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Study group focusing on the mechanism of biological functions of mercury
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Research on selective cytotoxicity and factors determining individual sensitivity of methylmercury
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FE RS TN DI HEC B2 DD 72 5T [Hl
B IZ B W TH IR OMIIZ L > TR D, il %
X, BRI W TAT L KRR BRI, RIM
— 0 /I D FEART AR, P ARAR AR mﬂiﬂ@&ﬁzﬁ:%l%
R T A, MR TOREITRO LN, o, fEIR
M CAF L KRR TR L HIEE ST LHABIL 72
WZEDD, ZOREZMEITITEERZER DL EEZ 2B
%o ZO RO ATF VKRN O FIRAU I F K O
ERRZ M DWW TERTEHEHRD R R L TR, A
F KB EFEOZW, TBI &R ONEEEZ{TO LT

LoD,
ATV K ERFEME DRI 45 M OME A sz
PEDJRIK ELTIE, ZILETOR GG I R

RSNz, MRz £, NMDA receptor O35, >
TADFEE, HINEHEHE R E ORI F AR, fAE N
fiz{b 1% e B BES° Ubiquitin - proteasome % 1% |
Autophagy - lysosome %%, Rho/ROCK #%i%, INK
TEHEI2 L DIERAN AL 7 F VRSB 5952 &
MH 25D,

[HAY]

AFVIKER BT T VB D DAERL L 79 BRAE AR
FOERH LT8R AN 15 5 s I i 2 VT
S FIRBRFRY . AT, S AEM TR AT K
0., > F T ARRE Sy ARG GE A PR s T
B HES> Ubiquitin - proteasome #% i . Autophagy -
lysosome #%# . Rho/ROCK #%i# ., INK #& 72 & DA
RANV AL 7 IV IR EIZ OV TRETL . AF v
IKERDBIRAGHIIE F IOV TSNS D, F2,
ZNHDOM R AR RSE T, HIRD AT LRSI
ZEATHRFZHONICL, AF L AKETHEDOZM,
R PERAE R ONRIRIIGH T 2282 BV LT 5,
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[HIFFS DR R ]

AT VIR ER O BN AR T5 ATy = L Je OME AR
M RIE T DR AT D5 RITED | AF 1ok
SRPFEOZW, FIEPIE & VB A~DF 5B HIFRFE
%, SHITIEIRA IR E LA AR M R
AF IV KERH R T2 Cld7e< | ok i B
ERRBRBEAR AR -, SO MR B O RE
fEBRICH BN D LIRSS,

[Pk 22 45 OHF 78 SEft il e DA 2 |

1. Ty W T, AR R ETHI A | R IR A 70 I 22
L8 ET VOVERICE I LT, AR
HIIIC IR R AR R L L C iR it L1 4% Large
pale FHEEEEAEL T2y Small dark #FEA3H 573,
AF L KERIEFE T, Large pale fERIZ R FLAGZ 2t
MR 2 XS o LA MERRL (11 1P, $7-,
INIIZ BUNTH AT LK ER W 2 B L [RIARIZ /N IM R
LA R B A AR SE D 2 D L 2 e RR L
72 (X 2),

Control

MeHg 20 ppm

Dorsal roo
ganglion

Cerebellum

2 AFLIKERTPEFTT BT D/ MMM
(FE RGOS AN, TR = 2% I L2
I FERT HE A )

Before disection After disection

Molecular layer —

Purkinje layer

Granule layer

S A
S

3 v AaF AR T NV F

AL | HEDRLAN L K Oy - D43

2. 7y M W TAF L KERF E#ET /L (20 ppm A
FILKEK DAL G-, 0, 1, 2, 3, 4 FHE) Z/ERLL .
~Aru s ar HICHGSEY 2 ERk LTz, 4 1
195 557G /N 0 FELRE S e L 2 2R S ) 2 Ao Ok A e E 208
HECTNLZ Lo B LTtk /INHDSE (T v Fo =
MR ORI | oy ) Ao BEL (K 3)
MRNA %[5l 95 FEA L LT,

FTo, R 22 49 TR RR BRI TR T
WEAEE £ COMFERR (AT VK ERIC I D KA &
BRI MR B ke Tau AV B(LOE
B D) ICoWTOREEToT,

D512, WEAEFE i L7 [ AF VK RO IR R IR 7
BT DM AT E) & OFHERZ B2 D W C o
ZENTHONTIE, EBRE (T ) ~DAF LK ERIR
IRHAFOKEE G- (5 ppm) (12X~ TN Tl T2 1%
2% [N 1-BEYE (BDNF HUAICRUGT 583, 551
AR D BDNF D418 ThD 27 kD LW K&
V) EFE AL (K 4), AFVIKEROIE R EAR K % 5
(5 ppm) I oh AR E BN B O AR SR D LT 7 ATE R
FEEA | ST ZE0D, AWE O A G Vi
F (LDt R DR HEFEF ITBI5-L T T HetE
Wb, BUE, ZOWEDFERIZ OV TN Th D,
(BTN A 2 Bk, £7212 BDNF OEBIE A TH
% Al REPEN D)
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~60 KD=> | v

27 kD —> - -

0 1 5
MeHg

4 AFIVIRERONG VLHIRRER (Z D/ IS 31T DAk
KK - BhEME DAL

(ppm)

i ]

AWPGED — TR [~ A rnd (o a bk
N ATF VIR G D3R At e A R 455 5 L 2 B 4
DWFFEIL LT, SR 28—25 4RFE, BT E Al B
B HAEWFFE(CIZHIFE T Th D,

[WFFE A D76 SCFR R ]
L

(A FE AR D% 2 ]
1) Fujimura M, Usuki F, Takashima A.
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 mouse brain. 17"
International Congress of Neuropathology,
Austria, Salzburg, 2010.9.

[3CHk]
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 mouse brain.
Neurotoxicology, 30: 1000-1007.
http://www.ncbi.nlm.nih.gov/pubmed/19666049

2) Fujimura M, Usuki F, Kawamura M, Izumo S
(2011) Inhibition of the Rho/ROCK pathway
prevents neuronal degeneration in vitro and in vivo

following methylmercury exposure. Toxicol. Appl.
Pharmacol, 250:1-9.
http://www.ncbi.nlm.nih.gov/pubmed/20869980

,14,


http://www.ncbi.nlm.nih.gov/pubmed/19666049
http://www.ncbi.nlm.nih.gov/pubmed/20869980

WA =ALT N—T

)ATF NVIKERITHKT T D MRS E D2 T2B T o BB - ALK F I B 258
Study on the molecular genetic and biochemical factors causing differences of stress responses to
methylmercury

[EAERITEH ]
FIFFERAE - (R ARTD)
Ml SEBR . A« 8 PR BT | IFFEie s

(R SE ]

L BERH (BRI T N2 R AE 4 7)
nonsense-mediated MRNA decay (NMD) ## 1% [X]
T DOHUEJ O siRNA 1ERL

FERAT RS (ELREERTF FET)
selenoenzyme JiF P41 &

HHEE A — (BEIR B R G 7 A L 2 RE il 1A 72
tA—)
BRSPS

(X455 ]
HAEHFSE

[ 7 B ]
AFIVIKEROUERER BB DM A - T 52

[ —7]
A=A

(P72 3 R ]
Rk 22 HEFE — ARk 26 HEFE (5 4 4F)

[%—D—FK]
AF LK $R K % 1 (susceptibility to  methyl-

mercury) . AR EE{ L ST % (cellular redox system)

LB AR L% S R (antioxidant selenoenzymes)
RN A5 (cellular stress response) | PN
‘L @ fE (dynamics of cellular selenium) ,

(SRR RE O M3 ]

AF IV IK R M FE DB DI AR . AF L
KERFFFET VT M VT, AT LK ERFEE T
Doy FHARIT T DN LA/ s T ATF L
IRER T DA E DR 2225 | & R
DD 57 BAR TR A AP E DN TR
AEL . ATV IKERIZ K T 2AMIEE DR ET D
K-, ATV AKERBAE DA EE 5| & 2K 1%
SN T 5,

(55

ZIVET, BRI R, AT VKT FEET N Ty
I T ATV IKERFEMER B 43 7 AR IO
THRF AT C& 7o, TORER, AT VKRBT B
WZIXER (L ARL 21BN in vitro, in vivo IZB W TH R
BB R- LTS YO 3 2 F L KERIC L DR
{EARVAFEAEAD =X LEL T, BV BTk AT
JVIREROBIFIME DS 72 53 HH I PN O AR X ) 7y pE Y
LD FICLVBLET RO EE L&A
W THHINETF I~ FFo 2 —F 1(GPx1)
RTFAURF L VE X —F 1(TrxkR1) 73, mRNA i
LK% #§ T & % nonsense-mediated mRNA decay
(NMD) " EB)iz L0 B FEE SN DT LA, B
LA ZFEA DG &AL L TEETHDLI LI RIES
Iz AF VKGRI R ISR AT DB AR X
LB LB R TS TERWE S flfn AR
AT F IARE R OIEMALET | BEZ I3
R AR AR ZD T RI— ARG T2H3NHZ 8
BN Aotz W,

