Rk 28 AR EEBR AR AL il

LRk 28 4R
KRR 3 D B aOHFE
(HEB%C X D E S BT DA HIREEE)

LRk 29 £ 3 A
HATX « 22— « = AR S






LI

ARG T, BREEE WOREBORR RETREM REREEEE R FERRM A REDOZEFE
F55 AL 28 KR RRICE T 2R G RIMIEEREES ] ORREZMY LD bDTH D,

Rk 29 4 3 H
AATX « 22—« = 2RS4






FERK 28 R KRR ICBE T D A RIMTIE
Z Rt X B WA E

E %

L TS DA B U H BY oottt 1
2 FETE DTS oottt ettt 1
2.1 WFTEHEDRRTE (EHE) oottt 1
22 [EA&REZEICLDEEZEICET 2R FMEEBE S L OHEELZ B S

3 1= RO 1
2.3 R DA B BT D S e 2
24 HEHEZESOBME CIHMFEREE DI e 2
25 HEERFICIOBEZEBICETOIRAMARES MIRBERESD) e, 3
2.6 HEHE « S A TFIZEE S D BAME oot 3
27 AFIVIKERMIIE I —T 4 2 T DBME oo 4
2.8  WFZEEFEIE DVERL OB oot 4
2.9 HEEZTE B DB oot 4
210 AFTEHREE FE O VEIR oottt 4
211 WFTEAR AR TEZETE DD FEMM oot 5
R LR 2 VA - =T 5
OFKARIFNTAR D A RN 7R TET TT I oottt 7
[ BFSERREE © MRI % O 72 K595 FEE O RS XE DR AIIHT oo 9
T B (IR
ORI B DOFRAEAIZEALIS L OV E BRI e 21
O AR  KIRIE R ORFIZLB L OB O o, 23
R HERE (REAK)
ORAFINIKERADBETEEE ETEIR D BIFR oottt 31
W AFZERRRE « RIS 2361 2 A F LK ERIRBER U BT DL e 33
LB E (REAR)
IV BFSERRE « A FKEROE - RIEMALICE D 28747 ) R 27 8K 7 O SR ............. 73

e FEAN (BUECRZ)
Vo OB A TFOVKBIC K DA a2 2 F o M OFRRSEHETE 2 A U 72l B S SE il

B R 87
WO GRAER)
VI WFZERRE - A F LRI K 2 AR 72055 O 70 FHIFHRIC BT D8 97

e FlsE CGOEFR)
VIl BFFERRAE « W A TV KERIRER OGRS T 5B o Y = T 1 7 A D

A TR 105
ALH R (5 BIERRS)
VIl FZERRAE © A T LKERIRERIC L DR BB T D U B o e 115

R B (BK R



BB o
AFIVIREIIIE S — T 1 7l E E A



1 X¥BOERRVER

KEEIFZDONWTIE TABEREHREOMEEICET 25/ B2 50 EICE S BER
FTHY . PIFORETHTT HIREOBEFRERITBNT, EEZEFF TITONTND
ED>, PR 21 4R 7 HITEAL L 7e DRI # 2 DRt o OUR IR RTE O I BE 3 2 R )
FEE ) 537 RICBW TR, fHEHE & OV OJED O M2 BE L T =B OREICIR S
FRAFIEE 2 FEA) ) DL NNIATV, EORREAEKT D2 L LI TVD,
AREFIT, 20X R ZEE 2. AREHBBEOMRIRIZ W T CTOREFRICES 2871
MRERLZEEBERE LT,

2 FBOERERE

2.1 WRVDFERE ()

YRk 27 AREEICBRME SN HEEZ B T I DTSR O TS O i EHI S X |
LIFD 3 DOMEHIZ3%E L, REMREZITo7, 7ed. WHRBHIIR DO FEhil b iz
ST, ZRtH RO CHEEZ TN AR L. 2 ORONFITESE, 5o
FERITIE U T oM —FE TR (FIA) &21To72,

Fio, MEBOMEZRAE LT, 20K EMRALE ORIV TAT 5 L 5 eifsEt
X, DL FOWT ORI D bR S /e oTz (2.4 THIZB W THHUIC LA S 7= i
DT DI E SN FRIUC BT H R ).

WFFEREIR : KGR EE ORERZ LR KO BRSO

O AFFERREE © ZKIRPERFE ORERZE E L OE R oz
TAEMIIERE © LR HERE BARFERZEGAMBEVIIEE thitNFZ 2d%)

WFIEREING © A TV IRERA~ DR FE B & AER D BALR

I WFFERRREE © KRS8 MU I 1 D A FLKEREREEIR DL B9~ D 00F5E
TAEMZEE © BB B (BBARZECRAIEMIEHT o 7 — %)

IV WRERE . A TFVKERORIE - RIEIEAICBID D8 U A 7 BERIN - 0O SERERE
TN« BB BN RERFPETERR #d%)

22 [EERFICLIBRLEICHI INREHHMR] FEZESRUVHERZESORE
(GRS LD EBUCERIC BT DR EBINIIE] (207 2 RAATIE DA FIE O SRR

EH#DHIZH-> T, UTOEEREREL, FEEROEEEMAER Lz, 2k, i

iz > 52 H 72 - TE, BRELE OWFFERR FERFHIMTR #HZ 25D TR T 8 2 SRE L7z,

OFFliZE B2 DR E
B (AR UL RS LA O A#) 10 4 TSR Sh DRk EE S %



RE L7, B,

FZEEATR ORI TEDEY Th 5,

% BA TR - Pl
LW EE | TERFERTE ERe Zdx
W el | EFRENGERIS I MR BhOh iR
MR BT | BRIEAEA S EEERT R

O#UFE 162 | PRITBIEHED LGS 7@ a2 — Bl
Seler WS | SNGrEEAE L 2 v MR T AR
L TR | RERLERRT: R ALERERR & 2 & — JRbek
TR i | BIRERIRSY AREEYHE Bk
B | ARMEIEARES ARREESBE MREAR R
B R T =g R AR
“BR | BEART AR EdR
O:%BE
OfEtEZ B R D&

B (BAETEE 23R LIS OARE) 6 4 TS W HERZBE =%
wIE L7, B, #HEZAERFAOTRIZLLTOEY TH D,

% B T+ 2Nk
TR TEI BIRSALERRER T A Bki TR
AR ZRE | R EBESERKY REHE
FERF e BN BREE - e WAELEB I v 2 — BER
ml TH& iR N g S b
T Rz BHRT EFH Bz
OWn it FORRFRFBE 7 RFSER 2%
O:ZEBER

2.3 FRMEREOARICET 5FEH

WEAE AR E SN HEER B2 TB W CTHUY TR BT HFZED 5 a2 D 5 #HZ HE S0
T, FHMRICET O RAZEOFEE EIToT-, AR SN RFEEEZZITIY . Gl
FHEAMRTLE LB, LEIDS U THEEIEEZKEL -,

24 HEZBLOBE FHFRIEOIRR)

P 28 455 11 26 HICHATX « i « T ABRSHRSHEICTH 11 [EEHEIC
L BB BICE T AR AR HEERERE MR L, K LEBE2BICH LTHE
RO 38 LT,

MRS TIE, 2310 % VISSED B - HFJEHEIC ST, FHLICLL F O3 5 BIoHi



AR LT, S50, HEEERXOFROMRICES T, TGS L SNHEHE
PWEIZSNT, BIJEH L EOME AT 1,

BFFEREIR © KRR AR DA 2h7eis 7 ik
I WFERE - MRI % F 72 K99 BB O B D 17 RO R AT
FALMIEE I B (IR R FE N AR E FaE B0%)
BFFEREE 2 FILIKER~ DR FE B & ik o BIR
VSRR AFNKIUZ L DA a2 ZF 2 M OIS EHEE 2 A L 7= #ii
HATE B
FALMEE - 3 FEE ALK RERE IR HE50%)
VI WFSTRRE A FIVKERIZ K B AN 7 15555 O oy T EAE IS B3 D A g
FAERFTEE s RS GRORBRRIR PR Bu0%)
VI AFIEREE - AFIVKERD KX AR RIIKI T H B LFH Y =T o«
7 A K O fi
FALRFSEE - AL HER (I BRI PR R ARG HEEdR)
VIl #fFSERRRE AFVIKERIRTRIZ L DRI T o L Ea—
FAEMFIEE © FH B KB R TR FPEE R R Bd%)

25 EEREICLHIBEZEICHTIMNEMRLRE HARRERR)

YRk 28 4F 12 H 27 BT LMI HRhHME | v 7 —5 SRS =ICC, [HEaR%IC L 5
FERBICET i aitstine (PR RS ] ZIEAB THIME Lz, fFEEERS T, &uf
ZEHED FATIIEE L E ORBEA DRI L ORFEIRP £ COMERR LT R R LIz, 7F
MZEEARTEIFIHRE LB BT, WA S HE - SHMEARZES 2628) 12T
BRI AT L7, Zeds. I L7232 B R OMEEZ B o2 BTk L CThiks & OV
B LT,

Fio. BHERRSANTIE, 21 XY 2.4 TRE S AVAFRPEO FATLHZEESE X 0 RIS
WEEARHESE, FMOEEESORBICEM L, FARHMEZEE L, sHMEfGREZERY £ &
O,

2.6 ## - FHEERZEESDORME

YRR 28 4F 12 27 BT LMI BRHME & v % —5 BEREHEIC T, [HEABSIC X DR
SOBIZET 2 G HINEsE] HEtE - FHEARIE RS 2B L7, 25 OFERESICRIT 54
FRBLOFERNE &5 T, il x OFFRIEDOHFFER R DT ORI & 3£ B0 b
WEEDITHE L, VR 29 4EE 21T 9 BFZEIC W THRET LTz, 72238, S L7-iHMEZEE K&
OHEHET B DB I8 L TRE R OHe %2 i LT,

Fio, HelE - M A RIEZEESOBBENTE LI E 2 SFCIE O TR R 5 FAM



fRZHD £ L7z, WY F & OFHERIRICOVWT, 21 LT 2.4 TRIE S HFFEEEKA
OBRE 6T LT,

2.7 AFILKEBHRI—T 1 VT ORE

2.5 ORFZES 2 ORTH OYAL 28 4F 12 A 26 HIZ LM HEHME Y > & —5 B K2k
IZC, TESBHEICL 2EEZEBICET 2RAEE] OERLIFERIZETLHZ L2 HBIC
[AF KBTI —F 4 7 ) B LTz, AT AKERIC X D R A T 55t
TR LT, —GEEE L OB FREEZ AT L, SINF B CHFRRILE BERE O T
EH L, B, TELV LZL OBEHOISHEN Do T2720, BREE & Wi#ED L CAREE
XFERGREE O A~WIITO R0 o 72, FEFEERRFICIIEE B OB HN AL RANE I
U CHEATROEEZ B, HEPRERICL D AT VKBRS 2R T 2 (et 5720,
BVER EFHRR L C, FRICES 2B FREE 24 RIS (BUERPETFERR) . AE
7% KB RBFARERISE)) Ik L TREEITo 72, HEZICH L TR, EEEICH - TRE
KO E G LT, AT VKBRS —T 0 V7 OREIZHTZ0 . A TFLKEBIFEI —
T4 T DR D EEEE E DT,

B, [AFNVKBHIEI —T 4> 7] OT 0l T A ROHEERIX, BROSEEENC
AT Th D,

2.8 BRABEBOMEROEE
Hele - P FZERORRNESEIE . TR 20 FIECHIR AR 5 TETHS
BFIEBEI ., T 20 4HE OTFJE R HITAE0D (i (R L 72,

29 HERBEROBRME

VR 2943 H 9 HICHAT R « 2 —» = AR S RIS T HEZ B2 L.
2.8 ITEASWTHEMTEHED B Sk 29 FEOMFEFHEE () 2oV T, H#edk -
Al G R ZE B TORMBRE R OHE IS X K 29 F ISR DHkRED /A 030 % 5
MizAT 5 & & HiT, PRk 29 FFEEIT 1T 2 HHITFERIVE O R E P FE R DBL/T IOV Tk
AT o7, 7k, M LI2RB 2RI U TRE M Oz 306 LT,

o, HEZBSORRERIZ, Y £ L OTRHER R 2 SR EHI R0 & L biT,
R ANFR 8D D AV AIFFEBE 6 L TRk 29 - DFERT B OB IE &2 fHH L 72,

2.10 HAR|MEZDIERL

2.6 O - PG RZEAS. 29 OHIEZE X TOFRNEF 2 E 2. SUTEIHIKS
U TRk 28 AR OBFFE S OFERR & BRI L D3R 25K T~ TOHFEIED & A
FeHmEE B~ —2al) 2R | LEFHPLH SN TODE0E 5 HEE LT
BT, EBRREID £ LD MEEITHI L, BRI Lz, SURBEOMEHEH



IETRE AR TH D,

QI HARARETEH ORI

AERLE, AEBEE BKARE) L0 RRETCEICHOVWTHERH D | BREEEHYE &
a0 b A A A HERE ~ DR SCRAR 2 AR 2 P 0kr, ST # . BRI IZ SV T
BRETAE DN E & I #PHN T3 Hh» 72,

3 BEHRMDI|E
FHFTEHEDHE 2 LU RIS,






OKIRIFIAR D AR 2252 W 5 ik






I MRI Z T2 KRS BB O B D He T2 RO



10



MRI % F N 7= KR B 3 D A 3 0 5 2 i i Al
FAEHFgeE AR (BTN S PE ST REMRATT [ 5 Sl BB R 2 2200 B 45085

IR

FKARIE O W2 BT, BEEMRIT — % % FWin vivo CHEEYERK T O #EEHIEHNTIZ TR DT
REZb &M L7213 H 70, ABFFE TlIK RS BE L& OIEEMRIE G T — % %
B AR FHRIT 2 2 &1 & 0 KR B ORI 72 M O JRFTHIIERE L, HE R MEERE 2L &
BH 529 5,

F—U— N KEIE, MR, EHEATEHET

WHIEE 18

TAEE ENKRRFR AR S — R S A EE R

BIES & SRAURZERZABEE R TERE A (R0 B [ 27 R B S R I 2 R R A%
RERT BRI E R R OB R R Bh 2

FIFEC EIRR SRR S E bR R e i R B 2

I WF5EH /)

KEIFERF OBZWHC BN T, BUERER Z W72 FBI 222 WA DS HENL STV, K95
FH OB PRI IALE, BATREEO TR R FTEEEO HLOETEL, NEEZ P LIR IS TN D
ZERHALMIENTWD DY, FEEMRIZ H\Nin vivo T Z FEUERM (Z B A7 R EHIRAT L T
L2 @E XA B, 223, BEYERIC CTHENT 217 5 BREHEME 2 OJER] THHE O K & S LB
WEWRH D, MEEDO IR T A 7-OIITEFNEMET ILERSH S (K1), AUF5EO HIL,
IR D BB 22 WNEDMESLIZ 59 5720, MO (i, IKEISE) [ZIZEAEZRZH D Z
EEESE 2, BEEMRIOER T — & 2 AZ NI R T HEHIRT 2 95 2 & T, KRB EE QM
i HFH & AT O REFTRIERE, B X O RERMEEEN SO X 9 ITRR DT OV TH LT
L2 ETHD, AWZEIC XV Big 2 AW RN RZWIENRHEL. CTE 5 Z LIS D,

0 ek

ENZ KRR At v 4 —OFRNEHERE) O, KRWEE 22 i, BEEE 111 #loitk
EIZFTIZ 3T MRI T 417 3D T1 8830 MRI B 2 %IV, 738, (RS 130
ARBNTAKER & ITEEL sk oD ER & UL P, M BIREE(LO Y 2 7 K13tk E 2 584
HHDEBZOLNTNDZ LMD, vy F U 7BV TUIING DR EFRRRNE VR D Z
Ll LTe, BT — & OFHl 24T W ARE U 22 EF 23 & VLRSS LTz, Z O BRI = i K70
MR CIZ, AR FIEL EHEREHR TITo 72,

WX R P PR R E P O FEME B g 7 — ¥ A ER I B RGO DL A2 T -
7o BT, fENL ST REENT O T35 TH D Voxel-based morphometry (VBM) @ Statistical
parametric mapping (SPM) < Surface-based morphometry (SBM) @ FreeSurfer % v (4 2),
IS 2 A BN HEEHIT 21T > 72, 728, VBM & SBM OZNENOF| R E R s % FRLlloR

11



3 (£ 1), family wise error (FWE), 7213 false discovery rate (FDR)? % i LA IE 21T > T
AEREALZRR LTz, 22 br— LR L KRREBEREOLEIZIWT, 1) @EE & 2K
BE, 2) BEE LRIEAUKGREE . 3)REE L/NEAKRREE . 4) @FEE & BARK
R, (TCHME L7z,

1. SPM & FreeSurfer O Z L2 DF| 5 & KR
1. SPM (VBM)

o HEZ/FTDLXDREFMEIT CSF RIKAEEZITHET 27, FiRBEE M~ v
THEMHZLIZL ST, FOEHSIT CSF RIKABENHFIET HZ b v iERn, &5
IfEmE R TE 5,

® WMFITHIEFIRECH AL~ A XL, HWWT 7 L— ST 7L — £ TO
MEASDOEZME LBV IET Z LIck > TEMMER(ERL) OEZEDL Z LN
TE 5,

2. FreeSurfer (SBM)

® JRATREAMITZZEIE (cortical thickness) . FZE#wifE (surface area) . JIi[ml ik 5%
(cortical folding) D#ATE#MZ XML, SBM ¥£IL VBM £ X 0 & St/ R e ZS (b
MARETH 5,

® EEMEDCHNLIKAE, HEZ DT 2D CRBEGOEZEEICLVIKFET D, S0
Wz DL EHRE, 7—F 777 MZEo TUILHEOREEME T 5,

® SBM OENLRIT, KEE, KEME, MEIOESFOREHEROTH, VBM LHERV %
D—2>—2DFHREXHIL THATE L2 L THDLIN, o2 OEE NN R CIEMZR 57
MTETWRITIURX, ZOFEITHETE 20,

(fi Bl ~ DBl &)

ORI PS - Ry FUNPYN 2%
AWEIL, T~V FEF] KO TAERRE T2 EFRJORICET 2 MEfae) (28E5T
LCERT 2,

Q@ MHFEAZEXICMAFEELEKEL T, KBEHED,

O EPN = S LN
WFFEERIZ 237030 5k « 3B EA M0 8 5 BRIZ, RS aTeeEA b s U, #BRE O AIE
HEITEMBROFE S & AT U COFE LYEBRE ORVE R0 BE T 5,

@ WHIE O GHE IR A RO E 2155 Hik
AEFFETIE, BEFOERIZOWTIL, BHFRAFRE L 2D T OWBRE NS A T+ — LR -
by NEZITLHZEIFE LY, 207, HEERMZEO B E B RO FEEIZ DN T
DIEREART D, 2D RERDIPEHRENDIEL, AT+ —L R a3 NE%TD
N R

I AFoThs R

ARG B 2201, R E LB OB T — F BEE 57208, fEEIZ80m L EDERIA 72 < |
O~ v F o T OB B A IEIEBORANM O K LRI B 1611 2 B E L7z, AR EH DGR

12



T, BRVERIANL0M6, /N & R AT N30 Tdh o 72, R AT O KRR A O LB R A
(polymicrogyria) 7>& b T AAA LIV (M 3), SEIOXIRN GRS LT, BAEIIITKR
JEERELSH], @ E 1B O T — 7 2R L Lz,

SPM & HI W2 VBMARATIZ T, R & BRI B ORI/ & B ICABEEN BT
(X 4), BEAIZBWTIIMOBEICHEBEREN D DIALITH BN o Tz, /NEARLZEWT
1T/ & BRI DS KRR BE I B W TAHRID/NS oz (K5), BRARIZEW TIEES
HwIRBICHEEZENA LN (46), FreeSurfer COSBMRHNT TIXMREMICHMN R A EZ T A LN
o,

IV &%

SPM % Hv 7z voxel-based morphometry(Z T, £ DHEFAIFTH & —FH L7z DIZ/NER D AT
bole, MANITEDFI CHAEZENA LN, WMEOHRIFHTR E —E L ole, 4E12
B & D72 S F 3 IRHEHEMT S CE R o e vBEMEDRN B 5, TRIEAUL Y o — SIS RE S b
EINDM, AEIOKRE TITRETE L GEENHLITHNLIT o Tz, IR IR OB EESITE
%% G CTHIHMOALETH D,

AR OPNE ORI B %O MORBE AN BN o7z, 77, 80U LofFHENEG TN T
WiRinoTlolod, FlO~ v F U I KD AR O BE ORRE DD TOBE ot 5HD
MRFHT B TIEB0m LA LD FH 2 T MR B 5, IRIZ, KEREE ORI KRR L Eb
NDOMRIFTAA A BV, ZORERFNIERSN L7z, £72. 3D TURFAMRIEMEG I KM EIZT —F 7
77 NEGTIEGNH Y . FreeSurferfif T CIXMBEFIC ANV R A EEIIA DR > T2, T b
DFERND . KRR EE DIZMEFFHE OB T —F 2 FaHi T 2 L8R H 5 & bz,

Vi

SPM % Jf\ 7= voxel-based morphometry!Z THEH # & /KRIEEH DRI RO DOENL THEZEN
HHNT, UL, 80skLA EORER F 2T 2 LR - [ H OWEGILT — & OFRHE O
BVENIA S E o Tz,

VI URAEJE LARE D 518

(CER%294E )

R 284 FE D HRIE F 2 CHERE S 7o ISR L THRFHEAT 5.

1) BESLaY br— LORE RN ENLKIRRR G o ¥ — 0P BI R RICER
IR & PR AO AT RO L O KSR 72 E S BB ICRIE L, by & Tbh 5 B
BXay ha— L2 RIRT 5,

2) 8O LoE il E T — 2 DL« TR E R0 LA L O Gl E 2oz Z v
—hLTHLWEGRT — X %2155,

3) BB LU SE T — X ORI - AR REHESA DSBS T — X & — N T O RE L,
bt & i 2 BB UM H 2R IT 5,

4) HEFHERRNT O+ i Et - ELAFEE IS I LR RIS ISR D T E
Thd,

13



W, BREICBIRE N2 BE L 2 br—bicxt L THREKFOREME#ZIZ 3D T1 58
MRI [E5 2 F V72 G E AT & B RT3 2,

HTEl O C FreeSurfer O AR EETH - 7=7-, SPM % FH\ 7= voxel based morphometry

(VBM) OEHE AV, BEESARBICOWTHIITT 5, £72. MO AERMEICIKTT S
PEBRGHEORRE 2 E&WICHET 5 2 L N CH D IEHT > YV VB OT — 2 & F 8 Tk
L T /=72 &, tract-based spatial statistics : TBSS (# 2 S 7= Fik) 7 7 7Him &2 Az
structural connectivity (FENZ SV FIEILR <, HiEmEML T 5 2 L3 L VWA, fERT Y —
JUE connectome mapper & TE) A VN, I EVERRHE O EE O IR S 2 LRI REE T 21T
Yo BREMEENFROIBIND ZERTHREND 2D, O & BRT 2 HERMEIC RS
W Z DRREMENR S D720, FEMICHRETT2 TETH D, TBSS TITXRATO FVEMHMED F kD
K& E I EZMNTT 5 OIZxt LT, structural connectivity TIE® v T —27 OO R0 IZHE S %
BCTfTTh Y, MBEMAGDED ZETLVRANREICHFET2b0EE2 NS,

15O BN T — Z B W TIRE RN EE R 2 B0, S DICHRFRFEOM B
WER T, FIEEEIR CRIRIF O RBI 722 WNE O MENLIZE 3 2 AL OREEIZ DU TR
ERAR

(PR30 )

o N EEHREET — 2 DI, BB OWIHE A b IERERENT I L OEHURIT 2 0 . HEFERY
(KGRI D F B 7R EWHE DRESLIZE T 2 & O REMLOFFEFORR AT Do F DIV T —
ZIEE BRI OF B 2B WHEDHENLIZE T D EALORFEIC OV TRRET « FF 21TV, R
FE LD TENAADFRITTHRET S,

Z OWFZEIC BT 2 BAEE TOMZERI, i
BAEDE Z AR L,

5 | SRR

1) Eto K. Pathology of Minamata Disease, Toxicologic Pathology 1997; 25: 614-623.

2) Takeuchi T, Eto K. The Pathology of Minamata Disease, Fukuoka: Kyushu University Press, 1999; 53-
78.

3) Ashburner J. A fast diffeomorphic image registration algorithm. Neuroimage. 2007;38:95-113.

4) Fischl B, Dale AM. Measuring the thickness of the human cerebral cortex from magnetic resonance
images. Proc Natl Acad Sci U S A. 2000;97:11050-11055.

14



1. flx ORT — 5 OFEHERG~D I

15



2. MRI % F 72 B & O HEF AT O T4

Structural MRI

* Voxel-based morphometry

— Statistical parametric mapping
« DARTEL
* New segmentation
« VBMS (
— FSL
» SIENA

e Surface-based morphometry

— Freesurfer
* BrainVoyager
« TOADS-CRUISE
« ARCTIC
« CIVET

16



3. SR & b % iER

A EIKIR ﬁé%‘_ml’%—ﬁ#'l‘é

4. SPM % H\ 7= VBM AT : 5 E vs. Sk EE

FWE corrected P < 0.05 FWE corrected P < 0.05

BE M

17



5. SPM % 7= VBM fi#8T « s E vs/NEADK (SRR B E

FWE corrected P < 0.05

/M, S EEEER

6. SPM Z U 7= VBM fi##T : fdtar 8 vs. il AT KRR B

FWE corrected P < 0.05 FWE corrected P <0.05

i3S ZFRE

18



Statistical brain structure analysis of Minamata disease using MR
imaging
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Abstract

The pathological brain damage of Minamata disease have been well documented. This disease is known to
cause brain atrophy in the primary sensory areas as well as cerebellum. Although there are a few reports
regarding its MR imaging findings, statistical brain structure analysis of Minamata disease using MR
imaging has not been systematically investigated. In the present study, a case-control study involving persons
living in Minamata of Kumamoto Prefecture in Japan was performed. We collected MR imaging data of 22
patients and 111 controls who attended National Institute for Minamata Disease in Minamata and underwent
3T MRI. Based on age matching and image appropriateness, three-dimensional MR imaging data of 15
patients (fetal-type, 10; infant-type, 3; Adult-type, 2) and 111 controls were finally included. Voxel-based
morphometry analysis demonstrated no singnificant differences in any structures between the fetal-type
patinet and control groups, while it showed a significantly smaller volume in the cerebellum and calcarine
area for infant-type patients. In adult-type patients, a significantly smaller volume was found in the
hippocampus, cingulate gyrus, and superior temporal gyrus. The structure analysis using FreeSurfer showed
no singnificant differences in any structures between the patinet and control groups. These observations were
not consistent with the previous pathological findings except the results of infant-type patients. The
disagreement is probably due to the very small population and inappropriateness of patient selection.
Furthere studies using larger population with appropriate patient selection are needed to obtain adequate

results in the case-control study.
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Clinical features of Patients with Minamata disease (MD) in a half

century after the patients were exposed by methylmercury

Akihiko Ueda®, Yukio Ando*

'Department of Neurology, Graduate School of Medical Sciences, Kumamoto University

Keywords: Minamata disease, higher brain dysfunction, cerebellar ataxia, Sensory disturbance, diseases
associated with aging

Abstract

We investigated clinical features of patients with Minamata disease (MD) in a half
century after the patients were exposed by methylmercury. In the infant and child type of
MD, main neurological symptoms were higher brain dysfunction, cerebellar ataxia, and
pyramidal signs. Sensory disturbance was absent in most of patients with the infant type of
MD. In the adult type of MD, those symptoms were sensory disturbance and cerebellar
ataxia. Tremor and higher brain dysfunction were observed in some patients with adult type
of MD. These results suggest that neurological symptoms of MD persist even a half century
after the patients were exposed by methylmercury. Evaluation of higher brain dysfunction
may be important to differentiate symptoms of MD from aging associated disorders, such as
cervical myelopathy or cerebellar degeneration. When we examine neurological symptoms
of patients with MD, we should take care of the different points of clinical features of MD
from those found in aging associated disorders.
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FEHAEHE 9 1 19 86
N BB MRE 15 37 87
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BB _—mE 2 349 305 22
B EXHEHE 1 19
Hér® 3,621 6,417 9,262
FHBE 58 38 10
FH/NE 369 224 134
)X h— 1,037 1,527 1,338
BaHE 399
[RENE(T BERE 1,569
it I 5232[ 8817[ 11,420[ 2373
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B OWEE TREMI L, YENIFEFRHDHT-OIRE L Tz, —EIOEREITA LK TR
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2 AT OITRIN TILM LD (LS OERE 21T L7 (B16), [HEILERE RATOIAE .
B KB, BEAEEICITAEDY TIADITRIANHIEENLE > TV o, WIis K
BEHE, K30F 0t ka2l TUEE> TE TV, —~ADBMIRERE TlHZ & - T
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ANRF—= I AL %S L OB ZOBRMTHIENTE T, 17T R o T oz,

EIINHARTAEDITEANTH D, HEOITEICITHAENE (1984) 12X 2 FE/ 72 St THFZE D
BD, THITE D EAEOITIENL, BRATZIAE 28 S W AT TREIRGED L CTh o 7223, B
BOBEII DL OB E BT HEORMAR ETREW LZb00, IS Lz, £k
THIERHESL SN2 LD, PEMAMAZ ORBE VBN UATEEZITOENEETHZ &
Elpolz, B0 ITEETE L 4ERETE T B4R T, AR TEICITS BN L, fif
BONIE, BEfmEEE . JEH - BN IC K 2R EE . 1TRATH D, b -fERIT K
B OGEE D, FX AWM, XA, TV, RINELEBONTZZ ENDND, BELIT
WEHEEIZ LD 7 v~ T EHER L TH o720, AKIRHRMEOREZ Z T E35F 4 ©— 7 12
D U7, ZFEOITHEICIE, HAKREHORIBX a2 TEE & T AA HIRVITRI & FIMEMR T
Nl N~z & FELTHMLBATEO _FE D T, BEITHRLLRWZDKRA, 20,
2L NATZR EEGE T, 20~ L kgL Qe s, HTHOFTEILE
DR TECUAMBERMO 2 CAORITHEL THEAIR Z ko7, ITRAEIT. kT <0
10077, BRFI3SAEICIT A L 507, MRAISSAEIC22 P I o 72, AT D — HIZFAT4RE IR,
FRIS~6WEZ Y TIEAIL, ZFRII0FRREE £ I TRac it 5, FRI2EFICIT B2 TRE L.
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(4) BANE, ANMEOBRRBUZONT
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HVENH D,

(5) AFLKIED AR - EFE Wais)
TG, DKM, AR E B 2 (RN LIRSE U 2 2 % LT 5,

1. BEFn 30 AR 0 \NRIfER B ER O BEKEIREIZOWT

BEITIIA T VKD SN AMWEN D 5720, BEORKBIREZRET S LICE-T
AFNRBRRBREAWET D2 N TH D, B, BIEOREOEEKIIRE (EMTEE)
3% 2.5 ppm, % 1.6 ppm T, FEARTTANE L OKHETTN TS REFH & Ll L TRE 2ENIT
AN

REAR AN FNIZERT Tl MR 35 48 11 A ff)~36 4 3 I, KIRH. EAARET, BT,
FACET, ERT, SEATHA. Ry AT, A ORBHEA BB L O OFEE M RICEEZKERH
HEFEM L, BEREORHN R0 o 72T 2R < 998 AT DWW TEEZKERE A2 HE L <
WA D, I, WD 36 AR (BEfD 36 45 10 A~37 4 3 A) B X OWIF 37 45 (HFn 36 4F
10 H~0EFn 37 4 3 A) ([TEBIMFAEN I S, o8 T 1, 728 ffOEFHERMP ARSI 2
3)

ZD9 b, WA 35 EESDOSIMEDIRT =2 2 AF L, b T NVEBREPAHTHHTE
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hroleb DEERS 955 HHIZOWTHERZI1To72, k. ZREL L CORRTOT —Z 1%,
WEFD 37 4 £ TOEFMEE LA EH I VI AL, R4 1T X0, NRMBRE T
sl DO SEEE GRAT ) 13 26.9 ppm TH o 7o, HUEBPEYTIE, b o & HIKWEE, D 15.4
ppm >SS E WG O 42.5 ppm 72 EXG LIV, EROREEFEFTHOAERO 920 ppm
TholeDxITUH, KR, BEAR, Al Bl B, #r BT X TOMKIZI W CTHsEb R
BT 150 ppm &2 Tz, BIFHEO 920 ppm O LMEITAFIER S H 0 . KK bR T
WX D RBE SRV E FRF 42 4FI2E T LT D,

EEAKEEO S (E 5) IXDE ., AFNKRIC L DB EEREORKEERE (B
KERIEFE T 50~125 ppm) O FERfE 50 ppm ##Z TWAH DL, it 7 X & SE D
23.5% Th-oTc, ZOBENRbEMNST-OITAIT, 4 50%» 2zl LTz, Ak
(2. ZOWRE ORI ITKE, BEAR, Bif. BT 29.4~41.7% TH > 721Zh> . HFTH,
BEr T 7.0~18.0%I A 2 B 7z,

ZHHIX & U CORAKTOEMNEHEEIX 9.4 ppm T.EGE 7 X OB 37.7 ppm LV
Kotz (REARTTORMTELNIARH) , BATEEFICERIIEEN VA, A oA
BNHDOTHESHIAREE DBl bboTc S D, —J7, RKRBEEREOBIRG CTIX, FEARTAN
IZBWThH, WD 36 4EFEIC 122 ppm DOFINH - 721F0>, WFF1 37 4EFEIC S 104.5 ppm DHFI)
WEINTWD, ZOE), B 36 FE R X UM 37 12 50~100 ppm Z 78 L72H DA%
—FIEREINTWDEN, ZULRFE—ADFHEICL 2D THL0E S NIRHTH S,

JEE VB VR AR AR BFZE T CUIIERD 35 4F 5 A ~WEFn 38 4EFEIC, HiKTH, FIAARMT, @ REHT,
WY O REKIFRFEER (RELFEB LOZ0M) X RICEZKBFELERL THDH 5> 6,
RFRHBUTIEFD 35 4E1E 556 44 + 596 MK, 37 4FJE 427, 38 4FHE 224 Tholo, ZOWMEFMNS,
HIFE OHUIB R B AKRIRE DA% R 6 I8 HTH, 2k s &, Hkm Ck/H#) ., FIA
B, @RI, RET T X T oM T, WEREREORKEFEHEO TIRIE (50 ppm) % #
W9 HEROFEDHER SN, T OBIBMEEITINFTEET 30.7% CThoto, —J, ZRHIKX
ThHERETTIIZ 0 XS @B FITA N0 -T2, 728, 50 ppm HiEFH OB Z LA
eI Lo MR 37 4 4.6% (n=424), 384 1.7% (n=237) Th-o7= (4 19),
(&)

BAFN 35 4E2 5 38 T TOJIRUER FERD A FOLKERIRERE L~ WEIERIcEm <, &xt
GFO 14 L FIIEREENBIET 2 LV 2@ LT\ e, 20O Lo L OfRE OFFET KR
B JERD RIS 72 1 Tlde < YRR E 7EKIRIE OFEE B DHER STV R D o 7o U § K TN,
HEBBE IR T2 b OO,y I (7.0%) CFAR (9.1%) 2 ETHEEIh Tz,

1) REFR— - EOE—, KEFICET2EEZPOKEEICEAT 2E - W, REARRMEAEN
et WEFn 36 425 A

2) THEIE - B, KIREICET 2 BZT OKBEICET DA - 5 R, AR
JeAT WD 37 4E 5 A

3) TR - AEE - TRET, KERICET 2 BE2HTOKBEICET L4 - B =W, &
AU FEIT ) B 38 4 5 H

4) TEREREHE - WS - 10T B - RIFERE, KRR OES, MikiES, 1962 453 H)

5) SHE - PrEHaCHE - ARILGRZ: - RRE A - BT A 7, KEHICEAT 2 BEZTOKEEOH
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BIZHOWT - 5 1, BIREREANZEET B 37 4 3 A
6) JH « FE XA - BT A 7, KIEHICET A EEZTOKEEDOFEIZOWNT : 5 2 3,
BV A AE SRR WA 37T # 3 H)

K4 HWHRIBEKEIRE (ppm) OFEEE L OHIPH (FRAIR)

JE B R 1 RN AP

F ey 40 38.2 147.4 1.5-192
WEFTIHAS 477 26.0 36.3 0.9 - 920
VN 193 27.3 41.2 1.0 - 150
EFAY NN 102 23.9 38.1 1.0 - 159
EERTETLIN 33 31.5 45.1 5.5 =200
AL 24 42.5 51.0 12.0-139
BE& IGHT 86 15.4 22.5 0.5 - 167
/NG 955 26.9 37.7 0.5 - 920
REATH 328 A~ 9.4 (FHA-122)
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# 5. MU O BRI A (REAIR)

FEEKERIR E (ppm)

ST
~1 ~5 ~10 ~50 ~100 | ~150 | ~200 | ~1000 G

1 19 19 1 40

J=EIi1) 0.0% 2.5% 0.0% 47.5% | 47.5% 0.0% 2.5% 0.0% 100%

50.0% 50.0% 100%

4 15 37 335 72 11 1 2 477

PR | 0.8% | 3.1% 7.8% 70.2% | 15.1% | 2.3% 0.2% 0.4% 100%

82.0% 18.0% 100%

2 14 11 106 49 10 1 193

KR 1.0% | 7.3% 5.7% 54.9% | 25.4% | 5.2% 0.5% 0.0% 100%

68.9% 31.1% 100%

5 9 58 23 5 2 102

HEAKR | 0.0% 4.9% 8.8% 56.9% 22.5% 4.9% 2.0% 0.0% 100%

70.6% 29.4% 100%

EERELOY 0.0% 0.0% 18.2% 45.5% 33.3% 0.0% 3.0% 0.0% 100%

63.6% 36.4% 100%

14 9 1 24

5 IHTHT 0.0% 0.0% 0.0% 58.3% 37.5% 4.2% 0.0% 0.0% 100%

58.3% 41.7% 100%
2 7 16 55 5 1 86
HEZ BT | 2.3% 8.1% 18.6% 64.0% 5.8% 0.0% 1.2% 0.0% 100%
93.0% 7.0% 100%
8 42 79 602 188 27 7 2 955

/NEE 0.8% 4.4% 8.3% 63.0% 19.7% 2.8% 0.7% 0.2% 100%

76.5% 23.5% 100%

12 227 85 2 2 328

ReATT 3.7% 69.2% 25.9% 0.6% 0.6% 0.0% 0.0% 100%
98.8% 1.2% 100%
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F* 6 MU OBEZKERE A (RS R)

