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(Division of Cellular & Molecular Toxicology, National Institute of Health Sciences)

In the drug discovery process, a pipeline compound that can affect the size and weight of the testes points
to a sign of serious testicular toxicity. Therefore, testicular toxicity must be adequately evaluated before the
first clinical trial on humans. In testing male reproductive toxicity, using experimental animals is preferable to
detect similar changes occurring in humans exposed to the same chemicals. Among all adverse findings,
histopathology and the weight of a male reproductive organ are the best non-clinical endpoints to detect
reproductive toxicity. However, it is difficult to determine testicular size from the body surface. Furthermore,
these data can only be collected by euthanizing a large number of animals, but reducing the number of animals
used in toxicological research is required from the perspective of animal welfare. In addition, histological
findings are generally not available in humans. To address these concerns, it is important to develop a non-
invasive method to evaluate testicular toxicity in vivo.

The present study demonstrated the suitability of a new, ready-to-use compact MRI platform using a high-
field permanent magnet to assist with the evaluation of testicular toxicity. To validate the utility of the MRI
platform, male mice were treated with busulfan (40 mg/kg, intraperitoneal injection). Twenty-eight days after
treatment, both testes in busulfan-treated and control mice (n = 6/group) were non-invasively scanned in situ
by MRI at 1 tesla.

On a T1-weighted 3D gradient-echo MRI sequences (voxel size: 0.23 x 0.23 x 0.50 mm), the total testicular
volume in busulfan-treated mice was significantly smaller than in controls. On T1-weighted images, the signal
intensity of the testes was significantly higher in busulfan-treated mice than in controls. The mice were
sacrificed, and the testes were isolated for histopathological analysis. The weight of the testes in busulfan-
treated mice significantly decreased, similar to the results of the non-invasive analysis. The validity of the
testis volume obtained by MRI was confirmed by 3D reconstruction of serially section of the whole testes.
Additionally, periodic acid-Schiff stain—positive effusions were observed in the interstitium of the busulfan-
treated mouse testes, potentially explaining T1 shortening due to a high concentration of glycoproteinaceous
content. The present data demonstrated a rapid evaluation of testicular toxicity in vivo by compact MRI.

In conclusion, the present study demonstrated that small animal imaging in vivo can detect morphological

and anatomical changes in the testes, using an infertility mouse model to better understand non-clinical
testicular toxicity.
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Whole brain distribution of antisense oligonucleaotide using light
S1-4 sheet microscopy and tissue clearing technique and its future
perspective for the toxicological evaluation

(OMiyu Nakayama

COE for drug metabolism, pharmacokinetics and modeling, Takeda Pharmaceutical Company Limited

[Purpose] A direct administration into the cerebrospinal fluid (CSF) is conventionally employed in antisense
oligonucleotides (ASOs) therapy for central nervous system diseases. However, the intra-brain behavior of
ASOs after intrathecal (IT)/ intracerebroventricular (ICV) injection and its species differences have not been
fully clarified. Recent advances in light-sheet fluorescence microscopy (LSFM) and tissue clearing technique
have demonstrated the feasibility of whole-brain imaging at single-cell resolution, which would be promising
as a practical solution to the above issues. In this study, we aimed to newly develop the whole-brain imaging
platform and figure out the brain distribution behavior of ASOs in mice, rats, and marmosets.

[ Methods] The whole-brain samples were collected at 5 min, 1, 4, and 24 h after intrathecal (IT)/
intracerebroventricular (ICV) injection of Alexa647-labeled ASOs to mice and rats. After treatment with
tissue-clearing reagents, the cerebrovascular networks, stained with anti-CD31 (endothelial marker) and alpha-
smooth muscle actin (artery marker) antibodies, and ASOs were visualized using LSFM.

[Results] The imaging analysis of the vascular networks and spatial distribution of ASOs in the whole brain
of mice and rats revealed that ASOs were firstly distributed around the circle of Willis (artery circle) at 5 min
after ICV injection. After that, ASOs were transported to the brain parenchyma along the large arteries and
penetrating arteries over time. The similar distribution pattern and process were observed after IT injection.
These results suggested that ASOs would be delivered to the brain parenchyma via CSF flow along
perivascular space architected by the glymphatic system. In addition, the distribution pattern in rats and
marmosets was similar to that in mice.

[ Conclusions] We successfully developed the whole-brain imaging platform and suggested the brain
distribution mechanism of ASOs after IT/ICV injection into mice and rats. The developed platform would
enable the detailed analysis of drug distribution at single-cell resolution. In this presentation, the future
perspective for the toxicological evaluation will be discussed.
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B, HARBKD 3 /TE 18K, 7Ty AL LTUL10AIN EiEhTng, LaLian

B, TR BEA ORESRKLIIE S < Nusinersen (2016, KEH) OATHYH | 5FEIZA-
THhH & 9L Tofersen 28 KETHEEBENTZ LWV ORI D . AR R 0O B2 1 5 38 5 B %
IR N—FRAREWEE 25, BHERNOEZ DL, BRERLO Y FJ A7 27 FE LT,
FITHF M - Bt - s - A 72—y PRI HmBEN TS, ZAHITMA T, i
BRI GBI AME IR E N R E R A L 72D, Bl LT, T A~DOMENE G4 1 K
LA Rt 72 & O AR RIT AARD D Z ENH 5D, APk iR a1 ) &
GFHBEROTHY ., EEHBEFENTHDLZERHLNIRY S9oHh D, MRIEEF AT I v
7 BN D 7 OB~ OB EIZBWT, BARRENRRETHL Z LI RERETHA
Vo TV TRUVABMOAZ ) —= 0 ZEMET, X0 EZEREMESZEG L T ZEDEE
PEITFEFIT R & W,

XTC, BT T 74 v a3 EFSHTOMIETEHINTEZET LM THD, B &
DB ONEEREEEOE S, A4 7 A 7 00m S, WRNTERA = A FOKENS,
BT TIEEEMLBAFICHID AN S, FFICRCKCIERGEERHCHW LSO H 5, SROEEY
IZ&-oT, AR LEEMENET EEZOLND,

ARFFETIL, Akt & [ L - R e R ER L 2 RS T 5720, ¥ 7T 7 40 v
2 WA V==V T REMNITHZ AN E Lz, ZHICE - T, 8oz k5
3R ~DEMR, BRI RIS R O, Lead optimisation HifH] ORI Z2 HiATe Z & AT
x5,

[(Fik - R - B

< U REREI S OMENE G- 21T, BH%O— BRI L » TR EE %

Z2arit Lz, ~U A TRM LB EEER CREOEBE S ZHWTET T 7 ¢ v a O
N 52TV, B G5 % O IRIRBEIER 2 it L= & 2 A, FHARRR B M OFa oK%k
AL, BT 77 4 v v affcBWTHRROMEM A2 7R L, BEPERLS & 58 CIE R 72— Bk
ROBRENBD LN, FHWTET T 7 4 v a2 AICHMARG%, EkE N7 yx 7L, B
BEhIEEE 2 5840 U7z, BMERCA I G-HE CIIs 550 th KR CTOITEENF LW L7, 24h
WIX RS 3 GRE DA TEN B I AREE & R E £ TRIE L T, ZHHDOFERNS . Adkdix
MR ZDOD R VEETHY, BT T 7 4 v v a THEEERT U Y L EFHIIFRE T D
ZEBHLMME ST,
Mz 7T, UAS-GCaMP R&#i K& ON GALA R & Al S B2 Vv o A o —fi# x Rt A HWT, £
TT7T7 4y aMROKIIBIT DN T LA A=V T EIToT, 3D 7Y X —TR% LT
EBREHWDZ & T, IRORPEEZAREE Lz, HIEREZ & OEFENARE NS DD, AL
BG5BTl B O R KRMENED T DA NRO S, A A—2 2 7R REZRES & LT3
Ffa R U7, BT, tSNE EMTOFE RN D | 1 B TS B GHED /046 2 BRI /3B ATRE C
HY | REEE AT AT A TE D ATREME ORI S Tz,
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[E]

AP R I, HERI SN AN DEEND RN EEBEZ BNAICHEDL LT, mUWHE
PEDOH D in vitro RITHESL STV, KIFFETIL, B7 77 4 v = Z MWWz in vitro &
KN in silico PRI~DIERZ R LTz, BhRs8EER A, FHEX VT 4 5BHICBWTERE
2. BIERT T o b7 —2BICEBR L 720,
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S2-3 | EyEH - BEREO-OO/NEEETF v TOS

oHin FE' &l k'

"R iPS MM R AT

e BR] BRI o/ NBRERR . BB ORIEMANC Bk U 72 48 0> & Y IR S IS 5 [
BRI EN TS, TDO7d, BAEZBEM UG e b iPS Ml & /NEHRE 2T 57201
I, HEGEA ORI A T, MERLBRE LEEERBLEEF LWEEZ LS, LML,
BUEE CICBRE SN TS B b iPSHIRRD /MG EFEEIED L < 13X, #ix IR 1 2 AH Y
HZLRe, FVPTERITEREZITOREDT 7o —FICBESNTEY , BABR TSNS H
BIED L O RRROWNZ BB TE TW e, AT, ~A 7 2 iitfkT /34 2% FCRE R
B LI-SET, b b iPS MBS S REER DN ORERER 72/ N ALER CNBRR T~ 7)) RS TX
D iR AT,

[FiE] 22Tk, ETZo0mENRZILERE I b~ A 7 aiiihkT A A& Lz, E
EEIZ e N iPS AIAZRERE L, /NBHIIR~ BB 21T o 70, T OB, TR OB Hh 2 EH FE
W52 LT B8 ORISR S TERRAN iR 5 BB 2 B8 L=,

(AR - B] BT I 2L —2a Ik y, FHNEROEAZHER T 5 2 & T, B Z4L
BEE DAL A @ LT M S FARBREE IC w7y » T U, BV TRICHEEL L iR o %2 %
RCEDHZ EEMER LT, 7 /b&/L RNA-seq FEMT ORER . /IMEREET ~ 71X, /MmO FE 0
REZ O LREMaZ 0 ¢/ <, FEMIaAE R — M A REERMIE L &de 2 3o Tz, FERESE
BRI L0 . /NERER T~ 7 O/ BRI, FUERICHE S D 2 & TR L - B ORI
2RI 2 2 EV I Uiz, E7o, ADIGMAET »~ 7icRWn T, MEREAZEIC LY | B
I3 R fE ORI JRTE U=, BEIRMAR S T 2l R E Ch a7 — U fiEd . b
Rl OMEANC BE L TR SNz, U EoZ Lnn, MEREZBFHRT 2 & T, ARican
1S & FE o/ N T~ 7 ORI Lz,

