stem cell) marker genes. For neural differentiation,
PAX6, OTX2, and MAP2 were selected because the magnitude of mRNA
induction was greater than other markers such as Nestin and HOXB4
(Homeobox B4) (data not shown). Induction of PAX6, a key transcrip-
tion factor that regulates multiple downstream genes and balances
proliferation/differentiation of neural stem/progenitor cells (Kikkawa
et al., 2019), was most prominent (Fig. 1B). We previously reported
that all three DNT chemicals, tributyltin (Yamada et al., 2018a),
chlorpyrifos (Yamada et al., 2017), and 5-fluorouracil (Yamada et al.,
2018b), inhibit PAX6 induction in the process of iPSC differentiation to
NPC, and herein add 10 DNT chemicals (aldicarb, carbaryl, deltame-
thrin, DEHP, DDT, dieldrin, heptachlor, hexachlorophene, lindane, and
rotenone) to our list (Table 3). In contrast, PAX6 was somewhat upre-
gulated by 0.3 uM colchicine (197%), 3 uM DOP (124%), and 1 pM
hexachlorophene (129%) by unknown mechanisms (Fig. 5B and Sup-
plementary Fig. S5). PAX6 is considered one of the autism spectrum
disorder (ASD)-susceptible loci, and therefore, PAX6 regulation by
those chemicals could be implicated in ASD pathogenesis (Yamamoto
et al., 2014).

The homeodomain-containing transcriptional factor OTX2 also
plays an important role in brain development (Acampora et al., 2000;
Boncinelli and Morgan, 2001; Maheu and Ressler, 2017). It is essential
for early specification of the anterior neural plate, and Otx2-deficient
mice were embryonically lethal, around embryonic day 9, due to lack of
the rostral neuroectoderm that forms the forebrain, midbrain, and
rostral hindbrain (Acampora et al., 1995; Matsuo et al., 1995). Because
OTX2 upregulation is not maintained in NMM (Supplementary Fig.
S1A), its temporal expression regulated by OTX4-OTX2 axis may occur
when cells exit from ground state pluripotency (Yang et al., 2014).
Several OTX2 mutations have been found in patients with brain mal-
formations and neurological disorders (Beby and Lamonerie, 2013),
and polymorphisms in the OTX2 gene are considered risk factors for
bipolar disorders (Sabunciyan et al., 2007). We observed that OTX2
expression is also bidirectionally regulated by 14 DNT chemicals during
iPSC differentiation to NPC—captan and DEHP upregulated OTX2 in-
duction, while carbaryl, dieldrin, hexachlorophene, lindane, rotenone,
and valproic acid suppressed it (Fig. 5B and Supplementary Fig. S3).

MAP2 belongs to the MAP2/Tau family of microtubule-associated
proteins (MAPs) and regulates the interaction of microtubule and F-
actin that is critical for neuromorphogenic processes, such as neurite
initiation (Nunez and Fischer, 1997). MAP2 anomalies are implicated in
the onset of mood disorders (e.g., depression and bipolar disorders) and
schizophrenia (Marchisella et al., 2016). Aldicarb, carbaryl, dieldrin,
heptachlor, lindane, and valproic acid induced MAP2 expression, while
hexachlorophene and rotenone suppressed it (Fig. 5B and Supplemen-
tary Fig. S3).

Stem cell transcription factors OCT3/4 and NANOG were used as
undifferentiation markers; the former is a Yamanaka factor (Takahashi
et al., 2007), and NANOG is a superior marker for pluripotency used for
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Fig. 5. Impacts of seven DNT chemicals (aldicarb, captan, carbaryl, colchicine, deltamethrin, DEHP, and DDT) on iPSC differentiation to NPC revealed by altered
expression of differentiation/undifferentiation marker genes. (A) Experimental overview for the RT-qPCR analyses. (B) The effects of seven DNT chemicals on mRNA
expression of differentiation (PAX6, MAP2, and OTX2) and undifferentiation (OCT3/4 and NANOG) markers normalized by GAPDH. The expression in iPSC cells was
set at one on the y-axis and the numbers above the bars indicate the percentages of expression assuming that day 4 cells without the DNT chemical (unfilled bars) are
100. Data are mean = S.E. (n=3). Differences versus expression in day 4 cells without the DNT chemical (unfilled bars) were significant at *p < 0.05, **p < 0.01,

and ***p < 0.001.