THETOREENS, AF L KERBMER B OB
TAFNIKSIEZ WA AT 500 T 8B, 41k
TR T LU T MR ER LR TR RERE (oL
CEAEESE) AP B L BIRE B AL B T
RERDHITHND,
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[HEY]

AF N IREIH T DERICE DAL G ST
FERARFHIR A A FRIR A IOV TRESL, A
FVIRERFEIEN RS DI R EZ L 726 A
FZALNCT D,

(7]

1. AF VRSN DR RIIERIZ 31T D AT 1ok
SRR EZ 1% DAL N BR LR TR OFLEL, Pria(biER
OB /NEARAR ZBHISR . AT VK SRIR TR T
IZBITH L& AR ENRRIZ MR T O mMRNARE R
FA%E CTdDnonsense-mediated mMRNA decay (NMD)
(ZDUWNT, AT LK ER @S ME D M R I 31T i
B LR D,

2. BRI, astrocyteZ T, 1&FIBR DK ET
217D,

3. KeasMia, FEBREh A VN TAT LK RIS P4
AT HRAZEBSE | AF VKB EFIEITK T2
SBAIRGEES D,

4. BRALAR AL BT DRV BT, FA—L
FUERAL YT OV TR, Rk O TR 2,

RSB RR ]

AFIVIKERTFE DA R, MO EZ 5 &
TR, ELFRFBHLNICRY,
2 DIEFN e b LT= T B IR EE IR 5
BIMBERRIZX 24 A7l s mohsd.

(SRR 22 S2FE OBFFR SN A R OB ]

AF VIR R E S M IR 2 A2 AT L K ERIZ R
BERAL AN AFEE AT = R DD TORFNG, A
F IR L DAC AN 2B A DG &L LT, 'L
BN AT VKGR OB AIMED S 72 B/ N
DX 7GR E L OIR P IZ IR LE TR D
AL B AR THHGPXLILTIXRIINMD D
EENC VIR G R IEESNDIENEE THLHI LN
HoNnichRhole, TRNETOT — X%
[ Posttranscriptional ~ defects of  antioxidant
selenoenzymes  cause  oxidative  stress  under

methylmercury exposure | EWH) X A ML TEED ]

Biol Chem|Za SCHFEL . accept=ivinternet|Z/ZABA &
iz,

BAEFEMNS . ATV K ER @ S PER B R 23 7 ARk
— VAT T AT VKRR 04 pMTT ARh— R
% BZIIRN AT VIR SRS VER AR I 2 3\ T A
T L 7K SRR R 1% O HE I TG 1 8 6 FE (ROS) & £,
HRE N ER LR ST R OFLEL, PUEBLEE SR SR O K55
(ZDWTE RS M IR & O LR R 2 BRAG LT,

77— ARAN—|Z&D ROS HIE Tl AF /LK
ERIRFTE% 3-4h AT L AKER B S PR C ROS
XML 703 | AR S M Ak CIE 2 kix A b7
Dotz, LinL, Th % TR MEIERE Ch . Bk
AR LV B R 1T 720 AY ROS OHIINAS TR
bz,

Pl %S 2 mMRNA ZB)O R ClE, Mn-SOD
1L iSRS MR R T AT L K $RIR R Sh #ICHENL
7o DM B PR IR AR CIIR E D i Cth-7=, Cu,
Zn-SOD K O catalase | =@z PR IR
AIfARES Z 24 5h 1%, 9h PZIC[RIERIZIEINASF
o, BV B ABLEEE ThD TrxRL,
GPx1 mRNA (3, = sz MR ik | ARz PR e
BRWF AL TH AT LK ERIRTR 3h B AE LT, (K
A MERIIRRE I, TrxR1 1% 3h #ICmE Az MR
REE[RIBRR BN A RO 773, Bh % DIFE F L=,
L2725, GPx1 mRNA 1L, 3-9h W F b iE T
DT,

ATV K ERAK S B RE | 8 S2 1 A
FRERIERIZATF VKGR CEEL AR AR FE AT D3
Z DR 1T RIS R L0 NS o T, LY
GAPUR(LEESE THD TrxR1, GPx1 mRNA DOZE4t,
IEIRIERIZ B DERO B0, mRes MEMark <
ZOEACHFERE T 5 — 7 AR Mk Cik e
DTS-, ZOIMFRFICBEL T, 4
BIDITHFTT DU ER DD,

[ #5 ]

AWFFED—ERIL, BT FAZATFE (C) CFRk 20—
22 AEFE) ICERIRS - T mRNA BE AU (L A
THRIR BROIFRETER BT O E 1T E Eh
Do
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1)

2)

Usuki F, Yamashita A, Fujimura M: Post-
transcriptional defects of antioxidant seleno-
enzymes cause oxidative stress under methyl-
mercury exposure. J Biol Chem, 2010 Nov 24
doi:10.1074/jbc.M110.168872.
http://www.nchi.nlm.nih.gov/pubmed/21106535
LR WERA . FAFEEAE 1-(2010) mMRNA BB O
HEmBIG REBA~DFLLEZD5 . ER
AT TR - MR A48 % RNA AIFZED e
i) (MR RARZ . R EEF WERISC, B
HRAWEE), “F 1, 134-141.

(R FE AR D38 3

1)

2)

Usuki F, Yamashita A, Fujimura M.
Methylmercury causes oxidative stress through its
posttranscriptional effect on antioxidant
selenoenzymes. XVII™ International Congress of
Neuropathology, Salzburg, 2010.9.

Usuki F. Posttranscriptional defects of anti-
oxidant selenoenzymes cause oxidative stress
undermethylmercury exposure. NIMD FORUM

2011, Minamata, 2011.1

[3CHk]
1) Usuki F and Ishiura S (1998) Expanded CTG

repeats in myotonin protein kinase increases
oxidative stress. NeuroReport 9:2291-2296.
http://www.nchi.nlm.nih.gov/pubmed/9694217

2) Usuki F, Takahashi N, Sasagawa N et al. (2000)

Differential signaling pathways following
oxidative stress in mutant myotonin protein
kinase cDNA-transfected C2C12 cell lines.
Biochem Biophys Res Comm 267:739-743.
http://www.ncbi.nlm.nih.gov/pubmed/10673361

3) Usuki F, Yasutake A, Umehara F et al. (2001) in

vivo protection of a water-soluble derivative of
vitamin E, Trolox, against methylmercury-
intoxication in the rats. Neurosci Lett 304:
199-203.

4)

6

~

7)

8)

9)

10)

11)
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(3) LA el D ZE L T e/ I i {2k 9~ 2 AT /L K ER DA 36 L OV MR IR B 9~ D 0F 58
Research on effect of methylmercury to neurite outgrowth and relief of toxicity

[EAERITEH ]
FHRAT RS (SR FEET)
WFFEOFRIE, FBR Ak D E it

[SE[RBFFEH ]
MR (R D)
PR M SE AR AT 0 FE
HEEE (IR ERT)
PSR B AR AT O F2hi

(X455 ]
FAERFSE

EVGsE
ATV IREROUERER BB DM A - T 52

[T N—7]
A=A

(A 7E ]
Rk 22 HEFE — ARk 26 HEFE (5 4 4F)

[F—T—F]

AT LK ER (Methylmercury) | #0226 T
Fic/ {2 (Neurite outgrowth) . 7 1: 4% J8 (Relief of
toxicity) ,

(A FERRE DR ]

e A L 0D SR T Bl J 5697 AT L KGR D
TER A =X 26T, 22T /i 2 e
T DIANZDUNTAT /L IKERFEME 9D PN R
7 FBRAITIREET D,

[
ATV IKGITE L >0 ALl Y 72 b eE B RE Pt 7
EH7eHT, MIREDATF VKERIE, EHAITHRE

AR IEZ AU S 203, LB AT LK SRR FE NI
WA MRS RE IO B R B A R 2
Gty Sk N S O AN G AV S
HARRRERE E N E D ZEARIREN TS, £z,
Be s o i 2 W= EBR ISR W T, KR E
(100nM) D AF LK ERDS | AR AR sE A 5 | & 29
AR AR 2 KL T Bl M R 2 3§~ 5 2 EASE S C
W5, Y

