Be

A FAIKIRIT X 2 RAFREREE D o7 - MlfdrE

EfEMEE e FlsE
FORERRIR S HKPER BB AT 2%

i d=

KRR AIAN v Z— « Ty 2 AMEEREE Wb 2 PIHRIEETH L 2 L 2 b, ERTL Y

A F KR D HFEFBIERE B3 2 IR 1 I AR A K 3 2 cell type Z X RICITH
NTE, L2LARDS, KIEFEOVIIA TR & 2 KA MRREE, R MR ERL 25
FICOWTOWFRIIMD TR aikEBICH 2, ChFTIcRA L, [ERBEFICX 2{EHFE
T 2 AR oXRES TR EEML, 7 v b RBHRE (DRG) ZMk e
LT, AFAKROBEEMRE~DEEFINC INF-a > 7 FAh 27— Foiilits X '~
rm 7y —VOEMPEL LR LR RN L, —7, KRS 3 2 &K
XY T 4 O RXFOIKIREEME T 2 Mg ic o W T TEIE Y, r’rﬂfﬂa%ﬁ’ﬂfgﬁﬂ‘ﬁ@nn%
flél %2 DT E XY 7 4 1Th LT AF VKROBIERBUCKT RIED D 2 AREES TR T iz,
SH 3 EEIZ D ORIRZFEICHET L7z, Z DF5H, (1) A FAKERIZ DRG ICH VT,
THEFN—VR, A2 2707 =2, 3 70— 20 300Ntz i+,

(2) THITIZ DRG ITH T % 51 28—+ 3/8 I X ¥ TNFR-RIP3-MLKL ##i% D i MAL 23R 5
T5CL, (3) TNF-a (3 X FAKBBETZCE L 2~rn 77 —VichkdT s LRI n, <
ra 7y =TI ATFAKBICX Y TNF-a OFREX LR T2 2L, (4) ZoFER
NFkB ¥ X U° EGFR-(ERK1/2, p38 MAPK)#EI&IC X o> TAEEXI B 2 &, —J, (5) AF kK
REBG L7727y bTiE, WE, BESIPEROLCITRD bLhr o 7208, FRITV»-o
TABEBEICHFRL, ZoBiEHELTHL L, (6) MBEMICy X FAKIRICX %3 DRG
Za—uvE X CEEHRIMEROMEE A NESERC 225, ZhERME & bichiEd s
L, BRENT, UEEBRAETZE, AFAKBIIDRGIC~Z70 77—V ERIE, »
AN—%3/8 BEX U TNF-a & 7 FADEWALZBLECH I/ rm— L R IFTHRATH P —
ABLVPAIB T b= ACTEREHRAMISE 25 R L, 2 NAVRRIC AR 72 5 o #i
RIS D723 2 AIHEEDS R S %, ARWFE IR, KIRARIC 31 2 KM RIEE 0 51 - Mg
HEMRICHT 2d0ThHELEX D,

F—7—F XAFAIKER, KL, REMR, TNF-o

WtseE &
el B - SROEERERY S

TR R (EE0D)
P B BORIRIRY R

BB AIEE (BhE0
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L ftgE HIY

AKARIR DWIASEIR & U C B9 2 PUBCRIG o EEREE 1L, Tl ORI & haO e
WAL K 2 b DL, KM CRIMEFEMER) HEICIL 20 BEZLNTW S, KEHE
FARAR D FCILIRBFNT IC 35\ C, BRI G E 2 72 O, BEMR O AE ICEE I L
52L, ZOEEFMREESLITL CBVHMICIIZEERA o EBREINT
Wb, ZO &I, TRBHARSAR 2 AR 1R T B 28, KRR 2 K S %
FED 72 5T b EEFE D B AMEE TN 5 50T - MR R ICBE 3 2 GBI 7%= <, Bk
IREE D 7w,