/NG TTHRELT 2 EHIIER TH D CYP3A4 DR B R L OMRENEMEIL, MERAZEICLY LR
L= Enn, /NMEMERT ~ 7133 - BiEFRICRIARRE CH D Z ERB s vz, Fiz,
t haaF AL ATHSH HCoV-229E DIRGZ FARTh % ANPEP | X, IEIRICERE T HZ L TLIE
A OTESHANC JRE L, AR L UL 2R Uz, YL 251K ANPEP O JR7E & [RIERIC, /N
FAR T > 7 OTERAD B HCoV-229E fEFHI T~ 5 & 7 A /L AT RINTEG: L= 03, JERINS 7 A L
ZEVER L THIERE LR Ty ZDOZEND, KEFIVITEREZFR L VAN A SE 2RT 2
EWRIB E T, ARAFIETIE, ~A 7 v ifitihT A ANTRIERZAEAH L, BBIRHo/NMEERE D
NFEMEHBRT 5 2 LT, ENNHOEEN 2/ NEEREET ~ 7 2 e b iPS MifE B AR L, 3Ky
R - BHRERFIECRYMIERFZE G CE B 2 L &R Lz, 5%, /MEHERT » 7 % O =5l R 0
W k422 LT X0 ERIMEIED B VAR N BT 5 2 & 2T 5,
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S2-4 EESFFEIZH TS Quantitative systems pharmacology (QSP)
model DFEADIIR EFMEFAR~DRE

OFX EKX'

V7 257 5 2 BSEERSHE BARIIIE FEERIRANA A AT 4 DA A = R VAT A RIS

[# 5% - HMY] Quantitative systems pharmacology (QSP)E T /MTAEMFH T AT A, AT v A
BN RE A B 2 BB E AW CREF SN ET L Th D, QSP ET /LT, BEEBRE RO E
BRI D & MTE T DR TRl EIISE DA A~ — T —OHEE, Fei7e Al & o OF kg
DNREE NS ZEIERT 2 ENTE D, 2NHDE T, BEDICET 2813 LTH D
—J5 T QSP ETF VA HWIEEHHIFIIE b R STV D, RFERTIX, QSP EF L& HW-—ik
HI7RWF TG & | BT TR IO Lo & THEB O FZH AT L, B FarsEic s % QSP
T NAOIEHOBUR & BEIZOWTigm T Do

[FHHRN] 1. i~ 7 AT /L D invivo QSP E 7 /L |, HHHRIEHE 5 K UL PD-1 HUATRHR % O
JEG AR T — 2 A L. CT26 €TV~ T AD QSP ETANREREINTND, ZOET /X, T
< DB OHESIS FRAD B RS M7 QSP ET /L TH Y 2228 B HREs L UL PD-1 fiLikif
WEOER % I A G DRI B T DGR T — 2 & RAFICHBT 5 Z LIS Lz, Z0ET L& H
WT, IR & EBRIEORR < Il Bl EZA I 7IZB T LY I ab—va r & {TH 2
ET, BB EDE LD VU ADREEIT T2, 2. MHREEE N A7 — F QSP £ 7 /v 2, Hikt
BRI OGO Y 270858570, {HEHEED hr R T 7 2AF UKE@IT)B L7 r b
Ve VR OFEBMERELL(INR) & W o T fBERN =X U vV Svd, £ 2 C, IMikEEE I A — R
QSPET N MND Z LT, ZhofEEe FHT DHEREfmS N, #RE LT, REIVLT 7
VAR Z 32T T L EE OB S INR, BLT R Y N—nd P Uiz TR
B O aPTT WEMZ FHFT 2 Z LI LTz, S 51T, CYP2CY KT VKORCI DR
INR HIEICMIETHEL PHIT S Z &3 T& 7=, 3.DILIsym |2 X 5 AT 3, Entolimod 73 #% 5-
S U7z phase I A GERRABRIZ N T, —EOHERE T ALT OBRE 2 ER P BZE ST, £ 2
Tt b3 L ORTRRIRFEIC ST 2 3 MEITF IR E 2 E &SRS KO 5 2D e T L Y
7 FU =7 T % DILIsym Z IV, Bl SN/ FRN S ERRITEEREAEL 5 20O T ZT-
Too ZORER, TTHIREORAT 5%AKim & REF TH D Z LDRE I, ZIUTEROITHERERE
FErG|EE T OICKERITMIEAD & LD IR LR S, ERRAEEZ G EE 237
REMEIZIRWEE R BT,

[(BR] A2 =70y FElEB LORMEATROBERAFE LN TV L HEICENT, ZA6ICEET
DY AT LD QSP T NVEMND Z & T, mIEFRAD AT OB RIEIZ OV TE BRI ZRFT
ZATHOZENAEETH D, LrL, QSPETNVORBENERN T D5V AT Layiiid 4252 &
THDHI-O, stk SNT=v AT DO TENE, Bl 2347 % —7 > FEMEICBEI L TQSP EF L&
TRREHIEE LW EE BN D,

(2% k]

1. Kosinsky Y. et al. Radiation and PD-(L)1 treatment combinations: immune response and dose optimization via
a predictive systems model. J] Immunother Cancer. 2018;6(1):17.
2. Hartmann S. et al. Quantitative Systems Pharmacology Model-Based Predictions of Clinical Endpoints to
Optimize Warfarin and Rivaroxaban Anti-Thrombosis Therapy. Front Pharmacol. 2020;11:1041.
3.  Howell BA. et al. A mechanistic model of drug-induced liver injury AIDS the interpretation of elevated liver
transaminase levels in a phase I clinical trial. CPT Pharmacometrics Syst Pharmacol. 2014;3(2):e98.
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U RSHALH Y LREAARIDE®RIZE TS 70— R
S3-1 | ~7xob—LRICET IRELE. FEKE. TSI LG
FREIS~

Ol k', #F kX'

PR e il B e N A

RE Ve T 1967 H2A # U 7 @ Farmitalia AF55FT0D F. Arcamone 52 Y . Streptomyces
Peucetiusvar. Caesius DIFEIEIR T 25 R A SN -HiEGERAME (7T 734 27 U RN
AAED) ThHDH, 7T 8 THA4 70 REBAFNL, EOEWIIIEEIFIZE D X | MEAWEMEEL
DIGEIZH O LN 1974 F 1T 0HEMEZ 4 U D 2 & A3 (Rinehart et al., Ann Intern Med, 1974)
SNTz, TV TV A7 0 RN AKNL, BIIETHEMY VoNfE, BifE, HL A, IREE, &
R 72 SRS WEEMEIE S 5T 2 88— @RI E ST 5TV A0, AEKFEICA L 505
PEDT= OIZEIS IR G ERHIRI N TWD, 2ok, BEEEICHT 27 I 27 0 v
RPN AANE DT IRIEITF AT A TR DWBRICSH 5, S BITOHE (RE Y LE S b
JE) ORIEICESTZHEICIE, ZOTFRIIBO TARETHY (Felkeretal.,, N Engl ] Med, 2000), &
5 LDy TRl & Z O iRMB BIE SN TE T,

o2 13,2012 FFEIT K E D Stockwell H 12 K 0 208 ST FBMIANSE Y = 1 b — 3 X (ferroptosis) ”
(Dixon et al., Cell, 2012) IZFH L, 7> b T7H A 27 U U ROLEMED S THEFF OfEH & = OFEARIC
BOMHATE, 7xv h—3 A%, SHMKRAAMEICAE U DI EEEREIZ 35 < regulated cell death T
by, goxL— b, IREBRMESIEREA. NIKMEBBRLIEE R RAPRE L FE Glutathione
peroxidase 4 (GPX4) LV il S pMlast & EXR SN D, Hxld, GPX4 OB EEME
F OB DGR E VT EZBRIZED . 7o =3 AR RF VAL ULEMEICBWTE
TR FHEFEER-oTRBY, T ha vy R T28BELTELTWARZEEZHLNILE
(Tadokoro and Ikeda et al., JCI Insight, 2020), & 52, OO I a2 FU T7E22ELE LT>
=8 b=V ANAEU LA ERT BT, mDNAICA VX —H L —a 0952 & CHERBT
LHRxyveol, T v7 U UEBEEREERE (ALAS) OFRBUK FIZHESEANLAHEE
SNDHZETHELZEOFHEZFIZEA2EOEERHHAL T 7 zu h— 2, OWTITLEEL
FIEEIL TS ZEEZHLMNC LI, IO OIREMFOMBHICESE, 5-7I /7 L7 U Uk
(5-ALA) IZXE D ~2ERERET L LT, I Fary FUTHOE, B0 72w h—v 22
fil LS5 Z & &R L7 (Abe and Ikeda et al., Science Signaling, 2022) ,

T RTH ATV RIDBAANT KD OEERHRE SIUTLR, K50 FI2o72 0 Al iaiEs 2
WHIT 21X T OPAAFID ., MAEGE 2 L 72 WO SIS B 2 om0 R F X, £ < OffFgEIc
HEDLT, KW CTHoT-, 72 h— ZADFELSHEFICEY i Z & T, DO
BE 72 mtDNA 78 DOX Z Lffilad I b=y RUTIWZT > T3 A 7 U VRPN AK &2 FEONATe
JFRERE 20 . T R IHA 7 U RMBAR O 7 =1 h—3 22 HD < FEEDN O AT 12 4
CTWAZ ERRZTET,

BIE, Bex125-7 /L7 U VR (5-ALA) ORI ZE LT, 7o v b=V R ZHESW LT
MaERRTHZET, 7o T A7V RN AFNC L DB AIBEE BRIBICHEIE L Z &
ZHELTWSD, KEEHIZEBW X, AN ZINETITHENILTCEL [T T4 27U %
PIRAFILEMEICBIT D 7 = v h— AT WAL, FHE ) 17 & BUERY A TV
5015737 v 7 U UgaE W 0EEO TR & ERRBISS ) OBUR & 5% DO RLEIZ OV TR
L7zvy,

— 34 —



§3.2 | EFIPSHEMBOT I F LT 4T 4 L FEEICED A
3113514 0D 5

ORz%k @, #l mA', RE F£', BEH B, BE AT

'HARERIR S BPgERE R 2 —
PR AL ETAE N AR B R

- BHiY]

DRI RBWTC, 77 F o7 4T A b (F=T 7 F ) 1, Bva AT7EEIEY Lo X THERIC
FAEL, Hva A7 EH I OIHIE D O34, FET L a A7 EH T, MlRER & L CIUE DR £,
H/ N E O X Fr, M OIIRZE L EEFNCEH G- LT\ 5, F-7 7 F 2 OFREA ORI O I AE:
WCRELS BT L LEZ LN, PIBAAIOLIEREE & F—7 7 F OO BEEMEIZHIC
I CnRRn, BZ7F g Fa AR i (GHFN) 1, Kik7eE 7 F - OfifE Tz S
TR EEAS CTH Y . GHFN L Tr b iPS #ifa sk O Anfila (hiPSC-CM) #E:# 9% & hiPSC-
CM DIHEIZ LW GHEN AR E L LR 5 2 & TLIEEZ A S ICHmET& . £7- GHFN Z#ERk
THETTF UMM > T F=T7 27 F UPERT 572D, F—7 7 F 2 OREELPBIZETRETH
%o Z 0 GHFN OFEZ1EH L. GHEN | CTE# L 7= hiPSC-CM (ZFE % OHL AUA % #%7E L . hiPSC-
CM O F—7 7 F > OICREZAL & LR E O BR MO R 21T > 72,