Table 3

Impacts of the representative (developmental) neurotoxicants on the expression
of neural differentiation and undifferentiation marker genes during neural
differentiation of iPSC.

ID Chemicals PAX6 oTX2 MAP2 OCT3/4 NANOG
I Aldicarb 1l - " - -

L Captan - 1 - - -
M Carbaryl W W " I -
(0] Colchicine " - - - -

P Deltamethrin | T - -

Q DEHP W "t - 1" -
R DDT I - - 1" -

S Dieldrin Wi H m (€2)) "
U Heptachlor Wi - " " "
\Y Hexachlorophene W W W " "
X Lindane I | i - -
A Permethrin - - - - 1
(o4 Rotenone W " W " "
r Valproic acid, Na salt - I "M " me

During neural differentiation, differentiation marker genes (PAX6, OTX2, and
MAP2) are upregulated while undifferentiation marker genes (OCT3/4 and
NANOG) are downregulated. The impact of each neurotoxicant was indicated as
follows when significant differences were observed versus control: 1, 1-20% up;
M, 21-50% up; 111, > 50% up; |,1-20% down; ||, 21-50% down; |||, > 50%
down.

establishing “the 2nd generation” NANOG iPSC (Okita et al., 2007).
Their expression was significantly suppressed during differentiation to
NPC (Fig. 1B). Compared to the differentiation markers, the impacts of
14 DNT chemicals on undifferentiation markers were much smaller
(Fig. 5B and Supplementary Fig. S3).

Indeed, the 14 DNT chemicals displayed differential profiles for the
regulation of such marker genes, suggesting their differential impacts
on neural development in humans. Low-level childhood exposures to
deltamethrin may negatively affect neurocognitive (learning and social)
development by six years of age (Viel et al., 2015). Plasma level in-
creases in DEHP (and bisphenol A) might be associated with a Pervasive
Developmental Disorder-Not Otherwise Specified (PDD-NOS) (Kondolot
et al., 2016). Such phenotypic differences could be fundamentally at-
tributable to altered regulation of neural differentiation (Fig. 5). The
majority of epidemiological studies do not strongly implicate any par-
ticular pesticide as causally related to adverse neurodevelopmental
impacts in infants and children (Burns et al., 2013); however, dose-
related correlations between maternal exposures to chlorpyrifos (and
other organophosphates) and small head circumference at birth and
neurobehavioral deficits, along with correlations between serum con-
centrations of DDT or its metabolite dichlorodiphenyldichloroethylene
(DDE) and neurodevelopmental performance, are reported (Grandjean
and Landrigan, 2014).

Also, many “not negligible” concerns and evidence from animal
experiments are observed. Oral administration of a single dose of the
carbamate, aldicarb (0.35 mg/ kg body weight), markedly inhibited
acetylcholinesterase activity (up to 30%-40% of the basal) in the brains
of postnatal day 17 (PND17) rats (and in adult rats at higher doses),
thereby inducing tremors and gait ataxia (Moser, 1999), while another
carbamate, carbaryl (5.0 mg/kg body weight), inhibited acet-
ylcholinesterase activity only slightly (88% of the basal at maximum) in
the brains of PND10 mice but induced persistent adult behavior al-
teration and cognitive impairment (Lee et al., 2015). In this study, the
assessment of aldicarb as a DNT chemical was only realized by a

