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BB ERME (LEWE Y R 7 HiREE)

T2 YV —LRNA ZEMEREL L
KRR A RS A BRI E D BRI E 3 5 5L
(24KD1004)
SR TEE SERHEE
SRR - IR EAFER A FHRBR OISR

wmroesrieE AN B

=z EE AR LA ZERT
M A YRR X — - B
BEE - BR
MRESHEE RERET
PR
REERA RN —VZEL - BERAFN—VER
6
MESEE EHh BT
=z EE AR L E AP ZERT
e EYRBRRE ¥ — ¥ —F
M HE
B[22 [E] N7 [ 3R A A AE R TE AT - EeEEWREBRI e v # — « Rt T RRHMESS - B
R et — [EI ST e 3K L B S AR 2R RT « R e BRIFSE v 2 — - TR - =R
R IR [E] N7 [ 3R LA S AR R SR AT « et BRI TE Y v 2 — - BRI - EE PR RE
SEEGTRN ENLEIRA R SRR « REAYRBRIIE 2 — - B
PR 5LAL [E] N7 [ 3R LA S AR AR SR AT « et BRiise o 2 — - FEMEED

MEEE
(L DA EMEREM . FIALEIRC 31 5 b MEREEIC BT 2 A E B T (LR R A
NOFEH T O EREICTHET 5 = L IR EERED > Th b,

BT OATHIE AR BIERERIED 1 > Th D8 - IIEFAICE T 28 AR Tk, BEtiihe & b
(TR REBIE: (43, Wlidd JOVEREIES) »oEa Rt e R i 5, TOBRIC, BN - R ORI E
R8> % PCER TN 2 FIWT S D ISIF SRR IR S LIS . B ORBRITIRIF T D000 2EHEDS 4§
Lb—EELIEFARVED DD D,

P NS WM END/MATHEIZ 7 =R ERINTWD, =7 VY — NIRRT 2058 L, i
KRy e~A 71 RNA 2T 52 &b, RS EOREERK « %A LI, EEMEICE R~ A 2
7 RNA 24888512 U7z, MR 1 k2 1 STFEO BN AZWE B5E 95 % LA E) 285 LR %28,

FoxlZ, BRI - AL E D 27 3% (H30-R2 -R3-R6 AR, K : /NFE—) 2T, =27 Y Y —LRNA %
FERE ST 52 & T, BRI 1 D> 6 28 OB FRIZ W 23 FTRe 722 R AL FE ME R BR IE D B % |
BEOL HREM) ORI IS L OEKRD SRR OEAFEEEZ R L 9 5 @R E RO BRIICH RIS 20800
THWEH L7 (Ono R. et al., Toxicology Reports 2020, Ono R. et al., Fundamental Toxicological
Sciences 2024 ),

UL, mMHEE & R DRIk 7 Y Y — LSAEITHE & T Dl & 0 il SN0 s v ) gl dH
o7z, Hxld, BRIOMM - e 0Wd =7 VY — LD h % wfifbis K OHBE TR ‘=7 v Y —An i
ft~D 27 OFERUZRRPI L, R TR T, iFliEdsko =2 v Y — L& it U, IFEHE AL A~ — 0 — D3
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PIHFIICHR S 227 v Y — MZHRT 5 2 L OFERICHREI L TV o  GasCifa i 1)

Z 2T, ARBEIE. Fx 3BH%E Lo BRI K OSEK O 7 Y Y — A FRRRIC U T AR TR A e R
&L L%ﬁt CBRABICRE) LTz =7 v Y — LA~ 7 A7 2 TEHT 5 2 & T, BUEFICESW Y 27 5HE
WP H S — 2 OB EE B K 2 REAf 23 AT RE 7o IR AL ARG R AL g MR A A 2 B T2 Z L 2 A E LT D,

SEEFED 2EBITH D5 TEEDOEHIILLTOM®Y Th 5,

B 6 FEOWETIX, STk (VPA) ZHWIEFEEET L~y XA &AWV, IRIBICHFENBAET D A
H=ALZFHE LSHEL, RCHEOASALV T oz #&5 L TH, T X TORKICEHFEN LT 50T TIE
72, —HORBICORGFENROND Z L RHER SN, TDH, HEOFEA R TE 5EKFOT s
YV — 2 RNA Z 8RNI L, A A~ — I —RBEAToTc, ZOREE., ARITER 156 B BIZIEAEL
&5 Hbb-y &fnf (BEAI 7 o v rigins) D small RNA (Hbb-y miRNA) 728, #EA2RTHRIZICE N
TOREMHLEN TS Z EEZH LM LT, Zhid. S 7 afglc kb e 2 7 & F I blzs (HDAC)
FREMERICE Y, BRI 7 o v ORBDBTFHFEI NS ATt 2 R~ L Cu,

ZZ T, VPA L [FEEIC HDAC [HERIO—FETHDH F U 2 AXF 2 A (TSA) (220 T b [FAEEDE % WGE
THZE L Lz, BEMICEAED TSA 2EHEE LR, VPA &5 TR LNI-MRE R EREE
A, BB KO OMRERIE L Wo e BENBIE I N,

BT HEEOZETIL, TSA &5 LI-BENOEIL - EKF o> Y Y — A RNA ORERENES TR E
FENT 24T 720N, VPA O#EE L [FIERIC, BETEORE L TW A K THEIZ Hbb-y miRNA OEE 153,
PNIEMEAL L TWD Z EZBH 5NN uto

ZHuE, VPA, BL O, TSA OREW)~DO G 0EG ML 5 & 2 JHK2, HDAC FEICL sy o
AT AV I BETHDHZ EERRBELTWVWD, T, S 8 MY Tld, HDAC FREIEM: 2Rz
VT aET a7l CThbH o7 e Rae HDAC EORME = he—vE LT, B ~o&k 53
SR L OMET 21T 5 TETH D,