Trizengcic, BERKEEZRTAFAKRFET v b OKMBFET LT v b) %R
f#EET (DRG) DR F-FEBUENT 35 X OCHMBAIENT IC BT, X F U KERIC X 2 IRE MR
FRRA 7w E BT TNF-a 3 XN TLR ¥ 7 F A 27 — F oL BBEES Lg 3 2 & D,
ZOHERSB 2 VIR LT~ v 7y —VER, 1707 ) 7ol v a7 vifilao
WIS ERE LCHFEET 22 2 R L7 2, X 51T DRG M#RAANAE & B RfiAT A e ig
(AHC) DHMUIEEEIC X BB IC B WT, A FAKIRIC X 2 DRG FF BRI EHEH X F 1K
HoOMIENERBREICIKET 228, 2D AH=XLL LT DRG ICHIT B A FAKEOHMNE
WA LAT-1 OFBAEFERICE W iz, A F kR oMAEsMER CB b 2 ik
& MRP-2 DFEBIAMEN Z & 23R 4, DRG MfSliias X F KRz ER L L3 Witk z f
TH5ZLERHLDITL 7,

KIFFED HINIZ 2o O 2T 2, FH—Ic 2 FAKRIC X 2 EE MR~ 0 H I
K32 INFFa BLXUOTLR ¥ 7L, 8L L Y 7V FARKicE5ds~rn 77—
CRI7u s T OER/EHELOBEICOWT IV EFEMAA =X L ZMAT 2L TH
%, HIT, 2O LNHMAEEHAL, BRIICD RHRER% WX F KR X 2
FEAREELY) T4 ORZWNOEREHLLICT L2 ETH D 3,

KRR, B—ICHET v F DRG v, A FAKIRIC X 2 REMRAIESE DR % 57
il 7z, i, ZOMANTEST 2HIBEN S 7' F AR & T L 72, 55 =1C, TNF-a OS5
DRI NT=DT, AFAKBICETHE L 2B~ v 7 7 —VKMIIAICE T 52 TNF-a OF
B & TNF-a ¥ 7 F VL OIEHEAL R~ 72, BB, A FAKREZ#S L7z 7 v Mgk % DRG
DOIMANZE B L CEREEX) 74 (BHE, BE, TR XOWE) 02tz R

~Tz,

IRDIEWaReS
Jiik 1. A FAKERIC X B DRG MIfESE D kR

=7 Fy— e 2L L 0V IEA L 72 3~4 HE O IEYE Wistar 7 v+ DFGHED S AlHE
ICb7 2B AR L, 7 v I DRG fifEMINE (REMR) 208t L <97, mRilgos
FICOWTIE, KRS0 FEZRE L 49, DRG#Mlfd% 7 HE, 10% FBS-DMEM I CTHE#E L
T=t%, FERITHEL 72, X FKERIT 1% BSA-DMEM % FT 0.5,1 3 X O° 3 uM (<33 L fif
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AL, 7THRF =3 ZE Tunel #tocEHE L7, 270 —RBXUSA 787 b= R,
FACSCalibur Flow Cytometer IC X % 73#ffIC 5> C, Annexin V ¥ X U Propidium iodide [51£
fMifge L L, ZDH T Necrostatin-1 I X o TEA L =filggixs A 7un 7 b= 2 &
L CaFH L 7=,

Jiik 2. AFAKIRIC X % DRG ML Z ANTET 2N & 7 F vtk

TRV RENET DL T FAGTTHEINAN—E8BI VI AAN—E3 DY VR
ftxvzzxzy7uy MECTHH L, TINFa X232 7 =3 RENELES S S
F A3 FTH % TNF-a 3 X U TNFR1 OFFl 7 & NIC RIP1, RIP3 3 X UF MLKL @ V v E{k
by T ALY 7uy METHREL .