[ FE5ZKERIRE (ppm)
EH
~1 | ~5 | ~10| ~50 ~100 | ~150 | ~200 | ~1000 H
114 188 105 25 7 6 445
K 25.6% 42.2% | 23.6% 5.6% 1.6% 1.3% 100%
67.9% 32.1% 100%
it 6 5 0 0 0 0 11
\//\‘ u%
ok 54.5% 45.5% 0.0% 0.0% 0.0% 0.0% 100%
DY
100.0% 0.0% 100%
1 4 5 0 0 0 10
= 2 5 10.0% 40.0% | 50.0% 0.0% 0.0% 0.0% 100%
50.0% 50.0% 100%
11 39 23 2 0 0 75
i) 14.7% 52.0% | 30.7% 2.7% 0.0% 0.0% 100%
66.7% 33.3% 100%
21 9 1 0 1 1 33
R R 63.6% 27.3% 3.0% 0.0% 3.0% 3.0% 100%
90.9% 9.1% 100%
- 153 245 134 27 8 7 574
U e IR
. " 26.7% 42.7% | 23.3% 4.7% 1.4% 1.2% 100%
HAY==2i 1
69.3% 30.7% 100%
21 1 0 0 0 0 22
VR B 95.5% 4.5% 0.0% 0.0% 0.0% 0.0% 100%
100.0% 0.0% 100%
35%
30% \
25% \
20% \
15% \
10% \
0% T T 1

S35.36

S37

S38

19 FEIREIRVA R 4 THET O FB5ZKEE 50 ppm # I F 58 FE D AE R AL,
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LC, H/KTH 4.65 ppm EIZIZFRRE T, T ERHEAOBEZKRREIZHE ((REk20) 5
& 96~106 ppm & 725, FEFEFRE 72 EOMBIER D HBLS 2 DITEEZAKEIRE 50 ~125 ppm
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Methylmercury Exposure Risk in Minamata and Adjacent Areas

Shinya Ueno™

*1 Center for Policy Studies, Kumamoto University
Keywords: Methylmercury exposure risk; fish distribution; fish pedder; fish broker
Abstract

The purpose of this study is to examine the methylmercury exposure risk in Minamata and adjacent areas
from the following five points of view. (1) Methyl mercury contamination risk in the Shiranui Sea Areas, (2)
Fishing industry, (3) Fish distribution and fish peddler's routes in mountainous areas, (4) Ichthyophagy, and
(5) Methylmercury exposure risk to human health. Our data are based on the fieldworks in Kumamoto and
Kagoshima prefectures. An analysis of interviews to the locals and historical documents' survey finds that
the fishing in the Shiranui Sea and the fish distribution on the markets were conducted dynamically in wide
areas. These findings were visualized on the maps in chronological order. There was also a new discovery
about the members of the Minamata Fish Marchant Cooperative Association and the fish peddlers' trade
routes to mountainous areas. The exposure risk of the methyl mercury in the adjacent areas where peddlers
brought in fish and shellfishes were varied depending on food consumption, frequency, and fish species.
These findings suggested that methylmercury exposure risk in the adjacent areas outside of the designated
area was not so high except the special cases.
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AFIVIKEROHE « AIEHACICEE D 20881 U R 7 WA - D S Rg fiE B

EAEHFIEH A EE N (IR E P ER R EIR)

i =

B - HW] A F KR (MeHg) 13, RHABOEBINZ I L 7o (R EREIC X 5@
FRU A PBESN TWHIRETHEFME TH S, MeHg OMiflamtto —RIX, # v
RIBORBIE~OEE/EICL D EHMEINTVWD, TxlT, BOREEEET HE
44 > %5F (Reactive sulfur species, RSS) 7% MeHg Z i L. 4 A 2 MARK %
/M LT MeHg % fi#7 « Rt b+ 5 2 & 28 Uiz ', MEAEE X RSS HHPEAREE T
& % cystathionine y -lyase (CSE) DO E{nFR#E~ T 2% T, RSS » MeHg I 2 &
HUAT RS G L85 TTHDZEEBEEBLNVTHEIELT,

IO OREEE =TT, REEITEMRN RSS & & MeHg ExtE & OHBARBEKR %
FFHET HZ LT, MeHg BB EE TNICERT 2 \BERBICOW TR Lz, £z,
CSE m#EH~ 7 AL RSS BHMWEMDMR Y 7Y A M EEIZL D MeHg DU R 7 #%
WA REZHRTH LT, H-72 MeHg ICH T @) XV BBELIRET L2 L %
HAE LT,

[k - KER) BN RSS BEOERTEE LT, LC/MS (X 2% & RN AR 1k % e
SNELTe, WA XN CSE RE~ U ZADfE#a T T RSS &2 & L7 R, CSE X1
W R0 TS B g Tk RSS BEDIR T &I AT 1 (CysSH) RNV Z FF v~

(GSH) &N bilz, F7-, MeHg Mz XK, B L OVMKH O RSS &X°
CysSH B X O'GSH &b & w7,

K TIE=r =7 O~FH o HHEMZRSSEAMYWR ST 7V A FELTHWE,
== o~FH UMt E s D ASRAORET S L MR RSSE O A E 72 HE NS Bl 52
ST, Yk & MeHgZ IR A H G LR, MeHgHE (A& G2 X TIRE DD
EHFEFORTRARERICKEINT, KIEGEF TMeHgd = =7 HIRSSE A7 703 X
Ji L C(MeH),SIZE# I N D Z ERER SN, —FH., CSEEFEIH~ U A X& N TE W
CSERBLAZ R LI bbb T, AtEd#HE DOMeHgk# & (7.5 mg/kg/day, 10 H R
Ofeh) 1oxt U T AR L RBREOKRZEZ R LT, 72, lEisH ORSSETE AR &
REERBCTR O o2, BBREWZ IR ORSSEITH AR O Z I
NTEHFITEML T\,

[B% - ] CSEXv AT 2 ELETDHE, VAT A /83— 7 4 K (CysSSH)
DEHIRRSSEFELET DH—HT, VALZF A= bHCysSHE EAET IR TLH D, £
D= HCSED KL, CysSHOAERN L~ L DK FIZfEV, GSHRCysSSHD pEA & K T &
LI ENTRBEINT, TOXDRA T UEHIKSSF DR D MeHghg 12 % 7 5 & M
T EREEL W THLZEnEx bR, £72, MeHgD HMENBRSSEFATND =
=7 ~FXH UMY EDRAGEE TR SV, RSSEHMEM K7 U A > b & MeHghd
GEND KRBFAEE O/ N E OFRFFERIC XK D2 MeHg U A 7 BBR O A0 &2 R 5 4
RuB{lz, —FH. CSEEFEI~ U AZB W TIE, FRIZK LTRSS ifi#s 1 i B 13 8 AR
DENEEDLT, MeHgl&= b AR EFERE Chole, & Z2TAD, CSERFEIH~ U
A D M AE P RSSHR E AN B AR 0235 ML T\ o, ARSRIZ, IREs () oL s
N RFIORSS % fids GHla) Sh~L T 2 AT LOFIEE TR LTz, 4% O
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HIZE Y, MeHglBIRFIZB T 524 A U EHIKRD +OAEMKRNEE & MeHg A 4 ¥ K &
OB L ORSSE A BN D it MICRET T2 2 & T, IKIEEMeHglR 2 X 5D
A7 OREBIZKE LS HETED LD L HwmAT 5,

F—U—=R:EEAFT T YATAUR@, 72— A8 E, (MeHg),S, &
AX U ERE RS T Y A b

WHEH W
FRILHERE (L KRR E R E R R B2
LTI CREKRFEFERRIZ)

I W9 H

AF KR (MeHg) X, FICEHABHOBR R 2N LEERERSZIICLSERY X
IhRBEINTWVWS, — 5, BAABEITEEOHEICENE SND A AT 3RO
L EL GUREDICETOERBHEREINATEY, VA7 L — KA T7MEICTEN T
LONBRTH D, MeHglIBREHHEFWE L LTHOLN, TORVWEE FHEICL D ¥
VNI ERBEEA~DOIERES B MeHgm DO —RTh D LHfE STV 5,

—IC, BIETWEIX, ARNREES> T THL 7 VX T4 (GSH) Ik s
BibEdv, MRSt ~PRtt S 2 2 & CiEIN D, [AEEIC, MeHgh GSH & f & 1K % T2 ik
THZLTMBESINDIZ RO TS, THE, FTxlIMeHgRHE 7 v B LN~ 2
i&#s 205, MeHgD H HAHMH D —> & L TMeHgD A A4 VAR TH 5 B AMeHg A /L
7 4 R[(MeHg),S1Z#AIE L, REAKFT DA AT 5T OHKNERNOGERISHEA AT E&
A1K4y ¥ (Reactive Sulfur Species, RSS) TH 5 Z Lz L7 T742bb, GSHE Y & X
Je M D EWVWGSH/ S — A7 4 K (GSSH) 28, MeHg: REMWICKIGE LI-fER L LT
(MeHg),S¥ L NGSHZ AT 5 Z L 2H oo Lz, #EFIEE A S 720 (MeHg),SIE,
MeHg X U H i@ MICmMENE W Z & 25 RSSIEMeHgD RiEMEALICBE 5T 2R -2 &2 5
Wiz, WAL KRB & & O LRSI L Y | cystathionine y -lyase (CSE) N AF %
HEHEE LIRFICEA I NS CysSH/N— AL 7 ¢ K (CysSSH, AEKARSSD—>) LGSHE
DRI TGSSHRFEA SN D Z & 2R Lo, MEHFEEIL, RSSEHEEAREFE CTH HCSED
RE~T7 X% HWT, RSSHMeHgH mIER 2| T2 EHBE R FDO—D>ThHDHI & aHE
FEL 72,

AL, MeHglg i & & 2SR T 2 HHERBICK T 28 L2 2t 2
Tk, BEOH - MeHgIZ X TRV A7 BBKRZIRES T H L HEBEL TS, K
R, AKRNRSSE & MeHgl& M & OFBEMEMREZ AT 52 L, BLUCSEEFEH~
AR IORSSE FHEWME 7Y A M&EFIHL T, MeHgaPEIZ & LRSSA “¥ri- 72
VAR CTHHI EEEHETHIEEZHEME LT,

0 e ik

~ U AP L OHRAFMAE : 16-201 i O it C5TBL/6I~ 7 A &\ 7=, RSSFELEREFE TH
HCSEOMeHg##E K IT 25 2T T 5729I1C, CS5TBL/I6JOCSEXRE~ U X LW
CAG7 B —X—0DO P CCSEZ @ BT HCSERN T v AV 2=y 7~ A (CSEEFEL
~URA) EHWT, BAM T R EHEE L, JEEORES L TEREOMDSEFRIC
Mz, MeHgBmMENSIEEZFTEEOO LS TH L EIHKERELn —X—1n v KT A b
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WX TRl L7z, BWARMB I OCSEFE B~ AL UMM ZER L, 2B,
CSED BB OFEE L, U7 E CHERMLEZHFCSEHKZ W= 2% 7oy FEID
X0 FEm L7,

CysSH., GSHE L RSSO EE : LC/MSIC X 2@ ERMAEFGREZ HA Vv, BAEREB L O
CSEXRHE~ 7 A Dlggs L OHIR AT Ia F CysSH, GSHI X U'RSS (CysSSH, GSSHI &
UHSSH) #E&E L7-, 52, [FAEIC L Y MeHglE#EIZ X DA KRHNRSSE DO E{L 2 HIE L
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MeHgiZ £ % @t O Gl 3 L OKEREE B ORI E « FEFEE X B ITITEEM 7000 B 7 09 &t
MBENTZT2D, MRBRHMME ORI FAIFT R & U TGFAP Yl X DT 21T o 72, ik
BERIZ, 7 A Mt A MIGFAPIRIGEME L 720 | BEOBR G L LG T A b e
YA MERDZERMOND, ZDTD, GFAPYAIXGFAPFHELO BN RO — D> Th
HIOGEHET A had A4 FoBHICH W, 70, FESR COKBEREIL, KWLy
Frigic CTHIE L7z, RSSIZ XK 2 BB 2SN MeHgRr R TH 2 0B it T 272912,
RETBETITMETCOLII NI TLLETZIUNLT I RECSERE~ T AL I OHAM < T
A L, MeHglg@Z~ v A Ll Lz, P RI VAL DEmMEOREL L THFEES
VN JHFBE S 13 M 4% Hraspartate transaminase & alanine transaminase & O Z8{b & & & IZFEAM L
oo 77 IUNAT I RICED2FBMHEIRESCEMFEEORTICMA, 727U AT I REtENT
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(fw B2 i~ D ELJE)

I ~OREE LT~ U A ZHWZEIMERICE L T, FUE KN ED 2 8 E5HR
BEBEICE > CEYMERZIHE L, BiWmEat, 22, MANKORZENEB AN 2
DEUVELEZFET LDHWRFHMEREZBRICLDIFELZT, FROKBELZ T2
W2, WU e B R E MRS W CE R ORI 9 5 FEICEV, W IEICSHEM L,
BICEMEERRCEROBEORSVWERICBIT 2 AENT Y RARA > bO@EY 2% EI
WE L, £, ZEBREFEFIIMABRE XN CTOERY O BHRIZX L+ 722 2 F
WAz i, B ERE FEh L7,

I AfF 204 R

BpAR Y K ONCSERE~ U 2 DO fiFlE. B, /i X OV ORSSE 2 MIE L 7255 R,
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S LT, WEEIT, = =27 O~F Y% i ORSSH 5T Db 4% i 2 GC/MSH X
ONMRZ HHWTRE L, ZDOF ML EFET 5,
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Abstract

Methylmercury (MeHg) is an environmental electrophile that readily modifies protein thiols, causing
toxicity. MeHg is inactivated by sulfur nucleophiles such as cysteine (CysSH), glutathione (GSH) and its
related reactive persulfides through the formation of GSH adduct (MeHg-SG) and bismethylmercury
sulfide ((MeHg)2S), respectively. Cystathionine y-lyase (CSE) catalyzes production of CysSH and its
persulfides (CysSSH). Previously, we reported that CSE was required for in vivo formation of (MeHg).S,
suggesting that CSE is a key protein for protection against MeHg toxicity. In the present study, we
investigated the role of CSE in MeHg toxicity in vivo. Wild-type and CSE knockout mice were orally
administered with MeHg. Loss of coordinated movement, body weights, survival rates and pathological
changes in the brain were monitored to assess sensitivity to MeHg. Levels of mercury and sulfur
nucleophiles in the organs were measured with an atomic absorption mercury detector and a mass
spectrometer, respectively. CSE knockout mice were more sensitive to MeHg than wild-type mice and,
concomitantly, had higher mercury accumulation in the brain. Levels of CysSH, GSH, and their persulfide
derivatives were lower in the liver and kidney of CSE knockout mice than in those of wild-type mice.
MeHg administration altered the levels of sulfur nucleophiles, including reactive persulfides, in the liver,
kidney and cerebellum. These observations suggest that CSE deletion in mice caused decreased levels of
sulfur nucleophiles due to the disruption of CysSH metabolism, resulting in increased sensitivity to MeHg.

We demonstrated for the first time that CSE is essential for protection against MeHg toxicity in vivo.
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AFIVKERIZ L DA 2 22 F o M OSSN EEHEEZ T LT
A e H B B A

TAEWITEE 9 AR GRAEKRFR AR A 7R %)

rIeE s

o2 T BBHIC L0 v MRS IR X FOLKERMME 2 5 2 D HRER - & LT tmRT1 (5]
4 HOXBI13) ZHH L., SHIZ, tmRT1 25 L TAFIKBIZ L > THRIFE S L, 7D, AT
JVIKERFEMERFRIC D DB FEEM L LCA Y a2 ZF M (OSM) Z[FE Lz, £72. AF L
RERIT K > THRIFFE 72 OSM ITHIISMI A S v TRliaEE oo TNF 2B ERO—FETh 5
TNF receptor 3 (TNFR3) ([5G L. ZOMRAENATFNAKBIZE > TRESIND Z LIk ->TAT
JVIKEREEMED IR S 4L D &V D TR @#TWéhTwé = ZCARFEEL, MM S T
OSM & TNFR3 & OfEAERAI LOA F/LKEIT LD OSM BEGFHEIZE D 5 4 IO T
fEt L7z, £, TNFR3-VS BH T 7 A I REZHALMEE QW mBEREaE2{To7- 8 25,
AT VKERITEEF P IR L72 ) 22 22 b OSM & i > TNFR3 & OfEA 2 e X E 2
ZENRER SN, ATFNUKBITEBEDO Y AT A VIERKICEHBEEST D2 LML TS,
% 2T, SH REEfifThHHa— K77 I FBXON-ZF L~ A I FCTUELIZEZ A,
AFNKEBERERIZY 28> FOSM & U 22 B2 h TNFR3-V5 & OFE& 231 L 7=, OSM
OREEOH CHEBRL L UTHFEET D 105 BV AT A &) @R L7z OSM A BKIZ A T
KERFEAFAE T TD TNFR3-VS & OFES LV B AR OSM IZHERTE L @vole, 2Ok
DB, OSM D 105 F 2 AT A UFRFENHERERL L U CHFET 5 Z &3 OSM & TNFR3 & OfE& %
MHIL TWADAREMENRE 2 HiLD, £72. 105 F TV AT A VE# OSM 2 BAK%Z A F )L KERFEFE
TR AN % 2 &2 X o THIFREEFES MH S =23, Z OERI Tmm3%ﬁmﬁﬁw

FFEAERO N>, BFEA OSM OUHINTHIIEOHEIEIZIZ E A B E 5 2 /2o
o2 Einb, 105 F AT A UEEIMERi S 72 OSM 1L TNFR3 & OfESH @ﬁm%ﬁbfﬁ%
HAEMHEER 2 R L CDW D AREER B X biILd, LAR—F—T v EAJEICL Y, OSM Bz 7=
F—H—DOPTAF VKT LD OSM BEFHFFICEHO LA RET L7 L 2 A, OSM Bix 7D
R EBRAG R & EIE-300 ~ -250 38 L TR-100 ~ -50 FEIE DY A F/LIKERIZ X5 OSM DO FEBLFHEIZ I
THETH D Z EPH LN o T, £ FFE S 472 OSM B+ 71— % — il 12 OSM
FEF U MM OEERFAAT 5 a2t P RESIBNFEE LRS- 2 8, AF
JVKERIZ E D OSM OFEBFHEEIZIT 2V E THIH AL TWZR W LW 23 B 5 L T 5 ATRE
HERZEZ D,

F—U— R AFIUKER, MR ERE . tmRT1, 4> 2 AXF M (OSM), TNFR3
Wt 1

KA E (HAEKRFRFPER AR 20%)

LB L GRAE KRR TR AR B 20

I WEEB
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A FIVKRERFEME 6T 2 MBI R EIRZEN B D L B X BN DD, BEMERE D41
BTz e A I STy, Fxide MHORESEMAZ AW o fE@iERE A7 ) —=
TN o T, MDA FKBIEZ VRO E L 5 2 585 K1 & LT mRT1 (514 HOXB13) %
[FE L7z, tmRT1 OBBET%E /v 7 X7y SETMBIE A FVKEBITK L TRV EZ <32 &
225, tmRT1ITAIE O A F A KEREZ LA R S EAE B2 b b, £/, tmRT1 Z#40 L
TAF KU L > TREFFE S L, 2D, AT KERFEMERICBE D2 BB Em & LAy
aZ2XF M (OSM) NEIE ST,

OSM [ IL-6 77 X U —D— 8 & L TEMLRE, RSB\ THEREREZ RV A
KA THDLZENALENTND, FxILIINETORFHI LY, A F VKRN tmRT1 27 L
TOSM DX BLZFHE L MM S5 OSM O BEZIHZFIZ EFIE5 2 L 2oz Lz,
F 7o, MRS S 472 OSM IEAAENE FIZAFTES % TNF receptor 3 (TNFR3) (ZfEGT 5 2 &
IZE S TAFIKREHEHEZHERL TWDZ LR L TN D,

Z 2 CAMEE T, MM &7 OSM & TNFR3 & OfEGHERB LA F L KBIC LD
OSM B EIZ B 2 70 THERE IS DUV TRET L7z, AREFFE T B AL D AR IT, A TV KEREEMERS
B OMIIC K& < BT 5 LT, A F VKRBT E L MREERHEAEEOBRICBT &
CHEROMIIC O ETHZ L &R, TOHRMNERITIREVWEEZBND,

o #Wrsedsik
1. Sydeta

5%10° cells /well ® HEK293 % 6 well plate O EEIZ 7= cover glass (25 X | 24 ByfELEHE L
7-#%. Lipofectamine 2000 transfection reagent % V)T, 1000 ng ® TNFR3-V5 (pEF5) plasmid %3
A U7z, 5 BpE:# L=, # LV DMEM BiHCAs#a U=, 12 19 FRRIESEE L7-1412, 500 ng
DUz EF Lk OSM & 20 uM O L A FAKEEZTI L, 1 KRG L%, BiHizBRE 1
ml @ 1XTBS T __[A] wash L7=, Z®D%. 0.5 ml D 4% paraformaldehyde Z#sI1 L. 20 s fElkE2E L
72o 4% paraformaldehyde Z %, 1 ml ® 1 XTBS C=[F wash L7, cover glass ZH Y H L.
0.5 ml ® 1% BSA-TBS Z iz, 30 /pfEssE Lic, D%, BSA ZFrE . 200 pl 50 547 R L 72D
TNFR3 Hi{A% cover glass D 2T 30 oIS S E7z, —kHUAZEILL, 1 ml @ 1XTBS
T =[A wash L7z, ¥IZ, 100 pl 200 AR L 720 FITC —kHiiK% cover glass @ _FIZFHT 30 4y
MRS S W7z, ZD%, DAPI AYD OEAHI (Vectashied with DAPI) % FV T cover glass & £ A
L7ze WIS, EEA L —VEMEE (FV1000) %W T, 80 f5L > X CTHIZE LT, (DAPI:EX 358
nm EM 461 nm, FITC: ex 492 nm EM 520 nm)

2. GST-TNFR3-VS5 fil 45 VB OFE B & A Hd
JYarvvery RN X —THD pEGX-3X |2 TNFR3 @ C Kz V5 ¥ 7 &#@& L
TNFR3-V5 ZffiAL7=DNA 77 A3 N2 7 u7 7 —EBRKEOKRGE (BL-21 K (CEAL, 55
Nicar=—% 0.1 mM IPTG % &te LB §5#1C 25°C, 5 FEfEi#E L7, H5%%. 4°C T 4000X g,
10 Z7fE O U CTHERE L, 1% triton X-100 % 5 & PBS A2 ¥ L 727 . Branson Sonifier & T
AR 21T > 72, Z D%, HiE%Z 4°C T 10000X g, 15 43 L, 5 537z B % glutathione
sepharose 1 ml Z R L7 H T AMZHEISHE TN EZ T A UICHMMEOH D GST e EHE %2
7 LT A S 72, Glutathione sepharose 4 PBS Tl L 72 1% . GST-TNFR3-V5 fl & 8 H'E % 10 mM
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TIEFF T ST,

3. FEBRIEN TOD TNFR3-V5 & OSM & DfEL

2 T 5 7= GST-TNFR3-V5 @& E A (40 nmol) L il Y =2 5> h OSM (8 nmol)
IRE L7212 0~ 0.1 uM O b A FLKERZ TSI L C 37°C T 20 /o fifs# L. £ OIS IE TBS
C total volume 73 800 ul (2722 & 5 ICFRFE L T, ®IZ 10% BSA CT7 1 v % UL L 72 anti-V5
beads % 30 ul #sh0 L, —Wf 4°C TlHEIfEESE L 72, & D%, anti-V5 beads % TBS C 5 [AI¥E#F L. 2%SDS
% & 1p sample buffer C anti-V5 beads (Zf5 A L 7o B AE 2 A H LB VS 8L 0P OSM Hikz Hv
C immunoblotting 17> 7=,

4. VIR—=FZ—=T vkA

5 X 10° cells /well © HEK293 #iffi14 6 well plate |23 % 24 B¢fi5538 L 7-# (2. Lipofectamine 2000
transfection reagent % F > T 500 ng tmRT1-V5 plasmid, 50 ng pRL-TK plasmid, 1000 ng OSM promoter
reporter plasmid ZE A L7z, D%, 5 KeflE53E L7218 LV DMEM K5 Ac#: L CHIZ 19
REIETEE L7z, 5528 L7oHIAIT 20 pM DAL A FAKERZ IR L, 6 FefillEsE L7-1%., E5i AR
. I'ml ® 1XPBS T—[a]lwash L7z, & ™%, Dual-Luciferase Reporter System (Promega #1:%)
Z T luciferase {EMEZHIE L7z,

(f BE i~ D BC &)

B AN OB AR T AR 2 IO TEWFZE1E . AL R PB s Ffldh 2 2R 2R E B 2 DK
REFIAFFRO—BRE LTCHEMLIE DO THY | BIS AL AWEOEREOHTNIC X 5%
YV OZEEIEDOFEMRIZEET HIEHE AT L, P2 8EFBRE CIE¥(EEIT o7, BIERICONTSH,
FAL KR FE EREMEZ RS OER LR T, ALK FICB T 28 FZBRE BT 2R (21>
THEN L7,

I WFZERE R & &5

(1) OSM & TNFR3 & O

B L7z X902, AF KR Lo THBFHFE S 72 OSM IFMIRa M Aot S 4u, MfalE iz
#1£9 % TNFR3 IZHEAT 5 2 LI L o TAFAKRFEMIIRICE S L TW A ATREMENRE 2 b
%, £z, MBENMISFERIZE 5T, AFI/LKERA OSM & TNFR3 L Of G & e SE 5 2 &
HHEFIL TS, £2ZCTET, TNFR3-VS BELT 7 A I REEA LMD Vs Puikz fuvizk
EEYL X0 | HaRE T TNFR3 & OSM & OFEAIZ A F VKRN G 2 5 8B 2 at Uiz, £
OFEFR, Var e b OSM ZEHIA~RIN LI- R ICRE Rz T o712 & 2 A, AR L ICRi
X% TNFR3-VS O LU RMEDNZIED L7=DIZkt L, U e )2k OSM & X FLKER% [F
BRI U 7= 55 1A o> TNFR3-V5 L-ULRZE L i Lz, 2, OSM 23l
@ TNFR3-V5 LH#EGT 52 L2 X > T Vs G PUR 2R T 72 <20 . ZOREE L L THlI
B EIZR & 405 TNFR3-VS O LUV Lz O EHERI S LD, 7238, A TILKER M ALER
(MR 0> TNFR3-V5 L~ UZIE & A EEE L B 2 o7, UL EORERG, Ml
b, ERENERORER & RMRIC, MIfaRE EIZAF/ET 5 TNFR3 IZ OSM 236 L, £ DOfEEIEA
FAKBIZ Lo TRESND EEZ BN,
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AFNVKEUIEREDO T AT A VEIKICEES G T2 2 L6 TE D OSM O EHIZIE
50DV AT A VIEREDNFET D, TNODVATA VERON T, 31 /B IVATA T 152 FY
ATA L, TABFIATA VNN FIVATA L EEZNETNTANLT 4 REGEEMRLTED
IO DFEE D OSM OFEEIEMEDMERFICUATH D, £ZT, OSM D31 FEL 14 FDV AT
A UNTNA T, WEHER S UTIEET D 105 B AT A L 2® ) AZER L2 OSM 28 BAK A 1AL
LCINET T v EAIZED TNFR3-VS & OfEA LN, ZOREHR, 31 BFELIT 74 HFE A
TA R AZER LT OSM ZBRIE A FLKEEOF IEIZBD 57 TNFR3-VS L1F & A EfE
G L7ehrolz, ZOZ &1L, OSMEEF O 2 EFT DY AV 7 4 RiEG 3 IZ TNFR3 & OfEA IS
WHETHDLZEETRBELTND, —FH, 105 BEDVATA &t ) IZERR L7- OSM 4 BRI A
FIVIKERIEAFAE T TP TNFR3-V5 & DFEE LV BB OSM ITHARTE LS mhole, 20D
ZEMB, OSM D 105 FYV AT A VR & U CIFEET 5 2 28 OSM & TNFR3 & OfEA %
MHIL WD RN EZE Z BN D, LvL, 20 105 KL AT A 2% OSM & TNFR3-V5 & D
FEEAIL25 nM O A FAKIBIRINZ L > TUFEAERD BN o7, 105 FE VAT ALV ET T
SUFERIFA T A= TEB L7 OSM ZRIKBAER L7223 W OSM ZRK S U &
il 72 OSM ZE 8K & [AIRRIC A TV IKERIEAFAERFIZIZ TNFR3 & OBHE GG 0580 Hil, A F v
KRERRINZ £ > TEORERGFINFEE LV VWIIK T L7z, £/, SH EREMFIcHLa— KT
T RT7I RELIEN-ZF A LA I ROMBIZ L - TH, A FLKER & REIZZENE ORI
FEIZHAE LT OSM & TNFR3-V5 & DOfEA L UL LT-, 723, 105 HI AT A &2 AFF
=UACES L7 OSM 25K & TNFR3-VS & OfEA S A FT/L/KERMEE &[RRI, mEARANIC &
STHEZEICIH SN, ZHOHDORERNG, AF LKL OSM D 105 F 2 AT A R L OY
F 721X TNFR3 FO[AND T AT A ARIEITHEGT 5 Z L1k > TOSM & TNFR3 & Dffie %

BINEE, OSM D 105 HEVATA U Z2HSH T 2/ BICEBRL7-5AI121X TNFR3 O A7 A
VERFE L ATFILIKERMFEAS T H Z LI > TOSM & TNFR3 @r’rfaé\ﬁxﬁnﬁ%ﬂ SNDHAHEERE 2 D
na,

FRLOBFHNC LY B OSM IZEHAT 105 &2 AT A VEH# OSM ZE 54K D TNFR3 & O
BEENIEDNDICENWZ ERH LN 5T, £ 2T, 105 F AT A UFRILE R OSM 2 RAK DB
Hi~DFRNNA HEK293 il o> HE 5 | 'éuzéﬂﬂﬂ%ﬁﬁ L7z, EORER, A F IV KERIETFIE N CH
AR OSM Z BEHIIC RN L C S MBI IXIT & A ERERRD b/ roT-dlcxk LT, 105
T AT A VFRHGE OSM ZRAKD 3 @%%n%mu HUCERINT 5 Z &1 X » THIB OB
H)A0% R EEINHI ST, E7o. ZAUH D OSM ZRAKIZ K 2 M A HI/E 13 TNFR3 S8 3140
AR TIHIZEAERD LN N7, ZILHDZ ENEG 105 F T AT A FRIEMES S 7z OSM
IX TNFR3 & OFEEREDOEN A St U CRIRHEFIIHIER 2R L CW D alReER B 2 Hiv b,

(2) AFIVIKERIZ L D OSM HELFH BT 2 4 14§

INETORFHZLY . AFLKEIL tmRTI 247 LT OSM OFBLAFHET 5 2 LAV HBI LT
BY, AFNAKEIZ L > TOSM BIa 72 E—F —fHEH~D tmRT1 O Y 7 /L— b MEES LD
ZEDNRENRTWS, LA 4 1%, tmRT1 28 A F/LAKERIC K - T INFo 70 —X —fERIC Y 7
N—h3INDZEIZL-oTEORIFEICALGTHZ L, HIZ, NF-kB HEERF L L TA
FILKERIC LD INFa ORBEFEICEHG L TSI EEZHLNICLTWVS, LML, NF-«kB #
IR THD p65 &/ v 7 X7 SHTHATFAKIRICE D OSM ORBIFE I E A ERESL
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ZAFleinoloZ Einh . AT ILKERIZ L D TNF a £721% OSM OB EIZE D 5 7 i I1X
B ETREND, I TET, OSM BEIE 7D Lk 2,200 bps 6k (7 mE—% %ﬁ)_w
V727 —EBEETEMEIEL VAR —F—TFAI REHEALZMEEHNT, VT =T —
Y7 vt A %72 EICLD OSMBEEFDOT BE—X —DOHFTAF/LKERIC L 5 OSM R B E
(2B 2 SEIR DR E 2 5 7o £ DFER , OSM AR T DERFBRLA 5 D _EJiE-300 ~ -250 35 K U100
~-50 FEIRDS A FLKERIC K D OSM OHEBUFEICE W TEETH DL Z EBHLMNI -T2, T
F TIZ, OSM DI HLFHEIZEH D 5 FE 7RG [K 1 & LT CREB, ¢-JUN ¥ X TN STATS 72 E 3t &
ﬂfwéoLﬂb\:ﬂ%@%ﬁﬁ%%FATézyty%xﬁﬂi%%wm%’ié0%4@
FHEFHEICNIE L SND T R — X —fFIEPIIIFEE LR D 5T, 2O EiX, AFAKEBIC
50%4@%&%%K\:nifmﬁ%nfw@m£<ﬁbwn%%%ﬁﬁﬁbfwé_&%m
LTWa,

I\

AFVRERIT OSM DI HL 2758 L | MMt S 47z OSM I A FAKIIZ L - T 105 F:D
AT A UERIEDMEM S 4L TNFR3 & OfEEMEESND 2 &I K > THIROEIEZ I35 2
EDNRBENT, i, ATFAKRICE D OSM OFRBIFEIZZNE THOLNTWRNEIH L
WA TFHEREANBE 5 LTV D T & I LT,

Vo RAEEELIRE O F

OSM [T A FVKERIZ L - T 105 /DU AT A VFEEEMNMERI SN D Z &1L - T TNFR3 & O
AMEEIND Z EPNTRB SN, TNETIZ, AT VKB > TEM I A N A 2R
AR LT 72 22K S U CHIUIEETE 2 3092 & W o FillEZe <. B<H LA FVKRE
PEHESEE O TFEN B 2 DD, — 5, TNFR3 OFfEst KA A L HFIZ s v AT A VERIEDFAE L,
ZIH05 OSM & DFREGIZRED 2 AR B 5, £ 2T, TNFR3 ZBEAKZER L T OSM & Diff
AIZBIT D INFR3 F DY AT A VIREDBEGIZHOWTHET %, £7-. AFLKEIZL D OSM
DIBIFHEIZE D 5 OSM Bin 17 7 E— & —fHil~D tmRT1 OFEH & LA T D A FILKER
DEBERRGTT 5, £T2. A T IVKERIZ LD tmRT1 OIEMHALIZES D 5 70 11K & I3 5 7= D12
tmRT1 fiAEAE 2% - [FELZOEAEN OSM #1517 1 E— % — Ik~ tmRT1 OFEE
252 5B L 2T B A T VKEROIER ZRitd 5,
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Mechanism of inhibition of cell proliferation via promotion of

extracellular excretion of oncostatin M by methylmercury

Gi-Wook Hwang, Tsutomu Takahashi and Akira Naganuma

Graduate School of Pharmaceutical Sciences,
Tohoku University, Sendai 982-8578, Japan

Keywords: Methylmercury; Oncostatin M; Cell proliferation
Abstract

We have found that tmRT1, a transcription factor, is involved in the enhancement of methylmercury
toxicity, and the induction of OSM (oncostatin M; interleukin 6 group of cytokines) expression by
methylmercury was dependent upon tmRT1. It has been suggested that OSM induced by methylmercury
and released into the outside of the cell may inhibit cell proliferation through binding to TNFR3 receptor
present on the cell membrane. In the present study, we examined the binding model between OSM and
TNFR3, and found that methylmercury increased the level of binding between both proteins in vitro.
Methylmercury can directly bind proteins via available cysteine residues, and OSM has one free cysteine
residue (Cys105). Site-directed mutation of Cys105 of OSM increased the binding level with TNFR3 in the
absence of methylmercury, and SH-modifying agents also increased the binding level between both
proteins. These results suggest the possibility that the binding of the OSM and TNFR3 was promoted by
modification of Cys105 of OSM by methylmercury. Moreover, we performed OSM gene promoter analysis
by using the reporter gene assay, and found that upstream 300~250 and 100~50 regions from the OSM

gene transcription start point are important for inducing expression by methylmercury.
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A FIVIKERIT 2 BT EENL 224557 0 43 7RI AR T B 2 W58
EEAIEE A Al OB RFSOE IR BT R T - 20%)

UMt 3=

KERIFD N Z— o T BIVIERRE L Wb D TIAREEE TH 5 Z &b, A F VKRN
DHFERFFED 2 < 1T T OHRARFEEDF O S LI Sh, TR 2T 2 cell type & x5
(2, AFIVKIROFEIEFE B BT % 0 Flla st AR TOI T E e, L LR G,
INEOHFEE, ET TAFAKBITZREPRAREEE R O] LWOIRWIZEZL S ET5D
DTHY, AFIVKPHEER TRED SN 5 RIEMRE, FFICERTARREA 2T IZ OV TO#R
FHFREEEZEVITR>TND,

Fox OWFFEFEENT T A F KBRS & DIBFEAREAL R EGE ) 23ET D &0 9 B A 7
(RIS D0 FIERZRAT 52 L TH D,

F—U— B RIMRERET, JRIEARRE, RIARIRREET, RARMPREES, SO (6fE L)
W 1%

B RPN A RAT R GRAD)
HH BT - BURBEIR R IR BR B R A SR (BhED)

I WFEH /Y

KAZFFOPHPER & L CTHBLT 2, UEREORKEREIX, T (FO%E) HEICLS D
DL, BRAMEEMRREICLD LD ENZZ LN TS, FEDIE, PR IIMREIC
kAL, RRHRREITEREMER T TS 2 L2 RE L TWD D, REHHRIFZE IOV T,
A FIVIKERIZ K 5 E B 7o il R A VED R BAR AR PR STV DAY, KRR,  FRICETE AR5
BOo BNV TR RSN L0,

Fex L, GRS OKEFIARBICB N T~ v 7 7 —RENEEBR L 0 MR mIT
REARRRICB VTR LITER Lz Y2, Fea NRBT 5 “QIERA” 13X, [JIEMERII LS/
A IR T 5 & A FAKBIZ K 0 IEHEL S 4L, ZORERBH S RIEMEY A N A1 >
TNF-olZ & o THERAIIRAEE SN D P, ZOEEIE Y BRSN TEERRKBEELT S L)
HOTHY, FIFE, TAIFIATVKBICIVERLISNIZ~Y 7 07 7 —U 05 TNF-a i FIFE
AINDZEZAHLTEY, ZHEREMREGEICLEMA TE S AREEZ R L TWD,