F7- . TSA ¥ 5 U IEM OB RN 54772 572 & 2 A TSA DOFEEERFRIIEHE DS E 5 A3 %75 i
Rotre ZOREIL, BIROMEEETIEDRRIC 3 OEETZ T ISR T 2D Tldk < . R TOEKDBERIZ A
LN &, RO &V D R, TR OSEIR NA A~ — D —IZ R DA REEDR S 5,

DT HEENE (3EFTHO 24 ) (T, FHENE Y IZHER LTV D,
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A. BFEE®

(LI DA B, FHALFEITBY B E R
BERER B BT B AT IS BV T (L O A
56 e DR SR T RIS R 5 = & 13
AEREO—>ThE,

BATOAFEFAFIERBRIED 1 S TH DI - 5 lk
FAICET DB CGEATEMERER) T, AR
& & bIThRIDEREBIEE (O, PE L OVEREBIZ)
N OAETTENE 2R 5, £ OBRIZ, I - IERH O %
VRIS FEDS 8 2 h THERTTEAE 2 W3 2 12135 R e
P07 TS B DORBRITARAT T 2 8653 =0.
HEENRLT L —ELIIFARVED DD 5,

T, MlErbamshd/hMathrers VY —
LPNEHSNTWD, =7 Y Y — LIKIET 2G5

L. s B 72~ A 7 2 RNA ZNET 52 Lk,

WFZE A O FORER - A O I1E, TSI R R
7o~ A 7 1 RNA Z4EREIC L7, M 13z k 51 3
FEE O BN Az (RSEE 95 % LLE) ZBRF L
To#% 8k & Ff o,

i, BRI - ALFWE Y 27 3% (H30-R2
R3-R5 A, & /NFfE—) I2C, =7 VY — A
RNA Z @M & 35 2 & T, BBERO MR 1 55
5 O J BLEAR 02 W A3 W] HE 2 R AR T M A R
LD, 3 XN ARE O RHAITLIS L OFEKD S
TR IR OfEFT TEEZ R L D 2 @R E 2R OB S (i
FIZS 2N TP L 72 (Ono R. et al., Toxicology
Reports 2020, Ono R. et al., Fundamental Toxicological
Sciences 2024 ),

L, BYEE L 2Rk = 7 Y Y — L)
ARYITHER & T D s LV S iz v ) &
fIA > o7z, Fxid, HEJOMND - BeR 23539 % =

J )Y — N B E LS L BT AR = Y

YV — LA b~ U 2 OERIZ RS L, R THIO T,

g sk 7 v v — Lz altifb U, BFaath sA 4
< — D —RETITIRICE T B Z & ZFEAT 5 2
EWZHRPI LTS GrsCRa ) .

Z 2T AWRIEIT., Fox ABAFE Lo RHAIL S L OVE
KFDT T V) — NE I Ul Bl A G A F ik
MBI TS BRRICRS Lz 7 Y Y — A AR
b~ 2% iEHT 5 2 & T, BEEFEICESWY
A 7 FMRE (2 H S —E O Wr B 1T 1 5 R 2 AT RE
PR R AR AL BERS AR R E 2 BAR 5 Z L & H
MELTW5D,
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o SN T AR
BB L OEAF O 7 Y Y —2 RNA OHEHER
AR T IREBUENT 21T O o IEEMWIC I T, IR IE R
DTy VY —hOIHE b, BEO, BT 5720
“xy vV —Lafifb~vy 2 ERHTHZ LT
RIR XU & LR Dk =y v v — 4
DI w3 X OHEES 2T R OB 21772
VN, BRI RS T kAR A B R AR TR R RTEAR
HEOBREAEIT,
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B. B FE

AN NTUE, BHERBA D=L %BE LT
WRAMART D AL FE S A B ML 2 fENL T 5 2 & &2 H
T, LFOMEEIT S,

o R REIEFAR A FBHERBROMRE (HREREE :
/NEF . BRREHEE R, AR

T VY —2 RNA ZEHNL O & 9 5 Ut
RIUAFEFE L MR 2 BT T 2 72 DI AR~ 7 &
BRI O AR AR E 2 0 &5 L, BEm o
PERRHE, B L O IRIBICRELT I REE b b BltEfe
FE L 72 D RHAIM S L OEAKRF O V) — L5 RNA D
FE &2 R — 2 o AT L 0T 9,

o R RIEVAEFER A BHERBROBEl (RS HAE
L. B, HERERE . /N

Fex 1IBEIC, Bk x e tE S A~ — D=L 72Dy
VY — A RNA OFEE L TWAEN, ZNHNREERIC
E DM EEH I S L2 OIS TEX TV do
oo & Z T ALEOE#: Wlfa) kL= vV
— LADOREIZOHFFRAIZE b CD9-EGFP @he #
N ERBLIE DB THEY VA (= VY —LF]
b~ R) ZER L, BRRSRHERKO =Y VY — A
OB FRH - M+ 52 SIS LIz, 2o Y
V— LA~ 2B WS Z 2T, BRI o=
7V —AERHRICEFKT S b0 BRICHEKT D
DIZFERITH T TOMHNAREIZ 72 V) | I E D &
fRle K& FET 5, £, FEEASA A ~—H— L7
by VY — 2 RNA OB A~ T AEERT 5
ZLlzk Y FEERA T =R A~DOEE IOV TGRS
79,

oK HHRAIFBMERBRD in vitro TT VR (WFHEL
HE : B, FREREE  /NE)

invivo OFEZ ESEICHRT L7 invitto T /L & S
NWDANTT ) A R 3D EEEIEORER LIETICMIE L Y
DWENDHTy VY —AEEEREE LS UCHHFTEE
MERER U BRI L 5 2 WIR R RV E DORT
lZE4T 9,