Jii 3. A FAIKIRICIRETE L -~ 27 u 7 7 — UREHIIE RAW264.7 MllZIC 51 2 TNF-a ©
FEH

RAW264.7 #liil % 5X 104 cells/cm2 DS THERE L, 10% vV & g RIME &H DMEM T 12
RpfIRE 1%, #EIMH S0 © DMEM T 12 RFEETE L 72121 X F KR CRUE L 72, MlfgN o
RYNTEHOREBIIY T AZ vy T ay MK, BELEPT~D TNF-a 2 VX7 H O wE T
ELISA 7%, TNF-a mRNA (% Real time RT-PCR 75 CT%Z W Z WHIE L 72, TNF-a DI % 58
L%y 7 F AT & LT, NFkB ¥ X " MAPKs (ERK1/2, p38 MAPK & X U8 JNK) Diffik:
ftzvzaxy7uy FETIHL 72, TNF-a DRBEFE~DZN 5 D5 % HEF BAY
11-7082 (NF-xB), PD98059 (ERK1/2), SB203580 (p38 MAPK), SP600125 (JNK) ¥ X U
PD153035 (EGFR) IC X o CHl~7,

Fik 4, BREEXY T 4 OFHT
FORHEERENY) X O BEA U 72 ffE 1 Wistar Rat (9 JHR) 12, 2 mg/mL ICFHH L 736 2 5
WIKSRKIER %, Vv T I X W RREMIC 6.7 mg/kg/day T 5 HE%S 2 HREIRES 44
INT2HEBE Lz, av b r— VIR ES 72 Y [AEOKZES L7z, (REHE, #EES
2=, AEROWEREITI> L LHIC, av P e — A RUPAF VKB GHEZ Z N Z 1 Foot
shock test (R EHIHL - FAH) & Tail flick test GEUBHIL - #@H) %17 5 B, X U von Frey test
(FEJJHI% - FEH) & Tail dipping test GRIEHRI - H) 21750 2 ica ), 2zt
DEfICE VT 2 DDORKFICERZ 1 H 1[0, 70 HRE{T 7% - 72,

Jii 5. REREARREHIAG S R ARE - SE B AR RRAE o RHAR A R R

%56 7, 14, 70 HRIC ZFLRF CHMREEL, GlKX Y 200 mL @ PBS %, #it
T 4% PFA /0.1 M PB /AW % 0 L CHIRREE L 72, BEME (L3-L5) X b 2ARMPRRET, &HE
FREERAE, SEBIHREAMEZ I L, 20% sucrose / PBS AR IC 1tk OTC =2 v v Fictl
M, 77 4F A%y MCTHEEAZERL, ks THRMl~—2—Td 241
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neurofilament Jii& M Bl ~ —H —Td 2 L MBP HifRic THOLREMBL 7B % 1T -
77 Rt L -EARDOEEZ R L, neurofilament A TYt X 7= RT3 X OVpiRAR
HEOBAMNERBD - 0IC O W CERE 21T o 72,

(fELmE~ D L&)

RIFFEIZ AMEDRE R 2 NICBAT 2 IS OlSF 2 LT & 2 HFF2ICIZEEYS LR,
ISR IC O W BB R L 0BV R B S B X CER T X BT 2% B2 TRKR
ENbDTHY (KFEFES Y20018, Y20019 F X U 1882), AR S NzHNRICH » Tl
VNCEMBL 72, $72, HEBAFICOCTHOHET 2 HAERKFOBYEBRZAERICIY
EEINT-EHITEIC XY (P20-19), &4 F X VB EBRGIAIT ITHh - TFE 21T - 72,
AF VKR EOHE AW E 2 2 EFICBE L Cit, KeIClEL, BEEICEL TR
PN DOEREG R 17 & CICETERBE O R %X 5 72010, FORHEBKREREZ S+ v
#—k X CHGEERIR P BRI R 2 RUE A E® B FEETIHICHE Y, HEYNTHEEL 72,