L EDZEDS | AF L IKERIZ S o THFRZZ LI ik
MBS ESNZ% T, ARSI > T
FAUR, TS D IRAN D AT L KGRI LB R BE
F 5 A B CE D A REME DN RIS LTS, ITAE
Rho KinasefHEHIZ LD, RIS /ER 7
BHEFIN | SRR EIZ LD MREE T T LT
TR G RIERIC LM R TAEERZET52
ENEN BRI TRNEEI, T O/EH D ik
HERERE B BTN DL ZENH LN o7, LU ED
ZEIEL IR FE AT L IKERIT Ko TRRRR S /R
JEINHIA B NDIREE CHARAILIEIZE > T e
X, R RRMR AR 2 A 3 D3 HI B ATF
IRERIZ LA R RE R T 28R 95 Al BEME 2 RIE L
T3,

[E®]

AKBFFED B B9IE . ATV IKERIC DR RE s =
DRI A AT REIZ T D728 | AR i oD 52 /6 7] e /i
BICKET AT VKGR DNEH AT =X L% BNTL
SBIZE M B AEE T B HBN DN TATF L
IKERFENE KT T 22D R BRI RGET HZETH
%o TERANIIIE IS SN EBR R ICB W TAF
JUIKERLIA DR 57 (£, Rotenone 25) | B 2SRl
BOJFRYE (7I0AREE) ORISR R & B
H1EH B OSSR O UGEN ROV THRFIL, BREE
12T Tl M e iR B AR R 75 ORI BT
HIELHMIET D,
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FHRINDFEREBRZEL U, AT VKBIZED
TS RERE 125D Rho kinaseflLE A1 &
ERAY SIS SUAR AN (I N WP S5 B S il e )
FCHDHN, A FEAPFRZEEBERE QO ERICEST
PR Z2 L T BRAZAE T 3 238K D AF L K ER 1T
KT HVERA AN =X LZfFI T 5281280 AF LK
RO PRI T 72 3EAIBA S IR D AT REMED
HY | SHITARMFE TIFAT VKBTI TlE/e<, fth
DB PRV (0 O3—F 2V IR O RN E
DEEVD I HRotenones) K VT I A RED RS
FiE RRE R ) B KA ZE MR LT e 9~ D 3R Al 2h
IZOWTHMFTT 228D, BRI T Tl
AR R R BE P DR IR RN D W REME N B
Do

[Fpk 22 4 FE DA 4T FE it il SR O ]
1. B mAaZ L AT L KERUIS OB B 7
(MRS KSR 80, Rotenone, 7 A RB) (2D Th i
SRS Jo O Al A SEAE FHIZ DWW T D EBR AT -
7o TORER MRS KERE Rotenone (73— 2/
DO JIRGEARE) 23, AF L 7K ER L [FIA L A% i
FEIZHEATL T Racl (K FAfEomhsR A 5 & 2
ZEMBHLMNNI IR ST, Fin, T OENFRENE K OVi%
HERE SEIT Rho kinase FHE AN o Tl v 7= (1% 1,
2) o AFERITAT IV IKERITDD TIE 7 FEAE K IR0
Rotenine |ZX DR ESMFEMIALIEIZ T > TV
TIUE, FEHNCLDIEREDATRE THDH LA RIEL T
W5,

F7-. Racl & RhoA D AF /LK ERFEMEIZ I 1T DA E
Z XA T 5728, siRNA % W T Racl F7-0%
RhoA & IRAIZFETMHIL . ATV KFUZ I D8R
M R O el 5E L2kt - D BB I DWW TR A
1To7z, Racl OFEBMHNIE AL B AR THIRE MK
OESHIIRsE A 5 [ X Z L= (X 3), —J7. RhoA @
FEBLINHII AT L AKERIZ LD Mh 53 25 K Okt i
WAEMHILZ (K 4), LI EORERIT, ATV KERIZK
DR ER M e ORI SE A /E A 2 Racl DK T
WZEAHZE R UAFILKRERIZED Racl K T IZ*LT
RhoA HX FEEDHT LI LD AR R AFD 3T

A% S | AT VKRB A CED LA R LT

W5,
120, Racl RhoA
= 100}~ IHg 0 10910710 0 10°107 10° (M)
% 80 (1d) -
S — - - - -
5 60
2 40

O Untreated
B Y-27632 10 pM

[3d, Viability]
120 L,
g “F “T";
= 80 * %
I3 ok
o 80 [3d]
240
= 20|—®—Axon L
" —8— Viability 0 107 10% 0 107 106
M) 0% 107 10° 1Hg (M) IHg (M)
IHg (M) Mean +- SEM, #p<0.01 vs basal by Dunnett method,

##p<0.01 by student’s t-test, n=6
1 MK ERIZ DR ZEME, HRHTARAE, Racl K& Y
RhoA REUZBIITIIEA L, MK ERICK D ZR A,
MR AR FEIZ 6T 975 ROCK FHEA (Y-27632) OFNHil7E H

120, Racl

RhoA
RTN ¢ 10107 10° 0 10%107 10¢ (M)
(1d)

580 - >
- *
0

O Untreated
B Y-27632 10 pM

[1d, Axon] [3d, Viability]
o
p
- "r;;
e
.
0 0 107 104 0 107 10
0 10% 107 10¢ RTN (M) RTN (M)

RTN (M) Mean +- SEM, *'p<0.01 vs basal by Dunnett method,

P
##p<0.01 by student's t-test, n=6

2 Rotenone |2 L8R 28 M AR SE, Racl KO
RhoA 2B XTI 7EM &, Rotenone |2 AHMZRZE M,
RGHIIESE L3595 ROCK BHE A (Y-27632) O #n#Hil1EH

A Racl RhoA
e Racl
0 0% 107 100 o .
MeHg (M) st —
120 (3d)
B I E  EJ
2 80
g
260
g a0 o
=" 29|—9— Control v

—8— + Racl siRNA S
0 0% 107 10°
MeHg (M)

Mean +- SEM, **p<0.01 vs basal by Dunnett method,
##p<0,01 by student's I-lest, n=6

3 AF VKU L DM SR AN By OVt Al R SE
3% Racl BRI FETMHI DR LT 1EH
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g 80
60
T 4| [3d, Viability
& |—o— Control "
20| _o— + RhoA siRNA Racl RhoA
. RhoA
0 10 107 10¢ SIRNA - 4 -
P “W e =

E 100 - F=—Hmes - - mm -
E 80 P

< 60

k-] 40 [3d, Axon] **

= 20|—0— Control *

g —8— + RhoA siRNA  3»
0 0% 107 10°
MeHg (M)

Mean +- SEM, **p<0.01 vs basal by Dunnett method,
#4#p<0.01 by student’s I-lest, n=6

4 AT )VIKERIC KA FR 2 M Je O R A 5812k
% RhoA R FEBLINHI OB LI 1EH

2. BB n A AT, AT L KER BT X5
RS 2 KBS A (MCC-257., FHIA =z ko
L[EFIE) O FEERIRN KA SN THEBREIT- T2,

L L7Z2 035, MCC-257 1IAEH R IZ BV TATF L
IRERNT KD Hh R 28 ME M OV M B 8 2o L C i

% 7RER2D 5T, MCC-257 ORI 538 K -HRkiS 1
HIZITD BEOMRR KRR A DIFEEDBRNEEEE R
NBHZEND 2| AH%ITFHBRICE R H IR CTIIph R
FENHIh F O D 80> NGF %721 BDNF (in vivo
FRIZB W TR T 28) 2L TEREITO T IE
TdHD,

3. FEBRENM) (T ) ZHV iz in vivo 35 (20 ppm A
FIVIKGRIK D 43 HFOK G (ZFBN T AF/LIKER
x5 ROCK FRAEH (Fasudil) D& FIZD0
TEBREITSI, AFNVAKBFHET VB ITDH%
e A2 ZEE IR M OB AR AR B DO ALK L T
Fasudil (3 mg/kg/d) (X #niI{ERL7Z (X 5, 6), LA LD
#5 F5, Rho/ROCK FREEOHHIAS, in vivo (230>
THATF VKR FEDBIICA Zh ThHHZ LD B
(27007, 7236 | ARG REWEE FE AT o 7o RE 22 AR
JZ BT DRI ON TSI R ETTV, ZEEh
72 (Fujimura M, Usuki F, Kawamura M, Izumo S
(2011) Inhibition of the Rho/ROCK pathway prevents
neuronal degeneration in vitro and in vivo following

methylmercury exposure. Toxicol. Appl. Pharmacol.,
250: 1-9.)