10

combination of different alternative in vitro assays on iPSC.
5. Conclusion

We evaluated the cytotoxicity of the 35 DNT chemicals on iPSC,
NPC, Cos-7, and HepG2 cells, and found that iPSC/NPC are more vul-
nerable to the majority of these chemicals than the two transformed cell
lines. Further, we observed that 14 DNT chemicals differentially af-
fected iPSC differentiation to NPC. The CAS registry now includes over
100 million chemicals, and more than 74,000 compounds are in com-
mercial use (Schmidt, 2009); however, only 12 chemicals have been
identified as human DNT chemicals (Grandjean and Landrigan, 2014;
Oulhote et al., 2016; Fritsche et al., 2018b). Current screening protocols
cannot keep pace with the backlog of untested chemicals (Fritsche
et al., 2018b). This study provides a useful screening test that precedes
animal experimentation. The test displays many characteristics re-
commended for proper evaluation of DNT (Crofton et al., 2011). Our
methods 1) incorporate two endpoints that model key events of neu-
rodevelopment; 2) correctly and accurately measure the intended
endpoints with MTS/ATP and RT-PCR assays; 3) are supported by both
positive (responsive) and negative (non-responsive) training/testing
sets of chemicals (as found in Figs. 2 and 5, Supplementary Figs. S3 and
S5); and 4) can feasibly screen large numbers of chemicals (e.g, 35
chemicals in this study), although their specificity and sensitivity need
to be scrutinized in the future experiments. Also, our methods might be
more easily reproducible in many labs and performed on large numbers
of chemicals in less time than recently described methods using human
iPSC-derived 3D-neurospheres (Kobolak et al., 2020). Selection of the
other differentiation/undifferentiation marker genes may enable more
versatile DNT evaluation.
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Supplementary Table S1.
Sequences of primer sets for RT-gPCR.

Gene Primer sequence Size

Neural differentiation marker genes

PAX6 5-ATGTGTGAGTAAAATTCTGGGCA-3'(Forward) 103 bp
5-GCTTACAACTTCTGGAGTCGCTA-3'(Reverse)

MAP2 5-TCTCCCAAGACCTTCCTCCA-3'(Forward) 144 bp
5'-CTCTTCCCTGCTCTGCGAAT-3'(Reverse)

OTX2 5'-ACAAGTGGCCAATTCACTCC-3'(Forward) 122 bp

5'-GAGGTGGACAAGGGATCTGA-3'(Reverse)
Stem cell marker genes

OCT3/4 (POU5SF1) 5-GGGTGGAGGAAGCTGACAAC-3'(Forward) 114 bp
5'-GGTTGCCTCTCACTCGGTTC-3'(Reverse)
NANOG 5'-GATGCCTCACACGGAGACTG-3'(Forward) 170 bp

5'-TCTTGACCGGGACCTTGTCT-3'(Reverse)
Housekeeping gene (as a control)
GAPDH 5'-GCCATCAATGACCCCTTCAT-3'(Forward) 112 bp
5'-TGACAAGCTTCCCGTTCTCA-3'(Reverse)

bp: base pair
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Supplementary Fig. S1 NPC passage number does not significantly affect ICso values in ATP
assays. (A) Expression changes of five neural differentiation/undifferentiation marker genes in
IPSC and NPC at passages (P) 0 and 4-10. iPSC and NPC PO are identical to Day 0 and 10 in
Fig. 1B, respectively. Relative expression at P4 (normalized by GAPDH expression) is set at 1.
(B) Repetitive experiments using NPC at various passage numbers in ATP assay to calculate
ICso values from concentration-dependent inhibition by diethylstilbestrol, hexachlorophene,
and methyl Hg (I1) chloride. Data are mean + S.E. of triplicate samples and calculated 1Cso
values are shown in parentheses.