IR RS
1. A FAIKERIC X % DRG MIAESE DX

A FVIKERICHERE L 72 DRG fHEARAE 1%, Tunel BRI 2GR ICHIM L 72, AHC #i#%
a2 7 Vil Tld, 2o &9 RZRIEEED bl d o7, —J7, DRG #REMAZIC B
T, AFAKIRIZ Annexin V [543 X O Annexin V/Propidium iodide [ 4AfE % & 3 i
HE/N X 472, AnnexinV/Propidium iodide [GEAIAZ O HE AL RIP1 FHEAITH % Necrostatin-
LIk o THEWL 72,

2. AFUKERIC X % DRG MIAESE % MTE T B MIAEN > 7' F VAR

DRG fif&fIc 5T, AFAKBIIT R = RICEHE5 T2 A - 8B XUH R
N—¥ 3 DOFBEMEINE 2, HAASN—E B8 BLUH A AN—+ 3 DEMLD LR HBIERX
Nize —J5, AFVKIRIX, 22787 b= 253 2% TNF Z24K (TNFR1) mRNA, RIP1
mRNA & X O RIP3mRNA OFH L~ L% B X872, TNFR1 X o3 2 8 7% b ONC Z D FERL
VNG TH D RIPZELUMLKL © Y VgL D A FAKBIC X > TERL Tz,

3. AFNVIKERICHERE L 72~ 7 v 7 7 — U RRAIIE RAW264.7 Al iC 35 1F 5 TNF- a DFEH

A FKERIZ, RAW264.7 HlfE2 & D TNF-a % v 3 7B D43 % 1B B X ORERRIRTE
FICHEIM X &7z, TNF-a mRNA L_XD EF SR8 57z, RAW264.7 flidic BT, X
FKERIE IkB-a DV VBB X ¥, NFkB O~DBEAT % i L 72, NFxB [HEH
BAY 11-7082 1%, A FAKIIC XD TNF-a % /X7 ED53bENE TNF-a mRNA L ~)b
DEFEZEHICHBICHHIL 72, A FAKIRIC X B TINF-a & ¥ o8 7 B D5 E TNF- o
mRNA L~ L d FFIE, EGFR 7 v v 7 —T»H % PD153035 I X - TH HEICHH & 7z,
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Z T TED Ny 751 TH D MAPKs (ERK1/2, p38 MAPK 5 X UM INK) @ U VgL
X3 2 X FAKIBOER ZT 728 25, AFAKIRIT X > TR TD MAPKs DIRFERRTT
W7 iE AL 2358 b LTz, A FAKERIC X D TNF-a@ mRNA L ~v D _EF (3 p38 MAPK [HE
Al7T®H % SB203580 IC X o> TOAFEICHIGI X L7223, TNF-a & v X7 E 53N ix
ERK1/2 #I&FHEH]TH 5 PD9I8059 I X 1N SB203580 I X » THEICHIHI & #1172, JNK [H
HH#| SP600125 (F, X FAIKIRIC X B TNF-a & ¥ 5 27 G D53 NI & TNF-a mRNA L
_RUD EFICH R LT 5o T,

4, REEXY T 4 O
R PPREREICBIT AFEX T EX Y T 4 DA F IV KEEZIEIZEN R SN0 E 9 0
FHHOMNZT 2 HET, KEIFET VT v FEIERR L

B2 REATIIRNT 21T o 7=, B EOREZ 227 g || o f:?ﬁfptkiﬁ}@w)
fbLiz& 2 A, ATF VKR GRIIE 5015 3B & e e \éggtthytest(Mechanical)
WHBIZEWA 3T 2L, THUTERGHGTO BHE Qg | -

TR LTz, B BT XY T 4 OITBIATIC 35 C Z .