—0— Control
—0— MeHg, 20 ppm

3 —8— MeHg, 20 ppm
+ Fasudil, 3 mg/kg/d
@
A
E?
= op
= =
)
Te1 *
=l
o—= ] 3 —
0 7 14 21 28

Time after exposure (d)

Mean +- SEM, *p<0.01 vs basal by student’s t-test, n=8
5 AFVKRPEET MBI DERBAL T 5
Fasudil o> #iil {E A

MeHg 20 ppm

Control + Fasudil 3 mg/kg/d

MeHg 20 ppm

Dorsal root

Dorsal column}

j‘éf‘ﬂfﬁffﬁfﬂw&&@%“
BAZEPEIZXR5 Fasudil o3I 1EH

X 6 )‘7‘/]/7kfﬂ¢'f&={—7‘/]/

U]

ARBFFRO—EBIL, B4 [BR B I LD PR RE
BEEIC T A —F% T — B EIO R T HHE
BRIOAFZE | ELCL ok 20-22 4R BLAAFZE 24l Bh
G BAERFZE(CITERAR SN TUVA,

(e R O fm SC6 R ]

1) Fujimura M, Usuki F, Kawamura M, Izumo S
(2011) Inhibition of the Rho/ROCK pathway
prevents neuronal degeneration in vitro and in vivo

following methylmercury exposure. Toxicol. Appl.
Pharmacol. 250: 1-9.
http://www.ncbi.nlm.nih.gov/pubmed/20869980

(WFZE I D F T8 3 ]
7L
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http://www.ncbi.nlm.nih.gov/pubmed/20869980
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1)

2)

Fujimura M, Usuki F, Sawada M, Rostene W,
Godefroy D, Takashima A (2009) Methylmercury
exposure downregulates the expression of Racl,

leads to neuritic degeneration and ultimately
apoptosis in cerebrocortical neurons.
Neurotoxicology, 30: 16-22.
http://www.ncbi.nlm.nih.gov/pubmed/19000711
Kakinoki B, Sekimoto S, Yuki S, Ohgami T,
Sejima M, Yamagami K, Saito K. (2006) Orally
active neurotrophin-enhancing regent protects

against dysfunctions of the peripheral nerves in
hyperglycemic animals. Diabetes, 55: 616-621.
http://www.ncbi.nlm.nih.gov/pubmed/16505223
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(WAFIVIKERDOFEMFEBUCIT DT 7T R D5
Involvement of aquaporins in methylmercury toxicity

[EAERITEH ]
ot & CERETFEED)
WFFEOFRIE, FBR Ak D E it

(L[R2 ]

e 2 KRB (SRR SEET)
i EERO VR —h

HASEIE GEAERFZEE)
FRELFEBR DY R —h

H B (B ASED)
BRI H 72 RS0 B S

YrEIoH (REARK )
FRELFEBR DY R —

TIEEI (3 NIRRT O
I BRILBRAG R OMNTIZ I 1T 2B S

IRy 22 5 (BE VR 5 K 772)
MRI 52 Mo OV

A BERERT)
MRI 552 M OV

(LB EREKT)
HEENRE IR A0 E

(X455 ]
FAERFIE

[EE L7 B ]

AFIVIKEROUERER BB DM A - T 52

(7 —7]
AH =N

(23 R ]
ERR 21 4E 7 H — AR 26 4EFE (5 #4F)

[F—T—F]

777 R (aquaporin) | fH#E 7 (neurotoxicity) .
Jibd = 1 (brain edema) . 7 AR HAk (astrocyte) | & 2
£ (nephrotoxicity) .

(R e DO ]

aEy~v—ERy MW AT L KERO A
T IUZEBWT, 77 7RV (aquaporin: AQP) F& B,
DB RET 5, O T, IMTFIER A~ B 5
[ZOWTHRRFZTTY,

[ 5

KA AL DRI B W B 2 Fef- T v %
B NTETHLHT 7T AR (aquaporin: AQP) I,
KRR RS 2 ORE 2 DI ENRE~ DB G- G S
TW5, KEEAEWIE, in vitrolZBW T, K7 424
T DAQPDIEMEAAEMI T HZ LN HE S TNDD,
AFILIKERDBEFEA . in vivolZF1F HDAQPDENFEIZ
FAFTRBIZONTIHRMES TR,

— 77, BN D AKARIFE O KRR ZE Tl 5
ZORFENE (SRR L&, HRoLaiEl ., BEEE
A% DO EIRA 72 EE) N RALNDIEN LIV TND
Y, 20 FRICEL T, 2 oBE 125 D%
& AN R T 2RO IMIE B P O B E D[ &
R T DG BRI (AR AE L T2 AT LK RO HE MR
DA, K ORGSR S E N E 5L
RFRHY T > I LR TRV M E o=
ve—Ety M OB B S ST g,

RELSE

afrv—Fy b HWEATF VKT HEET
JUZIBWN T, R RE R E LAQPHE BLE DB D
WCTHLMNIZT 2, IHIT, RETIVICEIT DN IE
A LAQPF BLE DB HIZ DOV THIRFI AT,
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(rrE DR ]

ATV IR ERGE T3 | LD PR R RE R T S AQP s Bl &
DOBIHBALNI 2D AT REMENR B | SHITHFFEE
DHDHZENTIY | AR ZE D JHAEME DR~ D3 Ji
WHIfEE NS,

(SRR 22 A2 FE DR I M AR SR OBEZE ]

R 214ET A KOARWIGE 7 0y = 7 M BRMAL, ~—
Ey b (FRER-1, -2: % —P0) Z VT ATFLKER
DOFE L, Beh R KRB R, TR R
DOFHME (MRI, 2 0%k L5 . mMRNAFS BT, #
VORI BURNT) 2B T A TR A T o7,

AARET I O T RER (PRRBR-3, -4) 21TV £
D R TR AT T,

FRBR-3: 3 b — L EATF L KR G~ —F 1
FO IR (n=1) 24T 572, AF /L KER (1 mg
Ho/kg) -3 A # 5L (ZAH) | SO G- (C
HE) D%, RERECD  fFRER, Eblcarhae—
IVEDFEWITBLES N oTo, T T, IHITATF L
RERDOFHH- (2 mg Holkg) 2170, #EUEIRE 2L
T IRg S ORI ZAT o 72,

FikBR-4: AFLKER (= hr— 1 1.5 mg Hglkg.
2 mg Hglkg: 4 —PC) 238 H B 5L () | S5iC
s 5 I (CIRM) ORI, 217 o7 (K1, #&
1.

administration
kg

pause gl pause

350

—— 3-Imglkg+2mg/kg (Hg)
—4— 4-15mglkg (Hg)

— = 42mglkg (Hg)

+--#--- 3-1mglkg+2mg/kg (BW)
T 415mlkg (BW)
U 5. 0 u o )

...... IR oo o4 -8~ 3con (BW)

--0--~ 4on (BW)

total Hg (mg/mL)

150

Bl REZAL, IR K SRR

K1 MRERR O KK ERAE

HE KRR (nglg)
3-Hg :AigaZE 30.5
3-Hg %A 36.7
3-Hg /MK 26.9
4-1.5mg/kg : HiTEALE 24.2
4-1.5mg/kg : 4 FEIE 29.2
4-1.5mg/kg : /MK 24.2
4-2mg/kg  : AITEALE 33.1
4-2mglkg 1% AZE 44.4
4-2mg/kg /DMK 35.3

Y EOFRBRICE SN T, AF L KER (15 mg
Ho/kg) i 5+ M O M 541280, =
L K OATF VK ER B 58 (n=3) 2 V- b
REIEAT T2, TORER MOTR B~ 7 affg iz kD,
=Bl ZHNC BT, BEE O (FEE) 28 bz,
Nl (R HEFE) (23T HBEE D LD HEIEIE, =k
—/LH¥ (17.9%, 20.3%, 20.8%) , AT /L 7k ERE: 57
(23.9%. 20.7%. 25.4%) THY ., FELL TO BRI

BEITROONRD -T2, I BUG O FEE 7 8 4
B W TIIAL R Z RN B RSN, IO &
A (RITSHZE, 12 BRTE, /MIM) IC 31T 27K ERIENL, 1480
BEIZBWT, WA /R LT (K2, £2),

—a— 15my/mUkg #1(Hg)
pause —e— 15mg/mlikg #2(Hg)
—a— 1.5mg/mUikg #3(Hg)

16 “0
-<m-- con £1(BW)
1 B | oon#2BW)
<--me- con #3(BW)
1 %0 |8 LsmyimUkg #1(BW)
------ 15my/mUkg #2(BW)
’g 10 3o | va 15myimkg #3BW)
>
< s
2 8 W g
3 2
= w
3
2
8