ARWFFED B, A F LK L D KA pR

i, KIS &5 coll type W02

DRI 2 49 TR & A+ 25 = & i i

(&0 T, BIAREBEAL R 5 0 VE U D A Ifgjjﬁﬁ@éﬁmmmm
NEABEWENCT B EThD, —HEAD o /f L

RAEREVE, RAROMEMEAIC ST 5 2 ™

F KR LT TNF-aulC 5695 B8 M A, g [ e
F 7B LT B 1 B B B B Mo o

=R 2 2 %X 4 =N == 3 P AFNKBAOBEEE LU IO7 7 — VR EQRERMBICHT SHEIC
R AR AT BERL 7 A Tk SR BT & 4 SRR LU 7 s LORE RS
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FEPEZAL DB DUV THRET LT,

o WF5el5ik

Ml . 7y hyva U o finds X ONEB) R oML AR T & 2 AR o R Hi AR 1L ScienCell
Research Lab X VA L7z, JEFARREOMILA TH o %RBMRE ML, 7 v MaIE (A
12~13 H) OMMHED HAUMEZ R L, RARMRRET 4 08 L TS 7, Bl oRE#Ic >\ T,
KROOFERGEL 9 BHEEE L% Y, AF Ak (0.01 ~5 pM) B LT TNF-a (20
ng/mL) ZALERL 7=,
iy« TN EBREMET ST L W B L 7- Wistar Rat (8 3@l + A4 %) 12, 2mg/ml [ZFHHL L 7=tk
AFIVKEKIE G 2 T2 L 0 R EBIIC 6.7 mglkg/day T 5 AR#&S 2 AREAR®ZKSG O A 70
T LR L <2 RS L,
FiE 1 (in vitro) : RIYHRZERT D = U UM, AR ARET IS L O AR i &
FAWT A FIVKERS KOV TNF-alZxt 95 220 cell type (2381 2B 25 L7z, &4
B E O MR A 1FRIT MTT assay % VTRl L 72,
J7ik 2 (invivo) : ATF VKRG LT v b X0 GG 7 B, 14 BZRIC ER{GIRSE TR
Wreza ATV, NEMED O HRARMPRRET (L1-L5), REFAPRRMiE, EENMRE 2 fm L, #l Lo
kIS e 21TV, RNeasy kit (7 7°2) 12KV Total RNA 2t L7=, # /7 EHH
TVATHEE AR B O A LT, MRAAREAERIC B W TIIMBE L 72 7 > P OWLfiE L Y 200
mL @ PBS % &k, 5l&HiE 4% PFA/ 0.1 M PB %R & Wb L CHRLRREE L, LECRBRICHERE
D BARPRIRET, T ARRAAE, EENRIAME A B L, 20% sucrose / PBS AR E L 0L, 2
TAF ALy MTTHFERZER L, BB > Taot M b it 21T - 72,

(fi B~ O B )
AHFFE T ANME DR Z IV BT D IED OBESF 2 B &3 DAFFRICIERE S L,

Y EERC OV TIH BB R FOIYEE S TERR SN b DO TH Y (KRE S Y16060),
ARSINIZNFITIh - CTEENCER LTz, F72, FRBIFIZOWTHITRT 2 HAERKFEO
Y EREERC L VAR EINTZERFIECLY RKRES P16-92), ES5E L OEhY 5 mEL
BUEIWCI > TR 21T o 72,

AFIVKERE GO ERAWEEZR VD EBRICE L L, BB L, FEEICE L T3
AL DBRBEIEYLE k7 D NS AETEREOREZ X 572912, HAHBREREL S V4 —B X
OV AL KRB B2 S HLE DN E 0 B BEEETIEICHEY Y, HYICHEIEE L7,

I AFFERE R

Ta U VMR, RTARMRETIG GEEMEIRAIND) 35 X ORARMRETIL (AR o 2
F KGRI T D RERZ AR Lz, 0.01~5 pMD A FL KA UFT 5 L, v 2 U ik &
ONRTARA R B I kT A IS ERRO LN DD, 1 uMD A F LK Z L L THZ D
MRS FEPEIT20%FE L T o7z, —7, AR MIEIZ0.01~5 pMD X F /L KERZ LT 5 &,
AF VKGR L DA EEA IR L, 1 UMD A FILKERIC X 0 §950% DM 5E 234 U=,
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DT, va UM, ATRARRETE R X O AR AIE O TNF-ol 2%k % J&sz M4 2 SR
L7z, TO/RR, =T iR RS IC TNF-a 2 08 L C b MG E TR o b,
N Z CTTINF-old ¥ = U 2 AR SCRITR AR E AR k9~ D A F LK ER O M S F 1 2 1858 L 720> o
Too THUTOWTIE, HARSHREIAL & MO RGMIN & FARIZ, TNF-aX°, A F/LKER & TNF-a
ZALER L C b AR AT~ O E IR L 2o 72,

AFNVKEEEE T o~ MZBWT, BIRORBE L L CRBEIC L HHBEARE, #EO5I=HY
T8, BEOIRE, KREORESOHRBNBIE S, oM L-gRMREICBE T, Zh
F CTORE R K OMREHL O BRI, FHEERHE OB 22 MR 3580 by, FEMED ik
RS Tz, BUERARARREE AL O M IRy BAOHTIAR IS K ORESS, hak R RAOPUIR 2 IV TRARMRRE
HIR A DR T 21T > T D, £, ar bu—il, EERMTH, 148 4K
12fE R AR FRREf L D Total RNAY > 7L 2 ERLL, BIfEDNAT v ZHSEFTIc T~ A 7 m 7 LA
SREENT 21T o T\ D,

IV B2 B V i

HIRA RS DR RITIBN T, RIFMR AR T 23 =2 U Ufile, AR L 0%
IRARRRETAIZ 6 2 A F KB O R MM 21T - 72/, o =2 U AR CRTR AR A e &
bl U CRARSRREI MRS A F KRR L CREZMETH L Z Rl s, LnL2nn,
TNF-olZ DWW TIE, WO KM LT H A F/LKERIC L 2 a2 EICH T 5
AR DR Do 7208, JRERAFHI 72 TNF-a L ER 2N KA 5 2 D 2 2 et LT/
WZ &, in vivo (BRMREIIE~DO~ 7 17 7 =V ORECEHE S A N A Ot ) B
L in vitro (TNF-oLBRR B AR 702 870 &) IZB W THE R Mt A B LT, A F KR
12 & DR ARENL e (B IS T D TNF-aD B2 ik BERT VBN D D,

VI WRAFBE LARE D & i

RIS DR RITIBNT, RIFMRARER T 2> 2 U Ufila, ARl X 0%
AP EI IR 3T D A F A KEROEZ MM AT o 7o R, ¥ = U AR R R Eif i &
PR LR ARSRR TR AY X T /L KGRI L CRUESZECTH D Z EWRBR SN, ZDZ &1, K
{RI5 B ORI L D D R EFEARRIRZE 2N TREMREN 2EENELS ) 2L IckET S
EWVIIFx DGR E IR THHDTH D,

WAEFELIRIE, A FKERIC X DBEAREN 2EECE LT, #ERBRoAR LS, 2 Fu
KERD BRI 52 D G EOMERRRR (HIRME~OEE, 7R —v R - X7 = 20D
B2 &) #Etd 5, 2T, (1) BREMZHEEICE TS A FILKEBESERZMEIC DL
TOHFHIEE, BLO (2) TNF-aZ EORIEMY A bH A VIC &k ZREMBHAREL LM
EHICEATIHFHEBICOVTHRIT S, (1) BLOY (2) OFBEICOWVTOREMNT FLIC
R,

(1) BREMHZBHRICEITEAFILKESEZEICOLNTOS FRIER
iNVitrol% %% : 2N E TH LN SN TE T A F VKD BRI B9 5 BHEIA —* F 1k
SROFMIINIL D IAA « BEHIZBID D b T v AR —%— (LAT-1, MRP) , Z /& T4 &R,
AL OFF A o RIEMEA A 74y FPEAREFECSE « CBSORBIE, 1 L UONf2DIEMEL—IZ oW
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T, Ya U MiE, 7y MR KV 5HE - 558 Lo, ATRARRETI IS X OB AR IL 2
WCRRET LT 5,

invivo : A FLKERES- T MZOWTHZN O HEHIK T ORS8O /7 BORBUTD
VW C, insitu hybridization, $E#k LS, V= A X 7 v v b, Real-time RT-PCR%: % i\ Cfif
Hrd 2,

[FIRELZ, 7 MEERASD A FLKERIRETRIC X 5 RIS OB PRI L BB T - #0378
FRBLOMRAENTZIT O, ~A 70T LA L0 A Eiz, A FAKBIZ LD EEBHRAET
PGB LN X BEORBIZHOWT, EEEMla L~V Tz 5,

MMA T, AEEOMEE L~ T 2B P 2 RER R D, AFAKERE T > b &
D L7 B ARMRENIC BT, RELOAR AL ORI LTS, FRRRARAE O B 72 M5 R YR B
, SHICPEESN L ~D~ 7 17 7 — (CDE8YL) RN BIE Iz, 2k, ~17
a7 UARATIZ L U R ST RIEMEY A R A N2 OW T HTNF-a & [FIER IS AR SRR TR~

DEBERFIT 5, MA T, FHEAROBRMBE s~ b Y > 7 2OZERBEE-3 50
DNTHRFT L2 TETH D,

(2) TNF-alZ & 3 BEEHZMBREL SIS HCET 50 FHER

FT, SRR T D TNF-alR R F 2 IS EIC DWW T L 0 FEICHmET 5, AER
DORFT D%, AT VKIRLEERE, TNF-oLERRE, TNF-ods K OV A TV /KERILEREEIZ R\ T, &4
JAZ 31T HNOSFEEREZMRNAL L ONY L R 7 B LUV THETT 5, & 512, TNF-all X 2 NOZE
ABBIOMILA FL AL LERIET D, INFFOZBEOEHEIZOWTHEBLEFBIOX v
RIBFLAULT, FARAE O cell type Z & (TR LEEST 5,

Z OWFZEIZRE T D HIAEE CTOMFZERDL,
FrlizZa L

5 | 3CiEk

1) MO, TR o, FKRNER. KEH (A FAKETE) ORFEEICET 2 B8N
TR OI B FAIPT R A B £ 2 C—. HBiE . 2004 ; 59 : 150-156.

2) L. KRB (X TFVKEBFE) OREO DN TR O LIZIE SN TOB L 5 H
%2, 2002 ; 57 : 144-149.
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The cytotoxicity of methylmercury in rat dorsal root ganglion neurons
Eiko Yoshida™, Yo Shinoda™, Toshiyuki Kaji™

Department of Envorinmental Health, Faculty of Pharmaceutical Sciences, *1 Tokyo University of Science

and *2 Tokyo University of Pharmacy and Life Sciences

Keywords: Methylmercury; Peripheral nerve; Sensory nerves;

Abstract

Methylmercury is an environmental pollutant that induces serious neurological damage in the
brain of humans and animals, as is observed in patients with Minamata disease. The important
characteristics of methylmercury-induced pathological changes in the cerebrum is the
localization of the damage; the lesions are localized around the deep sulci and fissures in the
cerebrum cortex. This localization may be a result of edematous change occurred in the white
matter. On the other hand, the pathological changes of peripheral nerves appear to be unique;
the sensory nerves are selectively damaged with regeneration in chronic intoxication of
methylmercury. The purpose of this study is to investigate the molecular mechanisms
underlying the toxic effects of methylmercury on the sensory nerves such as dorsal root
ganglion neurons in vivo and in vitro. In the in vivo study, cross or trailling fo hind-limbs, slight
tremor, and moderate decrease in the body weight were observed as phenotypes of
methylmercury intoxication in rats. Selective disappearance of large neural cells and
degenerative changes of the nerve fiber were confirmed in the resected dorsal root ganglion
neurons of the rats, as reported previously. In addition, in the in vitro study using a culture
system, three cell types that compose the peripheral nerve—Schwann cells, ventral root cells,
and dorsal root ganglion neurons— were observed after after exposure to methylmercury. It
was found that dorsal root ganglion neurons were marked sensitive to methylmercury. This
result supports the hypothesis that selective damage of sensory nerves depends on the
sensitivity of the cell types in the peripheral nerves to methylmercury.
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PEHA A F U KERIRTE O RICKIT DB LT = 3T 7 AR
DA

TENGEE ALH R (BRIERRT: KPR BRI E HEER)

RS

fa VAL IR BN 31T 5 A FL/KER (MeHg) M2 13 pk A\ 1 0O MeHg g 8 (2 bE -~ ARk LT
MeHgREFE L9V, ZD72, MeHgO#MEE % 2 % . %%%@%*Eﬁiﬁ_igf&
%, B MZBWT, JEESMeHgMRETE X 1- 123517 5 Attention Deficit Hyperactivity Disorder (ADHD)
DFIEZL DN, Intelligence Quotient (IQ)DIX N7 KA S| & Z T RIEEMENRH VD . T b DR
I R AR OBELRE 2 bIvD, ARBFFEIEL. MeHgs KIET R/ AR DI R~ D
WEBLO, ZOWROBRIEELZ, VYo7 4 7 AOBEN DA ZRL D, 3, Mk
SR B 1T D RWIM OMeHgIR & 508 2 MGt L7z, & MARREIFHIAONE (SH-SYBY)IZHR#E 7y
{LFHEBA AR AR ESE T D6 H . FEx ORE TMeHgZ IR L7 & 2 A, 1B#E6H H 1000
nM MeHgH¥ T A 77 2:134920%, 500 nM MeHg#t TIEHI60% T > 7=, F£7- R8I VA D
AL EESE T & DHtyrosine hydroxylase (TH)@%%JE%; 1%, 6H# D250 nM MeHgMg B REIC B W C AL
oo —H T, B MO RAI MR E LD BEICHIELTE 5, b MEEHINE A SE Al
(LUHMESHIN) % V7= K23 4Rtk %%%%4¢5 LIATE, ZOLUHMESHIN R
IR HRRREEE R & T AR LI B AR2 B B 2 S AR A T £ TO8H . MeHg
R LI- L 2 A, MRROEFEEK TRV T15 nMEL_EDMeHg#E T O#Ia A FRIZ20% T
bol-, A%IT. ZTOLUHMESHIZ FV - b R3S U iRB SR bR THWS Z & T,
MeHg?D R XS AR ER 2T 25, £72. R VMRS NCH MO AR LT, Z0
fMORWMEEZ IO LT D, MHER E DRI OV TOMMNT & O TIT 5, MlaEsE R,
MREEE R, v UV AFERBRRE AV, MeHgB MR RICKIZTHERLZOZE Y = 2T 4 7 A5y
THEAE 2 RT3,

F—=U— N AFVKER, MREIMEFHER, /83 it

/

W E RE D (ERERRT KA EYRRAEs 2%)
S M (RRERRT S IR AEE B

I WF7EH /Y

HARIFNE A F L KER(MeHQ) BRI O, BEREZFEL D LIZAEROLO>TH S0, FI60F K-
TZHAETIT SO X 9 @B E OMeHgD BRI 72\, ITHETIL, TN E TOHGN % HIZUNEP
(ENHEREERIE) A L e v | EEEEOREICH T 2 KMO U 27RO 7= 01T, P25
(RGBT KRR BlES D72 L, EERNARBERARK I TS, L LR,
MeHgiZ, BREEHICIRIA S FFTET D728, BEEHE T Lfvﬂm&k@kﬂ@%ibwk%é
EAEOEMIAEMRESND, Ko T, ﬁffi{ FREIAZNT 5 HENR e b ~DOlgiEE
MEETH D, FIZRA~DOMeHgIREER 2 T, %E%%ﬁ%& BUDBEIISOIC, BE
. /K, TR &L K n’:ﬂr’rﬁkumﬁb@‘?b‘o ZD=, MeHgD#MEE % 25 T, FiEM o
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REEEIIFICHEETH D, & MIBW T, JEEHMeHgIE % 131 123517 2 Attention  Deficit
Hyperactivity Disorder (ADHD)D3&AE DAY, Intelligence Quotient (IQ) DAL F? 7z & & dEF#A
RBEINTND, LZd-> T, MREROFEEBRICIIT 2 MeHgIZ K 2 IEEA 22 HERE L H O 7T HE
HPHEIND, TDOH, FAIUHRROEEBRETIL, N—F YV IHOHLRLT, 5D
R, A KMIE, ADHDZ2 & DL < ORFHREICHIERS B> TW\Wd, b MIBIT EFIRAIC
TMeHgHEFEAS, /S—F > Y I ORIERZHM S D LW S HEY 2850, EBRMICH. MeHg
IR AR OBEL A SR -T2 R TVEY, DD Ehb b, MeHgh gl &
B THRIE R D A ) = X DB AT 5 8ICB 0T, RS VR RIZEELREN TH D, ITE,
TRAEM O P ERBN BB FOTE Y =T 4 7 AEbEGIERI L, BRWRIEEDOY 27
ERDENBEINTWD, FIRO@EY . MeHgIZFF IR IROMICBIT LT <, TORERE
INERE T T, MRREEY & WV ) BEZMENE O T, 2V =% T 4 7 AeiEasd
B ~LZF S, HAERORARES, AR OMRROKBICHEL LTI REMR & 5,
ZFOxTET ) DA LTz A B = X LRI, BB MIMeHgMR R L2 L 5 1% K70 R R E oM
AR M RBL O PRNCEE TH H, AWUFIEIZIBWTIX, MeHgD KT T KX iR D5 2
FDFEB IO, TOERBROBREEEEL, =Y =T 4 7 ZAOBENLMPIT 5,

Plate into
M #5505 1 M
RS AR IR O R R n
CBUB MeHg BEREL. 0o T ; X
BRI EE (SH-SYSY | Medun | +FBs +FBS, +RA10UM | 4FBS, +PMA 80nM |
M) 2 VTR 21T o 72,
SH-SY5Y #lZ 0, 1, 10, 25, 50, Fig. 1 SH-SYSY#fRE thfR LB ETORa—IL

75, 100, 250, 500 #5 &2 TF 1000 nM DR T, MR LFFE R B b5E T 0 6 HIF. MeHg
ZUREE L, Mll/EAfF=% WST-8 assay (T & 0 REIFAYICEHIE L 7=, SH-SYBY Ml Dt /(L ik E
(X, /LA ERAA 3 AR ETIILT /A VR (RA) 10 pM | Z{LiFEBE 3 HAS 6 HH &
TlE, FAAR—LT 27 )L (PMA)80nM ZALET % Z L TITF-7- (Fig.1),

Fz. 6 HHORWIREICHW T, TERRD b7z 0,1, 10, 25, 50, 75, 100 35 X U 250
nM O MeHg i 2 VT, R/ UG EEESR T 5 tyrosine hydroxylase (TH)DFEBL &% &
TRL Ty T E T o Tz, ETMRMERTROY it T X b H3 7k F L
b, EAXARCH3UY U M4A T EF LB LOE R R H3 Y > 10 U Vb REBELZ 7T A
Zroray MZEIVBE L7z, —J. £V B RO RARIARRSLIZIEWET LV Th D e MEIR
ik Sk R SEAL R (LUHMES M) 2 AV T, RS2 AR B E O MRFT 21T - 72,
LUHMES fifidod /83 40f%a5E %, basic fibroblast growth factor (bFGF), KA 27 U |
cyclic adenosine 3',5-monophosphate (CAMP). glial cell line-derived neurotrophic factor (GDNF) % & ¢
SALFEE R T 10

S7. Plate into Change to Replated into
EI IEIEﬁ iﬁ‘ % L/ f: 100mm | Differentiation Multi-well
R dish medium plate
(Fig.2). 5 n

1 0 2 6 10
LUHMES 7%&' H’E"A 0) d|ff5|‘:::‘r"1iigiiun: l I

RS U ARERE D momens: | TOFOF +doxycycline, +cAMP, +GONF

MY TR A A Fig. 2 LUHMESHARR %L BT Oba—)L
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RT-PCR # W T, RN A~ —T—, b~ — I —%ETHZ & TiTo7z, ML
72 LUHMES #llfi K3 2 i bisEr 2 v, 0, 1, 10, 15, 20, 25, 35, 50, 100, 1000 nM
MeHg B T LiBERtA 2 H BN D5 T To 8 HIEIIEEE L, WST-8 assay % Fu > THEHF
A 72 MERSE DR F 21T > T2,

(fiiy B i~ D AL )
AWFZETIE, BEHROY > 7 V2 V2 FEBRGETEE R < | ORI R,

|1 RTEREES

F9. MeHgO MR LTS O KW OIRERIC L 2 BEEE L2 mE Lz, b MR IR
(SH-SY5Y)IZMeHg % fifi & D L THIFR /3 LEFERRMEN HIE T E CO6AMREE L& 2 A, 1R
6H H T1000 nM MeHghz &% i T 35fifia A 7 2:134920%, 500 nM MeHgl# & i TlIAI60% Td > 7=
(Fig.3), F£7c RN U AREREER TH L THORBLEIL, 6H M D250 nM MeHgl#E#E I\ T L
A L7z (Figd), M2 IAO e X N AEMZKIZONWT Y A Z 7 my M TR LzE Z
A, BEANUHIT BEF L LUV, MeHgIRERIZ L 2 R BT O b o7z, B A |
VH3U VAT B F AL LAULIE, MeHgEREIC R VA L. £ A R UH3E U 10V b
LU IME B 2358 BTz (Figh), A HRIZTHZIZ LD &35, i bIicBI 3 5 % o
B DY =T 4 7 AFHTEATO TETH D,

SH-SY5Y#HEAE
LA E6H B
= 140-
MeHg (nM)

0 10 100 250

n
[
%
(=}
L

[y

(=]

o
1

204

Cell Viability (% of contr
(2]
o

s - - —— c——
0- 0 1 10 25 50 75 100 250 500 1000
MeHg (nM) *p<0.05 . TH
Fig.3 SH-sYsYHiRaD#iEMEFEE6H B IH T oM EHF % o 6
% 5
MeHg (nM) ;5 a-
undiff 0 1 10 25 50 75 100 250 i 31
e R il T £
ol B []
H3K14ac “ Bam, Ao 100 250
N MeHg (nM)
H3510ph| = Y T Fig.4 SH-SYSYHIfa D #E L3586 H B
— IZETATHRER S
AL T T —_—— -

H3ac...t" A > H3)717F )AL
H3Kl4ac..tm A B>HIU S > 14077 F) AL
H3S10ph...t- A k> H3tZL >10U) 821t

Fig.5 SH-SYSYSfa D ##E N {LEE6H H
[CH T DR AEME(L
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EHIT, B RO R U MRRSMEE L BRICHBITE S, b NG T E kAR S L i e
(LUHMESHiRR) 2 F 72 RN AR EEF SR 2 N T E D OMEt 21T o712, M biBE5E T
%, VT VA ART-PCRE FHIWTEM~ — I —RELEA MG L7, Ko bfifn & g L <ok
BHIfIZ BN T, MR b~ — A —TH HTUBB, SYN1D EH. Kb~ —H—THHWNTSAD
Wb, BILOR A AR~ — 5 —TdHHTH, DRD2, KCNJ6, SLC18A20 bH-ZHEiR L 7=
(Fig.6), 2N HDFERND . LUHMESHIIE S RN Ui A2 b S E 5 Z LITHi Lz, &L
T. ZDOLUHMES R/83 AR LB E R % VT, MeHgZ s LBRAA2 B B 2 &4tk s
TETO8AMMRETE Lz, MR/MEFFESE TRHZHBW T, 10 nM MeHgMgFERE CHEIE A 7731360
40%, 15 nMLL EOMeHggEEFEIZ 35 1T 2 Ml A7 3138920% CTh - 7= (Fig.7).

Tuss SYNT WNT5A

S0 (BFa—>"),3) 2 o0 T 220

g o :

g 30 * * g 500 216

E * £ 400 * £

T 20 & 300 ]

e & * < 0.8

3 & 200 e

910 = * *

= = 100 * l 304

= z - €

=) > g

ST — 4 6 0 unam 2 4 6 T 4 6

Day of differentiation «p<g.05 Day of differentiation *p<0.05 Day of differentiation *p<0.05
L o (:J\naaeﬁsé'f:asfjifr:—?—; . e ss%R;Pz.;gmz;

2200 (2 =B R EEER) B 2 250 "

5 o

<160 * % 6000 * <200 *

5120 E £ 150

E 80 g % 100

N - i "

T * = o

BT 4 s > ° ? 2 il a— 4 6

Undi Undiff ndi
Day of differentiation =p<0.05 Day of differentiation *p<0.05 Day of differentiation "P<0.05

o KCNJ6

B (GRS DEMHIERU D LF v 1)

‘i 160

QZE:J.ZO * *

3 s0 Fig.6 LUHMESHIfa D fEMEFBEeH BIZHITS
s J—

P * #ESMMET—h—EETFREZEL

Z o0

b4 Undiff 2 4 6

Day of differentiation *p<0.05

LUHMES#HARZ

IV &% o . fEoMEEEE108 B
FERE S LB MeHgIRTE L 520 i
7= SH-SYSY#MaIZ 35\ T, fmpast €00 i
MBI X SN2 VMeHgEET 5 |

= |
THREROENRD bz, = 5% P T
hETIC, v AMNODAla % 5 *] | ¥ % % % % x %
WSRO T, ERE = 2] ;
ORERFE (MeHg 1~10 uM, 24~ ¢ o 1 '10 15 20 25 35 50 100 1000

A8FfH) D MeHg % CTlx, THIEHL MeHg (nM) *p<0.05
BEAWAT A D ENELE STV Fig.7 WWHMESHIBA D A L5 E10H B Hifas 5%
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o TATHAETTIL, B MR E W EMeHgD KRS UARRGR A~ O R B A G L2 1T &
A&&<\Zﬂ]DEFﬂ%%%wtﬁ%ﬁ@M&m%%fiﬂﬂﬁ&aiiﬁbkoL#L@ﬁ%\
AIFFENZ I TMeHgDAIRLSE & THHRBLE O F5A- & O A OREMEIZOW IR TH D, R
S UPEABENC XA HIEIE, CAETICLEE SN TVDY, ko T, SH-SYSYHIICHIT HTH
FHEED EAD MeHgEEDRK DL1-2>Th 5 AREMENZ 2 LD 03, THIREMZHWZE 6
BROMADBUNETH D, MIERAEDOE 2 R AEME(LIZONT Y= AZ 7 ay MEIZTHRFL
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Investigation of epigenetic alterations in dopamine neuronal
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Abstract

Prenatal methylmercury (MeHg) exposure results in more accumulation in the fetal brain than postnatal
exposures do to the adult brain. Therefore, it is paramount to consider the toxic effects of prenatal MeHg
exposure on neural development. Previous experimental studies have shown that MeHg toxicity causes
impairment of the dopamine system; however, the mechanisms underlying this effect are not fully
understood. The purpose of this study is to investigate the epigenetic mechanisms responsible for the
MeHg-driven effects on dopamine differentiation. To this end, we have established an in vitro experimental
model of human dopamine neuronal differentiation and long-term MeHg exposures. Briefly, the human
neuroblastoma cell line (SH-SY5Y) was exposed to MeHg (0-1000 nM) for 6 days of the neuronal
differentiation period. Statistically significant decreased cell viability occurred at day 6 of neuronal
differentiation, decreased to about 20% in 1000 nM MeHg group, and about 60% in 500 nM MeHg group,
relative to the control group. The level of tyrosine hydroxylase (TH), the rate-limiting enzyme for
dopamine synthesis, was significantly increased in 250 nM MeHg at day 6 of neuronal differentiation. In
addition, we established a dopamine neuronal differentiation experimental system by using immortalized
human dopaminergic neuronal precursor cells (LUHMES). We differentiated LUHMES into dopaminergic
neurons for 6 days, and confirmed the increase of dopamine neuronal differentiation molecular markers,
such as TH, DRD2, SLC18A2 and KCNJ6 mRNA. At day 8 of differentiation, the viability of LUHMES
cells exposed to MeHg (0-1000 nM) for 6 days, from day 2 to day 8 of dopamine neuronal differentiation,
was decreased to 20% in > 15 nM MeHg exposures, indicating that MeHg specifically affects
differentiating LUHMES in comparison with SH-SY5Y. In conclusion, we have shown that long-term
MeHg exposure in the human SH-SYS5Y and LUHMES cell lines specifically disrupts neuronal and
dopamine differentiation. To understand the mechanism underlying this disruption, we need to delineate the
epigenetic alterations resulting from MeHg exposure using these human neuronal differentiation models.
Furthermore, systematic evaluation of additional experimental models, such as primary cell cultures and
mouse models, may be required to elucidate the mechanisms of neuronal and dopamine differentiation

disruption caused by MeHg, which span the dopamine neurons of the midbrain, cortex and hippocampus.
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1) AFILKER (BXUKIR) D E FAEDIHER

"methylmercury" % % — 7 — R & L TW DG CEZ 2005 25 2016 4 F T PubMed % VT
MR D &, 227 fi~364 1 (BFFE) THY., Dbt Mo foimstid 1 24720 27 1R
MNH TR TH -7 (R 1), FFIZ 2011 FFLAREIL 300 LA E & 72V | Fr8l Open Access #67° PubMed
W SN D LD ICRATDEBEZHND, 2D 9 H 2004 FFETILE b &R E LIcEFIE
I 4 BN EZHERF LT 223, 2005 AFLARRIE 4 ENCEE LTV, [AERIZ, “mercury” 2% — T
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& 1 [AF VKR BAi# > PubMed LG SCEOHER (2016 47 11 A 17 A BIE)

[N
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“methylmercury” 2207 241 313 317 274 303 354 349 306 364 341 313
DYV ik D&
b hExtHE L

e 78 81 113 119 95 118 119 127 109 127 77 27
AU

EE (%) 344 336 361 375 347 389 336 364 356 349 226 86

“mercury” D Ao
Y 1240 1327 1422 1504 1440 1577 1745 1779 1767 1930 1877 1563

7o UK
v hExgE Lz
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R S
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Grandjean & DAFFET NV—71E, 7 = v —i AR — MIZEAE L T, A FAKEOIE
BREEIC L D/ N AR RGBT DUV T A L C & 7223, 2016 ED 7 = 1 —af B 12 BEE 3 5 3¢
BRI R TUE 8 #@AY PubMed TROM -7 1, = 2 TIZ A FAKBICHET 55 2 e+ 5
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NK #fifia, B #ifw), HERTH Y, PCB R MAIZZ LAY VRILEW. SHEEONN—T V41
TVx U EEY (PFHXS. PFOA. PFOS. PFNA. PFDA) 1 X OMA/KERA A 18 » H OB &
O 5 R CIIE Sz, IRV oo A FLKERIREE (I HF MoK SR 1) 4.65 pg/L, 0.77~21.06
ug/L) (3 A MmERE (R, U 2 /RER) o b B (IR ik ER 1 SD O &b T H fEk$ > SD
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CD4+T ~/L 3 —Hifid, 36 X O CD4+MfR I SMIR D & 5 72 U L RBRO A B 72 D 1At fe g 5
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PEWE DR FEHIRE T/ NI O AMERIIC B D BE R T L B2 D EFEHELITIRR TN D
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Oulhote & 13MFES L7= "2, #15213 1986-1987 FEITIE L7 7 = o —3B A 2R — R 1,022 4D 5
B 262 44T, 22 R CE B AMT A IR EBEREMR A 4 36 27272\ VOoa ZHIE L7z, HAERT
A F V7K SRR MR AR K ERIR L (P RAf 23.5 ng/L) & v 7o, ARRRERAHERE X 2 10 B M AL
REGRRHIR AW BI0 H U7 3 DOBTEEBIRIEZ W TE 2 o7, MEhifRET /v
MR, GEEVE R, MU, BMI, MRME, WBLOJE FLRREHE K MESE . I MK SRR A N2 T
VOomax & FFEFREIFERE DB A2 fRFH L7z & = 5‘Wmm@1ﬁﬁﬁ#w$»@ﬁMi@@£r
FRHALEEER FE O Z 24 0.21 SD (95% CI, -0.04~0.46), 0.28 SD (95% CI, 0.02~0.54) Ohiff5
EBE L T e, IR IR FOLKERIRER DKV (35 pg/L AKli) #ETIX. VOuma @ 1 SD ¥ ﬁ
FHULEEHEE 0.45 SD (95% CI, 0.08~0.81) D@t ds KX UMD TEEHR Tl d 2 23 EHIRLIE O mi15
MEBH LTV, BRI A FAKIRZEOSOEETIIZ 0 X ) AT R O o7, ik
0., AEFEEEES BT EEIRE & A E N B2 5BERHH OO, R A
FNAKBREII NG DORIFEZELZHOTLEI B2 6N,

B 1L )UNREERE,LLDHEE

A= VORI EMIE (Seychelles Child Development Study) 35 & OV Ve %8 5 5 F AF 4C
(Seychelles Child Development and Nutrition Study) % 35 Z 725 TV % Rochester KF 7 /L— 7 Dk
BLELTMX3IMnRESNE Y, 2055 AF KRR LAKICBEET DHFZEELL T D 2
WChoT-, 728, Rand ORI NIt =D ar— FaxtBE LTV,

ABC N7V AR—F—X, ME»LE MIEDLETISBRFEENT ATP-FEA RAAL 2D
B 7T, K a I E Ol E B 272> CWh, ABCC 777U —D9HH ABCCI,
ABCC2 1% GSH/Z /v 7 v VRIS RYEICEA D D | Ao~ U AT A F VKRN & OB H
5TV 5, ABCB1 143 MR D Z At & B9 2 23, A F KRN & OBEII A TH 5,
KBlDO ABC b7 UV AKR—F—DBLETZHUHONT, ORBLOMLIREFTEEZX F LK LD T D
PIRFEE & OB A Engstrom HIFMEI L7 P, %513 2008~2011 4T A ¥ = L ILFIE TED
LI REFBEE R — b 1,331 i TH Y | JRIRM X FLKERRERFEIE & U TR A R 7o R
BIEEZRKRENE LT (74 3.9 pg/g). £7- 20 » A JIZ Bayley FL4h iR EMRA (BSID-1I) %
B2\, B0 ABCCl, ABCC2, ABCBI @ 15 O@EfaFZRICHOW TR LEZFR, 150955
78 (ABCCI 1511075290, 1s212093, rs215088; ABCBI rs717620; ABCBI 1510276499, 151202169,
1a2032582) | REEH BEE KSR & BB L T 2 (p<0.001 55 0.013), ABCCI rs1107290 D&
a2 TARRRFE E & B L T 2, ABCC1 @ 1511075290 @ CC RUIDREH (Y EEZKER 3.6
nglg) PHAEENTFIE TT A ORE CEHESZAMR 47 ugg) MHAEETNT LY LRI ER
£ (MDI) T2 s, HEEVFGEERE (PDI) CTWH 3 AK<, CT A (CEHEEIKE 4.0 pg/p) 1
FRIOEE TH-oT=, LLEXYD, ABC b7 v AR—F —DBIGF LRI R B2 KRR & BEE
DRI, MRERFEZEICOGEVRRAONTZZ ENOLERLIRHNDLETH S,

BHEPORBRD A FIVIKBIRE I TARGEEOBLHBELEL 2> T D, FTHD AT KR
BREE 26 5 BUS DI AFER L ONVE D% D A FILKEED AN T Z ORE OB 2 G M
Do KNG DA FIOVKEROBEHIE (1 B 24720 OHEHEREE kg 2559 0.01 TH Y | =R 1, HAY
T0HEINTND L) FERTHY ., b ABERITHRT DKBAMN O FERRFEEFR & 72
Do BAMNODAFNIKBOPEH A 22 b — LT 2 UFEFIIFAEHI OIS TV, £
ITC, L= =T 7L — 3 ICP-MS & W= BEDEHIKEEIHT T A F /L KERYEHHE % &
4 2L JE% Rand BB L ' 4 » AMOTEOH LK (2R TiER o 220 H)
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Zikte, H—FE 3SEIOMEEE (v /v AT —F) 2RI EKIC 75 HFHERT 25 2 BIOFRTT
BB kIG 84 24~51 0%, Bk 44) TREKBOPFHEELARE LT, 612, A
FIVIKER D TR KGR~ D A RN R TR ERYE M & BT 2 DT, XRH D A FNIKEORLA F v
LIREEHEET D72 DICHEMP O, A F /b RUKSREZIE Lz, MAMB L OEARND
A FOVKERPEHGEEE 132372 0 B 720 | HEHEE &y 13 0.0054~0.0163/H , HEE O -8 t1, 1 42.5
~1283 HTH o7z, FHEMF DX FILIKERE KB OLLE L EANTRE S Bp oz, FEMFOM
FEKERIERITE T ~ NV DK o TEEBINTZD, T HLDRWRREOFT R TlX, AFL
AKERPEH R FE S FANER | LV 5227 A T AL 2 R T 3 R O MEOKER RS B & D IR A
A LTz, THHDFHETAFAKERE I ES DBICNER H 2 WVITRFEREFICET 245%
DFFRIZHHETH LD EEZ D,

B BANLREL TS AFILKIERICET 5%

REATH PN O BERHF R T HPERHIZAG DAL 54 #HOIR/REE B AR HEAR D A T LK SRR K SR |
REOARI., JRAT 136 K OVREBIBREZ OF/K SRR 2 JE L. AR K R EE 23 R8s L Ok IR o
E ORI T B A F VKRR % KT 5 DO 2% Sakamoto HIXMFT L7z 7, 2 DOfEE,
LRI S AR K SRR B (Rl 62.2 ng/g. #iPH 7.6~164 ng/g) 1L MAR/KERIEIE (7.26 ng/g.
1.48~14.4 ng/g) LHRVFEES (r=091) 2R L7z, Flo, T ORIKEREIZEE | om HICH
TE LToRRKERIREE D 5 5 0-1 cm O (1.35 pug/g.0.18~3.47 ug/g) & O TR L MHBRENE L
= 0.85), B LV ENHICW SOV THRBIRBUI/ N S < oo 7o, BRI R AR T O R KR Is K
DA FIVKERIREE D> & REBISERZ 0-1 om DOIHEZE KRR ~DOMFEIREL 224 & 241 Th o7,
Z ORFARE A FHV, RO LR HUET « BEHTET 0O/ NS IR IS O NI AR TEN Y 41 Bk S HEE
XD HPERF O REBIEESZ K SR FE 1R HINT T 2.1 pg/g. BEIHIIT T 3.2 ug/g (kK 19.2 nglg) Th -
7o ARWFFRIZ LD RAFIEEHBRIITRGE W OB O NS A~—h—ThH Y| »oZhE v
% A L THPEL R O REBLO A FVKEIREE L~V 23 i § 2 Z LSRR L B2 bl

2006 FFRF LT, 50 kAT ORI 40 NDOAFIEE DB RMRGEIR OE ZFEN & LU TOKRTITFE
Lz, TNHBREDI LD 244 LM - Flnd~ T LI AIREE 67 4 (BREB X O REEOIRE
VUSRI 2kt L, MRGEBISRE ORI AT LM A2 TR B Ca v Y a— 2 2 H
FD55 2 MEB LOHEREOBFRMRE L B 2720, 2016 FHI2Z ORLED Iwata HIZ K > THA
S BRIEMARBRREOTOSD ZMEITH T & bR CHBIEL Y bABICKE
Molz, ETARREE LA BEHTEE T L L 1-6 Hz D55 2 MEOEIENRKE L, W12 6-10
Hz OSREEIGIT NS hoTe, TORER, BEOSD 2 OFOEEEITHBEEEL 0 b A EICE,
Sz, BEO B EAEEE L~V RRREIRN 20, BEREDO S BB 84 LT IKE LEFEMR
BERBIR) ZENTE h oz, FIRRE ZOMIRREE b ICHERELBIIEA KDL 1, Bk
SIRBEIC L, BE THRICKE hotz, RIS, ELEIFEORTE J7 11 O Romberg fH 4k 13 B4 B
THEIZCE» -7, LEORER LY | BRI BE L, AEEOAXFED S 50 L0 E#RT
WAHIZH Wb 6T, 6 Hz UL TOREKR DO FD 55 28 L OHFERLEEROHEMREZ R LT, FO5
D 2B X OHIRELENFED AT NVFEHT IR VI A TV KRB R I F 3 2 /)M IMs 225 2 BE 5
DIRBEI L il T 5 DICEHTH DL L EZ BN,