X, W, R, RIS OV TCIIBREmT 2 h 8

0L b ORERHE R L b oo, Wis

BidA 11 A 225 48 A BIC/HT THE/RMIKA R L o
2o SHIT, BEHM 48 HALRT =Y br— L Day

~)LETCEIE L,

5. TGN S OV AR - SEB) R ERHE O AR R AR
RO SRR & 2 DR EIE IC O W T O HRER R 2 a2 BT, i 55R 7 H,

14 H, 70 HiZ3\J 2 fEHE DRG FRAEEHIAE S SR AREARAE,  [RIREIS o BB #REARAE 2 it
fif~ — A — R ORl~ —h — CRIER G L CEREG L 72 & 2 A, H&56Wm 7 HTlx=
V= ERRP oD L, 14 H TI3A E 72 MESHAE S QR RS RRHE D 7% 23
B I NI, —77, BGHA
70 HiZ31} 2 DRG %A
it fe OV R T A RS AR AE 1 = v
=L R L CE R
WCHEBEDODPIRD > T, = >
Tabb, il EHRK L

DFFRERIE L, R

OB A AAE o BT 2R 1
£5bDTH B A[REMDIR %
12X N7, Cont 7 Metig 7 Metig 14 ' cont 70 Metig 70

Cont 7 MeHg 7 MeHg 14 Cont 70 MeHg 70

NF (Neurofilament)

The number of neurons (/um2)
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VEH B LUV i
A FLIKERIC X % DRG fFEMINESE D B IZ, Tunel [ HAHIE O ¥4I % X OF Flow Cytometer

Ik IO, TAH R — R,
FZUT PV AB LA H— R ¥ TNFR“"
D3 ORI 5> TWVBE T LAREIN e \. S @

b5, TERF =V RIZDWTIE, ATk \Mym R|P3®/ ;ws

I ko %A= 38 DIFHLE w T e

Lo TRELTWE Z L SRR Mz, ! it

p-MLKL accumulation

|

Casp3 Membrane disruption

Casp8

—F, A r7ua7F—v IOV,
TNFR1 ® Fiitic & % RIP1-RIP3-MLKL #%
MOWEMELIc X 2 2 ERRBE Tz,
FRHOKRELS, 22787 b =Y RITITTNF-a 25T 3 L& 2 51525, DRG HFEH
Tl A FAIKERIC & 2 TNF-a OFRBEFEITRO b e o7z, L Ladb, AFrK
RiZ~7 v 77— VKKMlETH 2 RAW264.7 I 5V C TNF-a ORBEZFEL 72, 0D
#5813, NFkB 3 X UF EGFR-(ERK1/2, p38 MAPK)RRI&IC X o THTEI NS T L SR X L7z,
NF«B #%5& DIGEPE(L 1T IkB- a DIEHALICTER S 2 2 L 2SR T N7z 23, A FAKED kB-a %
EHALT 3 A =R LIEAHTH B,
77, A, mENEMICENT, X

Apoptosis Necroptosis

Autophosphorylatlon Dephosphorylation
FLIKER2S PTPIB %fHET 2 2 L1
> TEGFRDHC Y vERLAHIML, * EGFR i JF’TF"B !@
DMty 7 F V51 TdhH % ERKL/2 B & @ PTP1B
U p38 MAPK 2SiEHE(LE N5 < & % “
HELTWwWB 6, ZDZEnb, AFAK //
Rid~7r7v0 77— BTy EIED ‘—~ Gene transcription

A 71 =X 1T ERK1/2 ¥ X UF p38 MAPK
DTHICH 5 TNF- a BT OFRBE LRI E2LFEZ26N15,
Sensory Fiber Motor Fiber Afge 7wy =7 b oERICENT,

o 7wy oo D7 oeti R4 I AFAKGUCIRBE LT v b
T, /w77 —vVeiEILND
CD68/Ibal 5 IEMIIE 23 B R 1 32
450 LTz eZzRHELTHwE, AH=XL
FhHHRVA, F0 XS RBRIZES
RARMEICIZFED DN, TN DRERD
e 1w T b, AFAKBIIEEMERE~D~ 7 1