[ 5]

iCell cardiomyocytes® (& = 7 A /L AFYEAIZEAL) % 3,500 cells/ mm? & 72 % & 9 12 GHFN _LIZHERE L |
14 HREE#E%. B A R BT BT 1 LEE#E (HDAC) PHE3E (Panobinostat, Tubasutatin-A, Entinostat)
XL & Lickka i Akl % 72 W2 Lo, IR Z A L7 T AGEIESA A= 0 7
VAT L (BRI, CellVoyager CQ1) TH#1%E L, MUSCLEMOTION f##T 247 5 Z & CTULHE /128
L& FHM L7, PURARIBRBEOERE 4 % X7 HRKVAT VT e RCTEEL, F-727FBLW
Ml 2 7 7 v A 223 LU Hoechst TYL A U | HOCBIZG 2 BUGFRIT Y 7 b O = 7 (BRI &Rkt
CellPath1Finder) CMT 32 Z & T, F—7 7 F U OmfEd L OEOGIRE, Ml O ERS XL ORL W
P % B A L 72,

(K& - &%)

Panobinostat 30 nM (HDAC 1-12 inhibitor, ICsp: 1-31 nM)IZIAE /1. 50 % & — 7 g & HITIK T 8,
Tubasutatin-A 1 uM (HDAC 6 inhibitor, ICso: 11 nM)IZUAE /1 21K F ST, 50 % — 7 EOHZKT
S+47z, Entinostat 3uM (HDAC 1, 3 inhibitor, ICsp: 0.5-1.7 uM) [IUHE A= 1E S W72, 25 OFEARD
F—7 7 F %823 5L, DMSO TIIAFHIZEN 72 F—T 7 F o RALND DKL,
Panobinostat 30 nM, Entinostat3 uM [X, F—7 7 > O&FHMABEE 2 < . HDAC FLEFRITIF—7 7
F U EREIETCH AT A2 2EDNBIE I N, S5, WAL LT F—7 27 F o O & IUHE
HEACIITE BN A BT, F—7 7 F o OREOTEIL, DR B8R /T A — 2 —
ELCHICTELAREMERH D, — T, HDACG6 1X F—7 7 F o O EA % Cortactin %4 L C il
T 5728, HDAC6 [HEHE (Tubastatin-A) (T XL DUME/ME T & F—7 27 F U ORREO R M 2 A7
N, WHEIME T, F=7 27 FrofEs b oS, HDAC6 UANDOEMEFIC LD F—T 27 F 0
FREENRIB XN D, BETIE, MOTNABIOEREZFN L, BEEFICOWCERT 5,



S3-3 | =BEaMERW T T« 93 >0

O#FF B—8B, /A Mk

PISMEIEN  RURESR AT (KA EWE T 0 U= s

TT 47 v at, YT va— v, ZoNa BN EERRE LTIRIFCTH D WERK
fFICA T, Fv TN — L7 ERFEDITENI KT 5 DD VAR TH H1T7EERE D & O 7-HE&
ThHH MAMICKRERESMEE > TWD, 7T 4 7 v a a8 L, mik L T\ < 72012i,
ZDABD=ALEMHT L2 ENEEICHEETHY , L OMENRINTND, LLERD
B Tl REEARENZLSEENTEBY, TO— /& L THUARET VNG LI TORVEN
FFoN D, WEKEMEDO U A7 FMICEE L TlE, (KIEHEWE O L5 R 2R LA EEEA TN D 2
ELHV, KUKEENEL ., BN Tl fT a2 BB R DML RO LN TS, LNLRNRL,
e B BIRFATIL, MIREZ AW in vitro EBRRTIEIT T4 7 v a VOEKEFETETE
59, "BMWERE AWV RADNMETHD EEZLND, £, TEERERCBE L CiX, BT LE)
YOBRFITEL L CEB Y, IWHEOBWEIEIIRZREBE I TWRY, 7T 47 v aO#EtET
NORRFIT, A% ETETHEEREE-> TN EBLLND,

F— XL IV F—DEHENHE AR (ICSS) 1TEIZ % L THh b 60 L. B2 L, ICSS &
VRN R O AR B 2 - 58 17 FBRIC R > TV D, TR, WERIFOmES LT, Eik
BV L7 IR 5 B OG- BRSO T S PTE IR YA < DN BTV D23, ICSS £ [F
R ERGTFRMEEE LTHRTHD Z 2RI TV D, S HITHM R— 33 2O NATRTINE
(PR T ERAMAIGENR) 2 BEAHICHIIR T 5 ICSS k1T, IKGFEME %2 fe 592 2 & 1 < S ES1T
a0 RICBWT, 7T 47 v a v ORMEICEB W TR R MAEZ LT T AR Y — Tk
NEDHLEZLND, AFEETIE., For D ICSS ZHWIZHFEREEHBII LoD, TT 47 v ar
DOFMERIZBE L Cilam L7200,

FBHaX, TT 47 v a ORI T, XV RAEY Th HH R (Caenorhabditis
elegans : C. elegans) % H\W 72 EBCRREEIZIUD LA TR D | ARERIZBWTZORREEHEIT LI,
Mo, BEBRICESWTES I NZ2RITEI 2170, E S D BREE & LTRRER L 72 B0 REE O
(NaC)JRE & i A, WIZEE D IEVEREE (ALAR) 288k U 7= BN BRBE IR FE 2388 1T 5 K 9 1787
LEHEER MO TS, 60 L - Hof) OFETHAFIHL, ZAETio, Hhna
A LRAL T 2B NI SNTBRIC, =3 URMEZ IR L TR S vz A 4
VRIS D ZENHE SN TWD, Foxid, FAHRECEE & TR 5 ERE T A R oL E
FIZHEB L TR ZITo72 8 2 A, AP ELE R3~OHEKRFEH BT EZ R Z 2 R LT,
5T, SIS 4 BEpshH (Ldstage) (2725 F TENE RZIRE L-HRATIL, A4 A R
REFEFEE T a2 Y ok UTHEME 2R3 L 212722 0 . FIRIKG (B8l dRofTEnions =
CEHLMNILE, 26T —HE, B XBMBRICBWTEEESCE M ERBRICA YA A R
VAT LESNLUTREMIK GRS SO RIK G EZ G T 52 L 2R LTV 5,
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S3-4 | AREERAAEEZRAV-HE - REPEOEEEH ORI
& T DR

OfEfk 185", Bi EMB2 )i KkE°

MA St a— AF A INA A= T HEEE L H—
PER TR Jevm B - Bt AR ZE AT
SHOREFR R R PR FBE Sesm e i e hes H 75 i

[

ITAE D EFRSEF TIXMRI 72 EOEEZWEEE OFRIC L 0 | JEEOMER O 7R STERE D2 )3
A[REE 2> T D, UL, BRI BT DN 2WIGE T HMREREIZ R E 2N & 20150, WA
JEE S TWT ORISR EH 726 6 2 < | Mg RE 2 Nk L TRl 2 Z L 3B TH 5,
PRASRE 2 R~ 5 J71E L L Cid, MO EIT EORKHEIZEMA L 11T, fICEET S o mik
TEEVENL 2 FHH T 2 BRI FRRAEDN R EBH SN TW5D, Loy LEMFHETITE LR/ &
WY o TR JE FH O OEEROEEEZ T 5720, KEPOHE EMBICHEN TV D ER# L
TIEREM e PR AL WIS L,

—J7. MR OESIEENC L0 FAT DR 2 R FR i LTI T 2 R R GEHRE L. AR O
B A T IR T | RN 31T 2 1t Re 4 i\ 22 ) 0 i RE TR A3 FTRE & 72 2 SR 72243
BETHD, ZOD, IBRATOEEBNZEI DI 5, JRIEDMREICIRR IR OF ML, HEANHE
filizg &, MRRZEBERICIEL BBk 2 2 L0838t 5,

[ B & BRI ]

PRERRE SR BHHZE E CIIE SR EMR Rt ) Ch H a8 & 1 T Wit (superconducting quantum
interference device, SQUID)Z IV T, HURESID 10 {853 D 1 BREE O e AR 2 513 5, [AlER
O 2 VT ZAVE T 23 B TIIAsfgEt & U CBRICERRISH SILTW 2 23, 32 & Te ik ifil
ROTEBIMOTEE LV mdH TRl T 2 2 & PEZOMEN L VBT TH D 2 &7 &0 B EIRIS
MAPRETH T, £ 2 THAITMHRBEFRGHIOEBUZ M T TH— R D = 7 T HiE7R Efkx 72
BREEB IR TERE,

WA O EEE BARS L ERRAFZEIC K 0 | & N OFAMED O IEHE £ TORFHEDOD DMk SIS B) O Al
LIZREI L, #hfdgRE DR 2 viE & LT & 7o, E/o, RIFARRIZIS T D RTEE) O n kI
BRI L TR Y | MRS GHIE OIS #PH DR & ARRBERE RN T 15 O MESZIZ AT T b Mt 2
HTN5D,

RHHETIE, VAT ACHOLN TV DEIRO—MEZREMNT 5 L & bic, FRREREOFEMEIC B
T2 EEARB R HGH D . ARBE G O RE IR 2 A8 2 BRIRITFRRRC R AR T 5,

(2% 3]
(1) Adachi Y, Kawabata S, Hashimoto J, Okada Y, Naijo Y, Watanabe T, et al. Multichannel SQUID
Magnetoneurograph System for Functional Imaging of Spinal Cords and Peripheral Nerves, in IEEE
Transactions on Applied Superconductivity, vol. 31, no. 5, pp. 1-5, Aug. 2021
(2) Sumiya S, Kawabata S, Hoshino Y, Adachi Y, Sekihara K, Tomizawa S, et al. Magnetospinography
visualizes electrophysiological activity in the cervical spinal cord. Sci Rep 2017;7:2192-203.
(3) Ushio S, Hoshino Y, Kawabata S, Adachi Y, Sekihara K, Sumiya S, et al. Visualization of the electrical
activity of the cauda equina using a magnetospinography system in healthy subjects. Clin Neurophysiol
2019;130:1-11.
(4) Hashimoto J, Kawabata S, Sasaki T, Hoshino Y, Sekihara K, Adachi Y, et al. Assessment of thoracic spinal
cord electrophysiology activity through magnetoneurography. Clin Neurophysiol 2022;133:39-47.
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P-1* TULT7EE2IFTT7EFI—EERHERKEEZETSES
CETEYFEM ORI L TREERZTY