TRBITINA T G~ 7 AERO — iy 72 VR
24T 5 T & T BT O ARG & AMTIE TRRYE T
2 MR AR A D Bl 21T 9,

] N7 & S AL B S AR R SE T - e et AR Bt e v
=BT ALEME D~ 7 A~DOF 535 X
ORIt K OWRIRBIE (). L E o &% E
EEB X ORI AE - ALFRE G .
T =AM B IO Y —2 RNA DK
RS — 2 Y —IC X D RERRIET UNEF) 217U,
R ERIREE - B A IZEAT - 0 TR TR 5TE
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FHZ B W TR AT DA A~ — I — il O BESR
BLOZOFEMOMNT (FR) 24TV, RIKRT - 4%
AWIRIFGERT (1) 1BV CIE, S TR (25
L7cET A~ ZAOER (BHI) #1795, £/, [EHAE
DAMFGEE 2 — (B (2B WX, B A 4~
—H—ThrHxTr V) —LRNAMN. ALY /A K3D
B BlETRICHlRLy pwmEsnbd =y VY —ATE
WTHLEMRIE L 2D O E e 5,

s < U AMENRH DT Y VY — 2 RNA Hiff

[ 7R B S B A AE AR ZE T I 38 W TR S v 7z iR
BTN E T, ESLEE R AT L O
HORER RS - oy FRllR R eI Vv
V— AOHBEEIT S, BRICIE, @S L y b A
U AEERITV, =7 Y Y — NHREEZIX, Nanosight %
Flixm s vV —AoERHIFICHT AT AX T
ny T4 TR = AOREY XTI
Ak a—F 4o S L Fy S Ty Y — A
PR L THRETO 7 VY — A% B G 7
EXOVIEW #AF|f94 2% Z & CHEtS N/ VYV —
LADOREEZ LN, OB b BXOL oo
T V= RIFET A2 N DRIEEITO Z
LT .y Y — AN HR LI ORI E S A 722
Do

U ZRERANE R axXT A BOESICES
BrEh g I TR IR O E K ) ) — D
M D 1= b D FBHEEUE

T ATHESOMEANIE | IR 7 & OFRRRAE PHEH I E & i5
T DT 0 RGO ERT IR L LT~ T
A DMFE AR CH D4R 9 B D 11 Bz v
Zuafiz 0, 300, 600mg/kg O 3 HERDO®EE L, I
B2 15 B EBIZ, BEWiER LOEK (IR, IishsE
s, BBIR) 2> v — NENTRICEREL L, B IR o4
RHWOBEETT > TWD, £ T, HETEOH
LT 57 VY — 5 RNA B3R L LT
A A ~—I—DOHEEEITIR -T2,

15BN A A~ —F—I%, Hbb-y BAR T JEIALE T
% small RNA (Hbb-y miRNA) T -7,

Hbb-y BIa 1%, Ak, 44k 15 H BIZIEIRNE LS
% Hbb-y AT OFEEBLN A ML T O RN FHE
ENTNDHHLDOTH S,
BHEWETHL A VT afRIE e X N BT BTl
3% Cd 5 HDAC DiEMELET L Z E0nNmbNT
BOAER =TT 4 v 7 HIENC X0 AREEL
415 Hbb-y BIZTFORENTE S =T 1 v 7 R
WIZXDREANRFEI N TWHWEILDEEZBND,
ZOZ L, ST algl AR HDAC FREEH
ERFO R axZF A (TSA) &5 L, L7 Y



i & FARE T ER N B 5 O EBIE L, £,
BHAMB L OCEKF O 7 VY — 5 RNA &t A
Fv—T—L L TR Y —= T %7,

1. HEFIH

1-1. BHW'E

KW N axZF A

G - WA bR TS
CAS %5 : 58880-19-6

5y ¥ : 302.37 g/mol

v h&5 : WXBD4552V
HIE © >98.0%(HPLC)

PR B, R
RS - Bk, IRIERET

1-2. R
LR 0.5 W% A F LB L m— ARG (R : 0.5%M
CIAR)

BIYEST BT L AR A
o hE&S . CAE0466

LA oD G

VEEO RN aAxAZF o A ZFFE L. 0.5%MC &
WRITHR 2 TN A T ST, g, L., B
BRIFE LT,

B

#fE . ~ 7 A (SPF)

St : CSTBL/6)

MR Vv Vs TRT P — s Uy XU S
th, EAE R X —

NP G - ME 10 WEER, M 11

VCHr - 2P FME 12 PE, i 24 PC
i U7tz - 4 T

ATtk 1 B OfE - BB 288 T, —BRiE &
OMAEHER IR O Wiz H\,

AW 11 FEELL_EO/E 1 DTz 12 B LA EOR-E 1 LA
AR S 72, B, BNICER S MR S - &
RSB E L, TOHZER0OA E LT,

B RBREGLHE GEEE0 H) Z &7V, #EEE O
HOKREZ BICEBEORE N AJRE/RR Y &L 2 D
ol

2. =7 VY — LA ORGSR

2-1. BHRRE., BSHRELAOREREE Z D O
JRER

B 5B TR R CH LR ARG 2R L &
SRR S HE o BE T2 BE., BLW, 7
HEv 11 BETOS5 AME L,

2-2. #\H L
BHFET T o wEOR OG5 IFIEICEE LT %Y

26

IREREIRR OB L Lz,

N azxzFr AWRES Y 7 2 HCTHRNICHE
HRR OS5 Lz (8:00~11:00 D), # =& 0¥h
TR (F/RHEAL £ 0.01 mL) (38524 B ORE % LY
WEH LT,

2-3. # 58 L OBEERK

HEIT0, 1 LN 10mgkg D 3 FHEE L, BEAAKE
a5 OB R 2 B8 LT 6 iR E Lz, &
7, BEARKIIRREE, 1 & O 10 mg/kg BEICAENR 12 A
TIRREE, 4EHR 15 AEMEEZ 22T 7o,
HIREE D & ORI S % 4 L L LTz,

