A FIKERIT X B RIS & % o [nl{E o AT

TEEE Em 5
FRIGITFERERY BT RR A E SR A B AR A B B

i =]

KEIRHIAN v 22—« T v e VIEREE & Wb 2 PR ETH L Z L2 b, fERTL D
A F KR (MeHg) O B PEFBBRE 1 B 3 2 F90 I3 I PR 2 6t RicfTbh T & 72, L
2> L7 8 b KR O W TRl b 4L 2 R MR E . R BN G E I D v»T oD
7213 & b TARTHRIREEICH 2, RIFFEIX. ATHEE £ TO2H64FEICHE 2 KIEKICRET 2
WA TIRFFTERINGRE (FFEEHE - fuaflse, WHoetn i+  GHG. ESmE « & HEeky)
ICBWTH S 2T L7z [ A F AKEIC X 2 R E RO A iR & | A 0 IR
EBEXFZOMEE] T2V T, ZDJFREA I =X LITABWRTH 5, AFENRIZLLT O
45T CHEET 2, OMeHgis 7 v P 0BRHREEI(DRG)ICEWT, ~7v 77—V
DEMBIBIE I N T W=, T OEMFIZIDRGICE T 2 MM DGR, HEWiEZ D
ERAARDDRGIC I 1T 2 #FEHINEIE % 37538 - 3 L T 5 022, @QMeHg# 57 v + DHliK
IR DRSS, AT EX Y T4 O - fill - @ - I0E) O TR O R HNERT ICfE
FEIN, CORRBERER LD L) BREA N =X LICX > TR 3 D2, QfHEEE T
¥ HofEifM 2 & CEE L, FRICEA Lo 72 DRGHFFEMAE D =2 v b r—1 1
LE TN 3 2 2 PBEIN TV, SRIIHRHIESEZ > Tw30h, @2 LT
DHFEHTEN ED X S HRMlE» S, EDXIBRANZRLTRI 2D, TNHAKITOWN
T 2IC T % & T, MeHglc & 2 RIFREFEMRERTE & Z D IS DT O Mg LY
M HTET 5,

¥—U - P RAEMREREE . AL, RARMEET (DRG), ZAEIGE. #hREHTE

WgEsr

WH BT - R RPIZERTAEY) - BREL AR (EEPTER)
Wt &

e M= - HURERRE S A AR (EREHUR)
S hnE

il - BRI AR AR A BE G



IR ASIEG]

WELERE & COARBIMEEOTIEIC X W B2 RIC L b, 1)MeHg i@ ffft L L
7 ARSI 31T B RIN B MR BT, MeHg OMIEMNEGA & HEHICBEE S 2 LAT-1 B X
" MRP-2 R XV DENRTGL LG 2 &, 2)fifastdds 71 e L<, TNF-a &
XU TLR B A3EMHAL T2 2 2 V.3)DRG~D~v 27 a7 7 —YOEMBA LN T & 2,
DFEIFFRMICHEE S, 2 oEEIRIFMICEEST 22 & V&2 AL 72, Af5EH
I 2 NSRRI 2 E 2. MeHg I X 2 EEMRRICE T 2 HEERHE L N2 gL
XOFEMICiRAT 2 icd b, 20D ARMFETIID~ 7 77 7 — VERBO KR/
REfEE I 2 R (1-2 £H). OFERREE0STHEE (1-2 £H). @OEHEHICE
2T E O KRR L D% O (2-3 FH) OfEIHZ Hig 3, AT D R I3 AR R E 1
icH T 5 MeHg MR ZIHL 2 ICT 208203, ChIEThIViEmIh T
o 2BAREEXY T 414 2 MeHg B1EFIR O 7 R0 BEEE O REFRIE IO W»
TH-RAAIMEFO NS L E 2 b, KEKEO KRR E OB ICEHERT 2720 T <,
ZOREDIICOEEAERAWFCE2b0LEZ 5, REIR 2 EATH 720, L
o TcD-@l 2V TEITL 72,

Ak & J7ik
1. MeHg, I /%4 27Y v, XUV BrdU &5

FOREBEY) X 0 A L 72 Wistar Rat (9 it - A 2) 1, 2mg/mL ICFARL L 72 MeHgCl
KB %, Vv Tk W REEMIC 6.7 mg/kg/day < 5 HMH#S 2 HERKG DI A4 7T
A E 7213 285 Lz, av e — 2V 3KES YV RIEOKER G L, 19472
Vv EiRo A7 Y 2 — it T, MeHgClKigw 5 1 IKfEIRTIC 30 mg/kg/day T
MERENT 5% 1T 5 72, BrdU #5013 iR 27 ¥ 2 — v ic 5T, MeHgCl /K% 5- & [F]
RF1C, 100 mg/kg/day CTREEN G- %1178 - 72,