AFVIKER (MeHg) 1T EICANFRERICLVIBEIND, AT AKERFE X — 1%, ANE
PHEZEERTEBRT 256 & 07 0 @UVKERRE 2459 5 thifiile £ & A 2~3 [
52 L CHRNIZZEEBRT 25608300 5 5, RIR~ORBII%RE O (7 = —HAE=R
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— MJFE) ORI EnD, KERFET BT I —13 A FILKERO IR )2 EIREE DA K
IRERRSCMIERICH 2 5 BB E AT & L L7z . Sakamoto &%, kBT » b L ATHR T
v hEAWT, BH EEATFVKEEZERS TG L BXRNEZEA T VKBERES G5
D 2 PEERHE L, BIRIZE A F VKRG KIRER RO RICH 2 DB L 2,
FREL T > b~ A FLKERIEFE IO H 0.3 £721% 1.5 mg MeHg/kg & . @i 17]2.1 £721310.5 mg
MeHgkg TH Y, 5 HEMBEAKE Lz, £ORNEK, KRBT v MI#E 1 [H 7 FE&O A FLKEEZ KR
B U= R i Hr K BRI BE IR T 2k L2 b D D e 22 il e L i oD K SR FE 1 3 F5 B % -
FELIZIERETH D R EICEZITRB O DN o Tz, -4k T » MZ@EH 1 mg MeHg/kg
BHL-REE@OS HEIZ 11815 mg MeHg/kg (@D 5 f5&) Z#& 5 LIcBE2 3T 20 HREE G L7
25, WREDMHPEERTOMIET » FB IR T v oMK « P RSREIZIZIZFRKR TH > 72,
HRUE T~ D DOIMO L KRR IR T » b LT 2 -T2, B O A FIL/KERRTGE S
U a /=R A MET IV (AFAKEONJH %2 70 B L 48E) TIL, KE 70kg DRLAIZ 7
ug MeHg/H . 49 ng MeHg/#H, 98 ug MeHg/2 il % £t 579~ 5 RO /K ERERE AR 1T, FXRBEOIRNIC
FIRFEGRA L O0, ZIXFEKREHESNE (B 1), LELD ., X TFKEBOEREEEEDFEH
BLLTHUSA, —EREFIRE & FIXNSBIRE CTA T AKEOEN - NS ES J O
MR AT bW EZE 2 BT,

8005

7001
~
2 6001 1 —EMRN R 52 &
S 500 (2 U Callfohi g & IR I0% Bz L
T e
3 400] =5 B OIERNKEREFEE DAL
-3 3004 — 7 pg MeHg /day
_8 — 49 pg MeHg /once a week
ju:o 2001 — 98 pug MeHg /once in two weeks

1001

0

0 30 60 90 120 150 180 210 240 270 300 330 360
Days

XTH 513 2013~2015 EEEDABIEHO £ & b & L TR ZHE Lz ), KREFHE TOKRSE
KIDOERIRLIE . A E T A FAKBOBRBETHICBI LR EE > THEY . A FKBIKERIET D
THREUTHIIN L T D, EEERFTE TSR E LTI SN TV 5 DI A FILKBOFREMIC K S
RO E OB IRYORBERETH S, ZIUTREEY BT 5 IR ERTEIC L 5/ NIREY
LD REREEIIC LR T REFREEREO DO Th DN, BETHOBRELZ LWVE
B L SHICHRET 2 LER DY . ZOREEZ RS 2 HEELHTICHEE L TOLRIZAR LA
WZ EEE Lz, £, HEaR— FBARET 55T IQ K TR T3 e+ 2 o, £
B OIKIRE A F NV KEIRTRIC L > TEEENR L7256 SN 0N A% OFEITRE 20, 51,
BRI L & 9 &+ 2B EBILT 5 PCB & MAIREMW L 72 & KIE TORIFREIC L 508
DI b ik« BRSNS, ZORDICHREELCHEERORE LB E X 25T V1 v Og
BRDHND, LLELD . A FLKBEHEEDEMTEAEFIC OV TIRETFTHZEALEL, &k
TOF—ZOEENEETHHZLIFE I T THRVD, & bICERNB L O FHME R
EMABDELERIGIOT 7 a—FI2 & o THEEETOMAN — @RS 5 Z LIS Lz,
ERABERE AT,
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7ok, ALHRE A X T 4 13 2016 4EIC 14 RO LAEZFER LT D 08 27 A F /L KERICBIE L 72
L e o Tz,

B A FILKEBOME  HECRIFIEZEICET HHX

Bellinger & 304 V2 A F/L /K SRIEFE1C & % Fnr e s g8 A 4 2 EBINCHERT L 72 %%, BAITR#E
L E2—%28Z720 80 4 [E, 305 @ IOV TR Lz, —fREM CTORHBEZKIBONREM
LIRS VIZHOWT OHEEM DS L D E MO S @V i A2 E I 1 REE Lz, il OFH
N7 WEIL, WHO HIERERREE =XV Vv AT A/ BRWERE=X) 7T 0l T A
(GEMS/Food) TRl CHUKIZ /PS5 5 HRENREOR R 2 Az, i KEREE LS5
WAL 25011 TEEKBREAZHE L., WITNLELNRWGEITHEBIENOHETE Lz,
Txa—iEE, Bz, =a—U—T 2 RTOAFIVKEBRE L7860 1Q O &- LR
o TREROFEZKE 1 ng/g BIMZENFELDIQIX 018K FT %) EREL, A F/L/KERME
FE\C K DWEE - PR - B - REEMAMEE (5 41Q 50~69, 35~49, 20~34, 20 AKlii) DI
R EERNCHER L=, BEFKBEONAIL0~18 ng/g THHT-Z &b, A FILKERRIRIC &
% R AP AR SR O HUI N R X AT AN 720 0.55 R D 9.9 fhE TRERZEND
D FFIZ 10/1,000 2B 2 5 ENET T 4 77 (19.47/1,000), 7 7 > AFEHA U 227 (17.21/1,000),
LN R A (15.08/1,000), 7 L& (13.33/1,000), V> % LF T (13.81/1,000), KLk H v
(15.39/1,000) T > 7=, HEELMEE CTIL 1/1,000 2B 2 5 EL7e <, HEEMOESE CIX
2/100,000 A & 720 | FEE B E SR O B AL D EIL /o 7o, HMLEEE CHEEED o 72
M. FERMES THHE, 7720, 74 U B EHAROZ WIETIT TR AR ~D %
BIIR&EL< 2%, SHBOBEL LT, MAEEOF 2T TITREZ /NGS5 rTREME2 H 5
DT, BBEEL LR EBEGROHERBEL N LSR5,

T U NIGIR OARHERAETE TIXABREN Z < ZABM bRV, Marques HIX7 7 VL
Randonia JN D FEER T OEEFE 22 RE & e RIEREE O 72 W7 TR Z b T % adk— MF%E
DRIGHED 5 HD 690 7 FAVT, FFALAEFEFR X OVKERIRETE ORI I KIT T HEBE R L
I, BILFERSEIC IV E 1B 6 2 ), H2BE T~129H), B3I Q410 ITHTF 5L,
BEFLIF B2 KSR TRE TS 1 B (P34 12.6 pg/g) 2555 3 BE (¥ 98 pg/g) LV @<, +TIEs
1RE CF¥ 2.7 ng/e) L0 3HE CFB 4.1 pg/g) D3mh-oTo, HPERFREO BEKIRITAE Y 7= 0 £18
e & AREBREDHENRH Y (rs =0.86), BEFLIRFOTOEBZKBIIZILA L AERIEDHE
N o7z (rs=0.15), £% 6 % H. 24 » AIZE 272> 7= Bayley LA EMRA (BSID) DRI
EEfRAE (MDI) & EBRSEERRAE (PDI) 12 3 BEMIC IR0 o 7oy, B 5 BB EEKRIRIE & 1
DEEFE 2 Ky) TERD T, Lizindo> T, ZAWIRCKERRETE ORI ERBE R 5
Be. O OZGRERZHBEICEETD2LENH D,

SRR O RN EE IR EINEOMROEREEICA R TH DL LB LN TNDHN, R aR—
NMFFZE CRARR B AR LI, AFEEICE OBEMZ M L2 b 0T R 472 578\, Julvez
51% 2004-2008 4RI AL TN D BIFREMAN—2 D 2k — MHAEICBWT, 14 % AR (1,892
£y L5l (1,589 4) OFFRRLERRSEE 2 R 95 72912, BSID (14 # A ) & McCathy F1RERR
B (5. L TUNET AL —EERR A 238 2 e o 72 %Y, SERRIEEIRT T L O R
I3, AES N DA O M, JEHE K ERIEFE & PUFA 2B TR L 7=, AR AHERA (FFQ)
TR DIVIAEIRI 3 5 A OBNFEORBIE T T 498 (F9fif 454) gl TH Y . HITK 3
[l % A _XTWDFRICR ST, BVWAEBREZ /R LIRSS VETNE L, HHEREF
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iR L OBE RO S WERE TH Y | IERP R ITRO IS RIS < L I MK ERIREE &
PUFA & &> 7 (5 MK SRR FE 8.5 pg/L 2R 2 7= DX 795 T, ZIUARTIL 746), &K L LT,
FBIE D HESIRR L O 340g/ 1 Z B 2 7= REBLO 1 £ 4 T BSID @ MDI 5803 E < o Tz, R A
WZINZ T, BBOD > 7= KEMHOBRIZIEOR#EZ /R Lz, AEREE 4 08 L2, 238 gl k
Db MERXTWIERENSAENT T & Tl McCathy O—HIFEN ., e b & L
T AT o TR, 2.29 45 (95% CILIE 0.42~4.16) mho 7=, [AEEORRIT/NET 2A~1
T —IEMRRA T b, KSR E 7213 PUFA T4 % L AURARE D BEIE 15~30%/h & <
7ol BEIRFDRED D o o RKIMFA OB RITEE O/NEMROEFEZEICAZE TH D . ZIUTITR
HFERED I EXCAPAEA Y b T AREEICR VIS W R E b E N,

B EOBBUIERE ~DOf 72 RIFPE TR I T2, BEROMRETH L KBE 54
LTWNDZLE~DOEENEE > TWD, Morris & IZAIMEEEEDAEOKER L~ & AHE LT
WHH, S SITHAMEEEIRE 7213 DK ER LU IO REL & BAER S B B Dk LT 2,
2004-2013 AT oAU 7= BE R AR B2 ) 2 R — RAFZERT S8 OSE T F BT DRI ZE TH 0 |
ZINEINZL I TOBRE 2 2 2 =7 4 BIORIMETITEE L Tz, BFZEIT 554 4 DIETE D>
5 286 il (51.6%) OFIFMEFF TR R o7z, FETHHERD (SD) 1X89.9 (6.1) ik T, LML 67%
(193 %) T, BEFHEED ) 14.6 (2.7) £ Th oo, BRHIEIZEED DIRELTII T VY A ~—JA,
LU /ME. WIRAYIS KOOI ZEBR OETH A~ B AL, M E n-3 PUFA ORBFEERITIET
LIRT CFY 4.5 4R (ICHERFHERE (FFQ) THRIE L7z, KL & L v OMRRAIEE TS
R PE B AT (INAA) CHIE L7z, FIRAIKOKER L~ L iX 3 2 EI4E ¢, 0.02 (25-75 /X—t
> B A VK 0.01~0.03) ug/g (67 44). 0.06 (0.03~0.20) pg/g (69 4). 0.56 (0.20~6.88) pg/g (67 £4) T
HY ., AN ORNEENE L AERTEOMELZ R L (p=0.16), Fiii, MR, #HE. #
B3 — R AR L7 L CRABEERGE 1 g2 B)IX AR D2 L (B=-0.69
AaT =y ;N 95% CI, -1.34~-0.04 ]), FRRFEHHELENR LV FHIER>TNDHZ E B=-0.77
AT =y ;[ 95% CI, -1.52~-0.02 ]). #FIRERL2ANCIE SN2 T VY A <= — I/ D720 2
& (B=-053 AaT7 2=y F[95%CL -0.96~-0.10]) Z&ie, T/ A < —pREELN D720
ZLEEMBELTWE (BL. TR UKREHA E (APOEs) (A HFICIRE L7=HE), miEE oV / L
Vg (18:3n-3) IIANAIARAIAZETL Odds 2MEVY (55 3 =D 1 12%F3 % Odds k. 0.51 [95% CI,
027~0.94]) Z & EMHEAL Tz, M7 U 22 MIWTHOMBIREIRIE & LA 5 7eBE
7o T2, BRI S I I AR R ER RO AL O & B L 72 v o 7o, DL EOREWIFZE L 0 | PR
FEDORNFEERIIT VY NA ~—REO DN & EEBER D -7, — 7, AIFEERUIMNAK
ERIRIE LHHBIT 2 DD, Z DRI L AR EL & OFEBIIX R bR EE X BT,

B A FILKEBDREREEICRIFIEZEICET HHX

IKERIREE DN PORRB IS BT D X ERIY O A N H A URBUCEB N TORITOA, JBIE
2 L/NRHIOARIR EEVREE AN b b OGP RBIZE T 5 00 57Ty, Hui HI3BIE, /MR
DIREMEB N/ NELOY A " hA T a7 4 — BT D LW EEERFT L, NEo' L R
JE LR ST B &S AR EAER S B B AT 0, LIRS LIz A 2R — R BB o T2 6~
9l 407 A4 Tl DOKER, BELY YA ML TmT 40— (A F—mA X% (IL)-4, 6,
8. 10, 13 33 X U¥ TNF-alpha) ZJIE L7z, HEEmor 2 AW CTEAEOKERRE (HJff 2.6 pg/L,
25~75 /N—k U Z A VE 1.7~3.7 pg/L). BUEDO® L RE, IR IM/KERIRE (9.2 pg/L. 6.6~
13.0 pg/L) & OR#E GG 5 &, IL-10 & BAED M HKERE & ORICADEE RS 7=, Z
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ORI RS KSR E DMK BAE DT U VREMEWRE Theb o 7o, thovA b A
PR IE, W ILKERIEE & IL-6 & ORICADMENRH - 7= LISh, R MR & b HAED
M KRERIEE & BB R O N o7, BLEX D NEOKERIEEIL IL-10 L ADOB#Z /R L
Tz B L ATBHEIENCE K A3, R X 0 B AREE O R VLI K SRR R 13/ VT o0 B o0 B T oD R
OIS L Bbihe, ZOBSEMREOBRNERICOVW TSI LR IMIEBLETH D,
B A FILKEDZDMERR - FRICRIFTEZEICET 5H/X

Al-Saleh & 13/ FARRE RS EERRAT 6l SR A RS T KERIREE 1 X IR LA b L AD&EI Rt Lz *Y,
944 NV T 7T EEOEELRRREZOF 3-12 5 H) 2V ¥ RO 57 R cED, &
KERZRET- DR & BE, FHAIM, FFALTREL, A FAKE (MeHg) % £ DFE L AR THI
E LT, JRFD 8- RaF2-T4F 77 /> (8-OHAG), ¥vr YT /T b K (MDA),
BNT 4V B A NV AFHEIZH W, FOMBRREILT N —F ) EE (DDST-II) &
DRI X 2% IRPLEHIG ) (PEDS) CTHIE L7z, DR, FOR, ROFEE, FOFEZ, FHEM,
FEAL O KK ER AP IEIXZ U240 0.995 pg/L, 0.716 pug/L, 0.118 pg/g dw, 0.101 pg/g dw, 0.635 pg/L.,
0.884ug/L Tho7o, FOEE, FOEE, FOMIEO MeHg FRAEIZZ L1 0.132 pg/g dw,
0.091 pg/g dw, 2341 pg/L Tholz, FOIR, Mk, BEZ, B, FOKR, BEZOKERAEERM O
MBI E Sz, ZOFEITRHOE A RN D DRI S T-IRED KR (Fe/KER & MeHg) ~Dig
BRTOTOEBAMICARBICHETHZ L 2R LTS, KERFEITED -7228, BT DK
SRMNEM & A B L RIEE L ORICA B RMEANRD bivle, AREHEM & B A b L AAR
RIS L OMELRIEH Z EREIZR N THRFT Lz, & FORFKREEBRIEA b LA AR
(8-OHdG & MDA) tI(CABEZRMAEMERNRD bz, fF & TDOFE MeHg I HHELL L 724
HIERASZ =B 5, Wb p X 0.001 RifiTh o7z, 2D ORRIL. SHRIEDOH
22 LB AE RN R A2 U 7o KRR ERIE R DN B A b U A A S, i 2 LLRTRE
L7cFOMREREEIEIZ B LT 2 & AR d 5, i R ITF D FESZ MeHg & 8-OHAG ¥ L U MDA
E DO AEAEHANAEIZ DDST-II SR O T &L CTWeHFAE3FFT %5 (B=-0.188, p=10.028),
Z OMFITAKERIZE & 2 SNTEREA B L AR T ORBEIRIEEIC RN D ARENE D H D Z &
EHO TR LIZBDTH DN, EBICZE 5 TH DD ENILIEROME TRIESNDRETH D,
MHFTED R D MeHg L ~UWTERWO TRERIIFFICEE TH D, EEFEH TR, 7272, B
DIRGRSE L TR A N L AR & OB | KERE LR A N L AFRIE & ORZHEAEREA N
T EBERSN TR 2B, REEAEICED ZABOEERAMRRI ST RnE S TH Y,
RHEAEFEN3HS O TH D Z &, MRFERIE & KSR & ORRZ i 2 ERURHT T
PRI IR 2 N85 e LTV D e & SEEHIRIT S EENC I Z b /e E 5 IR 5,
e b BB KR TR CTh H¥ERMERIC L2 EAEFEEHF XL b TRy,
Karimi & (XIPE & 6 K D /KERIREE (X LR o IE O ZRICBIfR L T 0 | M e 7L 2
I DALk 5 e (GSH:GSSG) Db 7y LER(LIE TR T > ¥ /L (Eh) OHEANT S
END, LWV RIERE Lz ¥, RS, EERWEERMLOREFE (T (Se). o3 fENER) »°
Z DOEACITATHE T ITRIER L TV D AlREME b GET L7, ML#s/kER, Se. GSH. GSSG. 3
a8 RMERESRIENIEH o3 IBNiEE%) Z=a—3—2MNa s 77 A4 7 v ROWER MBI
(US EPA ® RfD 0.1 pg Hg/kg BW/day Z A %2 5 B D% BTV D DO TKEBOEENTNLT UV E
B2 HILDH XS 268 4 CTHIE L7e (i HHKERDFEEIMEIX 7.71 pg/L, 25-75 N—t& % A JUHE
2.46~10.50 pg/L), #/KER, GSH:GSSG Lt Eh M DOBEZMF7T 5 & mH /KM (> 5.8 ug/L)
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& GSH:GSSG s/ iFBSE LTz (B=-116.73, p=0.01) 23, Se X° 03 T & 5 Z2#& DL
RO LN oTz, L, o3 TR LEZET MCBWVT, o3 EROEEE > 6%) T
I3/KkER & GSH:GSSG Lt & ORI £ VY (B = -63.46, p = 0.28), (KEHE TIXRE > Tz B =
-182.53, p=0.01), Eh O/KERIZKIT 2 BIHCTHIEL O Z — U RO Bz, T OFERIIA
HFFROXIGHE TIE o3 TRBIEM SN S THERSD D OKEBETEN, LA L RIZo
PRI B IEALETTIRBEDZALICEIE L TV 5 | & WO E KR 5, M OWEEE R M0k R
TH U DBALETTRRE DAL D, KERIEBEHINNTLE 5 b~ e EIC BT D %8 2 & I HE
L7 TR B2,

IKERIT HIZEA 36 L OV A BT AR A & Bl i i & 4L 2 MRV s C b 5, EIRTIT A
HRBHOTEREEZEE L, BIEA ML ARZOFEERLILOLE LTIRESN TN D, £&F~
DRV, AEATEIEOM R S L ORMNETRE N, AXva - 2 X Uik, REREYD
ROFRE ZHOBEH), WEOTESRHEEY OB, FEfREN & 0 DIKBRELER ST 5,
LU S, 2 H U AERIZONWT, KER LUV & Z U BRT 2/ NEDORR LA - L A REEIC
DNTHE STV, £ Z T Rangel-Mendez & (X5 &% U #li)57 D 3 sk O fERE7Z2/NE 107 4
T, KEEBL~UL (M #AKERE I OURHFRRIKERD L > 21T Progresso HI[X 36 4 C i H i 23 B H
FRFLLLF[<0.1 pg/L, LT LOQ]~77.0 pg/L 35 X OYRH DS LOQ~44.8 pg/L, Merida H#i[X 35 4
TILF LOQ~11.0 pg/L 3 X ORH LOQ~54.5 pg/L. Ticul #1[X 36 4 T 1L LOQ~12.7 pg/L 35
FOURH LOQ~20.1 ng/L) &b A b L A AEKIEE - IFE B L KT 5~ T Vg
(MDA), (LA R L RIZ X VDT 28 7V 2 F4 2 (GSH), HLERLEEE D 1 D TR
MAERBFIEICE#H T 5 & &b /8T 4% Y F—F8 (PON-1) ZHIE L, 215 O#H A2 L7
B REHIE TIZ LOQ MA LD L~UL DR IIT 11 44 (10.28%) TH Y, LOQ LL LR L
UL DORIRITIL 38 4 (35.51%) ThoTo, 14 ZIFAKRERHERE L~ 0 (L F7KER 10 pg/L F 72 I13RH
AKER 20 pg/L) LV @EE7E o7, LA b U R ARIBEEI MO & OB TITb T McEm <, £
TG X [ CAHEICE 70 > Ty 7z (MDA IE Merida 35 X OF Ticul #I[X 0 573 Progresso HiX & V)
& <. GSH % Progresso 35 & OF Merida #1X.0 5723 Ticul #1X L 0 @E2ro>72), KEE L~ & ERLA
b U A ERIEERNCA BB e o7, LinL, BRREMICHWIESEED Y T AX—05h %
B9k, WESNEZEHMCTIEREORBBRARO b, BT 5L, AFEIEAF a0
HWE (2 h 22 MG OEFHREICBW KB LT 2 EHRE 26 ORREIA N LA
AR L OBIEIZOW T TIRET 2 b 0 Th 5, KEICET 2 HRAIBELITIE U T, AHF
ZEIIA X aENOHEEMICE b RN O&RE=2 Y 7T S5, BUHIBOR R
Ny ASDOREFE Y A 7B A IR S S A LT 55D TH D,

PUFA IO MERBD U A7 DR T & BT 223, IMAH & OREIC DUV TITA H AL TR0,
n-3 PUFA D E72 DI Th HHUITE T A T NKBEZ LT, X OME REBROR Y X 7 HHK &
H72 0 F72n-3 PUFA OF LA 5> BEIK & £ 725, Daneshmand b DA CTix, MfiF »-3 B
L OV n-6 PUFA 158 L OVBEKIRO Bz U 2 7 L O #2572, Aif & Kuopio M M
DR A7 BRAFGEDORGH (T2 5, 1984-1989 4E 28 Gk S 7= 42~60 7% O LMALE FRE B
DIRNEE) 1,828 ZITDWT, 1993 4E00 5 2012 DI ZEF DIIENR B > 7o E D il b
N, FEROMEFE L LB T D &, ME A B RBRER L 5 7= D1E n-3 PUFA O o Y
J LU EME IO TH Y I IRV 4 LI D b E Y 4 AL O — R 0.33,95%
CI1X0.13~0.86 ThH-o7z, LLAaRD, SHICKKERNTE2EET D L. TOEITAETRL
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Tpote, BEKBIIMZEFTOY AT L Lo 722, FRAE (1.26 ug/lg) LA EDFEEZKIEE
Fro#F o d IR n-3 PUFA (EPA, Fa#~20 % ik DHA 3 L O EPA Hijl) (38 ZE D3
JEY A7 BN B o T, AFSEOBIEa A — MIBW T, MIE n-3 & 2% n-6 PUFA & 5 %

KRNIz ) A7 L BT D LRER T E Ao 72, INFEZE IS D KR E n-3 PUFA O
MOHAFERICON TS I ERLETH DL LB X bk,

Yeter 5 1%, FEEEICEATHTHERT U7 OF EH 1% 10-20 f5)IIFHIHED B2 Enn,
%8O AR B L T D ATHEMEIZ DWW T, K E 0-4 B D NNIRHE AFER & 1~5 m@mmz
Y FNENIBIxDRRAT—F_R=2EANTHRH L P, 7 U7 RO MFRAETE 092
(0.11~5.18) pug/L. 7 KX 7 4 0.17 pg/L, = > H > 12.69 pg/L 1T D ANFE (b A8=v 7 %, AN,
T7UAR) L0 bEoT= SRR 0.092 pe/dl (T IR o T2, AR (B A= v 7 R
BAA. 77 %, 77U H5%) O /KEME (2011-2012 4FE B AFESE#J14 NHANES O 1-5
ik 713 A BRI & JIIER O NFERIARBESE (NRABELEE T — 2 ~X—Z KID 24— k 10,880 4
D 1997 4, 2000 4F, 2006 40 0-4 7% 10 77 N 4720 O AFER) OFMBEZ TS & MEIF%EK 0.967
(p <0.05) OFERE-LEGNRLOIL, WICH FI U ARHFERIEOHBEZ R LN, v

V.. BV IR EBERBMRER O oo, JIFIFIZR D ST WERE O 7 8 b D3 IIFE A 8 AE
T HDIZ Hg (& Cd) DAL TV D AfREMENTRIE S T,

gh. AKER, W R I T LR EDOEBRNTERILR OB LETINEIZH 5 &4 THRIE S 4.
TN OBEBENMEROEAEAMERE ) A7 L5 TW5h, £Z T, Tang HIXZH 5 EERORFE LN
NVEFHIT 5 7212 103 (O R IR BEME ARG & Ui 2 INE L, MAREE L O
BRI~ O IR L~ LTS < L F O RE (BL R 25~75 /—F v Z A JUE) 134T 76.20
(44.71~115.8) pg/L, 7KERT 21.94 (15 1~27.64) pg/L. 7 K3 7 LT 6.36(3.63~13.34) ug/L T -
f:o KBl BMI, Filis, ZEEE, WoMR], wER, HAENRN., ERMORERNZHFHET 57

\ZEENF T &2 VT RE R HET—H‘[ﬁl(FJvDY)EE@ 1 pg/L ANz X HARFF ED 029 (95% CI
-0.50~-0.09) cm ¥ otUFElrj> 0.22 (-0.44~-0.00) cm %32 & W9 BAGRMS FL B A7 23, A REA

A EARBEIIRD SR oTs, Fx ORETINEIL THRTTT 5 &, & KBREDHE
:/\{i (middle tertile) £E[HTlX, ZE—20L (low tertile) ££F] & tt’\f\ HAFEEE & H R A DR

RGN, FI UL ib\?“%ﬂ)tljé IR E b ARBRRBEEDPEO bR ho T LD
FILI A3 L OWUINB I AE R TV TT ki(ﬁkﬂ%ﬁ% %05 VAR IR IR 72
HEELZRDLIDHLEEZ DN,

B A FILKEBROBEFTMEICET 58K

Al-Saleh 5%, @27 T T EEORT 3~12 0 H) OKBLVEZREL, TN
—FEFEA Y ) —= VA (Denver Developmental Screening Test II, DDST-1I) & #HliZ L Bk
PR (Parents' Evaluation of Developmental Status, PEDS) DA 7 U — =1 7 {k% N TKEED /)
AR IEEA~ DB BETT DRI E 23 2 o7 Y, U ¥ N 57 (J4dFT TR 944 #1234
OO, FFORFRAKER, BERKEE, RFLP I L ORHRIM R AERAHE Lz, A FLK
SRIFFFOEEZNLRIE LTz, BEA T IUKEE CKRERENRET (EPA) OEYEE (RD. 1
ng/g) i L2 BT 1.8% (FIME 0.132 pg/g). /NI 0.3% (0.091 pg/g) THo7zd, D
AFVKEHREE L DDST-II A & AERBEEA R LTz, —hH., BBl L7 F=UMiE LR
HIkRKER, REBLBSZRKER, /NRBERKER, REBESZ A FLKEUI/NE PEDS 1558 & OF E 2
B A~ L7z, WHO DR (5 pg/g Cr) 3L OEPA DEE (1 nglg) DIRMEZB X LB EZD
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SR H A TR R KER T 3% & 0.695 ng/g Cr, REBLIEEZHRIKERT 4.1% & 0.118 pg/g dw, /NEE
FEHRUKERT 2.8% & 0.101 pg/g. REHTBEZ A FLKIRT1.8% & 0.132 pg/lg TH-o7=, T ORFFEIL.
IR LN ER Ty o/ N OFZFLRREICBIfR 72 < | KERHIEE O & /N AR IR 2R IE S B3 5
AL A A U7z, O THRIN TN D K 91T, SIRHOREHIEDRILIL T £ b OMER
HFEZEDOIEE T, DPORAME THRESGL2DT, ZOMRIIAERT XEMETH S5, DDST-I IX
EFEFEHINTIWD OO, %77 7 7 T DDST-IL X° PEDS 2MEMEL STV RN 2 L ik
LML A D, LIERo T, BEELINTEREAT ) —= 0 TREZRBETHZ 1%,
&0 R EMEOERIZIH SN TVA2TOFEbE RO L, @R E 2 1572 1R%
(TN) 2T oD LT HTDITNETH D,

SRIGRYE IR E B L, BERREEARELT 2V A7 28815, BRIBECK~ P
WREE ) D OBTER BB OBATICET 2 5L KIT T %, Punshon &% New Hampshire Birth
Cohort Study (ZZN L= ZctEn BED TR 750 DD K A 1, KR, ~>Hr, L v
BLOHMEEAZNE L, TR E2MH-> TN b&BE OB, ZUCERB IO Lok
JEC TR LR OFERR (7 FI U A, KR ~ o) BOBEGRERA~SE Y, )
TIX EMES B 7 AR IIREEL 30 ok 3.0+ 1.9ng/g) & 305%LL L (3.9+2.6ng/g) THEE
238 1 . BMI B (BMI <25, 30>BMI>25, BMI>30) TIZEMED K2 oA (JEIZ, 3.8+2.6. 3.6
+22, 2.8+ 1.6ng/g). 1t (2.7+4.6. 20+1.9, 1.8+ 1.6ng/g). K 2.7+£10.0, 1.9+2.1, 1.9+2.1
ng/g), VM (783 +47.7, 71.3+£24.3, 66.7+249ng/g), FEH (11.0+4.6,10.3+2.7, 10.1+2.8
ug/g) ENEME O LRI ONAEBICE T, B, BUEIRRIC X - THBREREENEG E
ICHRR Db DI h o7, HRERIREIX 6 SBATOM, FrlcHfh~r W, Highe K3
U A, CHERMEAHY , MATHENDH L WITE L U ZEWARWERCT 5 & 20 2 B TE
RNNCHBEREN ST, FBEERBERTOBOMHETIZTE LV EHRBENGE THoTZR, £
DD & JE TIEA BRI R0 o 72,

FEPNAREE DY A TV KERREHZ R 72 TR ENTIIAR 22 53 % V. Rothenberg & 1%, BN HIE 75
& ATFIOVIKERAMRIEEE (B, BE, IFhrm) & o, BNMETEIC X HKEBD 2 F AL/ A T
JAL EfEFR XA FLKERE OBEICOW TR a AR — R 2T M my NRAXT 4 2B T-
), 36-39 MO 17 AORE - HRIEB L, 25 74O ME AV (BEKEOFLHE
57 ng/g), A T ILVKEMEDE 6 BRF LMK 6 BKIZOWTH ) MMENT 23 Z 78> TKERA F
JALBAIE T (hgeA) 3B L OWEA FAALICES T HBI5T (merA & merB) Z4&R%E L7z, Chaol &\
D B 7o A 2 PR TR K OME KSR & R & ICBIEIX 2 0 o 7o, merA (3 A TV KRR T
D6 YT NAETTHRHINZD, hgcA LT merB IZOWTH L iERITS ootz
D A F VKR DOENTENE O A F AL/ A FAAGIC X 2 EENZETITI VW EE XS
iz,

3) AFILKIBEL LV DRAERZR

PubMed (ZUXEk S H1U7- 2016 4F 1 ALIBEOHED H 5, Z Z TiX” methylmercury” &7 selenium”
D2FEEF—T — R SN RICONW T L Ea—2BloTn, ZO25EEF—T—FR&
L CE TSGR SC ORI A BUE, 2013~2015 0D 3 ]I 23~26 s T > 7203, 2016 F-13 16
RIZID U, Hi s SN2 e L F o 3R CTh - 72,

B EFHRE
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FAREHROKEFETUN: O 4 - /NRA~OMRRIEEZ BT 2 AL i E THE s
SHTWDHD, BN TOMBATEN AR B 2 i~ T 28130 72\, Vacchi-Suzzi HlE, ==2—3
— 7N 7T AT RIEEOBNIESLARE 199 A (D BB N) OfH#kE, FLrrsX
O n-3 PUFA IREEZJIE L, SFEMEATENFHURA (FF3TFT A b, Z oy B 7T A M LK
], FROLEIRE, BIERAAS DY, BB, WEFERE) 2827, M kR T
v, n-3 PUFA, faOEEHERE L EOMBIZ /R L72AS, M L B L oRICHBEERITER bR
IinoTo, PERIL Ml (18~84 5%). AFE, BAEME. TS, SOEEIE. SYEEIUEE Z Ofho 5k
K% fHE95 & ARATEN IR AED T 7 N MIWT s i KERRE & XS L 22> 72,
AOBEBE TV T OMBITEI RO AR RIC OB Lo o2y, BRIEROFE T O O0dds
HelZAIE B D HE T 0.85 (95% C10.72~1.01) &£ 720 | F7-MRIEIR 2 b 7= fatE (CEfi
TEIIHFER O K, O & OHIVE, TR TONTALOBERERE YD) O 0dds Hl
0.79 (95% C10.66~0.96) & 7¢ o 7=, ARWFFEHE R CTITAMEEBECEIE O & 5 sl N2 5 KR « n-3
PUFA L L & A TEN A AOREAE & ORICBIHIIRRD ST, MO SR AR FEAGRE E O 57
L RITTAIREMEIC DWW T, S OICKHEAREZ B Z 72> TRET 2 HLENH L L ik_ T
W5,

in vivo X% in vitro EBTIIMIEINTWAH O D, [BEKERIRETE & I5E BEE & ORIz o
TIEHBREMICLIRRLATEL T, EL U OBEEETED TR LM EITH Ch D, £ T
Park &%, FRERFIE & ORISR Z 2B A Fi L, MERE I T 2RO FER 2 A —
NP 232 N & 2ot 269 A& BT, 2 OBRIC RN & Z2 [ R 1M {17 2 BREX L C i iR B i &
TADAKER « & L PR & AT K 0 IE Lz Y, AR T & 722 D4R, s, MR -
OEEE, HATEEE, BR - AESOFERITEMECIUE L, BIEO O L KR X
0.47ug/g. METIX 0.34pg/g TH Y | WREL 3 AT HEIL TREHE - Z2iifEo LTl Lz &
A NBENRE DN TH > 2B TR TH > T2 H I LDL =1 L AT 1 — LR G &l &
72 % Odds He7s 4.08 (95% CI 1.09~15.32, HAMERE p = 0.02), JRERFE L 725 Odds b7 2.24
(95% CI 1.15~4.37, MHEERE p = 0.004) & 7257, BL AT b O 2 AEIEMT DA
T2 N LR 0.685ug/g LA T T o 728 Tid, VKSR 3 /(L Lb#IZ 81 5 = LDL
AL AT u—/VELERMEY 227 O 0dds thavE HIZ EH Lz (Bi#F O Odds ke 5.25, 95% CI
1.04~26.38, %4 Odds kb 2.98,95% CI 1.16~7.66), — . & L U IREN 0.685 pg/g ZiA % 54 T
IEEHECEE R U A7 ERITRO SRR o= (R 0dds H 0.98, 95% CI 0.25~3.80,
Odds Ft 1.99,95% CI 0.73~5.45), KELBFEE N ERINLHMOLEHFTHLE L OBIRERE TH
FREL M CE DA RN S D | U MBI ORI R A RET H72DI2E, Al E 2k —
TS RCT AR RO B b,

A A CIEFnER (L RO T L2 B3 2 5 48 AL 2ot 68 N (4Flis 33~82 is%) DEZZ L oK
BRI LU L IR IE O & SR BRI RA 2N B 2 A 2, i PR SR i s L O
Mg L ARE S EMABE L T e, Bk 2 L AKBIRENSPREL Y SWEETOR, B
v OFBRMBEBERARD b (K 2), i85 3 »ARORSCEOERBEE N %0 -8 Tk
M KREREE LA B E D272y, B L RE L OBEITR ST, KB E 7 L OFBIRRA
AOEBMEIKFTHHOTIEHR2NWEZEX bR, MIEHOEBLVCVEATHL VAT AL - X
— 4% H—F¥ (GPx) &L/ 7T A P (SePP) Z4 BT E L7-fE R, E/KEREERE Tl
SePP D H 3 MLHKER L~ &G BB 2 - L ARKERIR EERE TlE GPx & SePP V34 b B
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EREIRNZ ERbnoTz, A KENMEY L U EE BT 28 & LT KEIBOBRIERIZHE
UM idigs T SePP OERE T Z L CIiiyE B L IE ERHT 07595 LB L T\ 5,

0.500 -
0.450 1 2  Relationship between
0.400 1 plasma selenium (Se)
concentration (ordinate) and
0.350 1 blood Hg concentration
—_ | (abscissa) in the low (open
o 0300 triangle, n = 56) and high
E 0.250 A (closed circle, » = 55) Hg
I exposure groups. Both values
L;_ 0.200 - are expressed as the logarithm
; 0450 - of [umol/L]. The solid line is
o the regression for the high Hg
0.100 - ® High exposure  group, which was
O Low statistically significant (p =
0.050 0.031). Regression for the low
0.000 Hg group was not significant

-2.000 -1.500 -1.000 -0.500 0.000 0.500 and is not shown.

log(WB-Hg)

B EMETE3E=F) KR

ARBIEO® HH OKBEEM 25T BRI, BFIEFIE SR RIEH L COME L
V. AERERT 4 — /v FNOBIASORERE LT RT20 32130 BT OKRB L~ % FEHE
{ERETL LR E BIFEDOIRE & TR L 72T —# 72 E 2 HIZEEL TO0AR, WIinlb BT A
IBRER T, EHEEOHEFHT 31272 STV ey, Fuchsman 51X, A% & S5 B TOKERKE
HEHZBZ TOVDICHLMD O THERENR LN EToMRELH D LY, 20
HEE LT, AICBIT 2 EL Y ORBIRENGER L 72o72 0 ERFETHWOILIZ A TV
IREBDALFIEREDN BIRDAETEZR D H D L Tl L CWWZRREMER H D Lk X T\ 5D, T E TR
OB SOSBIFRD DB SN KERO BRI (EC20; 20% B R L) 13, BT — & 2HKS

BB L L TRy & B ITHRE 72 B-SUSBIR ORI & 72 DR LB T 5 & ffamfs
FTW5,

Gajdosechova &1, Scotland DYFFIZFTH EF b/ 21 Lo LF I R 72T O H,
R, R OB FEABIRE 200 Lz, EOMRBRIC S & HRRE OKBERMNBE S,
1R NI O HEREGRD b, KB CORER T RU 7 U 71280 ThH
Bl LT 5 2 E RSN Y, AT X O RA T ORI T ORI KSR 1T, AR IC R
T5HLEENLBED EREZBZTEY ., PRk A F LK EITFY 2.2 mgkg TH-7-,
BARMRAZ R L 2 A, 2TOMMIBNWTKIEBLEELVBIUN FI AL EL UREDORIC
EDOMHBNRRD BTz, & ATIERLRE T OFBIRE X, 4, HAUR, RiEOFEERETENE
NWHERERNZ O, ~ 7R UL, $k BN, Bl K AT VRSN R 2N
HEMNOTZDITR L, 7RIV LIFRICEBA~OEFEN R SN, SREDKEE T FI T LR
Ay Ry 7 VT OEMBTREO DN LD, EEHALEBY ~OESEIEYOILRAEHR S
%y

A F VIR D FEVEU AR D L o OFFN 2 BRT 572121, A TFAKENHKER - L
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DFEARDIEAL S5 MR 2 AL ACIFIA T 5 2 L N EE Th 5, Gajdosechova B 13 & 51T,
JEME LTz LI A U7 U7 OMMEFHEMEE T 7 A~ E'&OMEE (ICP-MS) & XHRKINR
HIREEMEAT (XANES) (2 X 0 FERIC 08T L KSR & & L o DL PR RERI O E ST 2 k8 2 e o 72,
7 27 OEEFERD EADITo40, HiEF L O TR S KER & ' L o B AR 28138
RKLTEY, BLy - KEEEAERZER L TR T AL LI RNEEOKEBER- S LTV (K]
3-a), PRk CR ONTZKIBB LN LGB DR KTV RXiE, Wb L THEER
(A7 T THBEICKRE o 72 (K 3-b), XANES THOMNT 5 & IFlg & kst o+ L vk
KER (HgSe) F /KT LV BERBIZMHELTEY, TEOKIWEL Y - KEFEAIEEZ
BT D80 L 720 7 VT AEOREICE->T S5um 22 ARE SITETRD Z L 2R
Lizo KSR FIRIZSNE 72 7 ¥ T OO RIS, FIERD v 27 A TRE O R VB
BED D3 ICHEE L TV D Z Edbno Tz, ATFIVKIBEEFLT D720, BLUIFED TH
LV ATFF=UBMEDLIVTELT 50, WATHLEL ) VAT A Ol L1
IRFF SN TV, ARSI TR I L o 8372 L WO BIERER LD . ATF LK
FRZFE DB L 7= BRIl < AR EPERR A O 72 D DERN A 1 = X A OFENRE Sz,

A e, :ggtf“e's - 1E+11 b s00 Ojuvenile
e Livers =]
AHg Brains adults
5 OSe Brains A L1E+11 = E 500 |
- =
n Le) -
o ® ] P p<0.01 p<0.005
Q —
£ 28411 * F8Es0 S S 400
8 ¥
& & 5 g g
- < 4 3 0
o 5) BE+I0 @ © 300
5 o £ G
S 1E411 1 s r4E+10 3 & 200
= = 7]
© A ™ £
o B o]
2 o 2 o F2E+0 @ = 400 |
¢ ‘ & ‘ &
g LN ] : : 0.E+00 o+ :
0 10 20 30 x "
Kae'l ) Hg (max size) Se (max size)
ge (year

3 Number and size of Se and Hg containing particles in the liver and brain is

increasing during the lifespan of pilot whales.