G- B E AR L

PERIZ LD & MU 3 2ZF 2 A(TSA) O#EIRN (10,
25, 50 pg/kg (KHE) BLOWED (20, 50, 100 pg/kg &
#H) O 14 AMKERSENERER%Z Swiss albino mice
THEME L FECHIOARTE, SRR, Mg - R
lE#R BT BRI A B o T hs | I ERE
TIEEMROE R, Feii, B8O b, Mk
ERERIR IS K ORMIE DM HER S TWD — 5,
BEEERRTIIWTUOHETHARRE(LITA
HATNAR, ZORERNG FlRN T 25 pg/kg,
#%0 Tl 50 pg/kg %2 NOAEL & L CU> % (Haritwal T. et
al., Drug and Chemical Toxicology Volume 47, 2024 -
Issue 6, 2024),

F7o. TSA DR~ 7 A~DEEITHOWTIL, IR 8
HIZ 0,2, 4, 8, 16mgkg THH LIm#@ENH D0, H
PRERACER, SECRE S, B X OWRIBUG i gk, MG IR
HE, AARTHITRD TR, LnL, Bk
fENT9 % & | TSA BEBREO MG I TIE. F A &
(RIF 7 HET £ 7213 O A  HikE 7 A > FoOHE
B LR O RENBE I TV D,

AR TE, IR VPA ZIRH L7256
IR~ 7 A0 VPA £ 5328 T R 5 3 5 4 & FEH
P CHR TR A 20 B D I D SRIRET 21T 5 729012,
MR8 ALV 2 AEOREERS, BLXO, k7 A X
V5 B OKER S % 10 mgkg ZmMAE s L, K
HAEE LT lmgkg & LTIt o7,

2-5. il

IR 12 B ERRRE, (IR 15 BEMERCB W T, A Y
T T NIRRT BRI U725 (RSN BN
T OMEIEN O E B an B ARk 2 SE Bl g L,
£7-. ATl B, PUROEEZHE L, BT, B
IZOWTIEZ D% OB T RIS L O Ry
SENT T OB A AT, g, M, TR S BT &



179,

2-6. i EYIBH K OSREMIE th = 27 ) — LA ROk
PREY
FIRRIFIZ, BR O A HEZ2 WIRAICBIZ LT, RO

A 2 WERR LT iR N3 D S - REEM I DU T,

FENOEFRIEE, JECIE - J6 R 5aHIE - fdk L
7o EMFIRIREETE - IR O AR E LT,

2-7. REEMITE TR = 7 Y — RN R R O LER
MigzRY 7Fa e L oBREE (X R 7 R%E) I

B L. =i T30 0L BikE L7, =00 E (4°C,
3000 xg, 10 23 (&0 IiE A5, 567

AREHTARERE 5 | BUBHR IR S B & 5 SRR 5

BmAER B R 2RI LT LA Lz & v
RINERAET = — T I A, PIEREE T-80°C DHK
i (FFAE : —70°C LLF) (ZRTFT D,

2-8. FIK, BRI, MREEOEREL

1) BRELH M OBREUF S

PENR 12 A ERREE AR 4

B G- 1 FEf% (09:00~12:00 OFE)

PENR 15 AERREE © A8 4 61,

fEHR 12 A7 E OB & IR R TRl
(09:00~12:00 )

2) XGHINL (7). OEEL
ATHRENY) D1 BE A G 1% IR FEME D M2~ 5 BB
L. NNUTF v TEAKER) o Lo BIREGE (¥
VORI ARIE) \ZEREL LT, SRR EERELL 721, IRTE
FEM D SN TR R R OB 2 i U7, BB IR & iR
Mea yBEL . ERNCEEEZ TR L, BRIXIZIEYSE
IZ28IL, ZHEH RNAlater & 10% Y o Fef iR
=V R ET- L2 15mL D= LF 22—\
R Lo, “EKIFELATHE (4°C, 6000 xg, 2 43[H)
%, FEERNVTF v T TEUNRNTIERRETF 2 — 7T
B LTz, IRYIE 10% Y VU igkkfEdR /L~ U i CHEE
% FRCHIE OPHSUIRBICIE R L, REEIE 2 £
L7

- =7 Y — 2 RNA MRS s 38 BT

] 37 B HE L B A AR AFZE T IS B W TR S L7z I iR
kot Eni-=s v Y — Ak, Qiazol
solution (Qiagen) (Z X > T¥#f# X 41, miRNeasy micro-
elution kit (Qiagen)!Z &> T, RNA Z it L O
35, =7 VY —2 RNA L. Clontech £ SMARTer
smRNA-Seq kit for [llumina Z AT, kit —7
ZMTA T TV =T Do AR LT IR AR —
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Y AWM T4 7 Z Y —I%, Bluepippin %A AL 7 X —
ZHWT, 148bp ~ 185bp O~ -1 7 &2 RNA #5372
FEMLT 2,94 XLy v a v i ol VY
—2XA RNA O —r 2|1 T7 477V —I,
KAPA Library Quantification Kit Illumina® Platforms
(Nippon Genetics, Japan) £ 721X, Qubit dsDNA HS
(High Sensitivity) Assay Kit (Life Technologies, CA, USA)
ko T, IBEREEZIT-72 LT, 20pM T4 7
Z7 U —% BmMEECHTA T % lllumina f1: Nextseq500
B X OENLESE & A AT SRR O Ll T b D
lumina £E Nextseq2000 % T, MEHEAIER -5
AT 247 9,

7 YV —A, RNA @ RNA-seq 7 — X T

[lumina £t Nextseq500 X ¥ 7] S 4172 raw data (raw
reads) (L. BCL2-FASTQ program (Illumina, USA) (Z
&Y. FASTQ format (&M 5, LI, &TOT—
A fEMTIX. Galaxy platform (https://usegalaxy.org) THT
-7z, FASTQ I, Filter by quality program % VT,
quality score 78 20 LAED S —4 2 2N 90 % {FE(ET
DIl Y ADHITR R E Uiz, 7.5 BEU 3
KD 7 &7 5 —EFIEL, Trim FASTQ program (Z &
S THRNTND,