OfR AE' RE &2 NI BER', BE ZFh', RE X#E' ¥ EE' 2
hE EfkL'®

VEIRREERERE EEREER AR L 22T E s
PBIRKRFT 7 AR ST

[H5%- HW] 7UAT®H 2 RFT71®F 77— (AADAC) [XERL DMK RS E L CTE X,
BRI E A 5 [ S TR E# A A L T D 2 LA Y 7R R TH LN L TEZ, IT4E. AADAC 1
MDAIHER T & LTEIL 2 &, BROBAEMEIICE G D IEMERRFEFE (ROS) Z4fl425 2 &
DR ST 5, ROS 133k EMERTREE (DILD) OE(LOEER TH H Y . AADAC 7 ROS D
Pl 2 U CIFRRERR M@ < IREMENE 2 b v, AMFZETIE ROS FEAIC LV IFEE 2 AT
52 EMNmbENTWA N VIRSE (CClL) Z AW TEAR (WT) & dadac / >~ 7 7 7 b (KO) <7
ANZBT D IR ERZ M2 95 Z & T AADAC 73 DILI ([Z%F U CHR#RI @ < FTREME 2B & 2>
52 EEHME Lz,

[ 5ik] SFElLAMEHRG L2 WT & KO ~ 7 A28 A MmiEd ALT 38 X OV AST i, Al 27 v
AFFBLRvr VT AT E RLU-ULERIE LT, & MFIKI 7 12 Y — A L L AADAC §ifk%
Wik & 7 a5 4 2 7 A %175 72, AADAC BFAERF L OVE A (SI89N) A iR H & &
7=t FAFAY AHE 3K Huh-7 fIfIC CCly 24L& L. LDH assay (2 X ¥ #MaEE 2 3540 L7-, MmN ok
BX Fe?' & BRI PG LAt 2 383 % FerroOrange % L& L, #e GCBAMEIIC X 0 5P L 7=,

(55 - B22)] fFREE~— b —oMsEd ALT & AST X, CCLEEICL>TER L, 20 EHIE
WT U RXED KO~V ATHETH T, il {EWEONEY 7V ZFF L BIIWT T AL
KO ~ 7 A TCHEIZKEA, BEBRBt~— T —D~a P77 e REIIAERBICEMEY R~ LT,
CCly 1T & 2 MK DRSS IEBE D B 72\ 728, AADAC IR EFEIRAFAY 72 A T = X B E A
LCHEA L RAEMGIT D EEZ BN, £ 2 TAADAC B2 A bD X X7 G LM AE/ERT
5 Z L TEREA b L AHICE D - TV D A[REME A& 2. AADAC Hilka V=it & 7 a s
A7 RAEAToT2E T A, FEIRMFNRMIETH D 7 = a b—3 ATk L CEERICE < Fe? i
{bEEFE L r 7T A I (Cp) MEIE ST, BRZEN Z &2l Cp I&MEIX WT v 7 2 X b KO
Y UATHBILKMEZ R L, 70 FBENK 3 MBEmNno7-2 &b, dadac KIBITX Cp B EA
KFSEsZ&T7xon b=V REMEIELLEEZXONT, M T, KO~ T AIZEIT5H CClLIZ
X DEERIEEL, 720 b=y AHEAT 720X I 007 20 R FF -] OFTHEREGICLD
Pl S 7z, F£72. Huh-7 fildic e b AADAC ZiBFIFH S5 &Ml Fe? IRE B L, CCl
WX pmEERIEI SN2 END, B N AADAC & 7 =1 b— 3 A% L CRREMICE & . BERIE
D72y AADAC ERICTHRI URENEONT-Z 05, T OREN RIIBERTRIEIFRTN 2 b
DERINTZ, EHIT, 7= b= AOEENRESN TS T ® N7 X/ 7 = UFEMEITES
HLWT VU ALYKOYTACTHETHSZ7-8, Aadac X CCLIZIELT 720 h—V AE A=
AL EF 2 DILI Z Ml T 2 &E 2> 2 LR Eiz, BLE, AIFETIE AADAC 23 Tl #ki
JEAZH L, HEWFEE 7 oo h— 2 Rk U CREMICE S BIEZ A L T\ D Z L 2B L7z,

— 39 —



P-2* | a8REABREOEMNAMEEZRMEOHESREICEAL S

OFH# FHih', FI MKRE', T+ R#°, BIF HKER®, HFE R/°

CFRERSFIEE A
SRR RF ARSI S F e
STHRFRFBAT TN 75

[Fx - BHY]
S MR E IR B LBSEMIRIRICE D120, TORIEA W =X LEFETDH Z LIFFEFIC
HETH D, PTHHREEITIEMETFFEEOREGINZ < RIEHBRRET — & X— X DM
SEMWERC 5 2T EEDE SN IEFHEBICE N THEE LW L RSN TS, L,
PUEE CIHEENE Z 0 LT WEIIEF2 I STV, ZORIZHOWTHER A 1L, JTEHKIC
BT HHBEAIC L D IBNMEENZL L. ZHUDNERN OISR 2 2 b S5 Z & ITEA
D e & 7o Tz, RETFERITITRIIAN T 2 G 250, BytdRit S g, £o%. IHEITn
WA S AT AR G P R L X 0 A& A 52 1 L R0 L R RIS AT TR S AV B OVIFIEIC B D JA
FND, HBRIIBTFERT 2 P TS —EICHEFF ST 5, £ 2T, HEIEIC X D BNME
# O BB A 22 S 5 2 & THFREERIE ISR B L KT 0 FERINEFIEE D =
~A T (VCM) & a—fg (CA) #RITRO#EET 52 & ThRET LT,

[jif% * %%] 800-
C57BL/6) ~ T A (A A, 9 #ln) #% i) Vehicle, ii)

el

° **
600+ *k ** *k *

VCM (100 mg/kg), iii) CA (450 mg/kg), iv) VCM+CA 400- ;
DAFETHFEL T A 1[E, 14 HREEHREO&R G L 200+

°;§

7z, Vehicle, VCM #£CTiZ ALT @ EF- 133897, CA 0-‘°’°"****"im A28

BECIZHE 7 A BIC—@A 72 ALT O LR 23807 -200- L A A A

M. ZORITMEMEZ R LTz, VCM+CA FETIE, il Vehicle VCM CA VCM+CA
ORELFIRY 14 H H £ THAL ALT fEO L5 Fig.1 Analysis of plasma ALT level.

&R0 (Fig. b A /ﬁé1ﬁ HORPIAMIE DNA i VM, ?pa:?).gge*rr:j‘g.sofviséaizﬁa_g)roup at the same time point.
VCM+CA B CBAZICHD L. 14 B B £ TR & #

FfL7-, 14 B B EAFERE 2 LC-MS/MS CTHIE L7-fE R, mafEHtchr ¥ vra—
JUIE (TCA) 1% Vehicle TEEBRRLLT, VCM BT 57459 uM, CA #£ T 26£16 uM, VCM+CA ##
T 630+204 uM TH Y, VCM+CA PFRBETHEIL T\ e, SHICMHOPIFEE (77 axt )
¥) THETLIc & ZARBRORRZFE O, JLEHE L CA HHHHEA Z DA HED ALT fi & s TCA
IREEIZIEOFEA R S i,

[£& 9]

AAERDG | PUBEHEIT L 2 B OB 3 G BIEH ., FFIC TCA OMmHRE FR25 &k 2
L. ZHHAHEERIEICHESTHZ ENRRBInT,

Plasma ALT (U/L)
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P-3 TILIA—ILENL T ILT E FEANDEEE RISIZE 1T 45 ADH,
P450 8 LU AKR W&

i 15, T T, OFR EE' E EE'’ MO #—8° ER EXERS
KHEH ER®, RK FE°, b8 =’

EIRREER D SRR S ITTER SR L 2R E =
PR T e B AR SE T
SN GR M IR N SEBREN ) b b ST

[55- B) 7 a— A BT 20BN VR U RIE~ L L SN DB TAER SN STV
T b RPEARE, MaNOZ o7 g L fEAET D 2 8T, BIERBICORN D Z EAURER ST
Do TNIA—=AENET VT B MESOBICEISEN T Va2 — R OB ERE & B 2 b ThD .,
TNT b RERE AT D EESR O RSB ESOVEME O E A 221X E 3K O BIE RS M2 /o453 2 T Re ik
Wb, — R, A4 MY VIZRET S NAD ERMED T v a— 7 e Ka 4/ —+¥ (ADH) 23
TIVT e ROAERMIGEREET 2 EZ 25N TWDER, REERTIVT b FIKO AR % E BG4
% Z LI L0 fIEESE A RS LIRS 2, RIFRIL. TvT e REERITHZ L2 E D,
b MFIgICBIT 27 v a— U KOR{LEH O BREMAT 5 LA HE LT,

[FiE] 7 va—nEa2 G55 10 EOLEWE XS, flif#EE (NAD', NADP ¥ L U'NADPH) ¥
LT v 7RBEA SRR L, AR LTET VT RMEE2LERBEARLE LT LC-MS/MS 1T
KM L7z, & MNHRIZHEELT 5 ADH %7 1-ff (ADHIA, ADH1B, ADHIC, ADH4 35 J T ADHS5)
BXOT L Rr FLZ 7 Z—F 1Al (AKRIAL) OFHERLZER L, WO ~ 7 17 L P450 EH R
EEDICEERTE L THER L, B MNFX AT~ T A0 HEEL7-Hild (HepaSH #flifid) (Z ADH <°
VR L PAS0 OFLEREE L IIRBEFEELLEL, 7T & NMROERZFEL7Z, 15 BRI
Ot MFEY A FY v (HLC) W=7 a7 4 7 AERERKIC, TLT b RMEROAREEE A
H AR 2 7R3 NADP T R MEEE R 2 RE LT=,

[#55R - B%2] ADH HFREREIZEZ AN TT LT b RIKOARIEM %2 1E L2k %, ADHIC &
ADH4 M Z1ZE7 6 38 LU 8 T D EIKS O SOG 2 il it U7z, BBRERWZ L 1T, ADH4 ORVE
LR o AL B DAV FAEE RS 5. ADHA IIRV B0y DU Yo 6 BRICHEAS LTI AT
0 —/LHk (-CHOH) DOFR(LEUG % i3~ 2@ m 3580 D vz, Wiz, b hIFlRE 5y & & AR &
HAWT, 7 VT v RMROARSZ T DR 2 A LI2fE R, 73 BV ORE G2 NADPH
FURMED X 7 v Y — ARER ORG-S RE S v, FBLROMERZ WM X0 . CYP1A2 3 il
THIEEROLNI Lz, Fio, HEROMT-CMIEZ FWZMET L Y. CYPIA2 X ADH LV b
TARHBENLNDT VT & RO & RN T 5 Z L r &, ficd, B ReFf b
VT H I ROBALRER TIZ, NADP & i1 L 72 HLC (28 T, NAD¥RINEE (ADH #EM) & [RZE D
FERTETED GO DAL, NADP ELRMEESR OB 52358 2 Hivlz, HLC Z W o7 v 74 X 7 AT
K0 EBIOEER LR STV AKRIAL 23 23% NADP EURMERESR O & LT Haiv, EEE
IZ AKRIAT BEHRAITHE 27 LT b A ERE 2R LT,