Looi HlX, ¥ 7 v MR CTHRINS NIRRT hAAT =T A (TR FHHH) EVv AT b
~ v RAF w8~ (NERHE) OMBETKER, A FUKIR, &L BEZ S Lz ), kil
H O A FVKBIRE T 2 —T v 7 RAARO R G L OEEHH OG5 - BrEWE O — M S EE
(CODEX STAN 193-1995) LV K<, F72, v~ L —U TR0 HARDERZR &L EEMEM L 0 LK T
bote, KEBEATFTNVKBREX, A b AR =T A TIEHK, ~ v RAF v/ \— I3k
Thebm< ., £t VU RETNE T, & CXEbEER CRbEWEZ R L, BL
Voo KERENIIT 1 2B AT, B U REEMELEE (HBVSe) BIEDEE 72> TEY | KBS
T 58 L OBFEBESER LT\ D Z AR S iz, WADERIZ X K E X F 1 KkER
OHEE I FIEEEIX, JECFA (FAO/WHO £/ iR B Z &) OB el 758 M B & 0 K<
RS O, BURTIE IS OREERIC L 272 L > ZMEIE RV E R~ Tn 5,

v BT IFERICAER T DKM 10 IR T 57 L o L KERIRE O L% Cusack B3
PRI 2 A WMHEDOERNRE LD IRDST=ON T =T A (ARXFO—FE) T342:1 THY
ERNEBRENSTETF X =7 —F 2 (Bro—Ff) TiH272:1 LAFEI L TELOENAS
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Nz, A 2= R=F =V AR EOHSERNT, PoRbBEKRICES TRIREEL YD
FRBIRAGR DS 5R < 72 DA AN A B Ay, REFRIELSE HBV 139X T 2 & kAl > Tz, i EERE
RIEE B OREBR /0D, AF VKOV IALRE b b2, MEBIROY A7 ~v3x—
AV N ERBIR)BIOKREEREIEROH 22 L U OEHRE EO X DIV IA AL TN D,
LSHORFTRETH D L EH HITR R TN,

Ackerman 5%, 3 fEOSOMERLFH 107 IC g, A, AT, &, BEPE, R ZN 5000
399 fEIC OV TARERE & L U BEE 2 04T L7z ™, RUKSRE K OVA FIL KSR L 13 FES Ol & o
ETEWIEOMBBRAZ SN2 (R >0.95), ME L IIOMICITMHBEBRIZR -7,
FEE OKIRIREE N ERF D122, II~BAT LI KBOBIGITIE T LT e, KER LU A3 AR
FEORES T, INIBITTHKBEENESHE TR, AV o7t rsn ¥
DEXOMEETIE, TAV BV UATEA X DT LA L0 Z0VEISTAFILKRRINCE
FLTWE, LR, MEROITIME IS TEWHEERSH Y (RP=087). 77 V4D
i LR L OKERIEEE 1T, HEBLOMRES IR & b @ W EBBEA A DT, THE LD T ¥
YU TlE, MEIZ AT KRR EE S T 21% @ o 7o, ABFFEAERICESE | I L7ZBO
KR DIRDTEYE L~V ZHEE T X 5 TRIRE B OISR Lz,

B BY~ADAFILKEBEEIUVEL U DRGEER

Ty hOEBRTIIINET, BELUET N Y AOEGHIZA T VKBICRET D &, Il
D~ar VT NTE R (MDA) ERPAKIRBEMET T2 Z ERRESNL TS, Li b, 7>
h~Hit L R (NaySeOs, 300 pg/kg) & A FI/LKER (4 mgkg) @ H TGl OKES L, Mg+
IKERIEFE & 2 DIFETGEEIC DWW T2 2, LB 30 A LT 90 A% DT v bk TARERHEE O
EAPEOON, 7u~v NI T 4 —HEEE T T AEESIETENLOMGERE L &
A, KEFFEAEASHEITS K 21, 40, 75 kDa Db 0 3 FEEE, & L RS E AL X 40,
75 kDa @ 2 TR FE SNT-, 48 75 kDa D F43 1 TII/KEREE N ITHM L TER Y, K
L OEGENMEE SN, BL U ERIEG LI A TFAKBHEDO T v T, JREKEEYE
MENWOBREZHATE HBEER CTChHoT BTN D, &6, v U w7 AXEL—H
— i1 A A% (MALDI-TOF-MS) (2 X258 A 32725 &, 75kDa B A B CHIAKE L &L
VT NAT I UBREAE L TEY, 21 kDa EHASETIIKEBITREAS LIz A X 0 F 434 U BFEET
LZENbnY, Ty MEKRNTOR L EKBOFEEENRH B E o7,

Evans 513, i L7z 106 VEDFAE (1 1 FAM) ORES 7 1IThE2 IRIREED A F VKR & &
LA ERICIRECRIE L, I3 EMBRICER, ik, i R, BT ORBAKE L~ & ik
DY L PREZ ST LTZ O SO A FILKEREEE (0.1~2.0 pg/g MER) 2 Ea5icoh, £
e ORIKERIRE  FH- U, B, B L OB, MigOIECREN & -T2, BEOKER
BT, B, ik, BRI L EMAEE L T s, B L 0.8 ng/g I EEDOEFA~ORMML, £
DFAFE DMK ERIRE ~ S B Z 5. 2, I/, B/ g, WKmEoFELS A ETh o7
2. B E MEOFELIZITETOEN R b E#HE LT\ D,

B HEPELYEREADEE

Wang 51, A FAKBICHT L8 L o OEMPEEZHFL BT, BV 2R L8 E
TTEmEIEZ DN TRERE L A, BL U A TR BAITEE L L0 X F KRR E
BRRKTBWART 2 2 LN TE L L, —F B LAY ERIE (IEEHEER ) <
1. BETOAFNVKBEEIIEDSRWEF LV VRBENI~R2EELS o7, B LU BEA|
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2 K DBHAA~D A TF KRB DORBRIRIT, M COER TR <, HEIZBWTKER &
LY OREFIERAMINVT LD IND Z ENbhotz, EHIT, TR X ek
(TEM-EDX) & X #RWR IS ST (XANES)DfE B b . 3 TKER - & L B EIERIEAL
SN T, LOMAEHDATFVKBRENIHI ESND EEZ b, L ALEMITES)
WAL BIEREN S L U, O KERBE DL FICH L UER & & L BRI RITEE ORhRE 2 R FF L
TW5DZ EBRHERI ST,

KEETIHY ST K TIE L TO A FAKEEEA LT 5 2 L NEELEHN, AR CIEE
FRSR e T CREBBMELE TS FEAICB 532 Z &b D, £i2, B L U Rma HEF 2
FNKERFEMEDIRBNRZ 72 6T 2 EDITFEDOHIETH L N> TEHY . HEOMBLEITSE
TEOET L D BRI ' L o S A FOLKEREEAIC E D X 5128 5 D INVERER & FEERIIZ/E S
THRDVER D D, EICHBBEE T A T KERFEAIC G T 2 HEIcHE L oot L >
iz L, 888 %E Tl Wang HO—#HOWFSE T, HREEE ORI LY RO 2 F 1 KER
BENERT 18%LUT, BMME TIL 25%LU T &5 2 NG anz @, kL v Bowmnc
0. SHICAFKEREADMF ST, WEEFRREE T C/KEZR EDKIRY 27 %7 Mi§
DERI, HEICHBRE S L omBORELBR L RTUER RN ERTND,

FEH 7 V—713&8 512, 13240 BRIE1E 5 HEOEREFZIRE T CT3.0mgkg DL %
TN U T2358 E I L 22 W EEA T 0~960 mg/kg DREAR 2N 2 5 & THED A F/LKER L ~L R
HORREREL T, AMEBERE CHMB(LT 2 L3 ba— LR X F VKRB D 18~40%
L o LR Le O, BRERYE & BkOENEEN A FILKERFEAICE S LTV, B LU 2R
L7e8%6 Tl MEBERNOGEICZ Db HER A FUKBEEEZ 2 b —LBED 23~
86%ZHNH| L7z, =R/ —H X #4361k (TEM-EDX) & X fR AR S fiZAT (XANES)
DINTHRER LV | BB OFIEOH EIZ )03 53 HgSe T/ B RO ABILZ S, AT L
KEROPEALITIIMBIE L D B L U HFEOEENRKENWEBLZI N TS,

B L 2DAFILKERIZH I HBHEFIRIZEEIT S in vitro EER

FCAERTEZ =TT T OB KB L L BEITBRAEL L THD e S
TWAHN, Das HliX, AFNKBIRE L2 B=AXTHF T DU L EREGHICRH HHiE L >
it Y T AB LB L 2 AFF = OEBTEMDO N FAZ ST in vitro TEHE L= %Y, 2o
AT NY v ARIBIEVEAL T U 2 RER~D A F VHEALKER 0.75 uM O in vitro ME#Z TlX, X b K
U TR KOS Z LIZT, DNA G E LB SN Z N2 0nbii, 7H73DTY
VORERIE A FERE & LTE BT, A TFOVKEREMICH T oM L oo L A TF A= 2 O
WEIAONehoTn, o, HELVUEBREEL ) AF A= DRI LD U U REREIESC 2 b
a2y R TRREMN~EREIIRIE SN TR o7z, KRB L UM 1110 ThHIblEY =4 4
T YT TR, RIEMIEA~D in vitro D A FIVKERIERE Tldt L > OBGEZHRITR O Hiv7eu &k
T T g,

A FOVIKEREIEIZ 3T 2 A L ACA ORI BIZ OV TOMERER- S L>2oH Y, ~
U ADEBRIFFEIC BN T A FAKEBFHEDO I b2 KU THERESCEOMOEEICITT 5 &
LoV 7 = = VORI N M A Td D, DallaCorte H1%, &L 2T 7 = =/L(PhSe), & A
FNKRE RS L2 T v b T, RO KRS RIS 2 02T~ P, 7 v~ OFiRY)
FIZ37TET30 oM. Lo Y7 o=/L (0.5 £721E5uM) & AFILKEE (25 uM) % [FIFREALER
Lizth, "EVF—FLEZUWH.PL 7T 27 ay, 2 har R TRBIOEEREMToEL L
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IKERBFE 2 FEAE ST 7 A~ BEONRICHE Lz, EOV U 7B THEMAE L- b0
ELEL U EKBERFMIELIZH D E THE LV UV BESCKBBREICHERERIIAON 2o T,
LUV T 2 = VOBEZNRIL. A TFAKEHKDO LNV OEEE T2 T HOTIE R, M
FADEE S FHEEE & A F VKR E DR EHET 2EARDOIKTEL L BDOTEE LTINS,
Thbb, LUV 7 = ARNERETF AT LB, FRIAERKETHLEL ) —L
/1 /Z— 1k (PhSeH/PhSe) & A F/L/KERE 3 FES L THAIK PhSeHgMe 4K 5 Z & T,
T har RYTHEREDRR L D5 FREGHPIIToNTZEEZ NS (B 4),

2H,0 PhSeSePh zﬂmthADpH
LEfL;NADP*
RSSR
2RSH  RSSR
2 PhSeOH 2 PhSeH/PhSe-

MeHg 4 Scheme on (PhSe), mechanism
of protection against MeHg toxicity

ROH ROOH PhSeHgMe

4) ERELEIZETSHKIEE A FILKEIBOREERRE

F IS EENC B B/NSAEN L T O OFIRIT, T T, &OMHIZIIKET ~ 5
DIENEFR 70 [FLLETHWSNTEY . KO ANSHRE L TRRKTHD, Flo, 7790 -
7 IR TIE 1970 FRLIKE, 2,000~3,000 k> DKRERDEREEHIC R ST, 2D LD Ak
FUBEE L2 1T HEE 5000 T7 N DS BE BHESE L TR Y  EEIIICLE S KEBOME XA RER O KRG
YLiiRE & & b ICERIB R RS R~ O ENE L 72> T D, T, WO KERE Y
TR~ A TF VKB ERT U T BB RIIBD ~D A FOVKBER L VO Fri- ez 5] &
e Lz,

Z 2 Tl¥ PubMed % FWVRER S — U — R“mercury gold mining”, “mercury mining”33 X () “mercury
cyanide”Z AJJ L, 2016 FREIZHE SNl EMRBE LTz, MR LI O 0 b /INFFE A5 L
ROKERGE LN I VT DEHRICRE 5 KER, > 7 T X D EBRBEE YR X OERE B B9 2 WA 2
T5,

B MRESHKIEEEES L UVEALEROBREFZELRE~NDEE

IR EENC B B/ 31T 2 KER—4& T ~ L MBI L 5 S EESE O s
P ERIERICR U, RA 72 R B % IE L T 5, Black HiX, W7 7 U BITET D70
X7 7 YD Zopal /INEAEAILILCIEEE OWCEMKBERBEELBAY 7T — (v—F =2V —
Ny D) B HOCTEHE L7z O ER 100 43T 57 v 7 — Rlld & EEE 44 28T B EAY
YT DRBEEORNEE B o, KIREEITIEINTT v VT LD B 27 O 1F
HH TITHEFEINESEE (TWA) T 7,02616,857 pg/m’. 5815 Tk 1,412+2,870 pg/m® TH Y |
PRIBEIEIZ 13 82% D A % IS EFABREEIR UK (PEL) 1,000 pg/m’ Z 8 2 -8R H Y . ZDOW, 11%D
t bR EPEEMEEDS OB R FFAEE (Immediately Dangerous to Life and Health, IDLH)
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10,000 pg/m’ Z#B 2 HIEFTE Th o712, T~/ DRBEVEEICHEE LRWRIEESE TYH 24% 7
PEL ## 2 THE D . KKIUTIEERNI ARSI ITKER T ~ v T D OBRBEICHET D D TH -7,
86% DT ~ VT MIRBENFEEF 7 LT 59% DX RIEZEF 00 8 i) TWA EIZHEDEIR S 4 8 2 T
7= (& 5), ZOBFIZT < /L0 LERBEC J 0 SREOKBENRET D L0 D T ETOEE A
W HIREE VA & B D KBOEANY 7T —H N TH LN LT,

16,000 *
14,000 : 5 Box and whisker plot of the time-weighted
% 12,000 average (TWA) personal Hg exposure of the burners
%1/ 10000 - — - — — — — |- — — — — — — — (n = 3) and by standers (n = 25) during the 3 open-air
§ 8,000 burn events, compared to controls who were not
U:E'J‘ 6,000 present at the burn (n = 17).The PEL (dotted line; 100
E? 4,000 ng/m’) was exceeded by 82% of the burners and
;‘; 2,000 i bystanders and 24% of the control miners. The IDLH
E I;’ (dashedline; 10,000 pug/m’) was exceeded by 11% of
E * the burners and bystanders. *Significantly different
o TWA values (p < 0.05).
o —
Burner Bystander Control

B BIE (LER AR B 263 O /K ERIR TR 1 & 2 B HEBE~ D BIZ D\ T, Rodriguez HiE, 2ot
T OACHENALE T D /MR AN LTV D IEE % b BRI KR & 2 BHERE~ D 8 T
OWTHEBTRE 238 27 o 72 O BHLIEE B 164 44 & R ILHISE R 127 4 & %812 il .
JRPZ L CEEFTKBREBEEEONNA A~—I—L LTMIGEIZ LT F=0, TIAT IV, Bo-
R ra7 Y PR EERIET S & bICHEERERIRIEIRSE (eGFR) bR, &fLLfEEEIX
FEFR LM R L 0 iR, R, BEHUKSIRENA RIS E Do 7203, eGFR (XIEHE L gk
ROGPAEBIEL . hoOBBEEREICIIAE AT RNoT, ZER VAT 4 v 7 BIFET LT
Efn, PRI, BRE, o—b —fBE, ARIC X DKRHEEERR A TR L CRET L T H KERIBEE &
eGFR & T (< 76.4 mL/min/1.73m%) & IZREEIEERD S, EEUFOHT TIER TSR AN 10 7
(272% & eGFR 78 3.3 mL/min/1.73m*> 542 BN &7z, Z A&t /E2E 8 oo f i ok
SRIBIE N 3.4~11.0 pg/L, JRFKERIEIEN 1.3~9.6 ug/g Cr TAREBBERTE L~ MK E 7213 L ~ur
TholcZ b, EEEDOFMMPE eGFR LFROBENTIE L SR o7o 2 Evh | KR
BICLDBRE~DRERRDO LN -oT- LB X B,

ANV A LB O F B FEFAAS 12OV T, Bose-O'Reilly H13A > K% 27 d Cisitu D/
GHLLDOER ORI K DR BZ A~ Y, 2ol KR, B, BEY, AMENKE
WCEoTHRINTWD, LOBEROERETHD 2 A HKBITHERINTEY, FRIZ=2I=
=T A IZBIT D HEIEREEDBILL D B AU S D KEBICEET 5 Z LI L, EFRRA T
AL D 18 A DR, BEHOKBIREZRE L, KEREE L OBHMEIZ OV TR
720 18 £ H 18 MK R H 78 D LR 72 B th RS C db 2 MR 70 White 25 | MEAR PR | B, TEEh 2R3
FEPUEBI N E A2, HREESOMRA RS (pathological coordination tests), HZENDF AR 0> T2
RILEN L STz (R 2), IRPKIBREEILI8 A DEBEENT ng HYL UL ETH Y | BETKRRE
FEEEEED 1 pg Hg/L UL ETH o7, 154 0BFITEODOIEREZZ L, R, BEZOKEL L
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T <L KRR L B2 S A7z, Cisitu [3OKSRISIG G SV K THHMEL . 20 a X 2R
TR D &0 )RR RIL TS D 5, EIEZR AR AR IR . BEZ T KROEEINT R D
TERR K ERIT 2 BRER /K ERICTE Y SN TSP B OERICI 2 b DO LT %,

5= 2 Frequency and confidence intervals of pathological findings; Medical score
sum points; 0—2 low score sum; 3—5 medium score sum; 6—10 high score sum.

Sign Absolute fre- 95% con- Score point if
quency (%) fidence inter- pathologic find-
val (%) ing or positive
result
Excessive salivation 7/18 (38.9) 17.3-64.3 1
Sleep disturbances 13/18 (72.2) 46.5-90.3 1
Subjective tremor 13/18 (72.2) 46.5-90.3 1
Ataxia of gait 13/18(72.2)  46.5-90.3 1
Finger-to-nose tremor 12/17 (70.6) 44,0-89.7 1
Dysdiadochokinesia 12/16 (75.0) 47.6-92.7 1
Gray to bluish discolora- 5/18 (27.8) 9.7-53.5 1
tion of the oral cavity
Proteinuria 2/15(13.3) 1.7-40.5 1
Pencil tapping test 8/14 (57.1) 28.9-82.3 1
Matchbox test 8/14 (57.1) 28.9-82.3 1
Maximum medical score 10

SILLED O &b ~DIKEE R A A LT 134 72\, Ohlander HIELFKT U O HERT O
F &b & RGBT KERIRE T & AROEBNERE & ORI AT O, 288 ADFE L OKERY R 2 KT
LR DR R 2R T — & 2O T, MNTICHE R T — X D3> TWz DI 130 4
Thollzth, ZDO 130 L DOFERE | T —FMEa B IR o7 2884 DT — 4% (FEFHE 9.61.9
) AHWT, REERZRE L AT ¢y ZEIFGHTICE Y . TNOKERE (P IfE 0.11
pg/g. A 0.02~2.36 pglg) & 4 DDOFR HAPREEIERE & OBIEMEZ TR, ZORER. WY
KN R B2 7 £ S I pure motor skills C 11.1%., adaptive fine motor skills C 14.9%. gross motor
skills T 63.9%, € L CH R HIRAE T 104% Th o7, 2D OEEBEEEE & TN /KERRE DMLz
BIEVEIIRRD DR o Tod, FRENTT VT LREEL TOAFE TIE 1 £ H DY) pure motor
skills & VOB (Odds b 3.07, 95% CI 1.03-9.18) #F L7z, LLELVD, FBRTOT~/LH A
PRBEIZ 5 KERZAKIRER T 7 & 5 D pure motor skills (2R W EZ KIZ T A REMED /R S U7z,

TT T AV BRH Y TR FEE T /NI LT OKEROIEE & FitE U CKERAFEN
IKERDBREEVEYL D EHEK L 72> T D, A F T 3Tl 2 FEMITKSEEIREN A D % 2%
10 5IZHEN L CTu %, Camacho 513, Queretaro /I Pefiamiller 17X Plazuela £/ T, {ER DK%
U CEREEF OKBOWREARE L, FLLHIBAEROMEEY X7 28T 572007 1 7T MMERK
CEFLE, RRBHIHESR D Z OHIITEATND 6~14BOFE b, Ltz LTHED
PN HEF T HIEEE DRI LT, F7- 2 OHBLO KRG YR 2 R 5 7= o o (3 #H 0 ¢
£ 0 fERME R ORI O BREEFE T, K, TR AR U 7o, SRAPUKERIREE I &b 544 Tl 225
(6.1~32.7) ug/g Cr, &M 34 TlE#)39.7 (20.2~63.4) ng/g Cr = L CHLILEZEE 84 T4 54.1 (11.5
~144) ug/g Cr Tho7o (T 3). F 7o LHEHHI/KERIRAE T 15 T 750 (28.8~3493) mg/kg,
HEREY) CIE -4 9,004 (107.8~35,589) mg/kg. 1% Yeithilnk C X F¥) 5,231 (3,979~7,864) mg/kg TH U |
WTNEH AT TDKEBICKTHHA BT A > (23 mgkg) D 150 (521 ETH - 72, LR DK
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PEIZKET 5 U R 7 3B OIR S ROKERELIR D ME— DR FTFEEIN THAZ LA EZEE LN S U A 78R
DI=bD 7 v 7T KHBHE ST,

# 3 Plazuela (ERIZEIT D IRFARE L~V (ug/g Cr)

T gk PRILEEE

Number 5 3 8
Mean 22.5 39.7 54.1
Minimum 6.1 20.2 11.5
Percentile 25 13.8 20.2 17.8
Median 22.7 35.5 52.9
Percentile 75 31.1 63.4 70.3
Maximum 37.7 63.4 14.4

Action level 5 5 25

Risk level 20 20 35

* Action level for children and women risk level for children and women; action level
for workers risk level for workers (occupational guideline).

Sari HiE, £ ¥ RRXTTHEY ¥ UIND Cihonje F1T & 2 4F5 1 LHIEK & Semarang Hitlg D IE L
I 2 DV T, 4 SOt Masa T (RERIRA, (HUsR, 18 - 2ukErE) A v Tt
DNEFIED i Fe % 38 27 o 7= 7Y, BMERRMERE L LC 8 O A RIER (B 5) [V T
JEARFIA T, MOFEEE L U TEILL D DK, Tajum JIIOFJIKZE L TEZDOKERE 2 HW
720 PR KERIREE IXAS0ILIC 1T DAKER-E T ~ VAT A TREEZDN 373 pg/mL EiHbE<, KIZ
PEAKE DKM 224 pg/mL TH Y DN THHA > KR 7 OHEKIEHE (0.005 mg/L) (25, 2,420
HFORETH -7, & 5HIZ Tajum JIOKERIREEIT 7 2>FTOF-H)T 027 ng/L Th o 7203, AHL1LA
ALE L TWVD & ZADIREIL 685 ng/L & WHO O fnERfE (the quality threshold standards) % i 2
TWe, FEROEBEDOE L~LZ L TRMEFEEOIRE L U THW I BEKSRIR B I IESN L g

== Non Gold Mining Site == =Gold Mining Site

Health Symptoms

I Nausea and vomiting,
2.Stomach ache and diarrhea,
3.Pain in the lips and tongue,
4.Pain in the ankle and hands,
5 Insomnia,

6.Headache,

7 Breathing difficuity,

8.Red spots on skin.

6 Health symptoms frequency of respondents as acute toxicity indicator.
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ECIX 0.01~5.38 ng/mg, 485 1L HI{E R CTlE 0.90~17.07 ng/mg T 0 AFi L Hsk B A S i
oLz, KEBIC K DIEROMBBEEZ 2 a7k (1 & 1 EAE, 2 500 2 [FAE, 3 50 3~4/,
4550 6~7 1, S LIZUIEHEBLD) L7a/ER (R6). KEBFEREAZ R BMRAER b FEEH0 L H
HERICHA, &Ll ERIC K D ZERRBD Oz, LLEX Y, 4 SOt egs M Faes
7 B A L R Ik 1 3 FE A B L Hids L Pe UK ERTE G IZfESS T B i 1T T\ B,

AN FEILE D O O KERIB YT BN~ D A FNAKBOERE L2 5 E 2 L, AT EEIR
W K DR L 72 > T D, Olivero-Verbel Hixzxv U B 7 D7 <Y @ Caqueta )| DFf
T L CEEROEBEZFKBARE L, AAFEIUC X DHKEBEIRO Y X7 5 fiz 3 272
72 ™), Caqueta JIEEEL 200 44 D B2 O FLKERE I 17.2970.61 pg/g (1.2~47.0 pglg) T
HY . 94% DN WHO OBIMETH 5 5 png/lg 2T\ e (B 7)., E£72 79%D A 10 pg/g % it
2 DA R LTz, BT OSEKERIE B IXIERN BTl 0.10~0.15 pg/g TH V| EMEMAIFH
TIZ0.10~1.5 ug/lg TH-o 7=, RADEKKIFEHNFEE AR (maximum allowable fish consumption
rate) (23S ERDO AV — REEEIX 2.96~31.5 TH o7z, Z OMEIFKEICBEE L2 fdFE Y 27 »n
EWZ EEERLTEY, HEMHANTEOBIZEIT XX THD Lk, FFICRILICKARE
X7 &b O@FREZ DITEEIT D RE LIS LTV D,

17.29£0.62 palg

30 n=200
S I B7 H7p 2 A sk o FEER K
-g 19.6741.63 GR(T-Hg) WLEED AT, INAE HII
n=
2 5 11:22‘1’-341545 s 1?.5513.94"-:1%-“ 15350253 BICHEREZIRON RN
A011. =. -

£ =43 T B R, p-0.438). BRI

e =r= - -

= 15 G BRI HERE S T U0 B BEAR
el

£ i W (1 ngle) BT

@ 10 e

c i

o

0 5 Sl

o gy

:F R

0 S

Sampling sites

A ¥ RA L7 O Buru 5T/ NG TKRERT < L AT 2EIC K a2 2012 F b6 2
bhiTE Y, 2, WA, ORI ~DKIBOZREMNA L T 5, Reichelt-Brushett
%1% Mount Botak /NFFAKERGE (LAFIT & i 5 I OHERE 280095 & & B 12, Gogrea /ML
SHITHIRMAERB 2 2572 7, SRR L= 2 TOREWIIA > PR T OB ERETA RF4
(1 mg/kg) % #8 2 B R/KERIEE 2o L. HrIZ Wamsit ) 1[0 OO HEREM I TR HEIE 2 82 iR 2 T e,
Z DK D REBREL T CIIKIED X F AL & W o T @O ER T T RE D /K ERFE % FE AT 5 ATREME DS
DL ERELTND, FHITERNM ORI L DBUEDHRO G AT T 5729,
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Namlea i85 LA, AT, HEBHABA L, MKBIREZRE L, TO/RKE, FAL
D7 /»@ﬁﬂﬂ*ﬁ(ﬂjn—kaﬂ%vaf“%r L, BMEZRICKHTIBEDNEESTEBITND
(B 8), =512 Buru S22 RIBELZER O FHROW)I, B0, HEEO LR RITK R B PE
Z L CHRGETRIZK %&%@%5zfik@ﬁ&@®mwmﬁm%éMTw5:k%%bt(H
9), F7=ZhHDOHIKS Mollucas M DERDUFFEN S /37 BIZHT 5 @ OB %2 B E S
HERAICHERLITE, VAZEME L TERICHTI2HEDLETH D LRI TN5D,

15 H

THg tisue concentrations (mg/kg dw.)
THg tissue concentration (mg/kg dw.)

:h; E Dussumieria sp. A, roct mocrasom i
8 Total Hg tissue concentrations (mg/kg dw.) of 9 Total mercury (THg) concentrations (mg/kg
single and replicate (A, Band C) samples of 12 fish dw.) in single and replicate samples (A, B and C)
species collected from Namlea, Buru Island, Indonesia. of molluscs collected on Buru Island, Indonesia

~L—THRHEE AL D T~ ) INT/INRREESR L B 25 30 2L BiZh7e>T 69 oo
IKERDI Y & 4U72, Moreno-Brush & I3 AT 72 2/ NEAEATL L2 & Bt S 7= KERICxE 3 5%
W ECK R T DOEE 2B ST D72, 77 2« T~/ 2 2@ Malinowski-Tambopa )11 &
(290 > T EILB e & 504 5 & & bICAMEA~OKRER 277, Mz T, K&
HA~OKEBOHIHIZ L A U D KER~DJRFTHI 22 L = 3 Al O 2 7 O3 HTic L - C
FEAR U 7=, SR TLE T DO KRB (20~53 ng/g) XTI DIKERIEE (400~4,000 ng/g) & Hb
% LRIBEDFIEIZ XV KD o 7o, /INGUSERIR L D 5228 2 52 T T2 i) 1B D V3l ' D /K $R IR FE 13~
1400 ng/L ToH VY, FEEZ T 7201135 30~120 ng/L 12, @ETH-7=, T+
DKERIEE DTN O TIER L FEHENSZ N2 LITEKR LTz, =B AMOILEY OEIE 64~
86 ng/g LK< | BFLILEILIEENC K o TN 5 RE~OKEIHIZER T2 b D TR o7,
KERDOFEENEEITFE & DIRBDEREROLEINC L D b D TH o 72, 98 LI 5% (& THREN)
23, WHO 2MHELE L 72 & MBI 2 HE (500 ng/g) %8 % TV 7=, Malinowski- Tambopata )1/
D/INGEASEIL DR BE A 2T T2 I CIEe 3 L b KERER OB ARD S, F &=k
SRIZZE ZITIEE 200 D WIS/ NEAASE L 2 S BN 72 IS ER SN D 0O NWT I ThH D
TR BMNE IR o, FRCHEHRFORITFEY & & HICBEN L, /NS ik D K AR I
B KMBEOEFHOERCTHD & Lz,

IINBUARA B (LR A O Ml CIIKERIZIN 2. T BIE S Ot L72EHAJBIC L DY A 7 23fE
MENTWD, FZ 7 RO 7T ~ > 2O LR /NN LT & BARIEEh A TR R I 2
b TW5, TORR., &I INCBET 2 HIROEROKAERITESHOELEIZ L > THHY
S, BEOMGERRIEDEE LT 5, Gonzilez-Merizalde © 1%, Nangaritza )I13iiik o> %627 3 D
KER &~ B DG Y% ﬂﬁ#é&&%:AﬁMWL’&@7~u%@$i@%§ﬁﬁ%%’@
o721y K & PRI IR < 18 75 Y Mg & T i o0 AP AR BT etk s B ERE L 72, JE
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B~ I PREE & PR OKSRIR B & W HL X O B A R BRI TENE LTz, SR DR~ A
25 15 BE VG Ge s O K 5 6 2,660~3,990 pg/L fH Eav7= 23, AKERITRR RS (1.0 /L) LLF T
Holz, FRRICIEES T O~ 2 PRI 3,090 ng/g~4,086 pg/g [ZHEIN L TNz, FEDBEH
~ I IR TG I T 5.5 ng/g. ARG YL U T 3.4 ng/g Th o7z, — . RHK
CRIE I |3 VB Y I ClX 4.4 pglg 7 V7 F = U HIE (Cr), HEEEETS Y ik Tl 0.62 pg/g Cr T
HU . 2 DONA A~ — A —Fm TG Y Ik D )5 D3 G UIR K 0 RIS E o T, AR
BWICEDF EBIFEBET Y o RENE LS. —F, SALER R O < I8H D FRROFDOFE
D JR KRR 134D CrRiRE CTh o 12,

IINBUEE R (L C OBIRTE N KB DG YA B I T & L bick FORFEY X7 % 67
SO ESBEN K END LB T5, Kamunda S 1% 7 7 U 7 O Witwatersrand 43 | L i fik
D2 FTOFLIIF T O 15 17 5L L 5 T ORIE BRI 58 56 3B 28R L, B3, . /KR,
ARIVL ol aryvbh, =y i #il #ignad ICP-MS THIE L., 2 b DHEBRBIRE
MHEANETELDORED 27 OfHiz B 2o 70, RO H#E 7rh = F VRFHR
REZEZ Tz, AT 52— FIEEE HL, 50— FEH HQ D) T2 To
RARBEIZIHNT 213 TH Y, ALK LFEHELUSN OB R EZRD LN, 7B
BWTH HI T 43.8 L &8 LEICED T £ B ISR O B R EEENRD b, ik
UAZIFERATIZLIXI0 THY . ZHITRA 5,882 44720 1 4038 EBEZ 1T 5000 L
TEEEHRL TV, FEBICBWTIZ3.67X10* & 2,725 ANM720 1 ARSEELZIT 5 LHEH S
Nice RANETELOFREMNY A7 OEITFFFEL Y EMECH -T2 Lk T 5,

Mataba & (%% > % =7 @ Thigithe JINNTI51T D KFAEREROWMEITLHE DM~ EEY 22
Ffi A Z 2o 72 7P, FAIZAL Mara 85110 B E TR CRIEAK, R, fAE (21 F
F4 TFE S MU T XA, 4 Ningu) Z8HL, B3R, I FITA a0 b, 78 A,
R, KER, =v o, $hE U CHSMBEZIE Uiz, REKOMEILREE T4 THA CHRITER
FUTEVMED, ZNLUL T Tholz, WWEMICE L Tt EFXRETOMA T, £ L TEIREEDKIE
T NFRE SRR A 35 Z 70 > TV 2D T TBIZE S 7z, Ningu ORRRH ORI LIRS
et OFNFA LY DT EVMETdH > 72, Thigithe JIIOFMEERE P OMEFE D 2 7 25
Lick & Z ¥ =7 AOFHRE 70kg £ LT 1 HFHEREL 17g & LG A, £ TOMET
R T o — FEH HQ) X1 LT THY, FHHE LTI bR o, L7
NH, bR EKIIT OV TIT Ningu OHESLR KEIEIT 100 g LR TH 223, JIRITETERS
ML FAO IZ &k - TED L AMEOFHERE LB 2 B4EM L TV Y 227 On]
REMENR DD Z L ZREL T 5D,

Obiri 1% #—7 @ PresteaHuni Valley HUB DRI 7K & PR O 1 48 1R ER S 415/
BEGLIEE B DR Y 27 3 i 7 A U D ERERER OV A7 ¥ A R4 ilih> TR IR
572, BEHE 70 7 T DK & 30 7 AT OB % /NI L OBRIRERIC X » THRELZ T 5
M DK HEI L, B3, U NI T A KEE L TEHIREZNE Lz, KB 04 RIRE
IZEB3E 15~325 ng/L, 77 KX 7 A 0.17~340 pg/L, $1 0.17~122 pg/L % L T/AKER 132~866 ng/L T
ol ELIZEHR A FI UL KEZE LU THIRES FOMEMEFE (central tendency exposure,
CTE) & & PRAYACKIREFR (reasonable maximum exposure, REM) Z#HEE L, FEMBREO T U 4
ZIEDS IR LR O 2 6 BESBIREIC L DBEL TS LOERE D 27 2#HHT 5
T2ODANSIRF A—%—L L THWE=, CTE IZH3< HQ Z3H#4 % & . Anikoko JI1JE30 T <
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ANERSRIIPESE R OIEFIE Y A 7 OFHiIET K7 A 0.04, $1 1.45, KEE 4.60 = L TEFE 1.98
Thoilz, —J. BEKE LT Mansi JII1726 B2 EET 5 Dumase O/NRFEE (LI1ESEE O35
URZ1E3.1X10° Th ot ABFZEOREE., HQIZ 1 LI EZ R L., /INIAHLILE.E OREEE Y %
7 RO BT, FRCHEFE Y AT ORERILT A U WERBERET (EPA) OHA T4 1 1x10*
~1X10° X0 @ MEE R LT,
INEREEHEILTIIART = L T LIEL L ISy T AbIEIC L A&t RB ZhbhTBY ., £
DFER, ARRRICELWEEZRKIILTWDS, BT 7V 0T NVXF 77 YTy T AuikEz A
W, EEZRERE D B 2 /b TV D, Razanamahandry 51X, Zougnazamiline #1X 0 )1 o gk /)
OB EKOREIZRILL, 7 AeiBg & o7 AW 3 MR (cyanide degrading bacteria) @
A3 Z A o7 T 8 MDY HERER L 72 KEUREOMERE S 7 L IREEIL 0.7~23 ug/lL THY, T L
T 30 MR SRR U 72 HEERURE O MRS 7 IR BE1E 0.023~0.9 mg/kg T o 7z, BT T
NS FRENTAE L TR . B LT3 7 AL AN AR O WERE S 7 D Sy fiRE 11 % 5ABR
T 57240, 60, 80 mg/L DiEfkET T v & G EIR A IR T, pH9.S T L TURERZROAMDOSL
TR CREE LTz, TREES 7 2 D 95%LL EAS 25 BERLAIPNICARE L. Lo Z ORI E o BE5H
LT UE=ST OREAR LB L T e, LavL, EERES 7 IREEDS 100 mg/L LA B TIRE O ¥EfE & o
T A DSy RLE iz (B10), AW T CORERTIL 3% OWFRES 7 M3 78381T K 0 L
Lic, WHES 7 > OIRIZTEICAEMFA D= AN L > TRBZ bbb Z b, 2oy T 1k
MINIREIC L Do 7 O S -1, KEOUFITIHEATRE LIS LTV D, AHFFEICH
WEHERHI RS BB LV~ RBEO T THAF L TN D, ZOEIT e — D 725 fE St
WZHIG L, 7 A DB F RIS EOAE 1 2 -3 O T, EEIC Y7 AMAUE TR EZ B 2
2o TCWDHET 7 U T OOV YIS A~ DG & PRI TR & LR TN D,

10

100 4Py (a) v L0 I P
al 1m-I-"."__" v—y v g
—8—CN40mgL' —w BDin40mgl' E %0+ —=—CN40mgl"  —u- BDind0mgL’ 120
8- —e—CNBOmgL" -~ BDin60mgL’ S wnl —4—CN 60mgL’ BD in 60mgL’ 2
A 5 el ] d . a4 -
. CN80mgL" -4 BDin80mgL 1we -~ N “ CNB“’“Q"” =4 BDin80mglL 10 0
e —»—CN 100mgL” —v- BDin 100mgL’ g 2™ CN100mgL  —y- BDin100mgL' A | 3,
2 'l~o\ Jos ¥ E e+ 4 08 =
E 50 [ ] o = ’, 2
= = 50 < c
Z 0 Q 4 [1]
& w—l*I\ 06 5 i & ' 06 had
L .- o™ L]
0+ Y - ‘::-0.4 © 3 27 J04 8
~ - == k= i 5]
| ° 2z g n
20 -z i [i1]

—.\51'"\ 402 @

104 ‘:'\ m

By n. - - g 8 —t
0#”"'—‘.| ' ¥ T T T T g 0.0

Time(h)

Time(h)

X 10

nutrients (M2) in aerobic conditions.