INODORIEAT S Tey—r VAT —Z X~ T RS
/ 2 (mml0) (Z%F L TopHat program % H W\ T~ v
VU IEEEITV. BAM 7 7 A L EAR LT,
BAM 7 7 A JUX, Cufflinks and Cuffnorm programs %
MWT, BEEMOERILB LT, 7RO —
~I7AE—varEx1ro,

v A mRNA OV 77 L2 AT —F7 2 A%,
miRbase (http://mirbase.org) %% L7z,

A X | i 2

T7 VY —ARNA ZHB MR L Lo A ~—T1—
DY F— 3 vy O—2L LT, BRI
2T, MAAECERE AT,

aspartate aminotransferase (AST) ¥ JX OV
aminotransferase (ALT) ®IH H 22T, automatic
blood chemistry analyzer Dry-Chem NX 500V (Fuji Film
Co. Ltd, Tokyo, Japan)ZFI| /] L THIES 5,

alanine

BB SRE~ O AERHA L ) ) — A DK
L 7= gz D REE

7 VY —ADOFEHAIZIL CDY, CD63, CD81 72 & DT
T AN BFIET D, £ 2T, lfas. Miasr R
\Z CD9-EGFP Bl&H o307 R EEHZ LT, #
EOMEN S W EINDTT V) —LDIHD CDY-
EGFP & X /X7 e fgHZ LT, =7 Y ) — LN E



Z Dl ICHR L2 O E M+ 5 2 & A AR/
Do AMFETHIHT 2~ U ARBIILLT DY ThH D,

CD9-EGFP / v 7 A > (KI) T A (=7 YV —LH]
b~ %)

7 VY —NFI TR TOlas s L ORI b 5w S
oMM TH D ZFDOERIZIE CD9, CD63., CD81
R ENELAFET D, A~ T AL, ROSA26 FHIRIZT
XUBT I FrTHE—F—%HBLE L., Cre-loxP ¥ A
TLEFHAT 5 Z L TR E N CD9-EGFP
BhE s\ BT DL REFENT ) v A4
~IATH D,

Alb-Cre N T v AV x=v I <7 A

ATFHIIIC R SRE9IT Cre IR Z BT D P T AV =
=y 7~ URATHY  HFlEF R 72 E s TR EBLHE O
MEICHIHA S D,

Sox2-Cre N7V AV 2=y <A

AEEE & (epiblast) 38 X OWRF-IZHRF AT Cre 2R
ERBETAHNI LA 2= Vv ATHY  FIHF
AR DFRAT OB R T EIEICHW B D,

cANT A FOEEE BIFRICEENDL s Y Y —
A RNA 23 F~— B — W= REREORE

CD9-EGFPKI v~ 7 A (flox ¥ &) & Alb-Cre b7
AV x=y I~ A %R L TER L7- flox/Alb-Cre
~ U ADEESHIRT 5, ZbZ2 AP IZT lmm
AT F PBS (2 THEHH% T collagenase JLBR AT 5,
ZD%IZ 40 pm BV A R L—F—ZiE L, BEENE
J O A I R Ak 2 A L 72 %% . MBOC (Matrigel
Bilayer Organoid Culture) /£% H\WCHfifuz~ ~ VU &
JAZEIR L BT A RN LR T 5 2 & TAHAA
/A Relsid %,

BINCAZ RS UTE RPN AV 9T ) A R % AR 5 B L A
BB CTRIRT 52 L T . VY — LD u b &AT
%o

(W FRIE DOBLIE)

B FB 0 FH ] B OVER IS LTl B K OVE)
W)L S & 01 TV TR O RFFERERE 23 78 6D 5 )
W FEBRICEE T D HE, fREF A ST LT,
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C. BFFERER

oK REVETAFAFHRROMRE BIEARE /b
B, BrR2HEE - B, FH)

NNV RBEREIC L DETFEICREN RN, F
~v—h—tipBxy VY —5b RNA OHEBE :

JEA TR A L E ) A 7 F¥E (21KD1001)
IZRWWT, Foxld, ZoHE. BERE, 7R & osk
A AP E 2R 5 L7 0 g (VPA) ZEaE
PEDGPERTHE & L TR,

~ U AOMRE AR CTHDIEIR 9 A D 11 B
VPA % 0, 300, 600mg/kg ® 3 AR TROEE L, 1
BR11 B H, 15 BH, 18 A BIZfER L CRIRDA R4
BB 21T o 72, EOREER, 600 mg/kg THEATTEMEN
FEHLL . VPA IR U COREBLTEE £ 72 13 il
ENDEAKFTZ Y Y — 5 RNA BERIFEETHZ &
B 5 I L 7= (Ono R. et al., Fundamental
Toxicological Sciences, 2024) ,

INHDERHT Y VY —LARNAWZIZA T T ¢
VTR NE L EENTEY ., VPA [T X B RIALE
BZIE= Y 2 32T 4 7 HIEHN B 53 5 ATHEME A
BWEEZ DI, 78, 600 mgkg BETHEHIZRIND
TEFFTEMEI TR I —ARICHERT 2 b D TR < —
HRREIRICIR D L Cllg sz, IR 15 B BHICHERS
Nz 8 ER DT A DFERNT T #RITRT,

fetus ID  |neural tube closure defect digit malformation

lack or short left 4th finger
abnormal position on right 5th finger

818

819 meningoencephalocle

lack or short left 5th finger

lack or short right 1st finger

short right 5th finger

abnormal position on right 5th finger
lack or short left 5th finger

lack or short right 5th finger

822 - lack or short left 5th finger
823 - lack or short right 5th finger

extra right 5th finger
abnormal position on right 1st toe

825 - lack or short right 5th finger

820

821

824

x®BEESHREHRE - LFYWEY X7 HE (21KD1001)
ICBWTHRONLNLTORREICL 2EFHEEFER L
FrlREA & ZDRIF[AY (B4R 15 HE. 600 mg/kg &)