2. 3 X 0 DRG DAHMEEAIE R & Rk T

MeHg # 5. L 75 v + 21554k 7, 14, 28, 42, 56, 70 Hizic “ WAL H CHEMEE L. L
fii & 200 mL @ PBS %, fiv>T 4% PFA / 0.1 M PB ¥AWR % W L CHURREE L 72,
i3 X OMEHE (L4-L5) X v ARMREEI(DRG) | JRE MR, SEBI R ME 2 5 L .
4% PFA / 0.1 M PB il T — B EEE L. 20% sucrose / PBS i&i ic —BHR E#:$ OTC
Ty Ny Y FICE, 7 744 A Xy S THEEARZER L, #EICHE o THOL SRR
Lt 247 o 72, Yot L 22U R I3 SORBAMER IC X ViRE L. B o525 EZH T DRG
DHED 72 Y DA % Image] ¥ 72 1ZHZIC X 338 A T, EEIHEL 72,

3. DNA~A27u7T LAk 2 MHiafss ZrEs R mT



MeHg #5.- L 72 7 v b % £ 5.5 14 Hig i Z @ LR CHIREE L. DRG % JEHE L4-1L5
X O L 72, fiEH L 72 DRG % Isogen-11 iC X Y A[¥ AL L., totalmRNA #v 7L L, &
N%Z DNA~=A 77 LATICHL 72, BRBZEHR 2 Y e — AV XY FEIC 2 HEU L
B L 2B NRIC, AT 21T 7% > 72,

(f 3 ~ D FLRE)

RIFFEIIME DR % BT 2R OB R LT L T 2R ICIZEYS L av, B
FEERIC O W IR FERRLAR Y GRRFEP23-10) B X V& /1 oeifgein GkE%FS2203-1)
DEYFRERTHEREINZDDTH Y, KBS NINEITH > T, S E X Y5 5w
BUE Ty » CHEYNCHIZE 2 i L 72, MeHg% &0 A E L AWE % H v 2 FBIcBI L <,
TRICHAB L, FEEICB L XN OBREG R IEZ b I EERKEORE 2K 5 729
1T, HEUERIR BRI R 2 BUE B X VB IR SE TR e A BUE 235E © 5 BEEEFIEICHE
W, EYNICEE L 72,

e 4SS
1. ~7u 77— EENSIC X 2 MeHg A7 RMIAEIE ~ o f 2

~ 7 n 77— VEBORMBEE AR ICN T 5 KEBEFRZHH~ 2 HW T, MeHg 5
LRfic~ez a7 7 —JHIfIFICH 2 I 7 H 4 2 ) v ERES L 4%56E 14 H% O DRG
ZfEtT L7z 2 A, Thal Gk~ v 7 7 — Vil L U CD68 Gtk o &Rk~ mn 7 7 —
PRI I VA7) VIEREGRE L IR L CHEEAREN D o 7, T2, MR DD b
RKEBREPRONED» 572, TNFSEERG L2734 27 ) VIBEXSLRRE L T izafhE
WREZLNDE -0, %58% 100 mg/kg/day IC L7=% v 7V ZERK L, BERTHTH
5,

2. MeHg W#21C X 2 ffdHi lafE R 2L M A SE o MR O AR RS E & AT

MeHg % 5-5%h 7, 14, 28, 42,56, 70 th & 2~ + v — A ® DRG YJH %, B2 2R FEHE
fafE (NF #f - NEFH §if&). FaRZ e (NP3 #f - SST fifk) . M2 A whisig
# (PEP2 #f - TrkA YUf&, FAM19A1 Pifk) T2z ZnfAflg@a YL, ERBFHIi Lz & 2 5,
W OMAEREIC BT h B G RG 14, 28 HEZ O ICHIlB oD B R 6, Z o%f%
RFIC Z DEAEIN L 720 ¥ 72, MAPRAIIOE R thitfifid~ — 7 —TH 5 NeuN THEL
E Sl (FFREAf) L7z & & A, NeuN FihiRask o R RZ A i3 Fadifaft o 28k & 72 X
) REAABE I N2, WTROB N ICE W TO M ENICEEAZ RSO N LD 5 72,

3. MESHTAE o SRR R AT
MeHg EEDRIEHICE W THRFIAERRLZ o TnE 2L ) 2ico>nwT, DRG v 7
AR D 1EMEI2 5 5 HiE. #H BrdU 25 L 7- | c#EFEE. DRG #iEYH % /EK