A (iPSC) . B (NPC at passage 7)

y : | e 'I \ 1 :
» g .
e I
: 2@.4, zsf‘ziy i . m " i :
1+ . \ ! . - q4
¥y 3 &qﬂi&E"}%ﬁ . ;4 z ."5
3 *‘35\1)\14 5 2t (lza i -
w0 ol * Som P e
1113 (f?% ) 39 '29 4 Q
u 4
> I | mﬁ
. ﬁs T 42 2
71 b . -
f “Bn4s AR
1 E | " )

C (NPC at passage 10)

g A
A u ¥y 8
. J " A -~
N s
\
2 X 3325 242:‘19 el « ¥
. - 2?‘ 29 18 v‘s s
e W 74 i he ¥
»’ ) 7 15-9 -
P I : 15& b

al'\\-n'{'aé§sa 14‘ -i?; A v

40 \ A5y, ¢
<2

Supplementary Fig. S2 Giemsa staining for chromosome counting in iPSC before
differentiation to NPC (A), and NPC at passage 7 (B) and 10 (C). Most cell spreads indicate
the presence of 46 chromosomes.
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heptachlor,

hexachlorophene, lindane, permethrin, rotenone, and valproic acid) on iPSC differentiation to

NPC revealed by altered expression of differentiation/undifferentiation marker genes in RT-

gPCR analyses. Effects of seven DNT chemicals on the mRNA expression of differentiation
(PAX6, MAP2, and OTX2) and undifferentiation (OCT3/4 and NANOG) markers normalized by
GAPDH. The expression in iPSC cells was set at one on the y-axis, and the numbers above the

bars indicate the percentages of the expression with that on day 4 cells without the DNT

chemical (unfilled bars) as 100. Differences vs the expression on day 4 cells without the DNT

chemical (unfilled bars) were significant at *p < 0.05, **p < 0.01, and ***p < 0.001.
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Current challenges and future perspectives of iPSC-based neurotoxicity testing

Kazunobu Tsunemoto, Shigeru Yamada, Yasunari Kanda

Divisian of Pharmacology, National Institute of Health Sciences (NIHS}

Abstract. Predicting drug-induced side effects in central nervous systern is important because they can lead to the
discontinuation of new drugs/candidates or the withdrawal of marketed drugs. Although many efforts are made,
evaluation system using animals have not been highly predictive in humans. In addition, animal experiments are time-
consuming and costly, To address these issuas, in vitrc evaluation methods, such as the use of New Approach
Methodologies (NAM) have been explored. Human iPS cell technology has already been applied to assess drug-
induced cardiotoxicity. In addition, the use of human iPS cell technology and in silico has been promoted for
neurctoxicity assessment during the developmental neurotoxicity in terms of chemical safety issues. Crganization for
Eccnomic Cooperation and Development (OECD) guidance regarding developmental neurotoxicity 1s under
preparation. In this review, we will review the current trends In safety assessment mathods for the central nervous
system in light of these international trends.




wHM34E 3 A 29 H

BRE SRR LT

FRErEikBiR B 4 Bk

E‘E:%/‘Eﬂi'zf‘

ROWEE O 2 6 e A S BBV TR R ORI 515 5, ﬁ?&%"ﬂk&l&@ﬂ%ﬁﬁr fr@ﬁ“lﬁﬁk')b:

THETOEBDTY,
1. BEERY _(LPHE ) A ZBIRER

2. BIRMEE _ALEMEOL Y N ONEEEHERORR

3. WiEEL  (FEAE - ) AR -

(K4 - 7UHF) R[]

4. fHEEE DR

R - N YY YAT

R A 5 ERTHYNHLBE0RLA D

H BEKS  FELIHE REE o)
b b4 b - BETRARTIRC H Y 5 e st 0 = 0 - o
R TR RS R R IC BT B et 0o @ O 7 W
NERRET HEERHRICET 2 MR o0 | O @ 0 . 3
Ei’%fﬁjﬁ%@ﬁﬁ%"j‘é %ﬁﬂﬁéﬁa@mﬁsbj‘% Ehih B 0w 0 0
HOEMIET D AR
FOM. HHTHMBEHNSINEREATSIE
(REL DB y | B¢ H . a

Oﬂ)%ﬁm%%ﬁ%*M%%i%?ét%tDﬁ??&%ﬁﬂ%ﬁﬁ%?éﬁ@%ﬁ%wﬁﬁﬁﬁhTM%%Qﬁ;f%ﬁﬁﬂjm?xv

ZL—HE L < REMOFTNTT LT WanBar, R

T RrieEE)