20

20

240

days

2 (REZEAL, iRk R
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2 AR OFe AR ERE

gk KR (nglg)
Ho-#1 :RifEE%E 26.0
Ho-#1 14 5H%E 322
Hg-#1 /1M 235
Ho-#2 :RifEE%E 28.3
Ho-#2 #2UA%E 325
Hg-#2 /1M 23.2
Ho-#3 :RifEE%E 25.8
Ho-#3 :f4UHLE 29.5
Hg-#3 :/]Mik 21.1

2)

3)

T3 ERAEAT S RO T T REDEY ThH D, FEMIZR

fi BT (SR 7. mMRNAFE BT 20 /7 %
BT 13, BUERGT T TH D,

® TRM—I A KERE HHED RN E 23\ T
LBINTZN, T T THHT,

® GFAP (7 AhuaH¥Ah~—Hh—) : AF /LK ERIGEE
FEDORMEEIZHBWT, BRI TWND
(GRS ghiel

® |bal R/ ur VT~ —71—) : AF LK ERIETRED
KA EIT I T, FBL TR STV D8 7]
MBI,

® AQP-1: % HAk L7 Yuta Tld, AT /L /KERIREE
HEOBEE I 1T DRBLD TR ME 7] 25 SV HE
NIy

® AQP-4:#u ik b YA T, a b —/LHEL
AT VKRR R REO IS AH B R 2T T& 72
o7,

(R ZE A O ff SCFE 3R]
7L

(A ZE A D F 3]
7L

[SCHK]

1) Takeuchi, T (1968) Pathology of Minamata

Disease. In: Minamata Disease (ed. by Kutsuna,

,24,

M), Kuamamoto University Study Group,
Kumamoto, Japan. 141-252

Eto K, Yasutake A, Kuwana T, Korogi Y, Akima
M, Shimozeki T, Tokunaga H, Kaneko Y (2001)
Methylmercury poisoning in common
marmosets—a study of selective vulnerability
within the cerebral cortex.Toxicologic Pathology
29: 565-573.
http://www.ncbi.nlm.nih.gov/pubmed/11695574
Eto K, Yasutake A, Korogi Y, Akima M,
Shimozeki T, Tokunaga H, Kuwana T, Kaneko Y

(2002) Methylmercury poisoning in common
marmosets — MRI findings and peripheral nerve
lesions. Toxicologic Pathology 30: 723-734.
http://www.ncbi.nlm.nih.gov/pubmed/12512874
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2. IR V—"7
Clinical research group

[#r5E])

AKARIF W 2 DA LI KRR L5 X
Fofr 0 8 | L TR 3 IR D LIS ZE T B HESE o A
ARV 7 Ra— L S IZ L DR IN00 | ERR
72 AP SO T SL72 0 CRMRIR &2 2 W3- 2 Z &1 A
2o TETNDHTEND, DR EBEHER]THDIZ
B e ARG % & D 1= AT L KSR B O B B2
EDOMESLNEEIN TS,

F70 AR, KR BE ORFEE YA YT —
TarOHED T E | KB Eo TR RV EREE
TED OREFLOCHIBAEIC LV % H A TEBIE (ADL)
DME T LT DB M - /N M KA #2 BRE (k3
DIRHPAFEDEEINLTNVD,

T ARBGES L — T TR, KR R OFR R
P BE D 2B 72 34T D 723D D B 5 2 FA U 7= b
AE D FFAMIVE D W SL |, BERESMNBHEW /2 LI LD R IR
PE NSRRI 2 & T EEN > ADL DY IC
B DI AT > T D,

W7 —F DERFFENHOWT DR 22 EEERFE
WEIILL T DLBYTHD,

[AFFFE R4 LA FEA 22 ]
(1) KR OIFREZ B3~ DER RIS
— R E T L2 BB AR HIE DML A Tl —
(Fuy=MiFgE)
AT B (RS PR D)

KARIROZINL, 2 F BRI LA RIE B DAL G
DEINRENTOLONRBURTHY | FBIHIFRIEIC
ZLWZENRBEDOZW ORKDJFIK O—2E725
TWD, Fio, KR 25 T ATF LK o 5 O NN
% HE O % 8L 0 BE A V5 A3 L SR RRIRERY IS
AARIE B ORI RE 2 F BLRY IR 9528 T,

AKARIE B FH DR E RSV AT — a0
D% KRR BHFEICESTEIVRWEREEVZE
BREL T E TR SZENHIFESND, T4,
BHEA I 2 LI DB E 2 AL T 250k (FFR 5
SR A EIRITHEHR L TETND, 22T, A4
ZECIIMMREFHZ KD AT VIR R B D ik e D KB
HIREAMIE DN A B T D, AR, Fio72
air puff Z& (& o> BRAJE LFEAT % (areal mean signal %) O
LD MG FHT LD 2 RGBT OFHI S AT 2 &%
ORAH NS X E T ORI OARTE O FEAT S A7
LaRENL LTz, £, KRR DR BEZSNNZ T 2D
(B2 BERAL A3 57372 disease control (i &
PR | NS N R NS HIE L BE DRI ) O
MERDTD DR NT — I HREEE LT,

(2) MR IR AN R 1 SEELR 3 D TR R BR S
(FARRFFTE)
AT B (B PR D)

AR . EVDT IR VL - /NI R R IR D14 1B E C
DV AN=T ToE O AR R EE) 1B MR TR
IZNETHRRIRIIEN 2 BE D ADL DIKFD
RER—RNI g o TET, T AR OTERITHT5
BRNTRIEERIEE U THERRSM B 3 B 3 U IC TR LT
ETND, ZORIEIEIZEY, ZHETIRAL TE7/23E
FIOW R ANV DOZY R 2RI S D,
ZIT, R NP RIS D% IBAE o3 D
REANBHZ LD D ATREMEA TR D721, FERESM L
(ZBAT 2 HPAFIC LM RESN BT ST BE A SR 20 4R
FEWSE D BUF T2, ARERET, M VK25 B8 038
S TWHILFRIVEZEFT T, W BT > 7 M T HERERR AT
DFERFH K OZOF JIZ ISV R R E 21T
ol MBZZTT-HOFRE Thololo, BEKD
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BIERE OB FIREIS T HHEMAFL RO, kS 722<

ZOHOBIBIIBIFTHD, £z, ZORFIL[EEZE

T AL 7 Kk OB (JEH IERSEA) LTV,

SBERILALENE, RIRHEAKRHEEFEO T %
ITHTEITIp Tz, Sk, 6 £ DR R G EEO
TR FOL VUK LT X fit, MRI 72&
DIREZATV BERESNEFFEEED BE H TR WT - 16
WIEZDNWTT A ATy ar &2T9 T IETHD,

(%]

AR K GRIR X BB R T TR E<EN E
LTWD, BRRHENL, ZoEh& 25210 T, BRI L 1)
FIU TR KR R IR 3 2B 21T > T
Do BRIBHE NRMEZ L E LT KRR R E DT A
T HD AR AT — a1z CUAE
V7 —2ar OEFIGE) (VU7 —a s HiiEE
2 N O BT a3 ) I R0 AR O 347 | it~
DIERIEIEEAT > TNVD, £o, KR HEE LD
FHR\ AN R AE B SR DIED A i 572901290
TP EAE T SR TV H L 18 LD 34 [H]
TV EERRUFFEELY TN ETOFELRRIE, K
DHUIR AR D70 D T T B SR B AR D
T DA A SEHEE 2 ) 2 BIAA LT, SDIT,
B — 2l U T, AF VKRG Yttt R
BB IR 2 [A) T CHRBAYI TR T L TV D,

W7 —F DB IEFITOWTOERE 22 EFEEED
WEIILL T LB THL,

[ EA L A2 ]
(3) KIRE BT T DI NAE YT —ar DOfgfite
THHRIEIE CERS)
FIAF PR 1 (B RE)
AREEB kL T, EIEOE (QOL) Df Ea % —
DRI, TATT D TOHNFKINEY T —ar
(U %38 2 [T o7, RIS RO E

Ji o33 MR AN H I CRRAEL 7oA T L —ay
TRHR D | JEIR ORI D . TSI b A T DT
ERHIBLINNTRY WA R A T o7,
R PR GR AL B BN E ()1 F15) 29 | R R P
FEORVEGNCE L , EEEEEOSEICHHThH
oTc, Flo, ATEIC BT EIE A& -1 T HRE
DL IRILL CTEML ., B % AI5EE (ADL) G
DI ERESNTE, T2, HIROU N BFIRZ Y7 D
U NEEAfT, B o1 B2 X0 | s R~& T
THILw AL LI MBS = e T —
A HEE RT3 H Seo7o i, 7 A RAVED
A DERR ) LN T —~ TH BT A A
FhiLTz, 7o —MERTIXSINE AT, ik
DIA | I A~DIFRIBE DD > T L Bbid,