Day Day

n =23, *p<0.01 vs. control, one-way ANOVA post-hoc Tukey-Kramer. 7 7 - \\/\\ @ ‘2§ %E‘l:j % 'f/a —j_ f:‘—‘ aj’ VC‘\ fcf: < ’ i%iﬁ‘g [/

Ibal

@
8

s
8

g

The number of Ibal
positive cells (/mmg?)
g

=)
=)
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Te~om 77 =Y 05D TNF-a Dk RIBL T, A FAKIBIC K - THEHL S 2 KT
MO TR =2 2BX U707 P —o RE2HBT20DEELZLNS,

AFNVKIBIC XL BZEEEXY) 7 4 OFCITEETH 528, Z Ot IR R % »,
AFEICENT, AFVKIRVPBEREELX) T4 D)5, FRCURRAHEI 2 2 LR
Teo L0 2 OHIRIE A F KRG ZRORHREICE S ZaoTHE L2, 2oL %, MHik
AT D DRG FFEAHIAE K SR EARARAE O B EIE A0 b e, & o RIE AR EIC
L2008 pIFHRRCTEIAHTH S, £/, dLARHESEC -2 LTH, T
PR EZRMIGERN 2 O TH I8 b REAPLETH 5, & biT, A FAIKRE
#Ft% D DRG ML OKIRIED X H =X LB AHTH L, L LADBS, X FAKRIC
X 2R OIS & 2 OFEL B FER CHZE I N EREIRZVWEER S,

Aifge 7 vy = 7 P OB T, HAIETNF-a/ v 777 b~ XREHWT, X FAKiR
IC X B MREEEIC INF-a BSB5 LTw3 2t 2RELTw3, Cofifs&bchE
TOMR L RO R EZRAE L TEZ B &, A FAKBIC X 2 RKAHREREE DS T - Mg
AR L LT, UToOREAKILT 2 Bbhs, T4bb, (1) 2 FAKRIZEE MR
ff~D~2rn 77—V DRMERT & & HIC, NFkB F X U EGFR-(ERK1/2, p38 MAPK)#%
FEICATEX D TNF-a Db 2N ¢ 5, (2) —/7, A FAKEUCHRERE L 72 DRG #H#EA
f@TlZ TNFR1 ORI EFR L T 5720 TNF-a IKEZ L o TH D, 2Dy 7 F
T® % RIP-1-RIP3-MLKL R OEMALIC XL 2 4% 7 v 7' F — > 2 % & O ERE MM 256
BXhbd, (3) AFNKEIZ LAT-1 OFBIAE < MRP-2 DB MK DRG ffiféfl ic % < &
ML CiilamEz T2 2L i3, ZoMigstziEmd 28R b, (4) 20X RER
PREAASE X, A7 = XL FAHTH 2 2 MEZAMIICEEZ 2, 2 OMEZEMIED
HEEFREORE L L b IChET 22 L BEETH 5] RNHREIZE K> T 528,
LA DIFFERERIL, A F AKX 2 REMREN 2 55 001 - MR A FEET 5
LR L TS,

VI5 1% D ifE

ARIFFEIC & o TA F KR X 2 I EREMREN 2 GEF I T - MRS FEES 2 C
EORINSD, TNEFHMICKRIET 2720 I T OREORSLETH B L EbNS,

(1) AWFFEORER I A FAKIRIC X 2 BT OREIC TNF-a 2505 L Tw3 C
LERRBEL TS, £z, AFAKHIC X 2 EEMRORENS AL CTH 5 2 L bR Ih
oo TNOLDHIED G, P TNF-aifilhEx A 3 2 A A FAKERIC X 2 RE RS % %
WIS 2 I EREEEEZ A T 20 REESIE L N2 BERERTH B,