[F5im] A TIL, %& ADH 45 THEDN B 72 2 FE R RNEIC L 0 7 v 3 — U LB OIS % fil
B35 & BEIOADH I LV FREMICAE S D £ B 2 6N TE LA OBRLERIZ P450 X°
AKR 3595 Z L 2B 600 Lz, ARREHERIT, 7V 2 — RO MREISIZ B 57 5 R 2 U]
ST D ET, A MY AT TR 270 Y —AESEB L OWEEEE O T35 7 gt 28 L 5
ThHHZLERBELTND,
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P-4* EEMBRBICLSIOBFOAFTHREEICHT S5V ORNADEE

O&Mehg' REBN', EEEE' #E E? ZEREE® #H%—°

I B R KR ARS8
2[ENTE SR SR SR AR IR et AE BRI T v & —
ST R IR

(55 - BHBY)

NEOZZI 2 FHIZZVERMEERTH Y . AHTIE 500 A 1 ARREOEIS CHEBLT 5, 4tk
PENOEEEOARHTRAMLETHD E L HIT, SHEEERERAREENEZLZ LD,
FHOIBESL TSN OIRFIENRLEEN TV D, NEOZFHTERRE T ERERIZL > Thl &
ZEINDHEZRTFLEVIHTRIET HEEZXOND, BEERE L CIE, ERLBE, B O
W ENGEND, THE, BEKRFICE -T2 12 RNA (miRNA) OFRBELEHNHRE STV
%, miRNA [T 20 HEFEFREE D | A4 RNA THRAOHIIEIH 7 E CEHEERERHZH TS, £70,
EIESIRER IZ I 1T D3 CHME L OFEME b RE S 00 dh D, DENHEHLE miRNA OHEITT
FEDLTORESNTNDHEDOD, TORFUIA LT/ > TV, AFETIE, DB OHZIC
BA5-9% miRNA OFRIEZ B ETH L & HiIT, ERLBEICL > TRIET L2 NENFEHKT S
miRNA OB 523l L 7=, ABFE Tl SYERTESEE R MBI WD VT 2 A U E v,
[ 5%]

(1) Medline, Pubmed, Embase, 3 X OXMGIIC L BT —Z P —F 247\, ~ U AD O HZ [
TOHMLERBL, TOFEND AXFZICEET LIBEF2ME LY 2 NOEREZIToT2 (VAT
T4 T L Ea—),

(2) fEf L7V A FEFWT, BEMEDE WV mRNA 251 4 A v 7 +~<F 4 7 ZADFE (PITA,
miRanda, miRTarBase, TargetScan) % HWCTHEZ L7,

(3)  PBHEMEDE D - 7= BAL 10 FEEEO miRNA @ mimic & E13.5 O~ 7 2 LA PREE 0%
MEERMAE (MEPM flifd) (Zi@RPEEL S, HIEFEIZ 03B L5 05kl L7, AlasgsEic
ZEALDNERD H A7 miRNA (2O TlE, ALFR 24 BE# ICE R PCR 21T\, XA A A v T +~T 4
7 AN K o TPHI L 72 B AR 1205648 < 40 2 234l L7z, & 72, inhibitor 235V T & FIARICHF L 72,
(4) MEPMAIRBLIOEILS D~ R I LT, VF /A VBEMIE-ITEE L, giko
miRNA WAL 2 2>5Ff L7z, miR-124-3p inhibitor Z LB F 72138 5 L72BRIC, VF/ A VEED
FEMEDSIBI S D R LTz,

[FER - 5%2]

(1) YAT~<T 47 L Ea—0fR, 195 HOBLFPOFRICEET L2 2 LM LT,
(2) NAFA LT H~T 47 ADFER 18 D miRNA 73 0 ZHZRIE I G4 2 alREMEA R &
ni= (P<0.01)

(3) 10 FE¥ED miRNA D 5 b, 3 FEE (miR-27a-3p, miR-27b-3p, miR-124-3p) % iBEIFEH S5 &
AR EETEANE] 23RS S vTe, B PCR OFER DG miR-27a-3p 1% 22 8, miR-27a-3p 1% 10 &, miR-
124-3p X 16 HOBIE RIS ND Z & 2R LT,

(4) VvF /A BRIZ MEPM AR L O~ 7 A AOFICTEBW T, miR-124-3p FEBLENHIM L=,
Fo, HEFERLZLIES 5 Z & T, HIFREEEINH G X OO0 2 RFIE OFLEE Ao Sz,

KWFROFRERINS, YATIT A v I L Ea—  NAA AT H<T 4 7 X« AHNEHEHERER 2 7

EHEHZ LT, mRNA ZRETHZEITK LTz, 72, VF /A UVBRIZ I D AFEZRIEIZD
miRNA 25859 % & & $12, miRNA [HEHRK) O O B2 ORI/ 5 Al RS R S u7-,
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P-5 | YRISFUICLRIBREIHT SBHEETRRLLOHE

OBMEAE", EkY 32 t#A B §i@E #° =Z#E#E°

i R BERERL R I A 0
IR

NI R R REIRTT A R o & — b
BRI I IO BB T

(&5 - HiY]

INETICHE A ITERY a2 BE Lo mths s TR & U TR LT, ZOR5R,
7RI T LOEmMENBRERZNZ L > THEICE RS Z L2612 L7z (Miura et al, J Toxicol Sci,
2017), 72, I RI U ALSNO 7 FEOEBIZE WO THBERLIC X - TRSZHERZZENR S 5 =
L &7k L7= (Yoshiokaetal, J Toxicol Sci, 2018), Fx DJE D IZIZ &R ERKL L IFET D, T D=9,
SBERLICBWTH, ALY EWEHOMIICEN TS Z LN TREND,

Y AFZF 2 (CDDP) XHGRAOTUEMEEAITHY . 2 ORALFEIET v ha—ic
BOWTHLAREEHZH > TS, L, K3 FHOEZICAEBERENRBOLNLDL, LNALED
FEHUEE D RFZUEATMEORRE ORRE IX IR S v Tuniewyy, 2 Z2C, 4l CDDP OIggE R
NEMERE B EIC RIT TR B ERGTT D & & IR 2 R IR DRR AT T2,

[ 5iE]

7 HEr D ICR RN~ 7 212, CDDP (20 mgkg) % 10 Kf (ZT2) 226 4 B3 OREZIZ2 6 L
CTHLAIMERENEE G- 21T (6 BE) % 5- 14 B2 £ COEFHB SO EHERF A RZREE L-, )i,
10 FE (BAH) & 22 B (K5H) 2 SOREAICx LT, CDDP (20 mg/kg) % HAIMEIENES L, 5
72 RE RS U 7o, MESIRFIC il X OVE B A BRI L €, SR EE T A —Z —OHlE, H&E
Yeth 5 L OV X DR 21T o 72, S DIC, ~ 7 AR ITALR M MiEkE MuRTE61
ZH\WT, CDDP (2.5-40 uM) T 24 BEfEALEE L 72 B O M A 173 % AlamarBlue (& £ - CEEAf L .
10 uM CDDP THLEE L 72 BRDRFEHEIR T DR B L~V 2 MET D & & b2, B8 LIEREHEE T %
BRI S W72 50F F T CDDP OFMENELT 2008 5 il L7,

[R5 - B2

B LU AT B G, 2 1 « 14 1 « 18 I « 22 B CILFMEEZMENm <, 6 I+ 10 I
TIEFMEREE DMK D - 72, CDDP $ 512 & % i H R 2 i F L OV MDA fi (BBt A b L A FEHE)
1% 22 B CAHBRBIMMARD iz, £7- 22 > CDDP 57 Tlid, RIEREEIS T (Cox2 116 +
Tnfo) ® mRNA B ER L O, B ~—5— (RIP1) O X X7 EOEE RPN BRI
25, 10 B 5Tz & O[T b7 )y - 7=, CDDP #5-8E Tl SRERIECUT AR O fE

(H&E %t KIM-1 O5iEdta) <° DNA 2 (YH2AX O@iEdet) 73, 10 BRI T 22 BEo 5z
% Bl STz, AIEERE MuRTE61 TOMETTIE, IREMRAFRIS AR TE NS 235380 & #17-, CDDP
IREEIZIB T Bmall B XD Cry2 72 E O E ORI T ORI L~V OB H LT, S HIT
N ORFHEG A BERRE S5 Z LT, CDDP OG22 b & s LT,

CDDP #5102 X 5 @8 b E O BIgEE & [F U < RERHRAFIEDS MRS S 1, & BICREHEIE T
NG5 Z LRSI, CDDP ORI CEFIIT R GRFAIRBFL S LTV, b T
BWTHHEERZ OEWA CDDP ORAMBEEORKBGRE L Z I E L EENH 5, B2
CDDP #ffi 9% 5 2 CHEGIELN ZHEHT H2LERH H00H LiL7en,
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Zw MEMRMEE ERMEREICET540 5 jF'°/ A BBEIC
P-6* BEE L 1= in vitro B KW in vivo INEKTERLD TEARTRE
HEEEEFORE IO I74 )Y

OiNE a2, B X2 B /2 8 el 2, 58 &AlT2 xEas

VHORR TR BRE BT IR
SRR TRFR e JLRIERE R

WHE B AEETHEIALZ T PRI A (OTA) 1L, 7 v b~OREHREIZLY . ZigkiE
Ao (OSOM) DITALFRAME ERZ I, BERMIRZS 2558 T D RICEREE R T 5, 70,
gptdelta 7 v b & W72 invivo B MERERICE VT, OTA IZIRKEREZFET L2 ENHLNT
W5 D3, DNA ~OEEMERZ R RELIE R < . EORNABETFITEARRNADOEETH D, KI5
TlX OTA FHREFHD AN T H/IVERR OG- ORIEEMEEZ D T2 R AERIHII T O/ NETE
OB L | IMEIERK & O BE N IRIE T X 5861 2B IS EER L,

[J71%] OTA Z#if 21 HREALE L7= T » % NRK-52E Mafk &2 VN T= in vitro /INMET v A B X
W, EREFREERNAME [OTA, X1 (MON), 123-FU 77/ (TCP)] 721
EREIERRERNAWE [3-7nua 7 R0-12-04—/L (3-MCPD) . VU v h Y 7 x=F )L,
BEMD VU L], BEREFBIEEDAWE (p-= b ZEERE) . BEREFEFRIEENAME (7
T RTI /)T x2y) BAERITIBEMKELEZT v O OSOM % Nz inviveo /INET v A %52
L7z, 512, OTA £721% 3-MCPD % 13 HR#&5- L7 7 v F® OSOM % v 72 RNA > — 7 =
VUV TN RS L, OTA FrRM B BIEENEE T 2 X RICE B4 hrY— (GO) term (2
oY v T A2 MENT KON qQRT-PCR (2 & 5 MREfEAT 2 520 L 7=,