KFzwiThI &,

(1) REEREEE, TolpEEHTa &,

OK3) MO ESBIRICET MG © GARIIRIC BT B MR T 3 IBA1, SIHEC BATAI &

5. B ES FOMIHERICBIT 5 REFEADRITONT

PR IES S O SR T

6. FUMR O

LHEITICEIT 5 CO [ DERLIT AMENRE | # @ % OUE0BaRTOES:

UFRMEIIBIT 5 CO | EEARBORE

" A

& O (mo5IRELLIEA:

WHIZE IR A CO DWW T OHE - BEOEE

=

e O (EpEEHTORS:

UHRICHD CO T IEDONTORE - WO E

H O

& U (HoEsdTons .

(BEEE -pyis0cFowrEANalE,

- SEREEOTRET AHEORDIERT B O &,




af 3 4 B 27R
HyEEMRMELTERE B

WA EVRSEE A A

PTEHEE B 4  IPSHUEMFECET Ak
K # WA iR

WOWER OS2 FEREFHFAIAE OWEFRICEIT 5. MEEERI R ORISR SOz O
TRETDLEEY TF,

1. WFEEA EEFBHNENEEMSE (WEHE ) X 7 HFREE)

2. HIEERES _(LPWEOA L iR HEOBE%E  (_19KD1003 )

3. MEE4  (BLBEE - BE)  iPS MAARFSET - Hegds

(&4 - 7V 4 # W
4. BEEEORN

M EE ERTHRYEABHIBEOBELA (%)
7 OB EEF Ers Wt 1 FEE (k2

t b b BRI RICEE S D mIRSE B O [ | IR ad
BATFRESERDLICET S 0 = O O
AERE LT HEERFRICET 2GR oo B O || HHEARE a
EESEEOFE T 5 EREBEIC BT A ER O m O 0
FOEMICET D EREH
O, EETHRMERHBENITEATHZ L

(Hagt AT - y | B0 - =

(R1) ZAMHRTEE 35 RS0 & NI 2 1 e U S R S MBI E T S REERROFEREL TV I EAR. (EEEL] CF=y
7 L8 L ISR OBERTT LTOWRWESIT, REES] tFzvrTa0k,

T O (FRFE)

(K2) REEFICESE, TOBHEE#HTI-L,
(%3) BELLATD [MESFRIC BT 2 Mliaet) = [HATIRICET 2MESsH DT 55610, YSEBCREATS L,

5. BEFESE OMTIEERNICRIT A ARETAE~ORIC-NT

HFEMEEE OZ IR il RN O

6. FISIAR OEE

HP MBI BT 5 CO 1 0FHEIZE S HEoHEE | F 0 € O@EOBARTOER:

BRI ACO I EESRBOEE A B E OEOESISEAHNE:
LFEAE S CO 1 IT oW TORE - BEEOERE A B 2 QUEnDSSsoEs:
YRR L CO LIt 2T oigE « SHOAE FO BN EF0BSFTONE:

(BEEFH) U T30kFzvr2ARLIL,
c SEFREOFRR T OMEORERTA D L,




wf1 34 5 19E

ESEEREARREENERE R

RS EMREEA O RBRETAFE

PRAEEE B 4 R
K 4 TE -8

ROWBEOT 2 EERAFBH AR OREREICET 2, AHEERR A UFIRBKEOERIZ O

THIETD LB TY,
1. #FESES _of 2 2FEASEREMERMENE (LENE) X7 HEEX)

il

2. BHIERREEA _{LEME DA Ve iR et i mE OB

3. #FEAs (FUREE - B4) BREUIERE EWEeRSEr e

(B -7 VHT) P & (FF¥= =al)