(4) T EEEZIEOT DO Mtk tE 25 HE
HEF2E CGER)
kB (PR
TRk 18 LD | KR E H LT DFEIEFED =)
BRI PEDRE RTEIC 6L C, ADL DERFEIZ 272035
IR ANEVEEG T X BEOIEY T AT D012,
TR EAEEIRTT VAR EE 2R L T&
7o WEAEFE XD N ETORELRESE, L Hi
ARG D7D DT TP FEE AR DT D
Mttt S R SEHEE 2 | A B AR L 7o, KIRTIE, H
WU 7 OFEFE, AEETOFEIHLYE O RMEIC %
FTOMMSEDOFEFE, FIL T, mlmE R ICg RS
N7 — BgORE S — 27X D 30 FREELL R oifE
OO R P2l L TR S< AT 582 U Re /¥
— 7 1 OFFE, HAMKX TONHAKI ALY T —a
T — O H FEE ~DOIEEIT AT VKRG
Yu iy 5% D v i B OREFEEHE I T 5 LT, iz,
ARARBE IR M X COVEERRIEDEE DTZDIZ A
MBERBEIAIZNT, TV —& —E 2 ) ([EKF
L ETORVMARAHO I EERIEONE %
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Ml DV — 5 — 25 ) 2B L=t . X T
AT o707,

(5) fEHEEIF— (%)
TS (BRI ER)
Rk 15 AR BE DN DIRAR T ALAR R AT 22 & D L[ T
NESFRERICET AR T DB, K
REPLETHHIED [HCVEL |12 R T528%
HBITRERE 2 —ABRMEL TE/o, SRk 22 FEEIT
[RPo/DT AT T 30J, THEIRIG | B O\ A B L~ )L A
T~ E IR IZ BN DD~ AR A& 5
STHEEH EFITRA) | JZbeL-fE R, RO
EEREIZ RO D B IN o o 1=, AAEEINSIZIERED
BBk Al DA 5 | Efe S FEANBN = D i 245 T
B L T D, 4 thb AR XA RO R IZ D
7RINHEIF—% 3 AIARLHEL YT QU PET
bb,
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WiGEERI N—

(V)ZARARIE DR REIZ BE 3 DG IR FE — It G LD KB R A DORENL 2 H 0T —
Clinical research on the of Minamata Disease —focus on the establishment of the objective assessment by
magnetoencephalography —

[EAERITEH ]
AT B (IR D)
WFIEDOFRIE, WFFE A D F it

(LRI 4 ]
B A BB (B PR R)
FrREIE (BRAHES)
kst (MEG) | # & O E
ARG (BRASES)

KRR E BH DA 27k kit (MEG)

i AR DR EST B
R T GEETIEE)
FEEZAKEIREDORE
T BN (2 A0F5EE)
2| WEER (B FhFZEER)
el (RS - A FEED)
KRR EREZ LD Z TR
ZIRPER OKRT R A R 2 —)
VE R KR T AR
5

A\

—|

U
7y

1 FE - ORERTT LA
ARFFFEAL ORISR A ER B2 —)
%

/]

B)INE R ORFRTT LIS
TR
AN

) AR (E SR e REA R B
PRI FROD i HE D FTAM

i B (REAS 57 SR PE)
Jibd 1117 s 2 D i R B 0D ST

H e 5 (REAHEREIR E)

ARG = LM K5)

FfiARFEA (A BREFFEFT)
ffgE~DBE

[X47]
A=SE/AN

[ R0 B ]
AF N IRERDUERE BB DR A - W52

[ —7]
HEYZS

[ 7E ]
Rk 22 4 — K 26 A2 (5 4 4E)

[F—U—F]

K A% J% ( Minamata disease ) . 4 f& FF
(magnetoencephalography) | 2 &% 5 % (two point
discrimination) ,

[ FE AR O R 2 )

HARIFG % 5 To ATV K ER T 5 O BB 72 52 Wik
DR Tl B &L T, ARAFZE Tl (MEG)
DAF VKGR D MBS RE D BB FHmEE L T
HHMIZOWTRET %,

EI=H=R
H A\

RAZIF DB T, RS E & A RE B DR 7
ADLEIVRENTODLONEIRTHY , KBTI
IZZ LW ERBLEDOZ W OIREKR D JRK D—> L7
STND, KERD NE~DIREE B4 NI D582 F
SZOKERIR E DN DI 72 e L TRE IS TD 23,
18O AT IE S AN &SI TR
BT L NI R L PR - BT R S o T KRR D
PRRRAE SR O Jp HEZ B HE S L T~ D FRAE Tlevy, F7z,
BN T DAT IV IKERITIRER (T LD FE ~ D R 3]
WELRAT 280 KRR HEE ~OLY R\
F—T T ETH ETROLI TN,

UTAE, NREEF (MEG) Y, R v Wi (PET)? 72
L BT 52 L7 < IO BE AL T 2 E0 GER
BEEHAIEART) OHEHRIZ L0 | ATV K ER TR FE O i FE RE
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ORI RN IR SN D LS 1o T I,

[HAY]

UTARHEIR 32 L OO IR BEGHHI BT O o T
MEG (3, k&4 Bl 4 2 it il 235 Bh 4 D BRI
A DR e SR DRLER - AT T Db O T I
TEFOHLR B BT E 70 & D i e 2 % 8L | R EAT

FTHIENHIEKD, T T, AWFEIE. MEG ZHIWT,

AF VKGR TR D THE L7225 PR PR B D 248
AR EZMESL D282 HINE T 2,

B ifeavelsipe

MEG % VT HX M i B 55 2 B A L R 5
BITEDHESLSHLIVIE, IR L TODIREIROZ W
IZHF G T DEEHIT, ARIEE KRS 5 Il ¢
DOEEFREFAEEITHIZETAF VKRG YD ERE D fif
IS D, Fio, FRIRFHIIZ K ARIE B O ke
BEAZBLEYICEHM 95 ZE T KIRIF BE OREEE
FRLUNE YT —ar T a5 5D KRR
F OB YT — a0 Ok 5% KR
FHREIZES TEV B WEREEVAH#EEL TV ET
BSLOZ LIRS LD,

[ERk 22 4 FE O A58 S fii Al SR OB ]

1. Hi7=77 air puff ZEEDOBA% : 2 EF TOEEBE ITZZR
IRV Z T ALBEOY TR LB A EA ST TH
72728 ABFEDUMNZELFLICZ WD air 23S HHZLL
IRDHEVI R MBIz, 2T, WiET —7 AT
RTWEMEHWEEELERL, W7 — 7 CF
FRE A A SHE, BRIEEARFETHZET, BR
RN DORED SEREYERE DT A=T 4 252
LR,

2. 2 MBI R AT 957 07 T AO%E 2 A
O IIA~ Yy T RISOFEZ N T T T\
N, ZNETOHELVEIA~ Y F IS EFHT T 50
(LT areal mean signal 1548 A L7Z,

3. RO HHX FE T OREF I O AR FE O FEAM : J&

REE O FRD TR DK 72 D0 E AT T2

722, FE CEFMHROBLZANKEIT, FHEX

(N K Ot e #5D Erb SIS FReR B &AM

DIRIFFHIEZFTITE T RO AR ETOIRGE A
WOz T 52N REIC o7 (FIXE
)

o

y paecl

g/ e FE- R
| ,
- \J/ e M R E-Erb

|
!

4. PR DRMT : AT VKR 75 CIIHRIR S R AR L 1T
BBNBT | FOPERIZ SN TR BN T T 5,
SEAEIR L O FEATIE CATSYS2000 T, LAHICTF
RO ILEE BN RE O RN 1L B GE B RERE A > A
TLERWTITY, -, RKilkE 23 HoREFEOREER
ThDH/N—F V0w, B/ MEIE I TR O
RRELEROZ 7LD R E- i ae—L 2 A (B4
WERHC TREAT) DSHEBE9-5 2 8 B TND T EMND,
K AT WODENEHED TND, I, =H0
FRATFT R AR A LT, KRR O IR O R B 52
2720,