(K5 5] In vitro /NET ~ & A Tid, OTA ALE 24 FR# O NRK-52E il T, AlaAfF R
TERISBROVHENG/MEHBUBEENEML7Z, 512, OTA ALE 21 HERZRIZBEWTEH, 24 FrfE
% & FIREE O/ ME BB E OHIIN 2338 BTz, In vivo /J\FLT v A T, DNA AW~ —
=T 25 yH2AX ([Tt & 72 D/ & AT 2 OSOM DUTALRANE 2 iia%As . OTA, MON,
TCP ¥ 5.3 THR G- WM FRICEI M L7z, £7-. OTA. MON, TCP #5-# TlZ. PCNA [5MEHmIaEL
@tﬁém% ROz, = v F AL MENT CIIAEERTE RO INE 2 O Y AR L EME (CIN)

(ZB9E9 % GO term 23 AL S 4172, qRT-PCR FRAEMFAT Tl PU/NE-BIRARE S (Nuf2, Ska2) . & %
v A——T7 7 2 U — (Kifll, Kifl 5, Kif18a, Kif20a, Kif26b) . FLMET 27V (Lgals3) . DNA —
AREOIWHEE (Rad51, Rad51apl) . HIRRJEHIHIE (Myc, Cdknla) \ZB3E 9 2 BT DFBLH OTA FF
FANCHINT 2 Z MBS N E o T,

[Z22] Invivo /NET v EBAIZBWT, BEREFBEBRENAMEIZIGE LT, I RME BRI
(TR TE O BTz, S DI, AIMETERDFRD DT O FHBEC b AR B TS M3 Uit
LTWeZ Linh, OTA B 5ITERT 2 AR o X O e K - TH & Z S35/ METERL A
R EEIZ LV I SN D Z & T, EREREBEE L7 CIN 2RI 5 2 BRI,
—J7. invitro /NMET v A Tl E%Fﬁ'ﬂ&%fﬁ %Y invivo & R/ METERRDOFHEENZED =08,
M MR RO 7 HERAEEE O BEANIEER O Lo 7=, Z iU, in vitro RERTIX OTA 12 L Y Hii
JEHE IR A R e Lt?ﬁﬁﬂﬂ@éfﬁ@{fﬁ—l\‘z’ﬁ; DOHNTEZ L EKBL T, MEDOIEEKR & /INER A MR
DT IR b — A%\ L HHERRN M U= fREMED VR STz, IS, /IMEIZZ n ' R Y T A EA
Lfa‘z#@“{ﬂéﬁ:ﬁtﬁa%%l X TR D D T LD OTA I X B/MEDTRRII R L E R DF

(2B 59 2 ArRErE DV RIR S, s OTA BRENMCEET D ENEZLNZ, LEXY,
OTA B HATHL IR 3 2 A RANE R AR 3 1T B /INE D AR BEFE IR 28 B Rl O BRI T AR &
B L 7= CIN ORI G L TnWb 2 & ﬁxruﬂé;mzo
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P-7* Study on developmental exposure effect of imidacloprid on postnatal
neurogenesis in the hippocampus in rat offspring

(OXinyu ZOU!2, Qian TANG'?, Ryota OJIRO"2, Shunsuke OZAWA'"2, Momoka SHOBUDANI',
Yuri SAKAMAKI', Yuri EBIZUKA', Toshinori YOSHIDA!?, Makoto SHIBUTANI'-

! Laboratory of Veterinary Pathology, Tokyo University of Agriculture and Technology
2 Cooperative Division of Veterinary Sciences, Graduate School of Agriculture, Tokyo University of

Agriculture and Technology

[Background and Objectives] Imidacloprid (IMI) is a widely used neonicotinoid insecticide; however, its
neurotoxic potential in the mammalian brain remains unknown. Because adult neurogenesis in the
hippocampal dentate gyrus (DG) entirely recapitulates the developmental process of neuron production during
the embryonic stage, the monitoring of the adult neurogenic niche in experimental animals may provide a
valuable tool for detecting developmental neurotoxicity. The present study investigated the developmental
exposure effect of IMI on adult neurogenesis in the hippocampal DG of rat offspring.

[Methods] Dams were exposed to IMI (83, 250, and 750 ppm in diet) from gestation day (GD) 6 until day 21
post-delivery (PND) on weaning, and offspring were maintained without IMI exposure until adulthood on
PND 77. Exposed offspring were subjected to open field, Y-Maze, and contextual fear conditioning tests.
[Results] On weaning, 750 ppm IMI decreased the numbers of DCX" cells, TUBB3" cells and PCNA"
proliferating cells in the subgranular zone (SGZ) and granule cell layer (GCL), c-FOS" or p-ERK1/2" granule
cells, and RELN" interneurons in the DG hilus, suggesting suppressed proliferation of late-stage neural
progenitor cells (NPCs) and postmitotic immature granule cells and decreased synaptic plasticity of newborn
granule cells through suppressing reelin signaling. In adulthood, IMI decreased the number of GFAP™ type-1
neural stem cells (NSCs) and NeuN" postmitotic granule cells in the SGZ/GCL from 250 ppm, accompanied
by downregulation of Pcna and Bcl2!1 in the DG and increased number of TUNEL" cells in the SGZ at 750
ppm, suggesting a progressive disruption of neurogenesis. Moreover, 750 ppm IMI revealed a sustained
decrease in acetylcholinesterase activity level in the hippocampus and Chrnb2 downregulation in the DG. The
results suggest that developmental IMI exposure persistently affected hippocampal nicotinic receptor signaling.
With regard to neuroinflammation and oxidative stress-related parameters, 750-ppm IMI increased the
numbers of GFAP" astrocytes, CD68" M1-type microglia, and Ibal” microglia in the DG hilus and upregulated
oxidative stress-related and inflammation-related genes on weaning. In adulthood, 750 ppm IMI increased
hippocampal malondialdehyde (MDA) level and the number of CD68" M1-type microglia, accompanied by
downregulation of oxidative stress-related Nrf2, Hmox1, and GpxI and inflammation-related //6 and Tgfbl,
suggesting a shift from induction of both neuroinflammation and oxidative stress on weaning to a state of
increased sensitivity to oxidative stress in adulthood. Behavioral tests revealed that 750 ppm IMI caused
hyperactivity in open field test but unaltered values in Y-maze and fear conditioning tests in adulthood.
[Discussion] Developmental IMI exposure decreased late-stage NPCs and immature granule cells by
suppressing NPC proliferation and reduced synaptic plasticity of newborn granule cells at weaning. Induction
of neuroinflammation and disruption of cholinergic signaling and reelin signaling might be responsible for
disrupted neurogenesis and synaptic plasticity. In adulthood, developmental IMI exposure decreased the
number of NSCs due to their suppressed proliferation and increased apoptosis and also decreased the number
of mature granule cells due to suppressed differentiation of NPCs into postmitotic granule cells as effects of
increased sensitivity to oxidative stress, causing abnormal behaviors.



P-8% | HLA-B*38:01 9t L1I=A ¥ T1) / —LIC& S HEKE MR
RAFRIE AN =X LDOEFR

Ofell F4x", Bt RX', %£H H#H', BHE EiF

A RINIR T ORI R AR S B

[55 - H] EEARSRAREEENERA CHDL AT 4 —T R « ¥ g v VIEBRESIS) K O #E
% R BESE R ARAE (TEN) D FRIEIZ DWW T, B b EMERPURHLA)DRFE D X A 7" & O RN O =
AL THE SN TVDR, BIEHTIEI ARS8 2V, 7r 7Y ) —/L(ALP) K O OIEHEREH
THHAFTT Y ) —IW(OXP)NZ L % EJEkEEIZIT, HLA-B*58:01 & ORHENHE ST b*,
F7-. ALP IZ X 2 EERLEREORIERFIZ, B F~L_XRA T A LR 6 B (HHV-6)D FIEME(L A E
AT ERHE SN TWAD*, Fxld 2 E T invitro TOMMBEETEMEITMERZHWD Z LIck
V. HHV-6B US54 HRDOHLUFAT'F FER 2 HURE RN EA UZEE, ALP/OXP #INEFIC HLA-
B*58:01 (ZfE & LIRS EME T MAA(CTL) 21 b S 5 aragtk 2 L L7=, & 512, HHV-6B US4
HEDHURALTF FD4FE 1380 bp % 3 45E1(1-480 bp, 451-930 bp, 901-1380 bp) L THE A L 7ZFE, 451-
930 bp D FEILIZ ALP/OXP ¥R Z HLA-B*58:01 [ZH5A UM EME T MifR(CTL) Z &ML S8 5
RTF RWFET L AREMEZ A U7, & 2 C ARBFSETIL, 451-930 bp OfEIKE X 512 3 /0 EI(451-
630 bp, 601-780 bp, 751-930 bp) L. HEYD T F RB(FIET HHIKOK W IAHLEITH Z L2 HIY &
L7z,

[5i£] & bRVEESHIAR(HEK293 i) iC HLA-B*58:01 & B4y CD8O K& Of p2-mg % FLFEH
SE T ZEFRBMAR 2 /FI L HHV-6B US4 HURHRD Z RV ERE TS T7 AI Rz L7 kb r
Wl—va AEC IV MRNICGEA L —BMERBLSE 5 2 & Thfifrfiia 2 FR L, Z ol
&b FRM I EEZERAZ(PBMC) 2 OXP OfFAE FCHIEER L, VA b A L DHEEMNZD 2
& TPBMC 725 CTL OFF&E#1T -7, CTL OFFE(X CD3'CDR' DOffifaz 7 v —H% A F A FJ —T
HIETHZ & TR LT, CTL OFE%, Bt oY1 KA > &E(FN-y, Granzyme B)% 7 17—
A MARN)—TCESEMHTL. T ML CTL BB LIeY A oA v EA RS 22 LT, OXP
WINE 7213 HHV-6B US4 FURH KD & /37 B 2 MRN8 A LSS BL S B 72212 L 5 CTL O
PEAbZ RN L 7=, E 72 HLA-B*58:01 DR EMEZ MFEET 5 7212 HLA-B*44:03 J8 Bl i & of FRAE &
L CRBRDEIEZAT o T2,