4. REEEOWRH

DA ERCHE S BB BADHRA 66
7 & BB I T2 L - 4R REE (%2

R b - R TRRIRRIC B B 0 = 0 O
IR SRR R B 5 Fagt 0 m 0 o
ARG LT AEFRFRCET AREEN o | O W o o
. =Tt e n -
LOERICET HERIEH

Zolt, BT AREIEE R BNIEREAT 52 b

WEHONH  RABTASDhERSCET o | 0§ O W RERRLE =

(1) ML NSRS BT D oYk 0T <& HRIEHI T A RBEE S OEEPFA TV AESE. [BEEL KF=y

7L HE L RABOFERET LTORVERE, TREE] KF =2 T5HI L,
TOM (FFRLEE)

(%2) REFEECHER, toBRRERETI oL,
(%3) BRILpTo NERPRICET 5 RmEEe 2 HERNECET 5RERe T A8, YBEECEATR DL,

5. BEARBSEOMEEHICEKTARLITE~ORBIZOVNT

MEREHE OZERR S oW REE O

6. FlHBEROFE

LFSECRBTAZCO I DTFHIEIEISHECERE | F B £ 0Eossintoml;

UITFESEIBTACO I EESRBOEE AR F N ECBSaBEEE:
WHIEIT BB CO I TOHRE - BEEOHS A 0 F OECRSTroRh:
UFRICABB CO 1m0 TDiEE « FEOFE EF O £ B FOBSITONE:

(HEFE) - HETEORF vl EANSLL L,
- HEFRE OF R B MBAOE bR 5T L,




SF1 34 5H  13H
EyxEERLELEENTTHTE B

B ST A BRI
FEHEMEE B 4 2E
K 4 % —
K ORRE DA 2 SR A BRI R OMETIRITHT 5., MEEENR K ORISR S0 E RIS
TIEET OB TF,
1. BRERA _oR 2 EEEAYBHERRERNG BEWEY 22 HRER)

2. EREL _(FWHEOA UV - o REERHOBRE (19KD1003)

3. MFE4L  (BIBEE - b))  RERTPHER JCALE - Aa TR i

(B4 -2V HF) #FH #F (324 $Fa)
4. {HEEEORN

BEEOFE ERCHEEBRHZHESDOIHITA (1)
7l EEE FTE LT HE REE (%2

B R D BT BT B e e) | n 0 g
BT HREREMRICET 558 O = O ]
NERF LT LEFRITICET B MHEER ok O = O O
EAEBEE OE T 5 EEERIC R D 8= 0 N 0 0
LoEEICET 2ER RS
O, FEYTAIRERHNBNTEATS L

FEHOLTH y | 0™ = -

(1) HREMAEPLEMAERET DI04 VBT TR EGESHCET SHEEEROBTESELTOIESIL, [FERS LT =<y
7 L—HE L IEMOFEPTET LTWRWEAL, TREE) tFzyrT+a2L,

ZOfh (R EE)

(%2) FEFIITHGR, EOEHFEEHRTHL,
(%3) BRILEID TEZSEFUCHT HREES) % TERARFRICET 5 WEiEet) CBT 2841, YWEECEATSI L,

5. EEFBSEFEOWEFICRT 2 RETE~ORRIZDNT

W im IR ECE O 2R i B REE O

6. FEREROEH

HIFEMEICBIT A CO Il 0FRICHTAHECEE | A B E QE0BSRToms;

MTEMEICBITACO 1 EESBRBORE BB E OE0BSETAEHE:
BFRIITHZDCO T DNTOHRE « BEOHE F B E ODECESETORHN:
LFRIAZACO LI DN TOEE - BR0FE £l OE D (FoRSREORE  IREREOBOEESERLE )