5. WREHEIRDT=Z0D DRy NI — 27 DREEE:
(L)7KARIp B ICBIL Tl KR T, B2 —B
TRF OFRAT AR BIRE D DO, U D4R N
BHEA~OBERN OERERE TRER DT T
B EAT->TCND KIRTTOIEMA O I1T 24,
T — R OFEI T 5 44 ) IZFEHE)
@FERF*IZEL TIE, KRR A R 2 —
ORERIF ' #— RO 76 R AEDNDRE I LT
712l oT= (2 41255 0) .
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Development of treatment for subsequent complications of congenital and infantile Minamata
disease
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Practice of rehabilitation for patients with Minamata disease and transmission of information on care
and rehabilitation
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AR DRI DWFHEIZ DN TH | 21T ALK
filZof kL, —ERELIAEL LB T X&LEZ X
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() AR LA R BE D 5 b - HExE
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IZHHE CEDIE TR T2 Lb MR A~DED
—DEBERD,
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1) 1z REH KU L DR EICE T 258D
FERHIZOUNT. 85 151 Al H RBRIE S Ry
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BrEn b, B, 2011, 3.
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Exposure assessment of methylmercury and other heavy metals in pregnant women and fetuses
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AF LK #1 (Methylmercury ) . 4 J& (Heavy
metals) . Jia 2 (Fetus) . 4%:4% (Gestation) . % & 7 il
(Exposure assessment) ,

(R e DO ]

BOEZEOE VR ChHLEE DI TV DRI
MLz NICEET I IRICB T AT L KER
(MeHg) Z a8 &3 54 4 @ O MR M2 B 5
MRERENHED D, TDZET, S ETH LN
72 TN T2 I DWW TR DY 7 v & iz
WHE TGN T 5,

(]

MeHg ZhfeH & T 58 E LR E I IREORALE T
LTI IRCHIRICBAT T2, Fox OEh &K e hoFF
Ze IR VEHAIZIE MeHg 13RI SBIE I TL9
WS BEILIBIZFEE AT L2V EWIORE A2 1S . &
L BT ERREATEE OV MSE THLE
DOWFFERE R I EiF Bz, MeHg o E 48
D Ji VR H R0 . U2 191 00 W 2 AT D i L X R AR A
I BN E VIR OMETFH B TOYARY «~F—
VAV B EERETHD,

[H Y]

MeHg 1ZIRIZHE<BATL, AIR~DOBATIZIERIC
BN EERREL C&, o4 B I L THRIEE
BT E1TD, X JRAESCIEIR R A i OV A H
Wz RO ATF VKRR EE MR IR L L CO R ESE
T %, BIZ, REKIER FERD MeHg ~Og
T R JVFE IR T 57D B S ke X LR AT
T & S D THRACAFIIRITEAT O,

CFF S DS ]

il FaiE . O K ERETRE B2 BN 2D,
ZNBOMIE TP IR LD MeHg R°E 4 B O %
FEMAS LV G 70 | B R - 2L R o0 E 4R ]
VARY «2 F—T AR RIHEE 2D,
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WNHFEEICB 3 D058

MeHg XM ERMEIED @<, LU TRAEOE
A U C AR~ A Fhu, PARARRR, FRICHE IR
M ~DRBENTRSBND, Fo, JRIRLRA T OFL
21X MeHg. %4 (Pb) | £3& (As) , IRITV A (Cd) | &L
> (Se) IZFEITREBLRE I CIREES AL CUVD, AAFZET
X, INHOE R ORBBEBATIEE AL TS
ZEENTOWNT, B, i, 3 » H k3L (2
DORNIFEE LD A TE THILTND, ) IZBIT DR
MERHF CTOXBRORELRFTT 5, Hik
WS T C, 16 #00D HH PERF RE(R M S if iy K TN 3 4
AIZBTHILIR O MK Z R 7=, KER (Hy) 135+
W15 oD 42 J8 1% ICP-MS THlIE LT, il 3% REHA
ARLER | B AR R | PL YR AR i BR 4 D - g
JE LR HEAR 7= (nglg) 2R ISR LT,

Table 1. Mean£SD (ng/g) of Hg, Pb, As, Cd, and Se in
maternal, cord and infant (3 mo) RBCs.

n=16 Hg Pb As Cd Se

Materna 8.19 2434 7.01 2.85  246.16
IRBCs +3.43 #10.75 +4.45 +0.89 +26.52
Cord 1298 14.07 4.33 055  279.52
RBCs 4542 +433 4297 +0.09 +40.01
Infant  6.87 16.05 1.95 061 21153
RBCs  #2.37 #195 +40.67 +0.11 +30.24

RE(R LB AR M ER T oD FEDARBIMR BT 2 (2
RULTZEDIZ Cd ZFREFRVEBI Th o7,
Table 2. Correlations coefficients of Hg, Pb, As,

Cd, and Se among maternal, cord and infant (3 mo)
RBCs

veal  VEET WEET O
Hg 0.88 0.74 0.69
Pb 0.74 0.48 0.62
As 0.88 0.099 0.046
Cd 0.075 0.103 0.56
Se 0.67 0.74 0.72

1 I/RL7ZE91C Hy & Se 15 AR I ER th oD i
FEDREAIR IMER H O EE L0 i< FFIC Hg 1349 1.6
£ BRI TUVE, Ph & As O I 77 i BR o oDy g
VERHAMOZ DK 6 FI, Cd 13K 2 HITHo7e, £

72, 3 » A O 288715 O VO AR ek iR
FEIX AR S L~ Hg, Se & TN As THIIKL . Pb
& CAd IRIFEAEE L2 oT,

B2 R R K OFL IR N RIS O R 2R 12K
fFL, 260 RL AR THRABATT 508, &
BB TRADERLRDIFEFE NS — 2R LT, FRITITE
BRI NE TR MeHg (25 2R PEA &
S Tn5 EIC, MeHg I3RERED mWEE CF
T DO TERNLETHD, LnL, @E Tomh
B H1T D MeHg IR I XAV KIR EE THH T
LIz, AN T4 3 2 A Tl MeHg IR
T DO TR IEIZEDERE IS ERNEE 2
bND, Cd 1T FIEMENFEF IEL, i Cd 72
FE LRI C IRV EEHERE T2 W I FED 3 &
— U ERLUTz, MDOERIX, BENZNOEBEOIE
WRA~DOBATEHLFEERIR T 5% FI 2R TEY,
FC, FLIREIC B W TR E 2R i PR O 28 B 4
W, BLEXD . BRIEHICIE MeHg DBRFRICEEI D1
BERNETHL, LML, FEEOTG YRR OR
BUIENRY | B CTH CHLAIC, FREDOEEN
R ERE CER T BRI D eneE 2 5
iz

30

10 +——=#==

M C F
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Fig. 1 Changes in Hg. Pb, As, Cd, Se
concentrations in maternal (M) . cord (C) .
3 month infant (F) RBCs.
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Protective effect of selenium against methylmercury toxicity and co-existence of mercury and
selenium in human and sea-mammals
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AF LK R (Methylmercury) . =L (Selenium) .
Ji6 2 (Fetus) . 71 (Toxicity) | W #& #F i (Exposure
assessment) ,

(R ZERRRE O 2 ]

TL AT A EICHE T, AKEULE W 0 B
TERDBHfFSN TS IEHE TH D, Fx ILEDHFE
(Sakamoto et al, 2010) CHE4f MK IZ I 1T /K EREE
LV IEDHBEZ R > TFEET D22 onIC L,

Fo BEOTIIEIREDOKBEEL 2B T
DRHY | O T L DIFEEFREL TAF /LK
SROFMEIHIZ RIS,

ABFFETIE, BARFUAHIE T HEEOR WL
ThdEL I AT A= TN EFE RNV TAT L
KEBOFNEIHI R ARG T D, £o, 7V T2 R
T HEM AN IE - E CREREBL U DIELEICD
WTRERTT 2, — 5. N LHAT LV KERIBEY DG A
DI BT DKL B AT BT 2 RE AR RS
OMFEHATI,
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AFLIKER (MeHg) (X ik thid st 2 AL, Frlce
NCIIME RO R EMI TS DS m D2 ERE DI
TW5b, o, B (Se) T M ZEMETTHE THARA

m\ﬁkﬂ%(Hg)k AL MRPEM AL OARAR &
@%ﬁﬁzﬁ WITHBETHAETLIEND, £

TEINER éhf%to Nz T, 1970 AARIZ Se 23
Hg (b & OmEFRBIEI REeFF o2 b b5

N7V EL DI ZE TN TETz, Lol MR
Hg L5720 MeHg OFMEIZxd5 Se OINHIZRhR&
BRI OW IS+ I STy
(NRC, 2000),

[HAY]

B EBRTIE, AR B ROFEN KL /A
F A= T AF L KSR FEMEIN I 20 BRI B L
KIMRZ B E A2 ECDMOREE OET VT vk
TEBRMIRIET 5, KL DAEKNTER
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(IR E, MBI, R | ATREZ e O ITARHER) Z2 Mk L C
WRFTT %, BREMEIRDEMZHEHR (R E . MR, 5%
R WTREZR S OIXAF ) ZINR Lo iEt e 7%, B
(2L AKARIF A Y BFDY Y —F V) — RS 7 (TR AT
SN TWHREICHRABERE AN TIFRIZEDL DL
DIENNHHINEIDERTTT D,
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H AR SR D NN TAF A =0 A L=k v
VZHEEI DD AT VKSR BNEINHIE 3B D B
%o Tz, BRRDATF VK EREETE T, AT /L IKER
ERLUDITET D, HLITIT ELIZEIRREN
FZoTEY, BRATITRL U AFLIKERDFNE
FEBLNH BB N TWD ATRE