[#5 5 - #£%2] HLA-B*58:01 J 5L HHV-6B US4 % =1 — R9 5385 1D 451-630 bp, 601-780
bp. 751-930 bp SO WT A EAL OXP L UL ST & 2 A, 601-780 bp 5y 238 A L 72 e
TOIH OXP FEAFIE T & ik L C OXP AFAE  TIE IFN-y D325 1.3 512 EIZHIN L Granzyme
B D/ WEN 14 A ZEICHEM L2, ZHiE HHV-6U54 % 2 — R4 552 2R E A L=/l
LRIFEDORIETH -7z, —J . HLA-B*58:01 FEELMALIZ 451-630 bp fEIk & L < 1% 751-930 bp &Ik %
aO— R 5 8L FEEALTEERE. VA1 b A v OSWEICEITIR N >T-, £7-. HLA-
B*44:03 FEELIA TIIWTNOFMFICENTHE YA N IA O WEIZE(RIZR b oT-, &
DFERI S OXP f#/E T T HLA-B*58:01 & L, CTL ZIEM(b S5 2 & THERKEREELZ b
72 53 _X7F KA HHV-6US4 % > 23 7B D 601-780bp HFIZAFAET 25 AIREMEAS/RIB X 7=,

E =3¢V
*!Shuen-lu Hung e al. HLA-B*5801 allele as a genetic marker for severe cutaneous adverse reactions caused
by allopurinol. Proceedings of the National Academy of Sciences 102:4134-4139(2005)

*2MASAKI, T. et al. Human Herpes Virus 6 Encephalitis in Allopurinol-induced Hypersensitivity Syndrome.
Acta Derm-venereol 83, 128—131 (2003)
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P-9%* TT/HEEIAMINRICEDHEAEFRIEA DXL EEEDRE

Oy FE', EAR X', 0 EE', E# B

V7 AT T AR AL BRI FEHIR A AT A oA =

77 JREfE T A VA (AAV; Adeno-Associated Virus) (& [EF2AW) FREIRIZ BV TEAs F1RE~DIR
RAPED N TNDETAILAD 1 DThDHH, &5 Ko THEENITHIIARTE L 2 28 3 5 FraetE
DHTHN TV D, FEBREIC W CEEZREE 2 5 flitkix, ToiEMbic X 0 RIEFERZ T Tk
<L ARIMER, M/, 8N HIIRSEORIIBIC b HEEE 525 Z ERNMHLINTWD T2, RGN
LIZEEZRBERICEN DA RN H 5, EEOBKRBRICK T, MiRIEHE Lo 5235 b
HEERERNPHEI N TS, —JFF, MREHLICEICEET 2REICITEZER S 5 2 LRI S
nTn5sd,

DD, WARTEHEALA D= X DTEERD D 2 L2 QIEICEE 205, B MBI U R
ZRMET 2R EHEFE L TR 2 ENERICKE T 2 HEZBEARRICBWTEETHY . AAV %
A LB R ORELB IR TOTEA A Fo—Bt b tEx b5,

Z 2T, AAV R L8 FRER S OLZ2MFM2DO—E & LT, in vitro O#ATEME(LRE
iR DREEE . AAV (2 X D AATEMEAL A 71 = X D ORI, BICIZZ OFEZEDO A IOV TRHRE 21D
oo AEITIZAAV B0 ¥ A 7L LTAAVY i L=, & MIIGIZETERED AAV9 ZIRML .,
— E R SOSZ ZHHIRTE AL OFRIE & U CHIIR C3a 2 LTe, RGNS =27 A P v %
L. AAVI IZ X 0 & S D AR AL OFREE & Heife U=, AATEE L ICBE 2K & L
TG OPL AAVY LR ZRE L, #IATEME(L & OFERE 2 gl L 7=,

ARETIEZENLDO/RE L, ARFHIBWTHL N E o EIZ DWW THET 5,



P-10* | MEA YRF A& BEEIEAME & VR RHDWHE ST
LR IR T

OB BEAT, K8 ®X', K AR

VAL TR T BRAET TR

B Byl

PR EEMEI BT DAEFE D invivo FHlICIZ. 2220 ORI EEFANRUBETHLZ L (Toh
HNOE hAOAERMETH D Z &, BEA D= A LT HIERBELNTND Z Enb, —
EOHIRR DD, ZO XD RBURNG, MmN T 2MEFWE O in vivo sHIIZIZIRA R & 0 |
PERD in vivo R L 0 2RO T RIMED E 1\ New Approach Methodologies (NAM) ZFI|H] L 7= in
vitro FRBRIE & BHIE T 2 BREE S I S LTV D, RREEMEREAM O in vitro ARBRVEDBHFS I, #RER D
BTN & AR RE D T2 D REETH U . BLIRTIL in vivo IZ31F 2 Mk E M 2 U595 in
vitro FERIEILREL STV ey, Bl Tld, OECD TIEFMERBR O TG & L CREMRHEMED in
vitro AERIZBAT 5 A & U AR S TER Y . D in vitro B A #7251 5 in vitro testing
battery D& Z T NEA SN TN D, AWFFETIE, ALFHE ORI 3 1 2 8 EE8R 2 U
% invitro RERIED 1 D& LT, FHEHM/NEMT LA (MEA) VAT AZEDE FiPS=a—1
Z O To AR R E O EE 2 ARV & L7z,

[ 5]

MEA AT AL, B IR 23825 2 & THIRO BRI RIEEI 25725 2 LR T
. ALFMERBICLDMER Y MU — 7 OIEEZ M CE 5, 7272 L, Ab5'E Ol 5L vE
BT 2mmIIRTE A+ ThD, ZOMETIE, MEA VA7 A% HWTE b iPS il k==
— a1 OIEENZFHIT 5 Z & T, MRIEENC T DA L St X O A O S8R A BEAl L 72,
MEA FHAITHE SN EBR AT RT A —Z ZOWTERDIONT EZITV., (LR WEREIC L 50
Tl RIS EN~ DL | AR OMRRITE O R 22 H W CER L7c, MEA R
DAL ORI & U CBER ORI AWM A L, & N COMREIEDBREEN AR 145 728
RzEgMliT 22 LI2k D, ZRHOFBFDOE b ~OMRREM: 2 MREE LT,

(K6 - B%]

BEAI OIS A 2 MEA (28T 2R @M OB e LT, v b ~OmiikmtE OMRGEN R+
5 THDLBAIBEED B O b ~OMFEMELREET D Z & T, A BRFEEYE Tt h~O#hfkE
WP OLNDZ EER LT, EHICMEA FHHICE T A, 7EFral o xs 7 —EHEA
GABAA ZAMRFLEA], Na 7+ RV opener & L TIEA T 28 WA O RHRII 728 E 2 B 2T 5
ZETALTFWE ORI HEE N FIRE CTH H Z L 2R LTS,

[£ & 0]

AIFFETEM L7- MEA AT A2 L 5HE B iPS = o2 —a 2B 5 hE T v MRk
R DAL FEWE OFMEE T 5 HiEE LTHZITH Y | B ER 2R3 265 W E O in vitro
HREMERBRED 1 D LTSNS,
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P-11 THRANEHEFRELM#MATH: HEI-0C1 #REZFA-EESM
Tyt4RDIEE

OXE ', N2 #E° TH K’ 537 A, Bh S22 RE 22,
HE BEF? WK BA?

MK ARASAS F ) —F 7 —
YA Y = ZOVEERE TR AL RIS ZERT

i s B EOLG 7 — 208y 7 7 — Z AT L 0 RIS EIER 2" 3l S o
25V, BERBFBEORIICIL in vivo TORSREBIZIRA THMIESCHEMERN R S E 2 W 5T
7o, WRFBEELZ R TEMITIZIGIZOE 5720, K0 20—7y MERE . FERET bRl
BEZR invitro ORISR RO 5N TV D, Fxid, v~ U ANHHERASE LA (HE-OCI i)
DAY T VlakZ AT L7, HEI-OC1 MEOREIZ I3k 2 2l A7 s Tk h  BHL T
LHe—H—bWEIC IV RS2V PR DTV O R AR D 720, BEROREES
ETOMIENE & BIn FRIZT T2, SHIZ, WREEZ RITRENREY THLVATIF U %
AWTHERENET v A ROBE LT LT,

[/71%] O HEI-OC1 #ifia4 33°C/10% CO, & (Permissive i) THiE L 72BR D HEFH M % Hil i
HEH S CRERR L=, @ Permissive :1fTHi#E L7- HEI-OC1 #faiZis i 2 NERH B T (B EM
fu~—71—, ZFHlf~ — B — B LT & AR E~ — 0 —) O%Bl%E qPCR THER L=, ©®
VAT T F % Permissive Sl TH#E L C\V % HEI-OCI Mfic 24 Refigas L. Mfiiudi, i
AEAFRE. MIESEIs L O A S—E 3/7 TEMEIC RIE T B A Z 1€ Hoechst 7 v &1, WST-8 7
vt A, CellTox™ Green Cytotoxicity Assay 33 & U8 Caspase-Glo® 3/7 Assay System THRaET L 72,

[ 4:] @ HEL-OC1 ffaofafiiadkiL, Permissive SfFHICFW) TREFFRIICHIIN L7, @ HEI-OCI
FRIE, Myosin6 (B BMIRL~ — B —), Gib2 GZFHiln~ — % —), Ntrk3 (7 & R Eifif~ — 7 —)
DRBEMR LTZ, @ Y A7 FF %, HEL-OCI MIIZEBWT 1 225 30 umol/L DIEHKIJEFE T
BRI 7ol Sl L O AFREDIK T2 L, £72, 10 BEL T 30 umol/L TR
FeREER KOV AR b — U ATEMEORINE R LT,

(B2 AMIEIE, BEH D Permissive SfF THMEMIIED & 5 ITHITET 2/MIETH D 2 & 28 LT,
Tz, AEME~—I—, Fila~— I —B L7 & U REMR~ — =B L TnbH Z Lk
. WEIZBT 2EEOMIOREEZ O LN RB Iz, S5, Y A7 TF 2 30 umol/L
DIEFRIZE D TR =T ANFEIN, MREERT I 2R LT, "B, VAFF7F 0Ok b
BT DIEEAETO Cun X 10 205 20 pumol/L TH V) . ARiRER TR B V72 R EEHPH &
A% CTHoT=Z &b, RRBRITEAWEHREOZR 7 )V —=0 ZICHEHATH D Z EBNRB Iz,

(2% 3]

1) Tanaka M, Hasegawa S, Nakao S, Shimada K, Mukai R, Matsumoto K, Nakamura M. Analysis of drug-
induced hearing loss by using a spontaneous reporting system database. PLoS One. 2019 Oct
8;14(10):e0217951. doi: 10.1371/journal.pone.0217951. eCollection 2019.

2) Gilda M. Kalinec, Paul Webster, David J.Lim, Federico Kalinec. A cochlear cell line as an in vitro system
for drug ototoxicity screening. Audiol Neurootol. 2003 Jul-Aug;8(4):177-89. doi: 10.1159/000071059.