(BESE) -#NTaliiFev s ARG E,
- SEFREORET SMBEORIERT AT £,




EEERELEEFATE B

-~

SF 345 A11H

MEER4 BRI IRAI KL
PRI E B 4 %E
K 4 B fik
KOWE DS 2 FERASHFEZMAEEROFEFEIZBT 5, HESERIE UFSHES DS EIT o1
TP TO LY ¢,
1. MRFEL LS E Y A 75 EE
2. THoEERREH {FWEME DA ¥k iR mE OB
3. MIEL (BESEE - gD BRSEER - #ds
(B& -ZVHF) HRE— -3 Fav T
4. wHEEFOWRN
ko B ERNTERYPNHZBEESDHRIEEA %D
H & FEES Er el W o1 1505 AREE (%2)
v M A BEFRAFTRICET 5 GEE 0D m O 0
BRI SRR I BT et O m 0 O
A%ﬁ%kfé@*%ﬁ%t@f@ﬁﬁ%ﬁ(w> O m 0 O
A DT 5 BRI BT A B ER 0 = n O
%@?&?}Eh fE4- 5 okiedt
DM, YT AHESHBHITEATS S &
GaEOL4T: - y | 5 ® = =

(R1) YW H I LTRSS %tULf?m%ﬁﬁfﬁhﬁféﬁﬂ%%A®¥§%ﬁbTw5%AiI%Eﬁ%J
TLTWRWESIL, FREE| KWFxvrT32F,

7L L REPOEENE
T O (FFFnFIE)

F =y

(%2) RFEEILGEIX, ToBheyEESstTas ),

@w)fﬁﬁwfE%H%K@?éﬁ@E%J@fﬁﬁﬁﬁﬂﬁ?éﬁﬁﬁﬁjKﬁ%?é%éé

BT @B ORI E T 2 RIET A~

DA T

%, BHHEBIHRATRIE,

FIAMEEE ORHIRD

%m0 REE D

6. MK OEE

L FMBEICRT 5 CO I 0FRICHTARECEE | A B £ DEoRARz o,
UHERBICBIT2CO I ZEERBORE AR E LUECESITHEEEY
BHRIZFR D CO T ROVWTHORE - BEOHE F R E D ECESIRTORR
STEITRDCOTITONT DY - THEOFE A O # B FoGEHEORE

(BREHE) -#UT08F=v2iARIIL,

- HERRE OB T OMEORLER T A L,




SFI3ES A6 R
FzEELELEENETTE B

HBSE AL HR
BRTIGHERE B 4 %R
K4 B B
ROWMBDHT 2 FERENHHEREROMAREI BT 5, WEFERE OFAIRSORRI L
THRETOEED TF,
L. BREERL (EMEY A0 WA

2. MEFES (EHEOAL Y - o RS OB

3. WHEAEE  (BEERE - BL) TP - #o%

(B4 - 7V HF) g M ARXXA v

4. fWEEE ORI
L DHE ERTHLEEHDHBEOHZEA k1)
T E FEEH 3 7= REE (%2)

v b b BT RICEE Y A Rt O A O O
BIRTFIEEERRRR I B3 2488 O O |
ATBR LT EFRFARICEAT GBI o) o % O O
TOM, ST IREEHBBONEFRATAI L

GEEHDL T - y | B - o

(K1) HMAREP LR EER T 5105k Y BT & HER T AREE 2 0FEIEACVABEIL. (BEES KT =y
7 L—#E L REMOFEENET LTOARWEAHE, [REE wF=vs352L,

O, (FREEH)

o) FEEITESIE, TOBBEEETA -,
X3) BLEIO MEERRICETHERM S EATRICET 3G KB 5841, YSERCEATAD L,

(
(
5. EEIESEOMEERICE T B RETE~ORIZ 2N

HAEMBET ORI ERLA RRED

6. FlFtEXOER

YHPERBRICBITACO I DBBILMETSHEEDETFT | A @ & O(E0BAEroms:

LIEBEICBITACO I EELRBEOHE E F F OE0Es STy,
WIFZRIZMRD CO 1 Im DWW TRHE - BEOHE FE ® OUE0SSITEoEn;
WIFZEICER S C O LT oW T g « FHE AT F O #Q2 @BoSSRroNg:

(BEFHE) -S#%d30kF=v2%2A N0k,
F SEFREOHRTAMECELERT S DL,