F-CN removal and bacterial growth in liquid medium (a) without nutrients (M1) and (b) with
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RN TW D HUE (Gouxi, JEE) & BEILC 72 > 7= ik (Wukeng, 251) Z %tRICKHIZEIT DK
RO AFIALOREEZ I Z 720, FOAEFTHRIKE LT X F UL i A F /L OBFRIZ DN
T 50, BUE L ERIE B 235 2 72 > T 5 Gouxi MUK 7K I L o> & F /LAR/E A F LAk
JETEELITIR BN KERDIEG D & - 7= Wukeng HIXIZEE~E < Lvh A FLKERIBEE 1T ¢t
THICILHE LT AKERIBE & — B LTz (B 1), Gouxi #IX T L < thag L7z/kRix HEd T
FRLSATFNIKBRICEL I N D D, Wukeng HIX D K 9 (T8 EITILAE LT /KBIX HEP THEY
EREALTEY, AT UICRIH SR NWZ L2522 L2, Gouxi MK DO+ 0 &g o
A FVIRERIIIAEDIZ L0 FIH S B KEBOHNN & A F LD 7 OB AN OIENE(L & OFEEAE
Ak o TELD Z e, KHEEHEF O X F /L KERHEE OHIFEN IS OTEME & KERFE A &
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MFIHITND, A TF/ALORFEFRIZIN T, IREREE A OTEMEZ 2 > b e —3 Sl &
KDL FHIRIARER 2 b — T DAL DAL & ERED N T ANEETH D Lk~ 7z,
L2 L7 Ds & Wil oo EPE 2 VEME LS 2 AR 13K TOKERD A FIALO—RFTH Y |
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11 Correlations between bioavailable Hg and MeHg concentrations in soil cores at Gouxi (A)

and Wukeng (B) during the rice growing seasons.
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7 @ Idrija BT O ZKERFLILITE 500 F-[EZ 35 1T 5 AKERERSR 1 Idrija W] & 2 0 J& PHICTRAN 7R BRBEI5 YL % 5 |
T Z L7, 1995 4E12 OFLILPASHTR & 22 /K EG G35 EHev Tuvd, Kobal HIE, @K,
HEREKER, A FL/KEROBRERIR D[R E & IETERY 72 BREENE R O RN 7 L TR M D @\ VB RO
DOIRTEFM % Idrija BT &R E U CRAATT TR 22> 72 ¥, EIER 31 41220 Tk
2003 £E~2008 (23 Z 72V, 176 44 12OV T 2008 4EI2 300 L7z, BREEFEAMNI I KERIZHRT L
FHEAER 263 2 gt L o R B il o R Bk & s i o Bl LEERTEE (I v F4 0
NAXFHE—B, A== F VAL —E, WX T—8) ZHE LT, oMk, BEELT
PROKERZJNE L, BT 2B 2727z, FEO M ARERIEEE X814 0.92 ug/L, BHAM T
IXHA ) 1.86 ug/L Toh 0 | JR /K ERIR L1223 CIEM - 1.08 ng/g 7 L7 F = AHIE (Cr),
R TIEL 251 ng/g Cr Th Y | £ L TEEZFKRIR LT H TIXRM ) 241 ng/g, [EBLITIE 251
ng/g & XHREETH 2 AR D & EfETH 5 N —REMOFIHNTH o 7=, EREEF DK
SRIEIT D DFREIIRKFKBA KL TWDR, E& LTHRAT v LT L5 5 OIREEZ KT 5
LD ThHoTo, LbIERP OERAKEBOAN &ITE L OEYFRIRIHRELZ D S5 60T
TR oTe, FIFEICBWNTXELY ) 707 A U OFRBLOEINITEEIC B U772 KERIEEIC &
D HDNHHILIR, (LA N L ADAEWFRIFREE T b 2 Hilg bl 0 23K Rz O
XD bDOTIEIRIIREBEEL WD Elbid, LU 6, [HARSIN LIS EET D iEmc
DUNTITHRBEAII L2 & IBTER) 72 /K SRIR FE D BLI ) & KM 2R LRI FE S B T do 5 Lk~ 7z,

K ERGIE (LI I8 o0 BA LN ERSLBESEY) K 5 KR O BB ERE ISR SN D, Zh b OES
JBITIBTERICHE R Z A T 5720, R IRCAIEMES R OB BITERIRE L > TWvd, Bor b
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. AL 2 e T E TN T LAY T O Valle del Azogue (& 2 AKERFEHLE O+l k-
THREESNDHEREY X7 2 WL FRINT A —4 — HeREEOFER, KA - BAEAREHEEN
A 47 v A (aquatic and terrestrial ecotoxicity bioassays) % i L CTalfli L 7= *, 3o b22r945y
BreidokeR, e B ANV UL $h, 7 o FE 2 flERRENSEEST A LUl (international intervention
values) ZiA X D%~ Lo, MEABERBROMRITHE LAY ~vIIX, PELY i
DOREWFE) 2 CICHEEREENA O, P TH I I XDOREERIEA K bH 2= RARA > T
bole, BIREZ LT, BRVEHRY VI NVTEVWEBERICEID2bOTIERL, XVEWE
SEMERTLOTHoTz, ©7 VA« 7 0 v =V #ki#A Raphidocelis subcapitata, 44 I ¥
ya, BT I 7 4 vy all LHKAEAREERBIIEARBROSRE —H L TV, @RiGYH
OFHMIZRT L, EREHEMEY — VLV ERE T LA DEDL ZERNETHD Z L AR LT,

V. &%

OREOBRBEAIFIY T aF LA JECS) BWEE D . 2D 7 1 b a— Lis 3L 2014 4F12H
TR ™, HIEICE S £ T “IBCS” % Keywords & L C PubMed #58 THIAL D BB ST 13 i ©
b5 P, WA= RO L Fe o 72 A FVKERICBT DRSS LA S B L TR
WEETHIN, REZaFALFHENL DA FAKBICET IR EINTEBLT, 22T
R CERVDOIIEREEMRE SO E L2000, 4RO aFLPHEDOHFERRIERICK LT,
AFFEDED DR Z R D L 98T LTz,

B A FIILKEBICEAT HEFHAEDEE

Jig VI A F LK SRIERRIC K HFEED O BRI E~OEEIIBEIMOFETH D & AT
% P, A[EES LT Bellinger & OFa30IE ™Y, %4 OE O FEI R BEZKEE L A, FHELE
SLAKERD 1 ng/g WM 2EIZ T EHDIQ MR 018K T35 LRE LT, R & o Hils CrnykE
EIQ KT MHRT VO MEE Lz, EOREIT/NEOMETRIZ X 58 (1Q) FEDOINTT
BIME LR NTRNEEZSND DT, £PTIXBEZAKIIE ORI 5 1Q 1K T D & DR
T DT DDAZGHTINIELL T2 A 5,

R VaME X F LK ERIEFE IC L 5 Bayley FLANCHEMA (BSID) OEEFERE (PD) & #RH%
FEFEAE (MDI) %3t 7= 45 1% 1995 4E0 Davidson & D CHFLIFE 10 PubMed TR~ 7-#1
PHC 20 o7z (F& 4y ik, AdEEHE LOIER L, RS, JLEEES
BAL. PORAEA R L OMRE L VRN RARLIHBEMTH DL Z Lnn, WIATREER & 5 & 1%
SV, ARRE TABERBEEORD DN OBE E LD L WEISEWT o7
(BB T 8/12, PR MLEKE T 5/8. p>0.2), BSID M, PDI THERMEENEZLHLNTEY
(PDI TI% 11/20, MDI Ti%3/20 TH v, +5EEMI D72 Fisher EHHER T p = 0.019), £ OB
AFIKEOEEINFENPDIME T T 5 &0 I) D ThoTo, 7 = v —f B A 2 AR — MIFZEIL,
BSID ZfEH L TWRWE DD, A FILKEEDO NGV IINGETR 2 & 0 EB I BT 2 feE s 2
EnGneFEELTRY "B AE0 BSID MIFEORER L~ D, Rds, BB ITHITE R
IRolEDIT'A T2V, AL A BT TITUN T THLIN, BhEbITHE
IRBE R B O < L A TFIVIKEEDOIRRIEZERZ BN DT I DOYEIT R > T\ 2% & fllkr
TOMRMUZE RV IFRD o7, SIEFE R, DBETIL BSID & U7z A FILKER DO PRS2 %5
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BT 2HEIERTZHmE SN TE LT, AHBEEDOHKINZ VL EDILD BARIZEIT 245 % DR
RICHIRNRFELND,

F 4 Bayley FLENIR R A OEB R EEE (PDI) BLURRMFEEIE (MDI) (Z&IET ATV KENREFEOFE

P SHEEH KR BREE L ~UL EE A B ZOMDOBRE S FER -
Iy e (GEHIREAE) His  ppl MDI T EA WA AT &®
AL 736 MTHg 5.9 ug/g 29 M+F-  M-/F- 1995 100
AT =L 229 MTHg 5.9 ug/g 30 MF+ MF- 43 PUFA 2008 103
A= 228 MTHg 5.7 ug/g 30 MF+ MF-  PUFA 2011 106
A= 242 MTHg 5.6 ug/g 9 MF- MF-  PUFA 2012 108
Azl 1,265 MTHg 3.9 ug/g 20 MF+ MF-  PUFA 2015 112
R—=Z K 233 CTHg 0.85 pg/L 12 MF+ MF+ 2006 101
R—=F K 374 CTHg 0.9 ug/L (?) 12 MF+ MEF- 2007 102
KE=z—=F—7 111 CTHg 43 ug/L 36 MF+ MEF- 2008 104
1 & AR 110 CTHg 22.2 ug/L 65 MF- MF-  #3, PCB,PUFA,Se 2010 105
73 F 4 A 91 CTHg 17.0 pg/L 6.5 ME- MF- 43, PCB,PUFA,Se 2014 110
AL v 882/801  CTHg 8.4 ng/L 14 M-/F+ M-/F- 4§, PCB 2012 107
RRA 1541 CTHg 8.5 ug/L (?) 14 MF- MF- 43, PCB, PUFA 2016 38
AHYT 307/299  MTHg 1.06 pg/g 18 M-/F-  M-/F- PUFA 2013 109
B 83 MMHg 1.96 nug/g 36 MF+ MF- 2014 111
TGONT 105/189  NTHg 0.81pg/2/0.79ug/g 6 M+/F-  M-/F- 2015 113
TISUNT 365 MTHg f&lE 122/ 239 pgle 24 MF- MF-  =FLKER 2016 114
TIUNT 690 MTHg 6.4 nglg 24 MF- MF-  =FLKER 2016 37
TGONT T 1,139 MTHg 6.4 ug/g 24 ME- MF+ = F L k4R 2016 116
W E &N 270 MTHg 0.39 pg/g 12 MEF- MF+  §#, PUFA 2016 115
sarFT-V=h 135 CTHg 2.98 ng/g 18 MF+ MEF- 2017 117
* MTHg, RSB KER; NTHg, JLIZEBEZ/KE,; MMHg, RSB A F/LKER; CTHg, WEFHFIMFAAKER.
MY B A FT d&F MET 3B &AL 7 IERERICHEE; 7 I3 E TR,

+ PUFA, ZiliRfafnfiglfifs (DHA, EPA 72 &); Se, B L V.

é%@é@f ARV TANEOEREKRICET S Q&A) BB#i S, ZoHiz [/
FiZ, A EOERICEE LR TV TTR2] VI Q) e 5 Y, Zhicw LT
B RERSERTAL T, [/ RITARN & AR DOPEMEASRE A A LT 0 | ~D/ER bl & HELEL L
TWbHZ &, T2A vz WNEREMZE] ITBW T, 78S OMRRDIEEEIZ A T /L/KERIZEEH
HAEERBENGEH SN o72] (A) EFELTWD, LvL, ZOMMLE LTHEFTWDEA v
= VNSRRI PERE OB (3 D WEE) 0 PUFA JEEAMIE LTl 53 2M2 | 2008 4
S S A v = W NIRRT JE CIX [PUFA 23R 2 & AT AKEITHBERADE
BRSNS LfEmILEbolz2H P, FoRKITEY E 2R R>T W5, Dk, &4
T L THRBIICESNDAEDOS 1T A F KB 0.5 ug/g L FTH Y ', b ETHH
EHEICERLGNTWAS 7 aREDOAFVKBRE L X —MRE2mET 5, UELY, EfD Q&
AZDOWTIIRHAAIRILZ ISR L, YN D D MERH A 9,

ANRFRLA N VX OFRE (—HINF 15g) 121X 10~15 ug O A F VKN EH TS, UIKE
60kg DRRADHEREZEZ N B 6 Bl HIVVEXRTND & ATFAKBOEBREEITN 1.5
ug/kg AT/ & 72 %, Yaginuma-Sakurai & DA ARFZETIE '), EJU\ 27 4402 3.4 pg/kg IR/ D A

FILKER (AT PHFRANRT) % 14 BRHER S, THICE Y, FHBEZRAKRITERRTY 2
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WED D Do AFEAR ST TR, BAICE T 2 KRR KO U R & Ak TE)
FHRER R L OB ERNZLORRE SRR, WTFROT 7 b AEEE L EEITR 6
mmoTe, —Ji. BRADINHKIRE L U REZEE L LIEFRHETIT, KBIC K FERE
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AN = A LRADT-DITIE, BHEEMICENRERNTOE L OFETEREEZI LT 50 E
WY, ILRLHMENRROBND,

ATEEELARTIC A & fe & . BARFUCAE T DU RO S~ O KRR & & L o OF ARy EE
PEIZOWTELDARZNTEY, MEDOERL VAT HE=4 Y VI REHTHIT bt Tn
Do —EEOFECEEE, HEENY) TIX A TLKERE AL L. TR SIS RIETE R KSR - B L
VEAERELTERL, AT VKBEHEEEIH L TS EEX DN TEY, MEIEICHZ 5 2 B
KB - ST OWHENRF- D, BRROAEY T, BATOKBEEMZ B TV DHI2bb 5T
BEEERLLNTORWEELZ WD, B MIBWTAREEOSHLEZTDY A7 v —U R
v N EASBIT ORI, KEBEMETUEROH 2EENE L U HOFE#RE EO X HIZIERA LT
DBRRFFRED 1 DWWz 5,

B XEEEEICEITHKER/ A FILKIRRIE

ANRBERHR LT OIKER-T ~ )V I7 DRBERF DVEZEFR OKEIREGE =IZMEANY 77 —I12 LV KIE
PEFEM A WS OB R R FFAIEE IDLH (Immediately Dangerous to Life and Health) Z## % 5 Z &
ML E IR oo, FI2T VI LREEZ R TIT > COLEER O+ £ b ITHF-EE L RE I 52
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% b ODORRFKEREE & OMBMEIZ e <. KERIC X DEEN L LN, A0 EIER O
A TIERED B OKEIRFZ M Z . ARG SN T2 AN ESCBEDN D ORBERH O L oo
2o FRCHBEMERMEDO A FAKBIRE TS <, BIRICEDMEY 227 BEWZ bS5~
D, FRICHAICEDZMRE D T80 ORFIREDITHIIT A RXEThH D, NBELEHLLE
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Lipofe, RO TR O FE, Julh, v r Ve EITHRREAZBLX TBY . ~TF—

RHEEE HD 3@ < AT EBICB W TREBIELSNORERRBD HiL D & & bITHEMEY X
7 b, RIS 6 0BG BIREIC L D U A 7Tl P — N (HQ)
[TKER 4.60 T L TEE 1.98 LIEEBITH LR Y 27 PR SN FFHTERDOFHE Y A 7137 A
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PubMed TR S41 5 A F/L/KERFS K OVKERIZBI T 25m301% 2010 FLURE, £ 4300 feds L O
1700 #2882 TN D08, EEEARZEDEIA 1L 2015 FELUER LTV D Lo IcBbn b,
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AF VKR E T L DRI OWTOEFIFETIE, KB I DIFERFIEO Y 27 LR%2®
LU S35 ATREME S S U2, ZOBEFIE—E LoV B EOKERIREE N B D5 DO AT
RoNDAREME L R SNz, LoDt MIZEOEE., BEMIcCAERI R ERNTORE LD

148



TFAEFREREZH LI T HMENRLE L EZ ST,

I AR T D IKER-T ~ )V T ARBERE DVEZEE OKERIBRFE BIIN 2D BV EAVRE N, £
T~V NREEFRTE 289 EEFOBREEOM, NEOEESRE~DRE LB SN
7=,

PLEEXD . AF KR K OUKEROBEEFEEBOMII D=, 5% bkt 72 SCakINEE & 2 DN
KOWBEEET TN ZENEHEEEZ N,

REELIEDETE

2017 HFIZFEER ENT A FIVKBOKIROEFHINIFERS LA F KR E B L O EIERICE
TOMLEWNEL, & b~DAF KO E, & EEICKIT D A F )L KER/ K SR 5 74l
AFIVKEREEIZ KIE L 5 DR OIERIZOWTERT 5, Fio. AEFLIT Bayley FLE %
FERRAL 2 -T2 2 FOVKER DR IS B 2 - Tl E OFR ST AL - B L7208, [AERIC, K
LS HL 70 2 R B R RE (4 5 < Wechsler Intelligence Scale for Children) T % TETH
2

513X ER

1. http://www.unep.org/PDF/PressReleases/GlobalMercuryAssessment2013.pdf#search="UNEP+mercur
y (2016.6.7).

2. http://www.unep.org/chemicalsandwaste/Portals/9/Mercury/Documents/Publications/Mercury%20Act
ing%20Now.pdf (2016.6.7)

3. FTHBEL. EWORR L 250 TR . AfERE 63: 662, 2008.

4. Sheehan MC, Burke TA, Navas-Acien A, Breysse PN, McGready J, Fox MA. Global methylmercury
exposure from seafood consumption and risk of developmental neurotoxicity: a systematic review.
Bull World Health Organ 92: 254-269, 2014.

5. Murata K, Dakeishi M, Shimada M, Satoh H. Assessment of intrauterine methylmercury exposure
affecting child development: messages from the newborn. Tohoku J Exp Med 213: 187-202, 2007.

6. Perry MJ, Young HA, Grandjean P, Halling J, Petersen MS, Martenies SE, Karimi P, Weihe P. Sperm
aneuploidy in Faroese men with lifetime exposure to dichiorodiphenyldichloroethylene (p,p'-DDE)
and polychlorinated biphenyl (PCB) pollutants. Environ Health Perspect 124: 951-956, 2016.

7. Dalgard C, Petersen MS, Steuerwald U, Weihe P, Grandjean P. Umbilic cord serum
25-hydroxyvitamin D concentrations and relation to birthweight, head circumference and infant
length at age 14 days. Paediatr Perinat Epidemiol 30: 237-245, 2016.

8.  Timmermann CA, Budtz-Jergensen E, Petersen MS, Weihe P, Steuerwald U, Nielsen F, Jensen TK,
Grandjean P. Shorter duration of breastfeeding at elevated exposures to perfluoroalkyl substances.
Reprod Toxicol (2016, in press).

9. Karisen M, Grandjean P, Weihe P, Steuerwald U, Oulhote Y, Valvi D. Early-life exposures to
persistent organic pollutants in relation to overweight in preschool children. Reprod Toxicol (2016, in

press).

149



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Oulhote Y, Shamim Z, Kielsen K, Weihe P, Grandjean P, Ryder LP, Heilmann C. Children's white
blood cell counts in relation to developmental exposures to methylmercury and persistent organic
pollutants. Reprod Toxicol (2016, in press).

Grandjean P, Heilmann C, Weihe P, Nielsen F, Mogensen UB, Budtz-Jergensen E. Serum vaccine
antibody concentrations in adolescents exposed to perfluorinated compounds. Environ Health
Perspect (2016, in press).

Oulhote Y, Debes F, Vestergaard S, Weihe P, Grandjean P. Aerobic fitness and neurocognitive function
scores in young Faroese adults and potential modification by prenatal methylmercury exposure.
Environ Health Perspect (2016, in press).

Oulhote Y, Steuerwald U, Debes F, Weihe P, Grandjean P. Behavioral difficulties in 7-year old
children in relation to developmental exposure to perfluorinated alkyl substances. Environ Int 97:
237-245, 2016.

Yeates AJ, Love TM, Engstrom K, Mulhern MS, McSorley EM, Grzesik K, Alhamdow A, Wahlberg
K, Thurston SW, Davidson PW, van Wijngaarden E, Watson GE, Shamlaye CF, Myers GJ, Strain JJ,
Broberg K. Genetic variation in FADS genes is associated with maternal long-chain PUFA status but
not with cognitive development of infants in a high fish-eating observational study. Prostaglandins
Leukot Essent Fatty Acides 102-103: 13-20, 2015.

Engstrom K, Love TM, Watson GE, Zareba G, Yeates A, Wahlberg K, Alhamdow A, Thurston SW,
Mulhern M, McSorley EM, Strain JJ, Davidson PW, Shamlaye CF, Myers GJ, Rnad MD, van
Wijngaarden E, Broberg K. Polymorphisms in ATP-binding cassette transporters associated with
maternal methylmercury disposition and infant neurodevelopment in mother-infant pairs in the
Seychelles child development study. Environ Int 94: 224-229, 2016.

Rand MD, Vorojeikina D, van Wijngaarden E, Jackson BP, Scrimale T, Zareba G, Love TM, Myers GJ,
Watson GE. Methods for individualized determination of methylmercury elimination rate and
de-methylation status in humans following fish consumption. Toxicol Sci 149: 385-395, 2016.
Sakamoto M, Murata K, Domingo JL, Yamamoto M, Oliveira RB, Kawakami S, Nakamura M.
Implications of mercury concentrations in umbilical cord tissue in relation to maternal hair segments
as biomarkers for prenatal exposure to methylmercury. Environ Res 149: 282-287, 2016.

Iwata T, Takaoka S, Sakamoto M, Maeda E, Nakamura M, Liu XJ, Murata K. Characteristics of hand
tremor and postural sway in patients with fetal-type Minamata disease. J Toxicol Sci 41: 757-763,
2016.

National Research Council. Toxicological Effects of Methylmercury. Washington, DC: National
Academy Press, 2000.

Sakamoto M, Kakita A, Domingo JL, Yamazaki H, Oliveira RB, Sarrazin SLF, Etoh K, Murata K.
Stable and episodic/bolus patterns of methylmercury exposure on mercury accumulation and
histopathologic alterations in the nervous system. Environ Res 152: 446-453, 2017.

X, AR, S fe, BEH A, hHRE, AksE, AmEA, aTmEH, e #H,
VEfE TE, ATHREEL. A FLKER, KERE L OV L c B B HF B — JE HARIE & LS.
H &5 71: 236-251, 2016.

Minatoya M, Itoh S, Araki A, Tamura N, Yamazaki K, Nishihara S, Miyashita C, Kishi R. Associated

150



23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

factors of behavioural problems in children at preschool age: the Hokkaido study on environment and
children's health. Child Care Health Dev (2016, in press).

Minatoya M, Araki A, Miyashita C, Sasaki S, Goto Y, Nakajima T, Kishi R. Prenatal di-2-ethylhexyl
phthalate exposure and cord blood adipokine levels and birth size: the Hokkaido study on
environmenta and children's health. Sci Total Environ 579: 606-611, 2017.

Kobayashi S, Sata F, Sasaki S, Braimoh TS, Araki A, Miyashita C, Goudarzi H, Kobayashi S, Kishi R.
Combined effects of AHR, CYP1A1, and XRCC1 genotypes and prenatal maternal smoking on infant
birth size: biomarker assessment in the Hokkaido study. Reprod Toxicol 65: 295-306, 2016.
Yamamoto J, Minatoya M, Sasaki S, Araki A, Miyashita C, Matsumura T, Kishi R. Quantifying
bisphenol A in maternal and cord whole blood using isotope dilution liquid chromatography/tandem
mass spectrometry and maternal characteristics associated with bisphenol A. Chemosphere 164: 24-31,
2016.

Kobayashi S, Azumi K, Goudarzi H, Araki A, Miyashita C, Kobayashi S, Itoh S, Sasaki S, Ishizuka M,
Nakazawa H, Ikeno T, Kishi R. Effects of prenatal perfluoroalkyl acid exposure on cord blood
IGF2/H12 methlation and ponderal index: the Hokkaido study. J Expo Sci Environ Epidemiol (2016,
in press).

Mitsui T, Araki A, Goudarzi H, Miyashita C, Ito S, Sasaki S, Kitta T, Moriya K, Cho K, Morioka K,
Kishi R, Shinohara N, Takeda M, Nonomura K. Effects of adrenal androgens during the prenatal
period on the second to fourth digit ratio in school-aged children. Steroids 113: 46-51, 2016.

Minatoya M, Nakajima S, Sasaki S, Araki A, Miyashita C, Ikeno T, Nakajima T, Goto Y, Kishi R.
Effects of prental phthalate exposure on thyroid hormone levels, mental and psychomoter
development of infants: the Hokkaido study on environment and children's health. Sci Total Environ
565: 1037-1043, 2016.

Goudarzi H, Miyashita C, Okada E, Kashino I, Kobayashi S, Chen CJ, Ito S, Araki A, Matsuura H, Ito
YM, Kishi R. Effects of prenatal exposure to perfluoroalkyl acids on prevalence ofallergic diseases
among 4-year-old children. Environ Int 94: 124-132, 2016.

Goudarzi H, Araki A, Itoh S, Sasaki S, Miyashita C, Mitsui T, Nakazawa H, Nonomura K, Kishi R.
The association of prenatal exposure to perfluorinated chemicals with glucocorticoid and androgenic
hormones in cord blood samples: the Hokkaido study. Environ Health Perspect 125: 111-118, 2017.
Itoh S, Araki A, Mitsui T, Miyashita C, Goudarzi H, Sasaki S, Cho K, Nakazawa H, Iwasaki Y,
Shinohara N, Nonomura K, Kishi R. Association of perfluoroalkyl substances exposure in utero with
reproductive hormone levels in cord blood in the Hokkaido study on environment and children's
health. Environ Int 94: 51-59, 2016.

Kato S, Itoh S, Yuasa M, Baba T, Miyashita C, Sasaki S, Nakajima S, Uno A, Nakazawa H, Iwasaki Y,
Okada E, Kishi R. Association of perfluorinated chemical exposure in utero with maternal and infant
thyroid hormone levels in the Sapporo cohort of Hokkaido study on the environment and children's
health. Environ Health Prev Med 21: 334-344, 2016.

Yila TA, Araki A, Sasaki S, Miyashita C, Itoh K, Ikeno T, Yoshioka E, Kobayashi S, Goudarzi H,
Baba T, Braimoh T, Minakami H, Endo T, Sengoku K, Kishi R. Predictors of folate status among
pregnant Japanese women: the Hokkaido study on environment and children's health, 2002-2012. BrJ

151



34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44

45.

46.

47.

Nutr 115: 2227-2235, 2016.

Mitsui T, Araki A, Miyashita C, Ito S, Ikeno T, Sasaki S, Kitta T, Moriya K, Cho K, Morioka K, Kishi
R, Shinohara N, Takeda M, Nonomura K. The relationship between the second-to-fourth digit ratio
and behavioral sexual dimorphism in school-aged children. PLoS One 11: e0146849, 2016.

Goudarzi H, Nakajima S, Ikeno T, Sasaki S, Kobayashi S, Miyashita C, Ito S, Araki A, Nakazawa H,
Kishi R. Prenatal exposure to perfluorinated chemicals and neurodevelopment in early infancy: the
Hokkaido study. Sci Total Environ 541: 1002-1010, 2016.

Bellinger DC, O'Leary K, Rainis H, Gibb HJ. Country-specific estimates of the incidence of
intellectual disability associated with prenatal exposure to methylmercury. Environ Res 147: 159-163,
2016.

Marques RC, Abreu L, Bernardi JVE, Dorea JG. Traditional living in the Amazon: extended
breastfeeding, fish consumption, mercury exposure and neurodevelopment. Ann Hum Biol 43:
360-370, 2016.

Julvez J, Mendez M, Femandez-Barres S, Romaguera D, Vioque J, Liop S, Ibarluzea J, Cuxens M,
Avella-Garcia C, Tordon A, Riano I, Andiarena A, Robinson O, Arija V, Esnaola M, Ballester F,
Sunyer J. Maternal consumption of seafood in pregnancy and child neuropsychological development:
A longitudinal study based on a population with high consumption levels. Am J Epidemiol 183:
169-182, 2016

Morris MC, Brockman J, Schneider JA, Wang Y, Bennett DA, Tangney CC, van de Rest O.
Association of seafood consumption, brain mercury level, and APOE ¢4 status with brain
neuropathology in older adults. JAMA 315: 489-497, 2016.

Hui LL, Chan MHM, Lam HS, Chan PHY, Kwok KM, Chan IHS, Li AM, Fok TF. Impact of fetal and
childhood mercury exposure on immune status in children. Environ Res 144: 66-72, 2016.

Al-Saleh I, Elkhatib R, Al-Rouqi R, Abduljabbar M, Eltabache C, Al-Rajudi T, Nester M. Alterations
in biochemical markers due to mercury (Hg) exposure and its influence on infant's neurodevelopment.
Int J Hyg Environ Health 219: 898-914, 2016.

Karimi R, Vacchi-Suzzi C, Meliker JR. Mercury exposure and a shift toward oxidative stress in avid
seafood consumers. Environ Res 146: 100-107, 2016.

Rangel-Mendez JA, Arcega-Cabrera FE, Fargher LF, Moo-Puc RE. Mercury levels assessment and its
relationship with oxidative stress biomarkers in children from three localities in Yucatan, Mexico. Sci
Total Environ 543: 187-196, 2016.

Daneshmand R, Kurl S, Tuomainen TP, Virtanen JK. Associations of serum #n-3 and n-6 PUFA and
hair mercury with the risk of incident stroke in men: the Kuopio Ischemic Heart Disease Risk Factor
Study (KIHD). Br J Nutr 115: 1851-1859, 2016.

Yeter D, Portman MA, Aschner M, Farina M, Chan W-C, Hsieh K-S, Kuo HC. Ethnic Kawasaki
Disease Risk Associated with Blood Mercury and Cadmium in U.S. Children. Int J Environ Res
Public Health 13: 101, 2016.

Tang M, Xu C, Lin N, Liu K, Zhang Y, Yu X, Liu W. Lead, mercury, and cadmium in umbilical cord
serum and birth outcomes in Chinese fish consumers. Chemosphere 148: 270-275, 2016.

Al-Saleh I, Nester M, Abduljabbar M, Al-Rougqi R, Eltabache C, Al-Rajudi T, Elkhatib R. Mercury

152



48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

(Hg) exposure and its effects on Saudi breastfed infant's neurodevelopment. Int J Hyg Environ Health
219: 129-141, 2016.

Punshon T, Li Z, Marsit CJ, Jackson BP, Baker ER, Karagas MR. Placental metal concentrations in
relation to maternal and infat toenails in a U.S. cohort. Environ Sci Tech 50: 1587-1594, 2016.
Rothenberg SE, Keiser S, Ajami NJ, Wong MC, Gesell J, Petrosino JF, Johs A. The role of gut
microbiota in fetal methylmercury exposure: insights from a pilot study. Toxicol Lett 242: 60-67,
2016.

Vacchi-Suzzi C, Karimi R, Kruse D, Silbernagel SM, Levine KE, Rohlman DS, Meliker JR.
Low-level mercury, omega-3 index and neurobehavioral outcomes in an adult US coastal population.
Eur J Nutr 55: 699-711, 2016.

Park K, Seo E. Toenail mercury and dyslipidemia: Interaction with selenium. J Trace Elem Med Biol
39:43-49,2017.

Ser PH, Omi S, Shimizu-Furusawa H, Yasutake A, Sakamoto M, Hachiya N, Konishi S, Nakamura M,
Watanabe C. Differences in the responses of three plasma selenium-containing proteins in relation to
methylmercury-exposure through consumption of fish/whales. Toxicol Lett 267: 53-58, 2017.
Fuchsman PC, Henning MH, Sorensen MT, Brown LE, Bock MJ, Beals CD, Lyndall JL, Magar
VS. Critical perspectives on mercury toxicity reference values for protection of fish. Environ
Toxicol Chem 35: 529-549, 2016.

Gajdosechova Z, Brownlow A, Cottin NT, Fernandes M, Read FL, Urgast DS, Raab A, Feldmann
J, Krupp EM. Possible link between Hg and Cd accumulation in the brain of long-finned pilot
whales (Globicephala melas). Sci Total Environ 545-546: 407-413, 2016.

Gajdosechova Z, Lawan MM, Urgast DS, Raab A, Scheckel KG, Lombi E, Kopittke PM,
Loeschner K, Larsen EH, Woods G, Brownlow A, Read FL, Feldmann J, Krupp EM. In vivo
formation of natural HgSe nanoparticles in the liver and brain of pilot whales. Sci Rep 6: 34361,
2016.

Looi LJ, Aris AZ, Haris H, Yusoff FM, Hashim Z. The levels of mercury, methylmercury and
selenium and the selenium health benefit value in grey-eel catfish (Plotosus canius) and giant
mudskipper (Periophthalmodon schlosseri) from the Strait of Malacca. Chemosphere 152:
265-273, 2016.

Cusack LK, Eagles-Smith C, Harding AK, Kile M, Stone D. Selenium:mercury molar ratios in
freshwater fish in the Columbia river basin: potential applications for specific fish consumption
advisories. Biol Trace Elem Res (2016, in press).

Ackerman JT, Eagles-Smith CA, Herzog MP, Hartman CA. Maternal transfer of contaminants in
birds: Mercury and selenium concentrations in parents and their eggs. Environ Pollut 210:
145-154, 2016.

Li Y, Fan Y, Zhao J, Xu X, Jing H, Shang L, Gao Y, Li B, Li YF. Elevated mercury bound to
serum proteins in methylmercury poisoned rats after selenium treatment. Biometals 29: 893-903,
2016.

Evans RD, Grochowina NM, Basu N, O'Connor EM, Hickie BE, Rouvinen-Watt K, Evans HE,
Chan HM. Uptake of selenium and mercury by captive mink: Results of a controlled feeding

153



61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

experiment. Chemosphere 144: 1582-1588, 2016.

Wang Y, Dang F, Evans RD, Zhong H, Zhao J, Zhou D. Mechanistic understanding of MeHg-Se
antagonism in soil-rice systems: the key role of antagonism in soil. Sci Rep 6: 19477, 2016.
Wang Y, Dang F, Zhong H, Wei Z, Li P. Effects of sulfate and selenite on mercury methylation in
a mercury-contaminated rice paddy soil under anoxic conditions. Environ Sci Pollut Res Int 23:
4602-4608, 2016.

Wang YJ, Dang F, Zhao JT, Zhong H. Selenium inhibits sulfate-mediated methylmercury
production in rice paddy soil. Environ Pollut 213: 232-239, 2016.

Das K, Dupont A, De Pauw-Gillet MC, Debier C, Siebert U. Absence of selenium protection
against methylmercury toxicity in harbour seal leucocytes in vitro. Mar Pollut Bull 108: 70-76,
2016.

Dalla Corte CL, Ramos A, Dos Santos CM, Dressler VL, da Rocha JB. Selenium and mercury
levels in rat liver slices co-treated with diphenyl diselenide and methylmercury. Biometals 29:
543-550, 2016.