SF0 6 HEIX, 1R 15 B B @ VPA 600 mg/kg BEIZE
T ERTTEMEDZRD DAV WIR IR & AT TSR
biLARIR A L, FEARKT S Y Y —LFT Hbb-y
s T EICALE T 2 small RNA (Hbb-y miRNA) D%
BnEERE ToORFEINDL Z L2 RNE LT (F
).
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GD15T®Hbb-y miRNA it
W N=5 N=5  N=5  N=8
m
[N
M’ 3000
ﬁ REAE UBROEK |

. m M

Omg 300mg 600mg 600mg

NIV TOBKRSEE

MESEMES Y ORREDOFEKIZEENDEI TV Y Y — LTI,
Hbb-y miRNA OFRIBAREENICEEIN T,

Hbb-y [ZB /rE VBT 77 IV —ITEL, vV A
FEASN R R A% B 7 B #HE o
— N U A OREFIEW I BB /255 25 @,
Hbb-y [Z4EHR 15 B H £ TIREBI MG S, gAY
B 7 m A 2 — K95 Hbb-bl ~&IEHNY) D B
bnb (FuvrzdgyF; FX),

RBIE-RETOTOE Y ZA v F (Hob-y)

B a o’\‘\“

1 ) e |
(4 <) \

BrOEY (BiEy1 )

JOEYOEE

Hbb-y (#HEARES 1 )

l | l | I l |
GD8 10 12 14 16 18 PO

M:~<v7RRRBICEITE7AE YA v T DOERKK

ZDAA v F I LCR (Locus Control Region) (Z & ¥ il
B, ZOHIEO Izt e A b AERGE ST 5
ZERMEEN TS, VPA TE R N UBLT BTV
LI (HDAC) IEEAHET 5 2 &R b TR Y,
ARTED =T 4 v 7 HIN X0 RNEEES LD
NRX Hbb-y N, TV = X7 4 v 7 BEIZ XD BIEE
fEENT=FIREENE 2 B D,

# =G, Hbb-ymiRNA 2} [T V¥ = X7 1 v 7 B2
FS MRETIIERBL ONSA F~— T — L 72 0155 D
AT 572, VPA & [FERIC HDAC FREIER A6
TH R aRZTF 2 A(TSA) ZHER~ 7 A~FEH L,
VPA L BT 2 RAFBENFRINDI D, IHIC
Hbb-y miRNA 3@ A A ~—T—& L THRET %
MERRREST H 2 & & LTz,



s MY aRFF A BREICX DETFHEAECRRA
NRAF~e—h—LipRxr VYV —2h RNA OHEE :

TSA |ZHGBRE Streptomyces hygroscopicus 7)> & Hiffff <
M7z HDAC [LEAITHY . B X b DT EF /U bE
RIEL T n~F 2R & FrERs T OB Z 21
SHLZENMBNTND,

PEHCIE, TSA @ 14 ARREEGHMERER (Swiss
albino mice) |23V TR 2 BMEITIRER TH 5
—77. mMERETEHEROZEHE S, FIRA 25
ng/kg. %% 10 50 pg/kg 78 NOAEL & 3T % (Haritwal
T. etal., Drug and Chemical Toxicology, 2024) , F£7-. 4E
R~ A~OHREE (W4E 8 B, 0-16 mg/kg) TiX
AR EFITERE SNRVD BT T EKF
HIZ RS (HEB /B 72 &) BiliEShTnD
(Menegola E. et al., Birth Defects Research Part B, 2005) .

AN 6 M TlX, VPA THURIAGICBIZR S o ap
TRE P ECHRE R A 2 EORBA N, [T
HDAC FHEMEH ZF> TSA 5 THLHBE SN L%
R D 72, BER IR 8 B HE#E TR | i
B8 H -9 HD 2 HIKEHE G Z1To7, kmHE%L
10 mg/kg, KHE%A 1 mgkg & L, H4E 12 HB LW
15 B B3 2 51l CHA8E 3 OB 21T - 72,

fT0R 12 B B OFfENTTIX, 10 mg/kg TSA BRI W TR
RREDREEL D AEIE T L (FRD,

Fetal Body Weight Comparison

100 Vs Control p = 0.7615 vs Control p = 0.0003

®
S

=
3

Fetal Body Weight (mg)

5
S

20

0

Control 1 mg/kg TSA 10 mg/kg TSA

:TSA % 1mg/kg (N=3) L 10mg/kg (N=3) THIR 8
HE. 9 HBICROKRSZTWVL., @R 12 HBIC BRIROESAI
E%?i’t‘:’)fh\%o

MBI FO—IILOFHERE : 92.1 mg

1 mg/kg TSA BEDIFIHKE : 92.3 mg

10 mg/kg TSA BEDFHKE : 71.4 mg

10mg/kg TSAEEIZOY FE—LEHRL T, RRAELHE
1B EE D e TRENT,

FAEEEIT, 1 mgkg 3 LN 10 mgkg Ot CH
BIETLE (TR,
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Placental Weight Comparison
p =0.0014 vs Control p = 0.0000

'S @ @
S 3 3

Placental Weight (mg)

N
S

o

Control 1 mg/kg TSA

:TSA % 1mg/kg (N=3) LU 10mg/kg (N=3) TiTiR 8

HE. 9 HBICROKRSZTWVL., @R 12 HBIC BREOESAI

E%?i’t‘:’)fh\%o

MBI FO—IILOFHERE : 92.3 mg

1 mg/kg TSA BEDOFIPREEES : 76.9

10 mg/kg TSA B DFIRLIREE : 61.4

1mg/kg TSAEE, BL U 10mg/kg TSAEIZE Hicar O

—ILEHR L T RBESAFEICRV S I EATRENT,

10 mg/kg TSA

T bbb 4R 8 B BRI G CIIM AR E A~ DN
Z LW E S BERICR L, RS (3R 8-9 H
DOEHE) TiE, 10mg/kg 512 X 0 B EAREIK
20%. MR EEDKI 30%R T T2 Z LW LNnE o
oo S BITAEBIZTIX, 10 mg/kg B TR %
8 L, VPA THOLNLHIRE - R E IR T L AT
LETRASE LN (FH),