3) Rianne Beach, Julia M. Abitbol, Brian L. Allman, Jessica L. Esseitine, Qing Shao, Dale W. Laird. GJB2b
mutations linked to hearing loss exhibit differential trafficking and functional defects as revealed in
cochlear-relevant cells. Front Cell Dev Biol. 2020; 8: 215.Published online 2020 Apr 2. doi:
10.3389/fcell.2020.00215

— 49 —



P-12 YO RANEHBERFEICHA% HEI-0C1 #laZEZ AN RTS
FUoEHHFORE

OME wR', %% Ma° THE K 5HF #A BP 222 KRE ZEB®,
aE BEF', WK FHA'

'Y o ZOVEERE TR AL RIRAEM R SMEIEAT
PHRASHRAANA T —F 2 —

B Bl HIBAAITH D AT T F 0%, FAMWEEIRE 2 5] & 2 93654 (RREESE) &L
THEZHOMRICIES HNoNTE 7, ZTNET, VAT T7FUONFICBIToEE#FE LT
TR R = AOFHEZ X DMAEIEN N STV, FOMOFMETFICBET 25 IEZ Ly, £
ZCHA T, MRoEFEEMERICED A — T 7 U — - U Y Y — AR X OV B RERTE &
NWIEThHDHaxxT L 26 (2B L, NEHREAREGHEE (HEI-OCI fifd) ZHWT, A7
T FUNER BN L O SR ZTHT 2 R LT,

[ 5] 33°C/10% CO, 5:ff (Permissive §:f4) TH:# L C\»% HEI-OC1 ffdicv AT 7 F %
24 WefigEEE L, @O MifRsER OV A/ 8—E8 3/7 EMRICRITT 2% CellTox™ Green Cytotoxicity
Assay 35 KO8 Caspase-Glo® 3/7 Assay System T, @ A —F 77—+ U VYV —ANREIZKITTH
A LC3B-Il Oy AH 7 my hE LT DQ™ Green BSAAssay T, @ Gib2 (A RxF L 26 %
a— N5l E ) ORBABICKITTHEESL PCR T, TNETNMEI LIz, B, VAT TF O
WHEEIX, B MBI DIREAEIETO Cuuw (10 - 20 pmol/L) % & el & L7,

[ 5] > 275 F 1. HE-OCI MW T O 10 B X 30 pmol/L T EER A 72 /0
WEIOT R =V AEEOEMNEZ R LT, @ 10 BX O 30 umol/L TR/ LC3B-II &
EEOHEMB LYY ¥V Y —2EHOK T25R L, @ 1 -30 umol/L TREEKIFHZ Gjb2 &
DI % FE LTz,

[BE] RAFRICE D AT T F UENEMICBNTY VY —ABEICERNT 24— 7 7 U—
EESCHNEBEICEEREEZ R L TnDdaxxiy 26 OFRBER A2 L CHEREEZ T
TR LTV D RS RIS T,



P-13 | BEEOHMMNREEREER LSS FILEERAMTEE
L

R EZ, i SaE OXs BES, AR BTS2t REE Y
e R BIE A AW Bz b

VIR REEBER G SUEIFFERE JRNIR 2R BB R 5%k
PHOR TR BEEBARAIRMIIERE AR sl Tapstt s 7 —
AR == VAT TR
At = = v SErE R B R A

(%5 - BHAY]

BED 2 —7 >y MERCERRF I, EBARIMZ L2 v 7 TR EROEb 2 IEfEIC & B 2

HZEMARRRTHD, 7T IVRERIE, MIEIEIEE 7 7 o7 & OFEE DY 241 L C il

ENTEY ., M2 CGEETHE, WRMAOBEC LV IBREND X VRV BEOEAK (Fe7 Ly 1)

B, VT TN OHEERSIIZEE L TWA W b H D, Ll — B i

VAV %f%%ﬁfé ERREETHY | _hﬁ%ﬁ®¢%%f%ﬂ$%V®M%#%bwkw

I RIFFREO— K72 > T 5,

:nmﬁbf\ﬁﬁﬁ@@# X, Z U\ B RTEORFZER ) e 28 2 i E B LT 5 2 &2 H]

RETH D, Z OBMEEOREZFIH LT, AW X 0 gL/ RNEHALT 5> 7B ER %,

BEPSEE 15 D RIS W THEE T 5 Hifli TPLOM-CON fi##Tis | #BA% L7z,

[ 5i£]

BAMSAEE G ) O M X GHIAE., B, VTR T. BEZ V7 ERE) ZHE L, fan X
ICE AR D X X T TEOWIEREE R L OVY Ny EESIROTE S | SEKIC L A kg

B BRECIIET 5, X X7 BIE, TRERA D =X A A OVE S K OB 1 B

HZENTHEIND VT FIVGRERDGIRIRT 5,

AKX BN ES D # X7 BRI OB Z ST L, 2OfRE*y bV —27 X (GLZ5H)

Xy NU—7 LIFRT %) & LTERBT D, WA Ry hU—27 ETIEE )7 BRI MEAO

&@%%% LCHBE L TWD OBt S Tngd, ZOxy NI—2%R5H5Z LT, LFD

TR FTEEIZ R D,

AEME S REME L SN TV DS v T RS

cHENDH =y NE TN

- BEE OB IXECJRIET D X X7 ERIC I 0l S D v 7 T VniE

(K6 - &%)

PLOM-CON fi#ffTiEiz A AU VISEMGRICEA LTz, 7 > MITFS A B SR ORI HAIEC3 T,

A LAY R K0 @IS Actin SEEERBTEER SV, E A RV T TV TREE L 2 &

WHIHIL Tz, LML Actin EAKREZELFEOITHERST 5 2 LIZRETH D . = OHMIENERE

%%%T%okfdiﬁwﬁ@@ﬂ%@Amm%é%%ﬁﬁmﬁ%m¢5:&ﬁﬁ%f@ékw

DA B ) 142 2 K512 PLOM-CON fi#AfT & S0 L 7=,

FORER, 7V a—r U A MORRKEN Actin EAIRTAER L TWD Z EDMER I N,

Actin E AR, WA BEC—BMEICTER SN D @R X XV BBEAKRTH D Z ENRIEE TV

e ZDOEIIT K%ﬁ&%ﬁmﬁé LT, MR U NTEEAGESS Fe Y Ly MIRTET 54

AV i@%ﬁéhé/7%Whéﬁ%ﬁzé_&#ﬂ ETH D, AREEHTEITIEA OERET .

OB A I = X A OMEIC BN ATRE R 720, AIZK, B, AGRFEO 0 CHFENR

Ol FICHEBRT 2 Z E 08B TE 5,

[£% 3Cik] Noguchi et al., iScience 24,102724, 2021



P-14 Neural responses of compounds by Field Potential Imaging with high
spatiotemporal resolution

(ONaoki Matsuda', Nami Nagafuku', Han Xiaobo', Yuto Ishibashi!, Ikuro Suzuki'

' Department of Electronics, Graduate School of Engineering, Tohoku Institute of Technology

[Introduction]
The technology for measuring the electrical activity of the nervous system is essential for understanding higher
functions and neurological diseases, drug discovery development, and toxicity evaluation of compounds. In
the recent years, microelectrode array (MEA) technology has been largely developed for electrical
measurement of neural activities. Especially MEAs with large amounts of electrodes at a high density provides
a high spatio-temporal resolution at the single-cell level, and noninvasive measurements of large areas which
increase insights on underlying neuronal function.

[Methods]
In the present study, we used a complementary metal-oxide semiconductor (CMOS)-microelectrode array
(MEA) that uses 236,880 electrodes each with an electrode size of 11.22 x 11.22 pm and 236,880 covering a
wide area of 5.5 x 5.7 mm in presenting a detailed and single-cell-level neural activity analysis platform. This
live field potential imaging method was applied for measurements of brain slices, human iPS cell-derived
cortical networks, peripheral neurons, and human brain organoids.

[Results and Discussion]
In brain slices, we observed detailed propagation paths and frequency characteristics of propagation
waveforms in the hippocampus, entorhinal cortex, and perirhinal cortex. In human iPSC-derived cortical
neurons, we identified differences in the effects of PTX and 4-AP on synaptic connection strength through
rigorous single-cell spike detection and time-series pattern analysis. In DRG neurons, the effects of Vincristine
on peripheral nerves were assessed using axonal conduction distance and conduction velocity as indicators. In
the brain organoid, by measuring the electrical activity of each neuron, we succeeded in capturing the
propagation pattern inside the organoid and observed an increase in the frequency of activity caused by 4-AP.
These results provide new understanding of the basic mechanisms of brain circuits in vitro and ex vivo on
human neurological diseases, and show the possibility of the current field potential imaging technology
utilization for drug discovery, and compound toxicity assessment.
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International Consortium on the Mystery of Reactive Oxygen Species
P-16 (ROS) to Harmonize the Key Events on ROS in Adverse Outcome
Pathway Framework

(OShihori Tanabe !

" Division of Risk Assessment, Center for Biological Safety and Research, National Institute of Health
Sciences

The interconnected function of reactive oxygen species (ROS) in the adverse outcome pathway (AOP)
framework is being discussed in an international consortium, the Mystery of ROS (MoR). At the MoR I and II
conferences in 2021, the consortium created harmonized key events (KEs) on ROS (Tanabe et al., 2022a, b).
Continuing discussions are focused on refining the description of ROS-related KEs in the AOP framework,
terminologies, the mechanistic understanding of ROS production by endogenous and exogenous stimuli, and
the stress responses associated with ROS. MoR (III and IV) were held on May 10, 2022, and May 11, 2023,
respectively. An AOP begins with a molecular initiating event (MIE), leading through sequenced key events
(KEs), which are linked with key event relationships (KERs), to an adverse outcome (AQO). The AOPs
containing ROS-context have been developed in the AOP Knowledge-Base as part of the Organisation for
Economic Co-operation and Development (OECD) projects' and the AOP-Wiki®, where harmonization of the
KE nodes to create grouped and representative KEs is in great demand. AOP379 “Binding to ACE2 leading to
thrombosis and disseminated intravascular coagulation” has been developed in an international consortium for
creating AOPs related to COVID-19. AOP379 includes KE1869 “Diminished protective oxidative stress
response as an intermediate KE to link MIE “Binding to ACE2” and AO “Thrombosis and disseminated
intravascular coagulation.

[Reference]

Tanabe, S., Beaton, D., Chauhan, V. et al. (2022a). Report of the 1** and 2" mystery of reactive oxygen species
conferences. ALTEX 39, 336-338. doi:10.14573/altex.2203011

Tanabe, S., O’Brien, J., Tollefsen, K. E. et al., (2022b). Reactive oxygen species in the adverse outcome

pathway framework: Toward creation of harmonized consensus key events. Front Toxicol 4, 887135.
doi:10.3389/ft0x.2022.887135

' https://aopkb.oecd.org/

2 https://aopwiki.org/