Black P, Richard M, Rossin R, Telmer K. Assessing occupational mercury exposures and behaviours
of artisanal and small-scale gold miners in Burkina Faso using passive mercury vapour badges.
Environ Res 152: 462-469, 2017.

Rodriguez LH, Rodriguez-Villamizar LA, Florez-Vargas O, Fiallo YV, Ordofiez A, Gutiérrez MD.
No effect of mercury exposure on kidney function during ongoing artisanal gold mining activities in
Colombia: A cross-sectional study. Toxicol Ind Health 33: 67-78, 2017.

Bose-O'Reilly S, Schierl R, Nowak D, Siebert U, William JF, Owi FT, Ir YI. A preliminary study on
health effects in villagers exposed to mercury in a small-scale artisanal gold mining area in Indonesia.
Environ Res 149: 274-281, 2016.

Ohlander J, Huber SM, Schomaker M, Heumann C, Schierl R, Michalke B, Jenni OG, Caflisch J,
Muiioz DM, von Ehrenstein OS, Radon K. Mercury and neuromotor function among children in a
rural town in Chile. Int J Occup Environ Health 22: 27-35, 2016.

Camacho A, Van Brussel E, Carrizales L, Flores-Ramirez R, Verduzco B, Huerta SR, Leon M,
Diaz-Barriga F. Mercury mining in Mexico: I. Community engagement to improve health outcomes
from artisanal mining. Ann Glob Health 82: 149-155, 2016.

Sari MM, Inoue T, Matsumoto Y, Yokota K. Measuring total mercury due to small-scale gold mining
activities to determine community vulnerability in Cihonje, Central Java, Indonesia. Water Sci
Technol 73: 437-44, 2016.

Olivero-Verbel J, Carranza-Lopez L, Caballero-Gallardo K, Ripoll-Arboleda A, Mufoz-Sosa D.
Human exposure and risk assessment associated with mercury pollution in the Caqueta River,
Colombian Amazon. Environ Sci Pollut Res Int 23: 20761-20771, 2016.

Reichelt-Brushett AJ, Stone J, Howe P, Thomas B, Clark M, Male Y, Nanlohy A, Butcher P.
Geochemistry and mercury contamination in receiving environments of artisanal mining wastes and
identified concerns for food safety. Environ Res 152: 407-418, 2017.

Moreno-Brush M, Rydberg J, Gamboa N, Storch I, Biester H. Is mercury from small-scale gold

mining prevalent in the southeastern Peruvian Amazon? Environ Pollut 218: 150-159, 2016.

154



75.

76.

7.

78.

79.

80.

81.

82.

83.

84.

85.

86.

Gonzalez-Merizalde MV, Menezes-Filho JA, Cruz-Erazo CT, Bermeo-Flores SA, Sanchez-Castillo
MO, Hernandez-Bonilla D, Mora A. Manganese and mercury levels in water, sediments, and children
living near gold-mining areas of the Nangaritza river basin, Ecuadorian Amazon. Arch Environ
Contam Toxicol 71: 171-182, 2016.

Kamunda C, Mathuthu M, Madhuku M. Health risk assessment of heavy metals in soils from
Witwatersrand gold mining basin, South Africa. Int J Environ Res Public Health 13: E663, 2016.
Mataba GR, Verhaert V, Blust R, Bervoets L. Distribution of trace elements in the aquatic ecosystem
of the Thigithe river and the fish Labeo victorianus in Tanzania and possible risks for human
consumption. Sci Total Environ 547: 48-59, 2016.

Obiri S, Yeboah PO, Osae S, Adu-kumi S, Cobbina SJ, Armah FA, Ason B, Antwi E, Quansah R.
Human health risk assessment of artisanal miners exposed to toxic chemicals in water and sediments
in the Prestea Huni valley district of Ghana. Int J Environ Res Public Health 12: 139, 2016.
Razanamahandry LC, Andrianisa HA, Karoui H, Kouakou KM, Yacouba H. Biodegradation of free
cyanide by bacterial species isolated from cyanide-contaminated artisanal gold mining catchment area
in Burkina Faso. Chemosphere 157: 71-78, 2016.

Zhao L, Qiu G, Anderson CW, Meng B, Wang D, Shang L, Yan H, Feng X. Mercury methylation in
rice paddies and its possible controlling factors in the Hg mining area, Guizhou province, Southwest
China. Environ Pollut 215: 1-9, 2016.

Li P, Li Y, Feng X. Mercury and selenium interactions in human blood in the Wanshan mercury
mining area, China. Sci Total Environ 573: 376-381, 2016.

Kobal AB, Snoj Tratnik J, Mazej D, Fajon V, Gibicar D, Miklav¢i¢ A, Kocman D, Kotnik J, Sesek
Brigki A, Osredkar J, Krsnik M, Prezelj M, Knap C, Krizaj B, Liang L, Horvat M. Exposure to
mercury in susceptible population groups living in the former mercury mining town of Idrija,
Slovenia, Environ Res 152: 434-445, 2017.

Bori J, Vallés B, Navarro A, Riva MC. Geochemistry and environmental threats of soils surrounding
an abandoned mercury mine. Environ Sci Pollut Res Int 23: 12941-12953. 2016.

Kawamoto T, Nitta H, Murata K, Toda E, Tsukamoto N, Hasegawa M, Yamagata Z, Kayama F, Kishi
R, Ohya Y, Saito H, Sago H, Okuyama M, Ogata T, Yokoya S, Koresawa Y, Shibata Y, Nakayama S,
Michikawa T, Takeuchi A, Satoh H, Working Group of the Epidemiological Research for Children's
Environmental Health. Rationale and study design of the Japan environment and children's study
(JECS). BMC Public Health 14: 25, 2014.

Kanatani KT, Adachi Y, Sugimoto N, Noma H, Onishi K, Hamazaki K, Takahashi Y, Ito I, Egawa M,
Sato K, Go T, Kurozawa Y, Inadera H, Konishi I, Nakayama T, Japan Environment Y Children's
Study Group. Birth cohort study on the effects of desert dust exposure on children's health: protocol
of an adjunct study of the Japan Environment & Children's Study. MBJ Open 4: ¢004863, 2014.
Michikawa T, Nitta H, Nakayama SF, Ono M, Yonemoto J, Tamura K, Suda E, Ito H, Takeuchi A,
Kawamoto T, Japan Environment & Children's Study Group. The Japan Environment and Children's
Study (JECS): a preliminary report on selected characteistics of approximately 10,000 pregnant
women recruited during the firt year of the study. J Epidemiol 25: 452-458, 2015.

155



87.

88.

89.
90.

91.

92.

93.

94.

95.

96.

97.

Yamamoto-Hanada K, Futamura M, Kitazawa H, Ohya Y, Kobayashi F, Kusuda T, Sanefuji M, Oda
M, Mitsubuchi H, Sibata E, Tsuji M, Kayama F, Suda E, Michikawa T, Katoh T, Saito H. Relieving
pain and distress during venipuncture: pilot study of the Japan Environment and Children's Study
(JECS). Pediatr Int 57: 1044-1047, 2015.
Watanabe Z, Iwama N, Nishigori H, Nishigori T, Mizuno S, Sakurai K, Ishikuro M, Obara T, Tatsuta
N, Nishijima I, Fujiwara I, Nakai K, Arima T, Takeda T, Sugawara J, Kuriyama S, Metoki H,
Yaegashi N, Japan Environment & Children's Study Group. Psychological distress during pregnancy
in Miyagi after the Great East Japan Earthquake: the Japan Environment and Children's Study. J
Affect Disord 190: 341-348, 2016.
BN =3 P REOE & BE AT OME-S. HERS 71:91-93, 2016.
Senju A, Suga R, Tsuji M, Shibata E, Anan A, Yamamoto Y, Kusuhara K, Kawamoto T. Postal
contact with participating children and its impact on response rate: Japan Environment and Children's
Pilot Study. Pediatr Int 58: 1328-1332, 2016.
Obara T, Nishigori H, Nishigori T, Metoki H, Ishikuro M, Tatsuta N, Mizuno S, Sakurai K, Nishijima
I, Murai Y, Fujiwara I, Arima T, Nakai K, Mano N, Yaegashi N, Kuriyama S, JECS group.
Prevalence and determinants of inadequate use of folic acid supplementation in Japanese pregnant
women: the Japan Environment and Children's Study (JECS). J] Matern Fetal Neonatal Med 26: 1-6,
2016.
Wy fbe, %, NRECE, SREERR, T ME =3 W RS B, s, Lo Lv

Fﬁﬁzﬁféﬁﬁﬁ.kiUF K OfEt GEARFRR 72 b NCHEIRFFOBREE & 7 L L
F—RAEORE): FILN - HRBHIXIC T D T &b O L RIS 2 2ERA) 7 —
ZI K Hkad. ARE 710 138-148, 2016.
il BREEE [ &b O/ L REICE T 2 2FHE (ma L) | ICRIT HERE
7. Yakugaku Zasshi 136: 795-798, 2016.
Mizuno S, Nishigori H, Sugiyama T, Takahashi F, Iwama N, Watanabe Z, Sakurai K, Ishikuro M,
Obara T, Tatsuta N, Nishijima I, Fujiwara I, Arima T, Kuriyama S, Metoki H, Nakai K, Inadera H,
Yaegashi N, Japan Environment & Children's Study Group. Association between social capital and
the prevalence of gestational diabetes mellitus: an interim report of the Japan Environment and
Children's Study. Diabetes Res Clin Pract 120: 132-141, 2016.
Morokuma S, Shimokawa M, Kato K, Sanefuji M, Shibata E, Tsuji M, Senju A, Kawamoto T,
Kusuhara K, Japan Environment & Children's Study Group. Relationship between hyperemesis
gravidarum and small-for-gestational-age in the Japanese population: the Japan Environment and
Children's Study (JECS). BMC Pregnancy Childbirth 16: 247, 2016.
Oya N, Ito Y, Hioki K, Asai Y, Aoi A, Sugiura Y, Ueyama J, Oguri T, Kato S, Ebara T, Kamijima M.
Quantitative analysis of organophosphate insecticide metabolites in urine extracted from disposable
diapers of toddlers in Japan. Int J Hyg Environ Health (2016, in press).
Nishigori H, Obara T, Nishigori T, Mizuno S, Metoki H, Hoshiai T, Watanabe Z, Sakurai K, Ishikuro
M, Tatsuta N, Nishijima I, Fujiwara [, Kuriyama S, Arima T, Nakai K, Yaegashi N, Japan

Environment & Children's Study Group. Selective serotonin reuptake inhibitors and risk of major

156



98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

congential anomalies for pregnancies in Japan: a nationwide birth cohort study of the Japan
Environment and Children's Study. Cognenit Anom (2016, in press).

Canfield RL, Henderson CR Jr, Cory-Slechta DA, Cox C, Jusko TA, Lanphear BP. Intellectual
impairment in children with blood lead concentrations below 10 microg per deciliter. N Engl J Med
348: 1517-1526, 2003.

Lanpher BP, Hornung R, Khoury J, Yolton K, Baghurst P, Bellinger DC, Canfield RL, Dietrich KN,
Bornschein R, Greene T, Rothenberg SJ, Needleman H, Schnaas L, Wasserman G, Graziano J,
Roberts R. Low-level environmental lead exposure and children's intellectual function: an
international pooled analysis. Environ Health Perspect 113: 894-899, 2005.

Davidson PW, Myers GJ, Cox C, Shamlaye CF, Marsh DO, Tanner MA, Berlin M, Sloane-Reeves J,
Cemichiari E, Choisy O, Clarkson TW. Longitudinal neurodevelopmental study of Seychellois
children following in utero exposure to methylmercury from maternal fish ingestion: outcomes at 19
and 29 months. Neurotoxicology 16: 677-688, 1995.

Jedrychowski W, Jankowski J, Flak E, Skarupa A, Mroz E, Sochacka-Tatara E, Lisowska-Miszczyk I,
Szpanowska-Wohn A, Rauh V, Skolicki Z, Kaim I, Perera F. Effects of prenatal exposure to mercury
on cognitive and psychomotor function in one-year-old infants: epidemiologic cohort study in Poland.
Ann Epidemiol 16: 439-447, 2006.

Jedrychowski W, Perera F, Jankowski J, Rauh V, Flak E, Caldwell KL, Jones RL, Pac A,
Lisowska-Miszczyk I. Fish consumption inpregnancy, cord blood mercury level and cognitive and
psychomotor development of infants followed over the first three of life: Krakow epidemiologic study.
Environ Int 33: 1057-1062, 2007.

Davidson PW, Strain JJ, Myers GJ, Thurston SW, Bonham MP, Shamlaye CF, Stokes-Riner A,
Wallace IMW, Robson PJ, Duffy EM, Georger LA, Sloane-Reeves J, Cernichiari E, Canfield RL,
Cox C, Huan LS, Janciuras J, Clarkson TW. Neurodevelopmental effects of maternal nutritional
status and exposure to methylmercury from eating fish during pregnancy. Neurotoxicology 29:
767-775, 2008.

Lederman SA, Jones RL, Caldwell KL, Rauh V, Sheets SE, Tang D, Viswanathan S, Becker M, Stein
JL, Wang RY, Perera FP. Relation between cord blood mercury levels and early child development in
a World Trade Center cohort. Environ Health Perspect 116: 1085-1091, 2008.

Plusquellec P, Muckle G, Dewalilly E, Ayotte P, Begin G, Desrosiers C, Despres C, Saint-Amour D,
Poitras K. The relation of environmental contaminants exposure to behavioral indicators in inuit
preschoolers in Arctic Quebec. Neurotoxicology 31: 17-25, 2010.

Stokes-Riner A, Thurston SW, Myers GJ, Duffy EM, Wallace J, Bonham M, Robson P, Shamlaye CF,
Strain JJ, Watson G, Davidson PW. A longitudinal analysis of prenatal exposure to methylmercury
and fatty acids in the Seychelles. Neurotoxicol Teratol 33: 325-328, 2011.

Llop S, Guxens M, Murcia M, Lertxundi A, Ramon R, Riano I, Rebagliato M, Ibarluzea J, Tardon A,
Sunyer J, Ballester F, INMA Project. Prental exposure to mercury and infant neruodevelopment in a
multicenter cohort in Spain: study of potential modifiers. Am J Epidemiol 175: 451-465, 2012.
Watson GE, Evans K, Thurston SW, van Wijngaarden E, Wallace JM, McSorley EM, Bonham MP,
Mulhern MS, McAfee AJ, Davidson PW, Shamlaye CF, Strain JJ, Love T, Zareba G, Myers GJ.

157



109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

Prenatal exposure to dental amalgam in the Seychelles Child Development Nutrition study:
associations with neurodevelopmental outcomes at 9 and 30 months. Neurotoxicology 33: 1511-1517,
2012.

Valent F, Mariuz M, Bin M, Little D, Mazej D, Tognin V, Tratnik J, McAfee AJ, Mulhern MS,
Parpinel M, Carrozzi M, Horvat M, Tamburlini G, Barbone F. Associations of prenatal mercury
exposure from maternal fish consumption and polyunsaturated fatty acids with child
neurodevelopment: a prospective cohort study in Italy. J Epidemiol 23: 360-370, 2013.

Boucher O, Muckle G, Jacobson JL, Carter RC, Kaplan-Estrin M, Ayotte P, Dewailly E, Jacobson
SW. Domain-specific effects of prenatal exposure to PCBs, mercury, and lead on infant cognition:
results from the Environmental Contaminants and Child Development Study of Nunavik. Environ
Health Perspect 122: 310-316, 2014.

Hsi HC, Jiang CB, Yang TH, Chien LC. The neuroligical effects of prenatal and postnatal
mercury/methylmercury exposure on three-year-old children in Taiwan. Chemosphere 100: 71-76,
2014.

Strain JJ, Yeates AJ, van Wijngaarden E, Thurston SW, Mulhern MS, McSorley EM, Watson GE,
Love TM, Smith TH, Yost K, Harrington D, Shamlaye CF, Henderson J, Myers GJ, Davidson PW.
Prenatal exposure to methyl mercury from fish consumption and polyunsaturated fatty acids:
associations with child development at 20 mo of age in an observational study in the Republic of
Seychelles. Am J Clin Nutr 101: 530-537, 2015.

Marques RC, Bernardi JV, Abreu L, Dorea JG. Neurodevelopment outcomes in children exposed to
organic mercury from multiple sources in a tin-ore mine environment in Brazil. Arch Environ Contam
Toxicol 68: 432-441, 2015.

Marques RC, Bernardi JVE, Cunha MPL, Dorea JG. Impact of organic mercury exposure and home
delivery on neurodevelopment of Amazonian children. Int J Hyg Environ Health 219: 498-502, 2016.
Rothenberg SE, Yu X, Liu J, Biasini FJ, Hong C, Jiang X, Nong Y, Cheng Y, Korrick SA. Maternal
methylmercury exposure through rice ingestion and offspring neurodevelopment: a prospective cohort
study. Int J Hyg Environ Health 219: 832-842, 2016.

Marques RC, Abreu L, Bernardi JV, Dorea JG. Neurodevelopment of Amazonian children exposed to
ethylmercury (from Thimerosal in vaccines) and methylmercury (from fish). Environ Res 149:
259-265, 2016.

Prpic I, Milardovic A, Vlasic-Cicvaric I, Spiric Z, Radic Nisevic J, Vukelic P, Snoj Tratnick J, Mazej
D, Horvat M. Prenatal exposure to low-level methylmercury alters the child's fine motor skills at the
age of 18 months. Environ Res 152: 369-374, 2017.

Grandjean P, Weihe P, White RF, Debes F, Araki S, Yokoyama K, Murata K, Sorensen N, Dahl R,
Jorgensen PJ. Cognitive deficit in 7-year-old with prenatal exposure to methylmercury. Neurotoxicol
Teratol 19: 417-428, 1997.

Debes F, Budtz-Jergensen E, Weihe P, White RF, Grandjean P. Impact of prenatal methylmercury

exposure on neurobehavioral function at age 14 years. Neurotoxicol Teratol 28: 536-547, 2006.

158



120. 245784 . iEm~O R HEOE R L AKEIZET 2EEFHIZONT [Q& A] (K224 6

121.

122.

123.

124.

125.

126.

127.

128.

H 1 HEGED).
http://www.mhlw.go.jp/topics/bukyoku/iyaku/syoku-anzen/suigin/dl/index-b.pdf
Davidson PW, Myers GJ, Cox C, Axtell C, Shamlaye C, Sloane-Reeves J, Cernichiari E, Needham L,
Choi A, Wang Y, Berlin M, Clarkson TW. Effects of prenatal and postnatal methylmercury exposure
from fish consumption on neruodevelopment: outcomes at 66 months of age in the Seychelles child
development study. JAMA 280: 701-707, 1998.

Myers GJ, Davidson PW, Cox C, Shamlaye CF, Palumbo D, Cernichiari E, Sloane-Reeves J, Wilding
GE, Kost J, Huang LS, Clarkson TW. Prenatal methylmercury exposure from ocean fish
consumptionin the Seychelles child development study. Lancet 361: 1686-1692, 2003.

Strain JJ, Davidson PW, Bonham MP, Duffy EM, Stokes-Riner A, Thurston SW, Wallace JM,
Robson PJ, Shamlaye CF, Georger LA, Sloane-Reeves J, Cernichiari E, Canfield RL, Cox C, Huang
LS, Janciuras J, Myers GJ, Clarkson TW. Associations of maternal long-chain polyunsaturated fatty
acids, methyl mercury, and infant development in the Seychelles child development nutrition study.
Neurotoxicology 29: 776-782, 2008.

Myers GJ, Davidson PW, Strain JJ. Nutrient and methyl mercury exposure from consuming fish. J
Nutr 137: 2805-2808, 2007.

Yaginuma-Sakurai K, Murata K, Shimada M, Nakai K, Kurokawa N, Kameo S, Satoh H. Intervention
study on cardiac autonomic nervous effects of methylmercury from seafood. Neurotoxicol Teratol 32:
240-245, 2010.

van Wijngaarden E, Thurston SW, Myers GJ, Strain JJ, Weiss B, Zarcone T, Watson GE, Zareba G,
McSorley EM, Mulhem MS, Yeaters AJ, Henderson J, Gedeon J, Shamlaye CF, Davidson PW.
Prenatal methylmercury exposure in relation to neurodevelopment and behavior at 19 years of age in
the Seychelles Child Development Study. Neurotoxicol Teratol 39: 19-25, 2013.

Grandjean P, Murata K, Budtz-Jergensen E, Weihe P. Cardiac autonomic activity in methylmercury
neruotoxicity: 14-year follow-up of a Faroese birth. J Pediatr 144: 169-176, 2004.

Murata K, Sakamoto M, Nakai K, Dakeishi M, Iwata T, Liu XJ, Satoh H. Subclinical effects of
prenatal methylmercury exposure on cardiac autonomic function in Japanese children. Int Arch Occup
Environ Health 79: 379-386, 2006.

159



A review on health effects of methylmercury exposure in humans

Katsuyuki Murata', Kanae Karita?, Minoru Yoshida®, Nozomi Tatsuta’, Kunihiko Nakai®, Miyuki

Iwai—ShimadaS, Kozue Yaginuma—Sakuraié, Toyoto Iwatal, Eri Maedal, Mineshi Sakamoto®

! Department of Environmental Health Sciences, Akita University Graduate School of Medicine
2 Department of Hygiene and Public Health, Kyorin University School of Medicine
3 Hachinohe Gakuin University Faculty of Human Health
* Development and Environmental Medicine, Tohoku University Graduate School of Medicine
3 Centre for Health and Environmental Risk Research, National Institute for Environmental Studies
® Department of Human Health and Nutrition, Shokei Gakuin University Faculty of Comprehensive Human Sciences
"Department of Epidemiology, National Institute for Minamata Disease

Keywords: methylmercury; mercury; selenium; low-level exposure; developing countries; review

Abstract

Approximately sixty years have passed since the outbreak of Minamata disease, and there seems to
exist no high-level methylmercury contamination in Japan. But, mercury is continuously discharged from
natural sources and industrial activities, and health problem of low-level exposure to methylmercury
among fetuses and children has not fully been resolved. Meanwhile, mercury contamination due to gold
mining is a worldwide problem especially in developing countries in south America, in southeastern Asia,
or in Africa. From this view point, we provide an overview of epidemiological studies, mainly issued in
2016, addressing health effects of low-level exposures to methylmercury and mercury.

The following findings were obtained in this fiscal year: (1) Although the effects of prenatal
methylmercury exposure on child neurodevelopment has been described as the well-known fact in the
Introduction section of epidemiological research focusing on methylmercury, it is not so confirmative
compared with the effects of lead exposure on intellectual deficits; for this reason, further research with
meta-analysis should be conducted to improve the precision of the relation of intellectual deficits to
methymercury dose. (2) Since some Japanese babies seem to be fed Hg contaminated tuna during the
weaning period, future study is necessary to clarify the effect of high-level methylmercury exposure during
that period on child development. (3) In epidemiological studies for antagonistic interactions of selenium
against methylmercury toxicity, the association of chronic mercury exposure with a higher risk of
dyslipidemia was possibly counter-acted by selenium levels. Further human studies were required to
elucidate the bioavailable chemical form of selenium in protecting harmful effects of methylmercury. (4)
Elemental mercury exposure in the household from artisanal gold mining appeared to have adverse
long-term effects on children's pure motor skills.

These data suggest that continuous collection and analysis of published papers are needed to clarify
various adverse effects of methylmercury/mercury on human health and to find a key to resolve

contamination problems in developing countries.
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(Miyashita et al. 201512k %)
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brain around the concentrations reported for human
poisoning. NeroToxicology 57: 69-74 (2016).
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Results 1
MeHg selectively induces cell loss of neuron in cerebral cortex

of mice - NeuN THC -

Control MeHg 6w MeHg 8w

Shallow layer '« /74

K1 AFNALKBBREETT LT REBTD
1% e AE

Results 4
Effects of MeHg on the expression of markers for neuronal
activation in each brain region of mice (2)

—&— Cerebral cortex
—&— Hippocampus
—0O— Cerebellum
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e-fog / f-actin (% of basal)
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0 2 4 (] 8
Time after MeHg exposure (w)

o 2 4 (] 8
Time after MeHg exposure (w)
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BDNTF
=

Mean £ SEM (n = ). * Signif the untreated group (p < 0.05,0.01).
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Results 5
MeHg selectively induces c-fos positive neuron in cerebral

cortex of mice - c-fos THC -

Control MeHg 6w
[Shallow layer of cer

[Deep layer of cerebral cortex]
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Results 6
Effects of MeHg on the expression of phosphorylated CREB
[Cerebral cortex] [Hippocampus] [Cerebellum]
CREB
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= g Mean SEM (n=48).
‘1‘ 0 2 4 [ 8 ~ Significantly different from the

Time after MeHg exposure (w) untreated group (p < 0.01)

B4 AFNAKBFEETT L~ T ADKMKE
BT 5D CREB @V v 1L

Results 8
Effects of MeHg on related pathways of CREB phosphorylation
in cerebral cortex (2)
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1) Fujimura M, Usuki F, Sawada M, Takashima A (2009)
Methylmercury induces neuropathological changes
with tau hyperphosphorylation mainly through the
activation of the c—jun N-terminal kinase pathway
in the cerebral cortex, but not in the hippocampus
of the 30,
1000-1007.

Cruz FC, Koya E, Gues—-Barber DH, Bossert JM, Lupica
CR, Shaham Y, Hope BT (2013) New technologies for
examining the role of neuronal ensembles in drug
addiction and fear. Nat Rev Neurosci, 14, 743-754.
Lu TH, Hsieh SY, Yen CC, Wu HC, Chen KL, Hung DZ,
Chen CH, Wu CC, Su YC, Chen YW, Liu SH, Huang CF

mouse brain. Neurotoxicology,

2)

3)



(2011) Involvement of oxidative stress—mediated
ERK1/2 and p38 activation regulated
mitochondria—dependent apoptotic signals in
methylmercury—induced neuronal cell 1injury.

Toxicol Lett, 204, 71-80.

4)
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Agrawal M, Bhaskar AS, Lakshmana Rao PV (2015)
Involvement of mitogen—activated protein kinase
pathway in T-2 toxin—induced cell cycle alteration
and apoptosis in human neuroblastoma cells. Mol
Neurobiol, 51, 1379-1394.
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THTOREFR A FIVAKERILZ » bk Drpl # /8
7 D Cys624 FRIEIZEEERG L, Drpl O
b Zsl &R T ZEDHLMNER ST,
Drpl BHEAI Mdivi-1 RIEMEA A7 (Na,S,) @
ALEIX, ATFIVKBIREE A= VAN
A DIRA RN K > THIE S5 07 il i 58
ZHI L7z, BLEoRE R i%, Drpl O (kY
RIBERICL DI b R 7B EBELAS
DD D A N L A G B A S~ DT &
METLHRREE DL, VAT A /X=X
IWNT 4 KRR ANLT 4 REIZUD T 51K
YA FUNRZOMIMFIRF L LT Z & %25k
<R L TV D,

Drpl O AT A 5K (Cys—624)

)L)

Bt
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bz (NO) |
5Dz
{bZDH o0 Drpl EMHALICE G LV
Lb@EsInTWwWs (7, 8),
DREZNE
FEEICRYI A A vibshTEY,
SRR

&V S-=br VbiEliE =T
EREIR TSI LD, S-=hr Y
&
Z Z T Cys—624
WZEH Lz, DA o NIEME Drpl
A F LK
2 & % Cys—624 R VU A A 7 EH Ok 1A

Drpl {EMAL DBl & &L 720 552 & 2=
WCRH L7, LEORERNS ., A TFAKET
Drpl ® Cys XN— AV 7 4 RaekiE+ 52 LT

Drpl Z{&M L L, S b RUTHEEZNL

TOLAREY A7 @b bR RINT,

P EBU N
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Concentric hypertrophy Eccentric hypertrophy
Normal LV functions {LV chamber dilation)

Adaptive Maladaptive
< 4 week 4~6 week

Nomal Systolic Diastolic
Heart overload overload

MeHg '
< 4wk
Systolic Concentric hyperirophy
| overload LV systolic dysfunction
Maladaptive

Drp1
P MeHg .
@ sH _ SH .
Fission and
Cysb24 SH
Activation of Drp1 decreased ATP

A F UK (MeHg) IZ L AOLAREY A 7O A J1 =X L, MelHg IZ X % Drpl
® Cys persulfide #5¥& 2% Drpl 23k L., T ha v RU TR EHETDH, =
NWREAEMIZEDIEAREZFHERT D,
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AFIVKERIZK B4 — b7 7 O—FMALISN T D e EREAFEIAEE DR E

1. H=LE®
b MIBIT B A F VKD T 721E < FBIRITFAHE
OERIZL DD THD, — ., AMEE, =f

TP H TR (EPA, C205n-3) X° K4
T W (DHA, C22:6 n-3) 5D R s
(Polyunsaturated fatty acid; PUFA) 23&&EICE F4T
BY, ZNHOIENEBEIITE FOBFICERE TH
LT ENFENTND, FHIZHH PUFA [3MOFE
BIZBWTHETHD & Si, MROERSCHEREIC
RNTZEDTERWVENETH D, Thb b
FHOBRUZIZA F/VKEHERD U 2 7 L RERIEEEL
DR 4y NOZHMERH D, LnLennh, A
FIKERE PUFA OF A AEHIRMR AR Z DU T,
FEAEDDPSTORVOREURTH D,

Foex T2 FE TITRNOEE 2 53if R D—DT
HHA— T 7 O—ITER L, ATVKERIZHT D
BB DUV TR L C& 72, T ORER, (KIRE
DAFNIKEENA— 7 7 P—Z IS D 2 &
BT, A— b7y U—KIEMIE (ATGSKO i)
ERVIBRNG, 4— b7 7 U= A FILkERE
PRV LB TN D 2 & B v LT Y,

AHFFETIE, ATFNAKBIC L DA — 7 72—D
TEMAEI D S DR DT & & bIZ, ATFAKERE
PUFA (2L 54— N7 7 V— DB O TR
L7,

2. Ak

~ U ARV HOIEES G (MEF M) & A FL
KERTHERE L, LC3, cleaved caspase-3 D¥EHiE,
JOVERK, INK, p38 OV >tz oAl T n
v MEIZTHHI L7z, ERKL2 OFEEAIE LT
U0126, JNK DBHZEA| L LTI SP600125, p38 MK
FHH & LCIE SB203580 % A EHUHV V=, GFP-LC3
1. A%/ RF RV LT VT e RICTHEE L%, £D
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O mfRIEE—, THEFIET (EEIFER)

HOCZ I S PEEE (LSM-710) (T TBIZE LT,
PUFA LRI L, A FIL/KERIE < 8 24 FFHIRMZA TV,

AFIVKEEL #F 24 BRI ICHOEREZEIZ L
7o £, &I BR T AK T 0y MENT
W=,

3 BRELUEBR
3-1. AFILIKERIZKS LC3-Il EA—RD7TY—LD
#hn

MEF Al 2 & ohk 2 223588/l 2 VT, A1
7KERZ L % Lightchain-3 (LC3) DZ&fbE T =A%
Tay MEZX VN, A— 77 U—Hs
RUETH D LC3 I, i LC3-1 & L CHIEL :r
55203, A— h7 7 O—DIEHERICHEOIRE &
FiEG LIz LC3-Il &7 %, MEF Miflaizds T, A
FIVKEIEL FEIT LY LC3-I L7z, F7-.
GFP-LC3 %81 MEF MifElZds T, A F/LKEULEE
\2& V. BRI GFP-LC3 AUkiEEY (puncta)
@ﬂ:fﬁkﬁ)ﬁ S, A— 77 IV — LD REIVRE
Sz (J1) .

GFP-LC3 MEFs
MeHg

control

0
(=}

(=2}
(=]

**

1Y
(=]

puncta formation
N
(=]

% of cells with GFP-LC3

0
control MeHg

1. AF KR K 5 GFP-LC3 puncta JZ5%



3-2. AFILIKERIZK DA —bT7o—DiEMAL
AFIVKEUZ X 2 LC3-I OB A— b7 7 V—
DIFHEAUIZ L D b DD EA— b7 7 O—DAEAIT
bbrruux (CQ) #HWeT7 7 v I AT viA
17577, CQ LV, LC3HI 2N L7=Z &
F— "7 7 O—DORERA LN, —J, CQ & A
FIVIKER% [RIRFZAUEE U 7= 854, LC3-1I 1% CQ B
WL L7 (K2) . ZHDHORERND,
AF KU & B LC3- DEINE, A— b7 7 ¥—
DIEMHIZE DD THD EEZ BT,

MeHg -
ca -

-+ o+
LC3-
-—
%
*%
T
*%k
*_*
-+ -+

+ - +

LC3-lI

GAPDH M

800

(=3
o

Ratio of LC3-II
to GAPDH (%)
N E-N [=7]
o
o

o
o

0
MeHg

cQ - -
X2 A—b 77 =TT I AT vEA

+ o+

3-3. AFJLKERIZEK S MAPK jEMH{EE LC3-Il 3R
AFIVKERE < B X HHITUSE & LT, MAPKS
P OIFEHA LA S CnWb, 22T, A—h7
7 U—DIFHEIZHTT % MAPKS #RE OB 5-% ft
Lz, AF KU, £ 4 FFfflZ2 B — 212
MAPKs (ERK, JNK, 3L p38) »EM LS,
—J5, LC3-Il 1% 8 i1 5 12 BRI Bl v— 2 %
RUTo, BT, EAVENUSRARN) 72 BRE A 2 ATl
HIL, AFLKERC LD LC3-Il OENII~D AT
fli L7z, ERKL2 DFRFANL, AFAKEIZLD
LC3-Il D¥INZ AR L7z, —J5, INK, BX
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P38 FHAEANL. LC3-Il DFEBUCITE A B L7
molz (M3) o LEOREFRIND, AFAKEITHM
NR72ATO MAPKs ZIEMHET 528, SHIZED
HC ERK (&N, A— b 7 7 P—DiF LA N TE L
TWNWDZ EDVRE I Tz,

GAPDH—.—|
NS
400 NS
3 < 300 ,_t| \
58
200
<
-%0
& £ 100
0
MeHg — + g + +
PR P
QQ

3. ERK B2 L 5 LC3-Il o8gn

3-4. ATG5 KRASHIREIZF5 112 AF )L IKERD B4

A — 77 U—id ATG Biaf LTINS —HD
IFREC L VIR OMR, A— 77 TV — LK
DA T, B, #7325, ATGS I3A4—h
77 VOB B S ThY . ZO5FR
KL TIEA— b7 7 =i S 4,
LC3-Il I3 &7y, A FKERA X< 88 L0
AT MEF HIFEIZ 35U VT LC3-II 23 A F /LK ERIR
(RAFANTHIIN U7z, —J5, ATGS KiE MEF fifelzks
T, LC3H IS, SR D A F/LKERIT<
T Z 3T, caspase-3 SBEEICHIIN LT, &5
(2 AF RIS Ltz a WST-8 7 vt
AR VFHE L= & 2 A, ATGS X MEF #ifidi,



B MEF ML 0 & A F/LKERIT R URBRa AR A7
ENAEIEL, Megatkzr L (M4) . BLko
FER2N D ATGh KAFHIRA— b7 7 —F, AF
JVIREROFEMEN T LBAERIZBIN NN TN D 2 & VR
iz,

WT  Atg5KO
MeHg (uM) 0 1 2 3 4 01 2 3 4

LC3-l[s
LC3-|| [ -
Cleaved

e g
Caspase-3 E

GAPDH s

212
§1o- ﬁ
s 80 *%
52 60
> 40 L
S 20/
E 0 i AN , |
> 0 1 2 3 4
MeHg (uM)
[X] 4. ATG5KO Hfad X F /L kRISt 2 ez

3-5. BETEFIEIEEE AT ILKERIECEIC K D4R
5E

EEARBAIAEN R Cd % DHA 1 L OVEPA % MEF
AR U725, A TFLKERODIZL BB A 1R
FtL72, DHABLOEPA (20uM) HRALER, K&
O A F/VKER (LpM) BB Z 35\ VT, Al g
T L AL LN oTz, LorL, DHA Z R
U7=ABREC A FVKERA X 88 L7236, Allastns
FEIh, —Ji. EPA ZHWTREROBESEEIT-
728 a, Mt IEE SN -7 (K5) . F7-,
Propidium iodide (PI) Z M\, SEABARORE A Yuta L
72& 2 A, DHA BEIOAF/KEALEZ LV | PI
BssRa 2 B L 7= (data not shown) ,
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DHA

EPA

DMsO

MeHg |

[X] 5. DHA B & A FLkeRE < 88l L D HIAE

DAL

3-6. EEEFIRERAELE AF )L IKERIESEIC L 5408
NA—b D7 —BhER FDEED

eV VT, DHA, EPA 38 X UNA F/LAKERDIE S FEH
F—7 7 VI RIE SRR A R D AT, A —
77 U—BES THURE W =22 T ey R
#1To7=, DHA, EPA B XU F/L/KEREUMIE < &
IZBWC, A — b7 7 O—JEEDIRIE CdH 5 LC3HI,
P62 (X TN L7z, —J5, DHA & AF/LKER
ZIX< B LTZAIRRIC SV YT, LC3HI, pB2 IZZEIER
BEEI TN L, ZAUCHEN Y R mTOR @ﬁ&\k
caspase-3 DIEHEALD EAMFRD Gz (K6) |
LORERNG, DHA & A TFVKEBOIE Tid, A
— K7 7 D—ORFEIE L, HDVITEEE T X
FLZ L, MRSEDTHE S5 FIREMAYE 2 DT,

control
MeHg

DHA

EPA
DHA+MeHg
EPA+MeHg

p62

LC3-l -
LC3-Il
P-mTOR

mTOR

Beclin1

Cleaved
Caspase-3

GAPDH

EEEAEIRENER & A F KR L DA —
77—y DR

%] 6.



4. ¥Em

RRED A F KL, A— F7 7 O—%3EMH L
THZEPRAGNE T, o, A— T 7 U—
X AT VKSR 2BGHE T 5 Z LDV E
iz,

DHA & AFVKERDIZ L BRIZ L0 | MifasEs ik
ENdHELEHIT, A— N7 7 O—BEGANEREIC
HIIN L 72, DHA & A F/LIRKEROAHFEA 72 BT B
W, A— 877 U—OIEH bR DN HERDNNTD

38

WIS R DTIECH D, BARIIZiE, 2
B OBIG: L AN OIEMEREERE & ORISR (T
ML, A FILKEREEICHT D DHA OFERIZS
WTHET 2 TETH 5.

5. 5| F3THk

1. Takanezawa Y, Nakamura R, Sone Y, Uraguchi S, Kiyono M.
Atg5-dependent autophagy plays a protective role against
methylmercury-induced cytotoxicity. Toxicol. Lett. 2016, 16, 33143—
33145.