1mg/kg 158 10me/ke %58

BJ: TSA % Img/kg (). L. 10mg/kg (H) THEIR 8
HE. 9 HBICROBES ATV, HiR 12 HBEICARSHERR
H{TH57-. 10mg/kg ICHBWTIE, IBOEE (GRAEH) A
FEREINTW D,

—J5. VPA #5°t h T VPA IR CRIE L 72 2 4
A PSR A, 4R 89 H ™ 10 mg/kg TSA % 5T
IXHREICHERR CE o o, £ 2 C, WG WIM A iR
7THENG 1 BICPRR U CRARRE L, ik 15 HEIC
fiftH) U CONERATTABIEE . MR BRARAT . SF/KEREL 21T
STz, TDOFER, 10 mg/kg TSA BETYRIER L O E
PSRN SN, 2 bR 5%, HDAC [
IREBEENDIZ Y 23T 1 v 7 BEN, TS
BOEERERERVEDZE2XFFTD (TR,



10me/kg %58

10me/ke %58

£

:TSA % 10mg/kg TR 7 HE A » 11 HEICRO®KS %
TV 1R 16 BHEICARSFEERA T -7z, 2E (&
AED) . BLU, HRERERS (B 8ABY) MERS
ni=,

F 72, R 7-11 B O TSA KB &S Tl I ESE(E
RN EEARAFAIIZHE NN U RFIZ 10 mg/kg BECUE 25.7%
(N=35) DZWIHIREIETH 7= (FH),

Survival / death rate by dose (TSA)

- Live
mam Dead

100 A

11.1%
25.7%

®
o

-3
k=)

Percent (%)

40 A

20 4

0 mg/kg
n=34

1 mg/kg
n=27

10 mg/kg
n=35

CTSAZFIR 7T HBH 5 11 HEICROKS Z1TU., FiR 1
SHBICHENRLA-E 2 A, WHIRRBILEERD TSA DEE
RIFEFZIEEIML TWLW 3B,

CTSAZTIR7T BEA S 11 BEICBROKESZI1TWL., TR 1
SHEICHEEVRL-E ZA, 10mg/kg IHREEEICHE LTI,
25.7 %D fE{E (N=35) N HIHEEEGEE ). T4 s, B
EHDRERELTWED, REIPBRINENTWS, (ELD
HEFREER, ZOMIZRRIEABINE N TULS,)

T D OEETITRIEIERKIE — EREET L TWD
— BRI E TR Y | Y A BlEE Tl

31

S SRR S Tz,

15.5dpe F O~ v ApMgIE, FTRO X 5T, BHAHHR
fkCTd L MIENE (decidua), R VLI CH 5
spongiotrophoblast cell, glycogen cell 72 &> B &L S 4
HEEA# (Junctional zone; JZ) B LN, REFH D52 -
T AZHD Y Tdh 5 KK JE (Labyrinth layer) 7> 51
FRENTEY | i OFERE TR S5 H&E B
BB T, BB L OE LIS A R R T
HTENTED,

FZ T JRBEOR LB T R EEOES (B E).,
BLO, znUAAOEH O RS (22 TR
spongiotrophoblast & Fr#l,) DE I DLEERD D Z
& T, BRI RE 2 E EAIZEHE L7,

@ ¢lycogen cell
invasive glycogen cell

IR 15 BB (15.5 dpe) MY DRREOREARK, B ILRA
F@I D labyrinth layer (la ; ¥%KE) &. ZOLEE®D
spongiotrophoblast (sp) & glycogen cell % £k & L 72
junctional zone, & U AHKAIFEETH % decidua (de; it
EE) A SRR N, decidua (C1£. glycogen cell HYEE
LTH Y., H&E #& T junctional zone & decidua % X539
ZDITHL L,

T DORER, T 58 L OV mg/kg TSA BECTITIER
PRI RE S NBIEL S UT- DITKF L. 10 mg/kg TSA #f
TIEREEE Ik 75— T, JZ+decidua fH4
IR DAL DHKT 50%1Z 40 STz (FIXD,

10mg/kg TSA 5
SIS B,
p w D
.

Omg/kg TSA 135

CTSAZiR7 HEA S 11 HEICRA®RESZITUL, Eik 1
SHBICHEYR L 25, Omg/kg %x 58 (Ao +o
—)L I EBHE) Tk, EFABREBEEBGRIESNI-—7.

10mg/kg B 58 (EBH) I2HWL T, labyrinth layer (R
WER) IZEBETHBH DD, junctional zone + decidua (&
RED) DA B EZ5 0%ICHE TN TV,



FEFRIZ labyrinth / (JZ+decidua) DOt EHHT 5 &
TSA PR FERIFAINC JZ+ decidua I ERRA R L 725 2
ERH LM ETRSTZ (T,

Labyrinth-to-spongiotrophoblast ratio (Mean + SEM) with significance
3.0 A E3
1

ook
[ 1
koK

1

2.54

2.0 A1

1.5 4

1.0

Labyrinth / Spongiotrophoblast

0.5 1

0.0~

10 mg/kg

0 mg/kg

CTSAZEIR 7T HEH S 11 BEICRORES 1TV, HiR 1
SHBICHEEYRLA-E 25, Omg/kg %58 (A b0
—L) Tld. EBLBEEBGELIROSNI—H., 10mg/kg &%
5BIZH L TIE, labyrinth layer (GRIEER) ISEETHBZHD
@, spongiotrophoblast & (FHREE) OFEHA B LZ 5 0 %IC
mHl ST,