L. ffgfifafth o~ — 7 =itk ceta L <, BrdU BRI S BRI N2 » 2 K5 L 72
& A, BrdU G BIZ S 72 d o @, BrdU Gt iz@igZ S nir o7, —
75 c, MlEE o 2EE (G1,S,G2,M) O~v—Hh—TH 2 Ki67 L =a—uv~=—7—
TP L2 25, MeHg &5 H D% v 7 o—Eic BT, Ki67 Btk= 2 —v v 238
BNz,

IVE%

IhE TMeHg g IC X U . DRGICEWTHifiNIC~ 7 v 7 7 — Y DA BIEZ S,
¥7- CD68 Btk oaRM~ 7 u 7 7 — 0 @BHEMNABRE I LTz, Zoli~vsn
77— DRG IC BT 2 HFEHIIUEIC D XS ICHEL T2 02 LT 5701,
~ru 7y =Vl EHHFIcH I ) A4 2 ) vEREL, v 2u 7y —YoiELE
I L 72 B> DRG #ESHIRREARIT 2 1T 72 o 7225, ~ 27 a7 7 — ¥ O iRzt %
MHlF s eRnCcEhdrolz, 1794270 vo5BIIMROKSE (30 mg/kg/day)
TiTo 72 DD, Ibal B MRS E L Y CD68 5T £ o H5 i % I < & 722> o 72 DI,
TADEREHICET2HFEE~s 07 7 =R LTI ) H 42 ) vokGERD R
Do T W[REMEDE 2 b iz, % C CHIE G E% 100 mg/kg/day ICHME 729 v T %
ERCL . TR ED T 3,

TN E CTOMERIR TR O N T 7R RIS & Z o[BI O HRER S =2 KA
FERIC D B AlREME 2 % 2. MREHIIE oo R & S AR L 2 Al L | i B AE Y e SR
7 ARSI AE 23 B2 2 2210 D W CREFFIHIIOEBUE BT 2 1T o 7 & T A WG 4
ucd 5 NP3 #3 X O PEP2 BED BT I B\ T @tk D M DD &+ D% DRI 75
HREEL D IEM A BIEE X 7z, — 5 T A 2 02 L C w2 it b 2 NF #Eicow
THh OB 21T > 72 & & 5, NP3 Bf, PEP2 Bf & [Afkic —@t: o fMiisBiid & = otk
ORI, Z ORFRIIEICKE BEVIZRIEE R o7, 2hiZ2oF Y, EF
BB & [AE O JH IR R R Tl A WAREE 2B R T2 b D L E 2 5,

—7i. MeHg &5 Ic BT, —@MoME il oy 2 /o712, % Offilagiss
FRIF I3~ 2 R IT, AT E CH 2 vREEL D 5, 2 & e 2 L Z2#lie% 2
_NFTBHIENTES BrdU 285 L 727 v Mic MeHg ##:5 L. BrdU & i~ —
71— DG T [T 78 o TH Iz, BrdU & LGet I 2 phfflifidiZ A3 2 3¢ & e dr o
720 T3 BrdU #5549 v 7 VIS 2 £ COMRI 2 o 72 2 L 3RA & & 2 o, #l
R 235 SRR oL 3 % 7o ® D+ 53 AR 2 U S 72 5> o 72 EEREHE L ORIECTH 2
LEzZbN, —HT, Db oMiid~— 5 —Th 3 Ki67 &M~ — 5 — oty
17722 2 A . MeHg #%%5 5 v } DRG IZ B WTHETIEH 3 b 0 0Lt X 3wkl
AR I N, COBRRIFZINETICEZDORKZELEL TN TR0, JlH AR IC
MU UMM 2 2 37720, MeHg & WO amW»ER Lz sick b
FlERCINAZBHRTH I HEEEEZE 2 T3,



Vit

REFARWTE 2 FHTH O, BIFEE L COMRZ I 2 TRER RIS O R R R
I8 1T AR PRI R 217 72 o 7225, IR A Y MR FE 1 e M ESE & v o 2 BIR I3
WCE R o7 d b, REBREMICH T 2 RERFRIFUR T PHEICIRR 2 S 5 vl he
DR E N7z, DRG O MREMIIEE D 55— W TR I BRI IS 3~ 2 BIR i< D> T
RS E 2 Z B L CTRRZ T > 720 DD, B CRIBIR 2 AR ETH 5 & v
5 PMEZRAELIZ S 5 Tz,