INBARHEREIC R 9 % A FILKERDIER
— BNV EARARBENERR FLRARER~NDZE—

O F ([ IR R F L E i 3K 70 S wF 52 fEAT 572)

1.HHEBEH

KRR OJRKE &L HEE S LD A TF K
$R (MeHg) & AR R 2 1555 L 1 % 4 i
BAhEEET D00, MAKIZE D E TOHF
725 TR DWW TIIRTEME S T\
VN ZAVE TYMRIEE TR, AR A B iR
WIET D & /37 BRI BT, HEE
BREFZHLE L TWDLH AN BHEIANLT
KA Y A Z—+F (protein disulfide isomerase ;
PDI) 2%, —W2{k223E (nitric oxide ; NO) 2 &
DAL ES (S-= hr i fk ; SNOfk) %%
FoZ L, TOEMIBEEREEZERT D Z
LERMLTE., ZOER, PDI OBRER
IRV PR NEIC R A S X7 B D%
B UNEAEX R L R) REEIN, DG
CTHRRB Y Z7F L UNEEA N L RISE,
unfolded protein response) 23 IEMEIL L, iR
MpERFEINLZ ExWME L. 20
i, © MAUFEPEARRR S MR R SER N T
HLRO LN LG, FHIE & ORREFEN
ORI EN TS 12,

—fiZ, SNOALEERIERNL To 5 & > 7
D AT A (Cys) FRETF A — /L AT pKa
AR 7 P LTWD 2 &b G
ICEATWDZENALNTWD., Liedio
T, NO LIANOBLEFHEDE & A D ITKIG
THZENTRENTE

HE, MeHg X Cys FRIELICHAREL, S-
KERAL & FEIX AL 2 A ] 1 22 {b P E Al 4l 2
T. TORR, ¥ X7 B OREESCTE M E A
b8, AERNEFEOMELE . AR
MeHg Oz BUCREMRT 2 L #HEE S 4,
INETIEZSOEENRREINTETND
. %I T, FL= Bk, PDI @ Cys #EXH NO
LIRIERIC, MeHg Ik Vb ihvsd Z & ThE
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SEAEPEDIE S 4, Z 2N T B R O
#E /IR 2 b L AR & AT L TR R i 4E
WEEIND ETPHEL, L BRE LR,
UToMAZRLZ LIS L.

2. MEAHE

KR E S-OKERIBIE, SNO k& X g
ERFRMICHRHT I EAT AL v FEERIS
AL TR L.

MR O AETFF T MTT 7 v A MHR
Oz,

RN ICB T D/ EEA L RAFHE
DA T RT-PCR 5, L R—% —& a1 % H
Wiy 7 2T =BT vl AR5 NITKFHE
BRI ERH Wy = 2% 7 vy MERT
AW THRE L.

PDI @ S-/k 4L 1%, MALDI-TOF/MS f#
MrafAnwTRELE.

F£ 72, PDI OFEHRIEMEIL, KEE L TEMHE

(BLA) UARX2Z L7 —F A (RNaseA) %
AT, ZoRIELEZYERXZ LT —BiEMH
75 A L 7=

SHERELUEBE
FHIDIZ, MeHg 78 PDI % S-/K R LAE i
T HMMEPITIZOWTHE L7z, PDLIE N K
il & CRMNC 2 EAT OFERIEHER L TH D F
F U RF T RN (CGHC) # A LTV,
DEALIAFTET D Cys 5 I 1T NO O FEHHET
MTHDHZ END, MeHg HLRIFKIZZNL D
HALICHE AT D ATREME N HEE Sz, £ 2T,
SNO fLiEffiZHBMIcHRt T o 4T %
A v FEEERME L, MeHg IZ X% NO & fifi~
WAL A, RIEMKAFRIIC SNO b

@El/-%
DAl Sz, Lo L2ans, BEIREn. &

-
—



(2, FIRE MeHg Z/LE L CT% PDlI @ SNO
BIFSERICITHEER Lo, 20T &b,
MeHg (3472 < &4 NO LA U Cys Rk & 12
F1E LTWDA, NKdbDHWIELCROIEMEH
DITPER LTV 5 aTReEME A R Stz °

WIZ, S-/KERILERAL 2 ] & M2 3 5 7291,
L7V 2 EF > k PDI % MeHg THLE
L7=DbH, MS #2417 > 7=. = OfE S, MeHg
XCRMF AL REU UM RAAL THFET
Z 1% M H s Cys 7% (Cys383 L < 1X Cys386)
ERPRMICEMT S E N o Tz,

I bz, PDI {EPEICZX 95 MeHg D&%
st L7z & 2 A, MeHg WULHLEE K (7 09 B
FHIHERIH SN Z B brotz, LN
- T, MeHg X PDI i&MEERAL Cys #% 2D S-/K
SR 2 I U CRERIEME 2 AU ET 9 2 Al RE M
DRI S 7.

—J%, MeHg i3t h==2—m 7 I X h—~
SH-SY5Y Ml EFA4E LK TIEDL Z
ERPEEINTWD., ERROEN S MeHg
25 T B RARESR T D PDI OGN Z 1
fil o 2 end, IMEEAPEICRER S o
7B DOFERE & FHE < PRER R b L RRE
(UPR) NERE SN D ATREMENE 2 bivTz.
% 2T, UPR BIEMEAL STV D & 2~
72L& Z A, MeHg AL (2 X > T SH-SY5Y il
TIL BiP X° CHOP o B HL M R sz, Lo
Do T, AMEELICIT/NEEARA N AR
BIG L TWAZ ERRBINT.

BT, FEMI 72 UPR R BE 12 DU THEAT % i
Do, &L, REWL/DRIEA ML 2TV
- T d D
6a (ATF6a),
la (IREla), PKR-like endoplasmic reticulum
kinase (PERK) D&M 7e & TN & @ T it #% #5
D EIIZ O WTIRIT L 7=,

ATF60/E MeHg ALFRIZ X - THELNTRIE
DREENTZ D, BEY R BEOER
> TR bEhTWa Z Enbo

WIT, IRELafR K ICH> W THE L7-. IREla

activate transcription factor

inositol-requiring enzyme
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TN RAR NI C M & X A7 L,
FOfES LTV BIP BMEBET S Z L T2 &
K/ S BRERNE Z 5 2 & CRERTEIEN I
#L, AU UiV THSE DT KX
7 L7 —BIEMZ N L TREE xbp-1 mRNA
EATTAT T THZERAMLATWNDS.
T, FL7=HI1X, NO X IREla® U v igfk %
TIXEE LRV, = FX 7 L7 —BEkE
ERERMICIMHE T2 2B LML TND
7. MeHg & NO & FIEED RN B 5 e
BT 2 A, xbp-1 MRNA D AT T A4
VT 5E AT MeHg LB T S Tz 2
Eb, SKMLE N LTIRELOT Y RX 7
L7 —BIEMEEIEH LT D aTEEME S RIR S
ni-.

PERK (2B LTI, IREla & [AAR I /MR A A
ML ARG LT, 28K/ ZEBEEERIEZ
v, 0%, ALY VBIRIS D NCEE
ZUNTEOY UEenTiET S, &<,
HEREEDO 212 elR2aNH 5N TN D,
PERK (2K % elF2ad U »VER{LIZHT AL &7 > o]
JEEROMEIZELT SH. £ T, MeHg
PRI X D8 ~7c & 2 A, PERK [T#
RLMTTEMAL L, elF20D U U F k2 5] & i =
T ENDbMNoTz. —J7, NO X MeHg &1
BB AN LT elF2am U Rl & A&k
THZEEHALMZLTND. ZDOZ LD,
NO & MeHg O fliflast & psE & L TR
A2 UPR Z{EME LT 2 s CIXIE 7228, PDI
DIEAIR PERK IEPELIERE I W TERE DN B
HIZEMWRBINT.

U bEofER X, MeHg (3/hNENEED #
R B AR A TRE S D 2 & TN R
ARNVR2AERETDHIENRIBRINT.
MeHg %, %t T UPR OiFEMALZ 5 & 23
B, VAT DX IR RRA Ly
LB, BV —0FICHIEHT S Z
ETCUTFTARGHINTND Z ERbro
72. &<, IRE1-XBP1 %I 13 4l i SE L1 12
Mbn &, KK, Mtz k& <M



> TU % chop ZHLIL ATF6 #1217 L T
WHZEBRHESEATWS., LEN- T,
MeHg (X IRE1 % 4 U 7= i i 58 5 il 128 1% % 38 W7
3 % —J7, PERK/ATF6 ## % 7 L 7= M ja 5E 3%
R AN L G E TESE TS 2k
AREME S RS S e (K1) S

/Matk

*5@%‘9 Ny EER

S-7kiRiE

/NaRR L/Z

PERK

| elF2a') VEE

uxBP |,  sxBP l

[
mRNA

v ATF4

XBP l \
1
v

ER 1haperones |
ERAD 1omponents |

ik lopd

X1 FPHRINDAFIVKEDO/NEIKEA L

A G 1 L T AR e S 7 B A

SH-SY5Y MR A F /LK ER % AL BR L 72 BRIC, PDI DfE#H
EMEMHICEE LS Y o 2 BEOERMEZ Y, /N
A MLAREE D, ZUEY, 3o0/MaER b
A= EMALT D, FEMZRfEHT A 5, IREL 1 MeHg
MEICE>TIYRXZ L7 —BEERNEET E7-0DIC
xbp~l DATZ A IPRREINDZ ERbroTz. T
@ X 9 72 IRE1-XBP1 -Plﬁﬁmﬂﬁu 1%, PSR 1B T O
BRE 2 JNH 45 2 LICE,AN D 72, PERK/ATF6 % /i L 7=l
RAFED K V)ﬁi@*f‘é—l& D ENTIBINT.
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INBERR FLRT LAV TaoaZ oIk BEEEFRBENE MEAKEERE

1 Hde B2

-l =1:0]

THET, AFIUKEFEMERBLZ TR
APV AGENEERER 2 REZT 2L %in
vitro, in vivolzB W TH Sz LT =M,
IHIZ, BV IR D A TF VKB
PEDS & 72 & 3B N O AH B 70 TE MR L
DIRTFIZEY, BRI ROEERELV VF
H#5& C & 5 glutathione peroxidase 1 (GPx1)
mRNA X thioredoxin reductase 1 mRNA 73 |
mRNA B # # #§ T & % nonsense-mediated
mRNA decay (NMD)” O EB)IC & v #5 T 1% ks
EINDZ LM, ATFKBICL DA b
VABEDAN=ALE L TEHETHDZ L
LT LY A FKERIRE R LB
AT LA N L RITx LIPS % C
IS TERWEAE, MR LAV TR
HEROIEMALN AT FHERHI T/ g
(ER, endoplasmic reticulum) A k L AL Z -
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(LAT1), LAT3., sodium-coupled neutral amino
acid transporter 2 (SNAT2)& 7 /v & F 4 L #l
JashHEHICBEAR T 2B R 7 v AR —F —
ABCC4 @ % Bl % quantitative real-time PCR
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ARTLavTFaazoi0EE

FRL N K SRR B 1X . A T L KSR IR N %
Lpic#EmL., kEFrvarsFava=r T
fa CIXIRIN 3 REfgIcE—27 & Z D%



WK T L2 Enn, KREBPEH O J5 234
JaN~DKEBIRA LV IEH LS TS &5
2o, MREARNLRATLaryT o va
=TI ZOBGE @D, A TFIKBORA
PE & bl T, MIRNKEIREAZIET L
aryF4va=rIRIDVERTIEE
(K1)

1.

Hg content
(mg/g protein)

0.2
—&— MeHg

- -0~ - MeHg + TPG

05 1 3 5 7 h

Time after MeHg exposure

X 1. /NNaEARN AT LarysF o ia=u 7k 5
i PN K SR IR B D 28 )

3-2. hMNEEKRXFLRTLOaYTa a3y
JIZKPEFSVAR—2—DHIR

INE A RV AT L aryF o a =T
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INEEA N VAT varyF o va=r S
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Mo BmEFEHE RS L0 08I oFIK %
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2-1. BHuNE
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(GDI1) £ VW GD20 £ ToO., MeHg & A K
le%iWSmm)%Em’ﬁikﬂmm
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L & AT LT,
2-3. Real-time reverse transcription
polymerase chain reaction (RT-PCR) &
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ZAH L7 D 5| real-time RT-PCR #EI12 X 1 |
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2-4. Enzyme immunoassay
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K7L — MCHIE 2 #5 TR L 72 .24 WP EE 2%
L7c, 20t%, aLFaxTark 24 KH
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3-2. REDD1 MO E4FMEZR DR

7 v hOMWMRMag TH D B6S MiuE H
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FICHAT LI LW, L LR D,
ZIVCED DB b AFIE L TWVRVY, A
F KB XD/ MR FIZHONT, THRET
OBLRIVE, DR A T D BRI,
X HRB L7 Y Tl A F KR
D RS D ZE D b FERLH IR A A 7o Tk O
HEEHAT I LONEL, TOEZMEICS
WTORFEMOERNBETHN TV, L

O
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M, HHE OB, B Rl GROREER)
LD, Z2OX 5 REZMEDZEITATF LK
ER o> 1 R B L2 ek 3 D IELHERY A2 /E ] O BR AR (2
WXEETH DY, /N IEERL AR 0 20 T KB
PG EORBLA 1 = X L& 5B R
DITITEE LV,

WHFFE R TlE, A FAKEHEGIC X0 %K
R (BRI g ER) BER I LT v
N O/ A T, BRI 2R R A T
ST, AFNIKEHHET v FO/PKIZENT
BLEEE L 7 ) A — 3 2 IXRD SN D> TS,
AF VKR G5% 21 B B LI O B0RL A
(ZF T EMAME D IBATHEEA B ITBLEE S
Nz LOLARRL, Fuxr il
FJETIX, 20X 5 REMEORITIHETR D
SN oTo, S BHIT, I O/NMEERL L O
BATHEZEAEDN T R b= 2 TENT 5 Z &2
RENTZ, T, o EMlaGEETY v
NERB XN~ 7 17 7 — UMK ERL A S
WZIRML TR, IL-2 X TGF-B 72 EORIE
P A P AOA L ORBN EF LTS Z RN
oMo, TNHDRERIT, AF K
SRR TE O ) BE PR T U 7 Bk AT 5 5 28 5
oLy, MREEETY kS~ 71
77— VAN RL R B JE LR L R R
W ST RIEMY A b I A 2 L0 FERLH
R RO KB /e 7 AR b — v A& FHRT
HAREME R RIE L C\WD, Z 0O XK ) RKIEN
A& Fe 2 1% “RIERGR” & L THRBLTW
D,

MRS EME T U > 2NER I PISK-Akt #51 &
4~ L, Perforin 5 X U GranzymeB 7377 U4
N5Z L TEMMEOT R N—AZHRT
HIENHMBNTWS 23, LEEB-T, A
FILKERIZ X VU Perforin-GranzymeB #% ¥ 23



EHElbsn=Z Lic kv, DMRER RO T
Rhb—vARFERESND, €I T, KD
HEJZHERI S D72, A FILKERIZ K DM
JatgEM T U v 738k dD Perforin-GranzymeB
R OEMEAL, BLOZD A I =X L% iR
THZETHD,

2. EBAE

TYU Y REKOETLELTE FT U »/NEK
H MLk Jurkat E6.1 fild 2 Hw 7=, AT
KERIZ L % Perforin 3 £ U GranzymeB D §%
i ~DEFEEIL ELISA kI TERE LT,
F 7, AFNAKEEIC KD Perforin 8L
GranzymeB & 15 1+ @ % Hl (X Real-time
RT-PCR IEZ HWTHT L7z, S HIZ, AF
NKERIZ L D5 EGFR, Akt, ERK1/2, p38
MAPK B LW JNK DU v EE{bit Western
blot #, Ml PTP1B o 8% 3% Ml & 1
PTP1B @ EIA kit # W CTHIE L=, F7-,
KL FEANC >V Tk EGFR L E %] PD153035,
PI3K [H % #l LY294002, ERK1/2 [H & #l
U0126, p38 MAPK [HE#l SB203580 ¥ L Y
JNK [HEH] SP600125 % 7=,

3. #R

AF VKGRI IREE L 72 Jurkat M2 0
T, 5 uM ® A FLKEEIZ LV Perforin #
NI BORBMA~OEFEITH{M L2, A F
JVKERIZ D Perforin mRNA O EHL EH 1%
RO LR T2, £, GranzymeB # /X
7 BT A F IV R 0 B 3 U AR AT A IS B o~
DEMENBEFICHEM L, 2 EMEEAL,
GranzymeB mRNA [Z DWW T H X FILKERIT
XDWELRBREARBOONTZ, ZDZ L
5, Jurkat MLV T A F L IKER A
Perforin-GranzymeB & ¥, %72 GranzymeB
ZPEICHEB LA L, KRESEELSNLD
ZEMWIRENT,
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Perforin-GranzymeB #& # O 5 b1 T H
fas K% L7- PISK/Akt > 7 F V5
T H L, AFKEBIZ KD
Perforin-GranzymeB #% I OIEMHEALIZ X5
PI3K/Akt #R¥E DG %Mt LR, AT
JVARERIT K0 RRIRFRY 72 Akt OIEPEL RO 5
Nt oo, PIBK HEMZAH L TH A F
JVIKERIC L B R th ~ @ Perforin 8 L O
GranzymeB # > X7 EH O EfEE, I b
GranzymeB mRNA O HL EHIZE B L 72
-7,

—J7, Jurkat fifEIC A FOLKERZRTE T D
&, AT VKOG ERE B L O AR
72 ERK1/2, p38 MAPK ¥ L ' JNK D4
RO LTz, Zhb 7 FILOiEMEN
A FKERIZ L D Perforin-GranzymeB #% 1
DIEMHALICEHE T D20 Et Lz 2 A, AF
JVKERIZ & D Perforin 5 X O Granzyme B
2 X7 D 5ruE ERK1/2, p38 MAPK &5
KO INK EANC L @l Shi, Lol
728 5, Granzyme B mRNA o 3% & (X
ERK1/2 3 X 0" p38 MAPK FRF A & v 4l
S, INKHFEANC L 52T O 51
o i,

MAPK % &AL L1552 & EGFR (3,
FryrARAT77H—E PTPIBIZ LY ZD
EME L BICHH s h T %, PTPIB (X
1,2-Naphthoquinone 72 & OK&E - H¥E I
FOVHEFEINDZ &, 22X D EGFR 23&
LT D2 EDRHESNTND LI &b,
Jurkat #i @125 T EGFR/PTP1B & 11X
AFNVKBOERMR LR VBLEBEZLND,
Jurkat ML IZHB VT, A FIKEIZED
EGFR DOiEMAL & Hiia N PTP1B OB R IE M
IZOWTHRILIZE 25, AFAKBIZED
R 72 EGFR OIEMAL RO b, FE,
EGFR FLEH 1T A F L KBIC & 2 5~
Peforin 35 X 08 GranzymeB # > /X7 EH D%



FEHE NS> GranzymeB mRNA O FHi5E %
MHl L7z, 2o & &, Jurkat Mgz 5
BN PTP1B V& IE A T /L K SR D I FE (R A7 (1Y
WZPHF ST,

X 52, EGFR & MAPK & ¥ O A %
[ZOWTHE LR R, EGFR LEANT A F
JVKERIZ LD ERK1/2 3 X O p38 MAPK @
IEMEAE 2 80 L7225, INK OJEF (LI I3 2
Loz,

4, ER

LEDORER XY, H—I2, Jurkat fifaicis
WTT, AFILKERIE Perforin-GranzymeB #%
BAEIEELT 22 ER RSN, FFIC,
Perforin % > /X7 ' O 43 W D HE NN HR G-t D
HEIZKDHDIZx L, GranzymeB D% 8 E

FEREF LV THESND 2 EPRRE
iz, 812, Jurkat fIC 1T D A F LK
$R1Z X D Perforin-GranzymeB #% % O 15 AL
O IR IL, kO PISK/Akt fR & W 5
£V, EGFR/IMAPK R IC K > THTESIND
ZEWIRSI N, KR, TUWAE, A
FUKBIZ L D EGFR OiEME L & Z D T i
ThHH2TH MAPK OIEMALREL T2 2
EBBBEMNE o7, —F, GranzymeB %
A F KR EGFR/ERK 5 X O p38 MAPK
B ATEMEAT 22 & T, BETLIALDDE
BH LA L, 77 O5UIC—E JNK
DIEHALDREE LTV Z ERHALNE RS
oo DT, TNEREBTFHEEZATDLATF NV
KERD PTP1B ~DA b FEMM 2 I L - B RIS
PEHEZE R &L, A F VKB
EGFR/MAPK ¥ 7 v oiEt{bz I L
Perforin-GranzymeB #% & O &M AL £ 5 fl'*Hﬂ
g ELEZERTHZ ERRBINT,

Perforin %3
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ARBFRRE LY, /INKEER i E 2R L
AR EME T U o 2SER S 2 F LK SR 12 I 1%

S EGFR/MAPK ¥ 7 FvinigtEfb s s
fE 3, Peforin-GranzymeB %8 2 ik b3 %
& CHERMBEOT AR M- AR ARL, A
LA e Jig D R BUAE 72 I REMEAS F 1888 5 vl HE
PEA R S ATz,
RARIFFEAE D A H = X KIZHOWTC, HERTEL
D XA RIZ I T D A F VKB O EMEFR B
BEREICBT AN EAICITORTE T, L
MURNR G, AFILKEBOHFRAFREIZT T 5
JEZMEDZE R TIIKERIEBE BT DM
DRI IR GEFEIZONTDOR T A=A L%
MTAICIEEL R o, RIFEIZED,
NHFERL AR I 3T D EE R G EITA TV
TR ER DA P A2k 2 BRI ZRAE 7200 T
<, MRREEME T U v 8Bk & O RIEMEZLE
b& & 7o b ML /NI RIEMEZE L A 5] &
B9 & TR MREOEEALILRL, K
EREBEEZD &i‘ﬂﬁ‘éﬂf:o BT R

W, KR B TR D /)N RERL A e s S Y
BEEEOLSF A D= AL HMRET S ETK
EHEERMNRLTH D,
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1. CRNETOHEESR

AR BB TS IX 2 FE 2 B% e BSOS ME O @ v
IEFEENFEEL, T OBRER L OERIC X
HREFEY A7 BNfaLEN TS, A FILKER
(MeHg) 1 ZBREHBETFHEDO—2THY |
DTHICEFEEOR (BLE M) HALE
BT o510, ETHEEOEV CREME) ¥
WRIBOFA—NE (-SH &) TG ITHAE
fai e Ly APIMEZTER 2 (SKERAE) . MeHg
IREREOHMIILY X I HD Sk
DBENZATOND &, WEMZ 7 EDOH
o MBS EE Sk fE 9 B L ki, MleN o L R
v 7 AINTG APV, 2 AL B0 MeHg 12 L D
BERBOEREEZE X BN TS, —F MeHg
FA TV EARERY T THL I NVE T A
(GSH) I2&vfaash (7 =2—X 2 Kik).
D R A 1 2 A B e & N 7 B
(MRP) Z 41 L CTHIfRAMZ Pt (7 = — X 3 i)
ENDHZ LX) MRNOERFERERF ST
W5, EHIT, 7=2—RX2BLV3 KIGIZH
3 5872 RENICHE T S
NF-E2-related factor 2 (Nrf2) 7 MeHg ®

AT A

SAF
CysS-SCys ’/’

~, 1

BEAADDF

URAZEBICEEREEH Z2H-- TN L
FexlTHmELTEY ' MeHg (23 5 A 4KBS
T REE S FTHDLESHELEE LY = —
X2BIO3 SN EEREE ZH->TVD
FiEmamizzn (K1),

IR, &2 1X Mellg IBEEZ v FB LU~ ¥
Zg# 0 5 | MeHg OF BB MHO—> L L
T MeHg DA A 7K TH % B A MelHg A /L
7 4 K[ (MeHg) ,S1Z[FE L., AREHH DA
F IR FDOH KN AT A > (CysSH) = GSH
W, SDWAFURFBMAMLIZ AT A
INR—=ZA )7 4 K (CysSSH) 0/ V& F A X
— A7 4 K (GSSH) 72 & DIEMEA A 7 55+
ThdrZEazWE LR, BB L2 H I/
U (MeHg) ,S 1%, MeHg £ 0 b M@ MR
Z NS JEMEA AU 5713 MeHg O R iEMEAL
CHEETLIRTFEEL LR (K1),

B, Fx 07V —F I ALK - SR
e DIFEMEIZED . VAT A RGBSR
T 5 cystathionine vy —lyase (CSE) 28 v/ &
F U EHE L LT CysSSHZEA L, % O alHE)
PEA A OR8N 58 Lz GSSH 72 & oM A

FiEHEE

---"s{Protein ) P MeHg-S-( Protein )

S-7kiER{b

NGSH/GS™ mmmmp MeHg-SG mmmmp MeHg-SG

TNIFA>

MRP Pl

1. CSEZEIT LTz AT 1 ARSI & AFILKIRS M S DORIR



TN TFOREARICTFEGTLIMETHLZ L x
FERLEZ YL b, AT INETIC CSE
NRET 2D L (MeHg) S XFEEERK SN2 WD
E B fHE L~ T (Melg) ,S AT CSE
WEEREEZE L WL HEERHLE L

2. FERBGEAITHREBR

CSE IFMRWEEREMEA AT AR L LT
Mbh, YAXT A=V ERE LT 5B
CysSH #EA L, YAF U 2HE L LB
CysSSH # PE/E9 5, CysSH X GSH & ik O ft i
TI/BTHDLHZ NG, CSEICLKD VAT
A RGBT AN TOGSHE X U CysSSH & A
LIEMA A U FOEAICEETHD Z &
DHEE I N, £, BITHF%EIZIB VT, CSE
RIE~ T A0 MelHg IEFE 5 L BFARZ L~
EmWEZMEERT R R LT,
TNHOHRIE, CSEIZ XL D CysSH, GSH 3
FOZENITRDIEEA T U5 T DOFEAN,
(MeHlg) ,S <> MeHg-SG D R F A W I ik %2 It L
T, MeHg M&ER IZxF L CRR#EMN KR EIZ K7L T
WHZ xR L, LEXY, CSE 24 L
TV AT A AR EERNOTEMNEA F U o+
R A TV ERREES FEOMERFICEHE
REE A L, OERNTED MeHg 7 MEF 1
FIEC 1T 2 EERER TH D & I EER
ENTT,

3. MIEKRE

BHETF7a—7%2H 0 LC-MS IC X 2% E
FAL AR A FIEIC T, B4R E L OV CSE R~
U 2O, B, N T OVEMEA AT 4
rEteA TV EAREES FRERZIE LT,
ZTORER . CSE KRBIZ XV FFIEC B ik <X
CysSH X° GSH Db & iz, Z2nEhoif
PeA A0 55+ Td % CysSSH X° GSSH & DL T
DR, L2, /MR TIXBAR & CSE
KE~ T AMTOA F U ERREAK T &I
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FREZIIR N Do, TN DORERERN G
CSE AT L7 A7 A4 AGHE, Dl t b
Tl <o B g\ = 38 1 % GSH RIEPEA A 7 45 + &
DHEFHCEHEBEREE 2RI LTWD Z &Y
LBk ol,

IHIT, BV EREZITO DI, ik
CAG 7mE—#—O Fjii T CSE ZRIBL D
T AV 2=y 7 ~vU X (CSE @mEH~ T
) BERILT, BN CSEEmEH~ T A
XA NS CTEWCSE Z v R R AR LT,
&AM, Klg#s o CysSH, GSH, CysSSH
BELOGSSHEZIZ . HAMDZENS & EETH
EZABIT A B M CysSSH ¥ L UF GSSH
BORARBICEMEZ R Lz, 202 L%, K
R D CSE @R BT L - TMFNZPEAE L 721
PEA A0 oy 13 HE RIS HRE S D FTREME &
AL TWS, 22T, w7 AR D
A T UG RIZAK Sy F 0l el PO BE % i B Y
ICAR ST fES . CSE @Bl CysSH, GSH,
CysSSH 38 LN GSSH T AR O 2 6 &t
NRRFER NS DO, CysSSH 38 L T GSSH o #i
fa st (Bsrp) SR RS X BEE CHIN L Tz,
Fo, B TREINTIEEA T VST RO
MBI A L ABBEI NPT,

4 ERBLIUVSHEDODEE

CSEDFBL L~V 3Tl & OB g Tidm
WA TR W Z R HE SN TWA, IE
PeA AU FREAERERFL LT, CSEOMIZ
J<3
3-mercaptopyruvate sulfurtransferase?’#
LbNTHEY, FRMRERICEETHDLZ &N
WEINTWVDLE, bz Enn, BAE
<7 2 & ik L CCSERHE ~ 7 A Tl Al
BROEBICI T DIEMEA 4 v 5 1 B3R
L, WMNOTEMA 4 7 5 & O KIE 2%
XA NN ERHER SN, ZORER
& —H LT CSERBE IR L OB gz

cystathionine B —synthase



DIEMNA AU+ EREAZETIEL0ICx LT,
INMIZB T DTEEA A DT RO HRIKT

ERH Lo iz,

AWFFEIZIB T, CSED KRB IECysSHD A (&
WL ~L DK FIZfEV, GSH, CysSSHIES L OY
GSSHOPFEAE LT HZ EM R ENT, ZDOX&
D IRA T UG A REAR S O WD 53 MeHg-SG6
A ¥ L O MeHg) ,SEEAAX F 24 U T,
MeHghg B2t T 2 =% LA S5 —KT
bHZEMEZ BT,

VYU RAICCSEER@mFEIRT H & CSEX N7

B LU O s 1 3 T b B R N
ﬁ%%hbm%%b%f g PIEE A AT

%%Vi%$m®%ﬂkﬂﬁ Ri-h Tk
D, ROV MEEAFVELEA AT 55 I B
MFTBHZEBRRANERoT, IHITTT A
WIAITF IR Z W2 Et L 0 | SN TS
PEA A 5y T IR FE DS B AR L CSER) %6 Bl oA
EEDLROWEEA, RENCEE SN IZTEN
A F U2 L PRl 5
T ANIFEL, RIS LY HIE N E DS S
WCRTZZINTWD Z E RN R I iz, IHMEA A
UarFiE. EOmVRENE - BUEREED &
JARNICEREZEET 2L L Ry 7 AT R
MWIBIL L VI E FEEZ R TAIBRELH D,
ZOTD AR () (X482 RSSIZ X 2 HH
AN DETTA ML A& BT 57201, Ml
S~ LB T 5 27 22 F LT
LT EBEZLND,

SBOREL LT, HEALT U T O
PR FE % i 5 LS AR L Z kLA DA

i T
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2 AR D
Species Efflux Transporter,

Bz

> A7 5 (REactive Sulfur
RESSET) oz

W2 L. & DMelg@BEEICE T 5

EHA T U0 TOREE2 I OITHEFT 5 TE
Th b,
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BRHBICETAEREAFLABRENHARKRFEICRETEE

OfEmA (BHKF)

B
o3

de
1. Em

WA BT D TR LD . AU Y
7 = =—/L (PCB) 72 & @ ¥t oy iR ¥EI5 Y
BRoAF K EOEERIC X D MR
WA R ORI L RFT 2Ll
INTWVD, HAERKE~DEEIZERELRK
Slei, a—ryN"THEDHLATWND 12
Dar— FHEMKREE XA X Lc#EIC X
HE. 7,90 AL EORT ARG E L, KB
BED PCB MR 1T AERHAEICA DR EL KT
TIERMESNA TSV, AFILKEIZH
WX, RIEORE L ORICAE O FE L HL
LiZimXbdd?—FHT, TORBEIERS
NRnET8HELH Y, B LEBREN
BOHN TR, SREREEIZ OV TH HARE
HICEBERETETIHREVE KT 20
ETOWME VRREL TWD,

WO O SATH RIS 5 &, BARAND
PCB > A F/LKER, $p DIREE L~ /L Fk LT
EONLDOTIEARNLDOO, TETIE, FOR
BLUPNERBETH - CHLRREZEENRE
INTWDH, £Z T, HARANDEREE LT
B DM IR EE S AR O EICKITTE
BERIET D22 2HME L EFR I3 LD
A 2R — FFH#& (Tohoku Study of Child
Development, TSCD)® # @ T\ %, TSCD T
. hEE T L REATTEAE R A —
FEELED TWDLR, SN, AT O =

A= FHEOHAERKEEICHOWTERET D,
2. Ak
2-1. AEXRE

TSCD O HEZAR T O F A TIiX, Pk 13 4 1
Hx6pK 15 4 9 A ORICREN S b
687 4 DUt LV [AE 21T, a) IR 2
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i CRIMEAT (EIREHERT) M E GRAER=) | B¥fE= (Esr
WEFERT) | PEEERE ORIERT) | ATEBEC (K KF)

3T-42 W TH D Z & b) EIRWIH 2% 36 DY
BITiE, HAEKEN 2,006 L ETHD Z &,
c) HAEWRDOHAKREN 2,400g L ETHDH 2
EEDBERIEEICEZ Y LT 599 MO REBL &
A % B AR R R L T2,
2-2. AEREAE
HAERHAE, EREH. &b oM, i
ANERL, HIPER; O BB, R OSEKRD
SEURATAR B DWW TIX A VT I BEsdH L 7z,
PR R D B s L OVERTE O B AR IZ DWW TR
FEHICHRANEMEI LY FRINE L, T
R P oo B OB &I
Questionnaire (FFQ) Z H W TIl#E 21T 7=
BMEZICLVFAELL,
2-3. ARHABMRUVETOAMAE

Wk L~V & JUE 9 5 72 DT AT i & v
Too WEEY M2 D F KR I K ORI + RO
JEEEVE, EH L PCB X @ 0 fRRET A 7 v <= K
77 7 EESHTTHRIE LT,
2-4. HEEHIBRAT

Wik R R AR I . eF RS M 1R O il & fE AT LA T
L7c, HIAERPRE & BREEELE & o B3 AH
BAtRE (Pearson DFEFRMBILRE) 7S MFS
L7, HAERKEICRELZ G 2 5 UER % RE
T Do, FREEAEIC L D ERR T A
To7z, BFHALELIZIL, SPSS version 22.0
EHEAL., AEKHEILZS% E L,

¥, RBRIEIEL. RAERFRFPEE 5 R
ZERHm PR E B S ICHF SRR R 2 fE L, KR
FCEmL -,

Food Frequency

3. MR
1. HRBFOERREN

HAEKRE, BRERE, REERICET LT
— X O~ 7= 489 FH (B IR 2652 f1. &2 238



#) OREFEMBITOMRLE Lz, HRERETFO
EAREMEZR L, BELILVER2ITRT,
HAEREIZOWTADL E, BRELZIEOM
CHERZRZREPEO LN, BROFGHRLIRIC
% EENo (p=0.003) (F 1), D=
D, L FOHTic oI, BIRE KIBE)E
MLTIToTz, B, +EH ORI D
K=o, BEREEIZOWNTIE., BeficER X
B bNRNoTe (F 1),
3-2. BEEELHEBARELOBEN

Wk R R & AR RHAE & o BE M &
Pearson OFELAHBRE D HRRFT L 72 (% 3),
ZOfER ., EHIMK PCBIC oW TIiX, BIRG
TR MAERE L OMICAOHENED b
77, MBI OV, BIRIZBWT
DOHBADOHBENRENTZ OO, KRIZHOWN
TITMBE R HER S Lo T2 e DV TR,
KR OMERNCBER e <, HEHFEY e AH B
RO LI o T,
3-3. HARAKEIZEE

WIZ, HAERKREZ AR, BEHRITES
F OV R 2 LA ¥ & U 7 E B 4 A
(FHl g AE) ZFE ML (F4), ZEER
(i, HEERRT O BMI, HRART OB EE, T
W v oD LIS / B JEE TR I TR AR m&muau
Too ZORR, HAHB M ORE R FER. #
M PCBIZ DWW TIEF &b DMERNZ AR 7 <
BOBEMENED ST, A i keRIzo
WTHD E, BIRIZEBWTO A OB EMER
B BTN, LIIZHO W T B E M A B 22
SN oTo, BHFMEITHONTIE, WTh
DPERNZ BN TS HAERAE & OMICHG
1) 72 B IZER O B e o T,

52 5EA

4, EE

PCB OBR@EEL L i, HAEKKEL O
MICAOBEEEN RSN, Wifd T
PCB DGR AR L7223 PCB OFEEEE L THW

YN
oy
N 7@'1‘
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bhbZ ED% PCB-153 X, EiidE PCB
(9CBs) THRFEDOHRNHFE LN TEY | |
G TIT ALz A ﬁﬁﬁﬁ@?ﬁh%&%@*ﬁbko
— 05, AFNAKBIZONWTIE, BIRIZBWT
DI AR L DML ﬁ@%LT><®%n
oo BRICBWTORZENBREI NI AT
S RXLIEOVWTIEAATH L DD, IO
FEATHRFRITIE A F U KERIRTE N B IO R EIC
AOEBERE LK "PHHo ., BRO
) TRZERBVEEZEZ LN, HiIZoW
TIE, HAEKRE L ORICBEEMENRRD b7
Nz,

TSCD TlE, FITHMMRBEELFRIE L T2
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T o HA B M
HH P IRE D R B4R fhi 31.5 + 4.3 31.3 *= 4.4 0. 497
IEURAIBML (kg/m?) 21.0 + 2.4 20.9 + 3.3 0. 906
IR AFERE (g/day) 51.6 (13.1-109.2) 53.6 (12.2-131.4) 0.201
AR R DML (7, %) 17 (6.7) 20 (8.4) 0. 499
IR R OFGBEIE (B, %) 82 (32.5) 73 (30.8) 0. 698
G o0 FA g
TEfRIE% () 39.5 + 1.3 39.6 = 1.2 0.516
HANER. (BB—7, %) 131 (52.0) 122 (51.5) 0. 742
HAERHEE (2 3126 + 353 3036 + 314 0.003
@ t#RAE, Mann-Whitney UBE/E, Fisher EMEMERREIC L% pll
22 A I O R TR
BIR (n=252) Z (n=237)
p fE*

FRfE, (5-95%tile)

rRofE, (5-95%tile)

I ASPCB (ng/g-1lipid) 49.4 (16.3 — 118.6) 44.6 (19.6 — 107.5) 0.170
B AR K ER (ng/g) 10.2 (4.5 - 23.8) 9.9 (4.0 - 21.4) 0. 669
P i gn (ng/dL) 1.0 (0.6 - 1.7) 1.0 (0.5 - 1.7) 0. 252
@ Mann-Whitney UM X % pfiE
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BIR (n=252)

IR (n=237)

BIR (n=252)
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3 (n=237)

r i p fE rfi  pfHE 1EYEAL B p & b B p &
s A I 42 PCB -0.252 < 0.001 —0.170 0.009 J#HsfL#APCB -0. 179 0. 003 -0. 158 0.014
RS e Kk £R -0.130  0.039 -0.023 0.720 MEHFIMmHaAKER -0.118 0. 045 -0. 044 0. 477
JIER R 8 -0.025  0.698  -0.030 0.642 [fE&EImen 0.023 0. 689 -0. 038 0.521
TR & SRS 5 Ofif A S U T2, AR R 0.231 < 0.001 0.170 < 0.001
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