(2) BEMRRE~D~s v 7 7 =V ORMEBELN~27u7 7=V ICH TS5 TNF-a D
FEMRRXFAKIPIC L o TRZ 32 L1E, A FAKBIC X 2 B REE o il iu i A
CLTHEHEFLEDNS, TNF-a DFEDS FEEEICOWTIZAMEESHL I Lzt
TATHEN, ~/7u77—VREDOAN=ZXLIIAHATS 5,
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(3) AFNAKIRIC XL 2ETEE XY 7 4 OEALIZEETH 245, RIFFLOMERIT A F LK
BARFCRHEZMB I 2 LR E Nz, L2 LA, 2 FAKROF I ZAM
FICERICEE Z 209 2, dLEIZALITED X ) A H =X L CREZAMIE
BRI N DD, ZDEEDAF KB T 2N FIEM D2, TuIhd AHTH 2,

(4) X FAKERIC X 2REHFED[EE & DRG #HFLHIAE D 1 115 D BEFE 2 B & s 1c 3
%7-%1C, ¥£9, DRG ML BHEAMRRH A IC X 2D DL 9 2, H LA A Z
> TW5abiE, ZNAMEZAMIGERNZDDTH 2089 203 FHTH 5,

(5) AF VKB FEINERHT 2 A =R L 2T 208 LH 5, Eid & iiFe, o971
L L COB AR 5,

(6) A F NIRRT X 2 ST FRHFEIRE ~ D KRR RS DB G121k, 2 AR AR
NTw3, ZOMRHS BEERHETH 5,

FRCRRE DR Z, A FUKERIC X 2 BB MRENL 25 F I T - AR AR o BT
FeL KR DER Z DA CEHRTEE L E 2 b 5,
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Molecular and Cellular Basis of Peripheral Neuropathy
Induced by Methylmercury
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I Department of Environmental Health, Faculty of Pharmaceutical Sciences, Tokyo
University of Science
2 Department of Environmental Health, School of Pharmacy, Tokyo University of
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Abstract

Since Minamata disease is a central nervous system disorder known as Hunter-
Russell syndrome, studies on the mechanisms underlying the toxicity of
methylmercury have been conducted mainly on the cell types that constitute the
central nervous system. However, research on peripheral nerve damage, especially
sensory nerve damage, which was observed in the early stages of Minamata disease,
has been insufficient. Recently, we found that activation of the TNF-a signaling
cascade and accumulation of macrophages may be involved in the toxicity of
methylmercury to sensory nerves in rat dorsal root ganglia (DRG). On the other hand,
behavioral and histological analyses of the vulnerability of various sensory
modalities involving peripheral sensory nerves to methylmercury toxicity suggested
that there may be specificity in the expression of methylmercury toxicity for each
sensory modality. We examined these findings in detail. As a result, we found that
(1) methylmercury induces apoptosis, necroptosis, and necrosis in DRG, (2)
activation of caspase 3/8 and TNFR-RIP3-MLKL pathways in DRG is involved in
apoptosis and necroptosis, respectively, and (3) TNF-a may originate from
macrophages infiltrated into DRG/sensory nerve fiber after exposure to
methylmercury; methylmercury induces TNF-a expression in macrophage-like cells,
(4) this induction is mediated by the NFkB and EGFR-(ERK1/2, p38 MAPK)
pathways, (5) in rats treated with methylmercury, there was no change in cold,
warmth, or pressure sensation, but pain sensation was significantly dulled and then

recovered, and (6) histologically, methylmercury-induced marked loss of DRG
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neurons and sensory axons was observed, which recovered with time. From these
results, we suggest that methylmercury induces macrophage accumulation in DRG,
and through activation of caspase-3/8 and TNF-a signaling, causes sensory neuron
death by apoptosis and necroptosis as well as necrosis, which may lead to reversible
blunting of pain perception. This study will contribute to the understanding of the

molecular and cellular basis of peripheral neuropathy in Minamata disease.
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