VI4# 05

~ 7 m 77— IEHEENIC X 2 RIS~ o EIC O LT3 H LRI A 2 ) v
%55 v + DRG ¥ v 7L DTSR F 720 5 25, WiAT L CillofiiE (BloER e~ 2
77—l ORI 7R &) I X BT DT O MEBE X b D, RS
ICoWTIEZ RN Z KRR ICKD SN VAT AT & 72720, BETH o 72th
WA T DT & OREEO R E MR E L 13 LA S b D) #ED T LERH
%, WA I oWl BrdU 25 L7 MeHg BT v F 2 #i- b v 7TV v 7KL v
FCOEREHED T 5, T, T EOMEREZHL 2T 27200 T 7/ Rtk 4
NADVERRDTE T L. BITEC % DRG ICEEEL X & 2 EBi%2 % THh<Tdh 5,

AW B3 2 BIfE £ oMK, EE

1) Yo Shinoda®, Masahiro Akiyama, and Takashi Toyama. Biol. Pharm. Bull. (2023) 46(9), 1162-
1168. Potential association between methylmercury neurotoxicity and inflammation.

2 ) Eiko Yoshida, Kazuhiro Aoki, Yu Sasaki, Hinako Izuhara, Tsutomu Takahashi, Yasuyuki Fujiwara,
Tomoya Fujie, Ke Du, Komyo Eto, Yo Shinoda” and Toshiyuki Kaji" (2024) in
press. Comparative study of susceptibility to methylmercury cytotoxicity in cell types composing

rat peripheral nerves: a higher susceptibility of dorsal root ganglion neurons.

531 SR

1) Shinoda Y, Tatsumi S, Yoshida E, Takahashi T, Eto K, Kaji T, Fujiwara Y. Gene expression profiles
in the dorsal root ganglia of methylmercury-exposed rats. J. Toxicol. Sci., 44, 549-558 (2019).

2) Shinoda Y, Ehara S, Tatsumi S, Yoshida E, Takahashi T, Eto K, Kaji T, Fujiwara Y. Methylmercury-
induced neural degeneration in rat dorsal root ganglion is associated with the accumulation of
microglia/macrophages and the proliferation of schwann cells. J. Toxicol. Sci., 44, 191-199
(2019).

3) Shinoda Y, Yamada Y, Yoshida E, Takahashi T, Tsuneoka Y, Eto K, Kaji T, Fujiwara Y. Hypoalgesia
and recovery in methylmercury-exposed rats. J. Toxicol. Sci., 46, 303-309 (2021).



4) Usoskin D, Furlan A, Islam S, Abdo H, Lonnerberg P, Lou D, Hjerling-Leffler J, Haeggstrom J,
Kharchenko O, Kharchenko PV, Linnarsson S, Ernfors P. Unbiased classification of sensory
neuron types by large-scale single-cell rna sequencing. Nat. Neurosci., 18, 145-153 (2015).

JEXFH] (Abstract)

The focus of research on Minamata disease, identified as Hunter-Russell syndrome, primarily centers
on its manifestation as a central nervous system disorder. Despite extensive investigations into the
mechanism of methylmercury toxicity primarily within the central nervous system, there exists a
notable gap in the exploration of peripheral neuropathy, particularly in cases marked by a prevalence
of sensory nerve injuries observed in the early stages of Minamata disease.

This study seeks to delve into the intricacies of "methylmercury-induced peripheral sensory nerve
damage, selective impairment of pain perception, and its recovery." The findings stem from a
comprehensive six-year research project on Minamata disease led by Principal Investigator Toshiyuki
Kaji, Research Collaborator Yo Shinoda, and Research Participant Eiko Yoshida, spanning until the
previous fiscal year.

The research is structured into three key areas of investigation:

1. Examination of the dorsal root ganglion (DRG) in MeHg-treated rats reveals an accumulation
of macrophages. This prompts the critical question of whether this accumulation is a
consequence of neuronal cell death within the DRG or if it serves as a factor inducing or
exacerbating neuronal cell death in the same region.

2. Stimulus response analysis of MeHg-treated rats highlights a distinctive impairment in pain
perception, compared to touch, cold, and warmth modalities. The study aims to elucidate the
mechanism behind this selective impairment of pain.

3. Investigation into the source and mechanism of neurogenesis leading to this recovery, seeking
to identify the cells and processes responsible for the observed regeneration.

By addressing these three key points, our research aims to establish a comprehensive understanding
of the cellular and molecular biological basis underlying MeHg-induced peripheral sensory

neuropathy and its subsequent recovery.