1 mg/kg

R VAR BTTIAL— BB IR RACIR R 3 % — 07 | Mg 5 13
N TR RE Th 72 2 L2 b | IR REMRHT I
IR AT BB A DA I~ — T — LD
AIREMED R ST,

S HITAT T HFEEMETIE, VPA BHSEBRCRIE L
7234 A~ — 7 —f5Efl Hbb-y miRNA 723, TSA $¢5-C
b [FIERICHERE T~ 2 0 & BRRIE L 7, BE0R 7-11 B ISIRIE,
1 mg/kg TSA, 10 mg/kg TSA 5 L7= 3 BEC, M4R
15 A BRI L, ARG X O R BT
e FEHE L7 ER N DR ERILL =2 VY — N
L7, ARz Z VY —A5735 RNA ZHhH LTt
Ry =7 =2 L 2B s TR BT 21T >
ToRERE. VPA #5328k & [FERIC. Hbb-y miRNA D%
BLOMNR EEARAERI IO ST TR FRIC B T2 2 &
B LNEZRS T,

. AKX
Group means with SD (error bars)
n=23

Value

ot 19 10m9

(awge“\c\w
e
Welch's t-test vs control: 1mg p=0.0526, 10mg p=0.000151, teratogenicity p=0.0293

RIS Y DRIBOFEKIEENDIT Y Y — LTI,
Hbb-y miRNA OFKBAFRAICEEIN T,
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PLEXY HDACFHEANCL D2V =T 4 v 7 R
H#7Y Hbb-y miRNA OiEMEAL & a7 TEIEICBE 59 %
AIREMEDS N 2 & DR S LT,



D. BZE LW

£2 -3

AT EEMZE LD R A S RS AR T R
DOEEAICENT T, fEkROIBIR BRI, T
W27 Y —ARNA| &, #Hi-lc pigEE) &
W9 2 ODOHB R EIE AR R LT,

B, A6 EEMIEL Y . VPA BEET LT,
YK 7 VY — 2 RNA 725 BRI 35 - Ik
ENBZE. oA T T 4 TEBIGFREL
EEND T END, VPA FRIEFEICZE Y = %
T v 7 I R B 53 5 AT REME S RIS STz,
TR, EAFEN SR RICIRE L Tl an D
FIETTH, GEBEOEKREY VY — ATl Hbb-
ymiRNA OFBLRFERAIC EF LTl | KEALD
HIE” (xS T D0 THEIEICRD 595 2 ERHL
& 7p o7z, Hbb-y 34K E15 B T S,
AL B 7 e B (Hbb-bl) ~AA v FF 25T LA
HMHNTNDZ NS, Hbb-y OFIEMALITI AN
HIZAEY) 2B B (=71 7T AOkKE) %
KL CWAAEEMENEV, 612, ZOAAL vTF
YT A MR BT E Y 2 1T v 7l
A5 5 & &, HDAC [HEEM 2> VPA O
TERRSE & AT 5,

B 12 VPA & [FEEIC HDAC FREEH 2 H 1 % TSA
BHICL Y, BG5EEOREEOR R, RIAE -
R EEOIKRT, AR TN, &5 8%k
BT D EARRAF PHSH AR 0V B & VPA L 3E bk
DEWRBFRBREER X7z, 2L, HDAC fEE &
VO GBS S R AR O —HEREL 5 5
L EIFFT S, MA T, TSA TIIWIHIIRESE (W
NIR) OHEMATEECTH Y, HBIT - EREF K S
NTNBITH 0D B FIAF 2RI & 5 B R A
ML=z emnt, WHIZFOLODOBIITINZ., IhiE
TERK « BEREAR 2N BB D A TEMEIT R L C U2 ATRE
MNREZHND,

=10, BRIRFIC VT, H&E Yefa Tk g
& NS A FEEICRA T DREZTE L, b
o IEgEEoR S & NZ+HBERAOR S okt
ZERMREE L TEA L, TOME, 10mg/kg TSA
HETIZ A+ BB O A 2D R AR FRIIC 8RS
B BIRAFES—HBERICERE L T TS REE
R IIERE RN TX 7, Zhud, IBBREEN
AEFMED ‘X R X0 MER AR RO
L. $E7e A A ~—h— L7 bRt E R, &
52, FKxZ VY — 2 RNA ORI VT,
Hbb-y miRNA 73 BEAK A7 1Y D> DA B T AR 7RIS
EHRLEZEE TR (=7 VY —LARNA) &
TEREFRIE (aeor(b) ORI GFH, HDAC BHEICER
TAHTZE Y = X7 4 v 7 EL &V D Il TR T
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THZEERET D,

)

TN 6 FEHFTERCR Tld, VPA ORI ~D A
HIZ XD EHFEET MIBWT, Rk VY —
2y RNA 13 HERIFAICES L, AR T TR
FE X415 Hbb-ymiRNA Z[FE L7, Hbb-y (33
EWIRERN R 7 a B AL v T OEE KL, =
BV XT 4 v 7 BEICHES HEFED A A~
——fERI L 720 D B,

BFN T LI Tl HDAC FHEHI TSA O REE)
M~ORKEREIZL Y, VPA & IHmT 53 A TR
B (FETERC RS MRE A 2E) B X O
IRBBE OB NN HERE S AL, HDAC FREMEAIIES
BOEHERERD 5D EPRREBE I,

IS, AT HEEOMIRE L LT, WREERS
1= (labyrinth / JZ+PLIEREDOLL) 28 AT 25 2 & T,
TSA BRFEIZ X 2 e b 50 &2 IR R A E & T
T, WBRAFES —HEERICRFET55&84TH, Ik
MR II BB TR SNET-Z L s, BREE
FRAT TS e AT AL TN A~ —h — L 2 B ]

REMED RV,
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