PEDVRIRESND, — 77,

IKARIZ I T D AT IV IKERIE G TII L 3[R RF IS
T D7 ITA Z > TE O T AF L AKERZ T2
ZEH L CWDIRI D R S ILD,

[Pk 22 47 BE OF 58 3 it pfc R DA ]
B 12 RN H 1T D AT LK ER TR LD 4kl
ok AR S e RN 7 N EE P e e VN I RIS

Se3MeHgD I BLA I D FE FE P32 LV O
BIHDN, BRI TOMMIEEZIMZ DE0)
AT, ARAFZE T, Fox B LTCRIMECE
(DR E B LGS, IREMEKRERET LTy N
AT, FEZE I ORI HIIRAE A 5| & 23 Hh iy
B HEDAF VKR EME T H L I ATF A=
(SeMet) DI RLZ D AD =X KB T DR
179,

FE ATy N (14, HE) Ao bhr—L
MeHgH il SeMetHijH, MeHg + SeMet[R] FE#% 5-0>4
R (LOPL/EE) 12451 F 7=, MeHg (8 mg Hg/kg/day) 124
TNV AT AL TG TeE0%a L T VAN & E TR
e T, SeMet (2 mg Se/kg/day) IZ /KA EL T
HRICHREEL ., 210 B Bk R 0 &5 L=,
MeHg + SeMet# 23V Tik, SeMetf¢ 5-3057 %% 12
MeHg# # 5L, =03 HfigFL7=,

fiR b — L HEE R L T KB LITEE DK
T2 MeHgeSeMet BE TR Z 7223, [FIRFIREEREC
ILZNHOE T2 H 47z (Fig.1) . MeHg B g
BT (ARG B HE CIIORMM B &/ MK TRk
R (THY) IR EEDS B L, iR E B ClImd L,
oK ER (IHG) IR BE I LB A BR< . RIMECE . /i, i
B CHINL Tz, BIS, A lfds TIEIHO %25 B 5
LSelZ LD AF AL D LD RIB ST (Fig.2) o
MeHgﬁif TE KRR LR SR 1T DR MRS

RO B, SeMetéd [AIIRFIREZ THIHI <7z (Fig.3) .
Hﬂﬁkﬁwﬁma NAETF A B (GSH) DK T A MeHg
BECHRONTZA3, SeMetd o [F] iz 88 C Il S A7z
(Fig.4) , fFligE RIM TNV AT A ~LtF o & —
B (GSH-Px) 1 MK T 23 MeHg # T RO L7228 |
SeMetd O[] f g #2 CHN Il X4 7= (Fig.5) . F7=. Me
B GRECMAE T E AR AME (EHEEER -7 —F
T LDRIFEY) ThAER LA R &) O L&
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DZRS T2, SeMetd O [F] IR FE TR S 47,
—J7 . SeMetE ClE, IFEEDOK F & EDOT-Bil I

HE WS- FREEZ RR T DAL BIE S0,
MeHge D[RR IZ LI BT,

B2 A RIORE R, KRR E TR <eDIch
BIOD T, MeHgIZ LD a5 03 SeMet D [a] IR 45
Bz k> TR SN2 L2 R T IO DOME L& 2D,
ZDENFIEIMeHgD FHE~DOBATIMHIZ L LB DT
1E72< . fL#E PN T D MeHg & Sefb &) (SeMet> 5 Ik
) EOFEAERICEDL D EHEREIND, -, [k
B b NDN ., SeMet# 512 LB R E X
MeHg D [F] I #% 512 k> T 2. iz, 4 1al, MeHg
T OB AT LA MaF b S AER A b
HZELFROBIL, ZIUTKL T SeMefe 513
(AT,
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Fig. 1 Changes in body weight (g) and organ weights (g)
at dissection.

T-Hg I-Hg %
200 0

Cerebral | Cerebellum

Fig. 2 Total Hg concentrations (ng/g) and percentage of

inorganic Hg in the cerebral cortex, cerebellum, liver,
kidney and blood.

Table 1 Median and 25-75% of blood Hg and Se in

inhabitants of Taiji Town

Sex Hg (ng/g) Se (ngl/g)
Median 48.2 203
25-75% 24.4-87.4 187-247
F Median 22.9 202
25-75% 11.8-44.3 178-240

motor cortex

striatum

Fig. 3 Neuronal degeneration and reactive astrocytosis in
the cerebral cortex and striatum

Liver Blood
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91 0.7 4
. |

1 ]
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54 04 +
4 0.3 -
3 4

0.2 -

2 4
14 0.1
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Cont Se Hg Hg+Se Cont Se Hg Hg+Se

Fig. 4 Glutathione level (mM) in liver and blood
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g.5 Glutathione peroxidase activities (U/min/mg P) in

liver and the cerebral cortex

R 20 KHIBT{E R i K EREEL R

RHET (3 R 31T 2 if H K SR FE 1355 23 & K0 A
2 fEmnol-(Table 1), — 5, BV AREIZH LT
FIERCThHoTz, MFKEBREL L L REITS
L EHIZIEOFBE 2R LT (Fig.6) .
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Fig. 6 Correlations between blood Hg and Se in both

Sexes

INHDTEND KB Bl Fh K SR FE
EUVNEE | ATV KERO FEERG I R BRI E NS
BLURELEWEE 2D,

B 3 KHIET G SHU VD B E Rk
FRIR L

Table 2 ({2 KHIHTCRIHE S CWH S HH 8 Fl
DK ERIE L 2R LTz, JEA T E S0 £LD T
WHEIT RO KRR E LR THY | Rl R EAY 72
HOIXEEN STz, FOOMFEIL 0.3ug/lg ZH 2 T
72777 (Bonito) £ 777 (Tunnus alalunga) T&H -
77

Table 2 T-Hg in fish consumed in Taiji Town

Species Weights (g) T-Hg (0/9)

Av STD AV STD
Bluefish 390.5 (123.85) 0.131 (0.045)
Barracudas 729.8 (98.37) 0.134 (0.015)
Squid 371.2 (152.50) 0.183 (0.114)
Sardine 12.9 (4.54) 0.024 (0.004)
Horse

35.0 (29.18) 0.028 (0.010)
mackerel
Bonito 2489.0 (253.90) 0.371 (0.074)
Yellow

20000.0 - 0.029 (0.002)
tuna
Tunnus

20000.0 - 0.321  (0.031)
alalunga
(W ] DR SRS 2

1) Sakamoto M (1st), Murata K, Tsuruta K, (ftl 2 4).
Retrospectve study on temporal and regional
variations of methylmercury concentrations in
preserved umbilical cords collected from
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umbilical cord RBCs in Japanese population.
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Information service using hair mercury analysis
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D, ZIUCL S TT —FR—ADFEE TN > TET,

[HAY]

EKHBF G R O S DKEAZ T TDE
LT, B A ~ORE i@z imL TR
D AT VKR BUC BT A IEMBEE1T,

RS LD ]

BRI H KT DM EAT LK EHERUCBE T D1
ffticky, BARANOBERE CEERVELZ DD
AL CEMRR#EL I ENTED, F2, &
KRR ROND B L GEDRKAH 358k
PELNIUL S O IERIEETE ] TE 5,

[3FERK 22 4 DI FE M AR SR OBEZE ]

SRR 22 ARIZIE, KR OME 2 — KR
(— AR, eI T — %G Te) | AMARERE B D
BT GEBOR 28 AR . B FAA B AR
FRZ R = is0) e OV RS AT OK AR il REE 2 D)
T, 7 1600 4RV DOEEZKERELFHTL ., RIERS
FAT O W TR AR A AT 2 B TR @A
LTW5, Fio, AF L KERO FEREFNFR IR 3515
STy MKEREERE | (B ARFERM) OUET R E
FATL ., BRI OUGTIERITE F U (FRENIAT
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TE)

EEKBIREICHALNDH L ZDRIKETRD B )
T, ERTOFRART L T4T (B4 25 £44) 1250
T, ANF <271 (240~360 g) EARTOFEEZA kL,
e OME R A% O MR ERE BRI | 8K SRR A
ELT, LnL7ed s, BLRERCC KRR E O B 22/ 1f.
b, ATV KERO R E S 720 OISk 5
HOKERIREE D EFIEICAE DB L AEITFRO LN T
W, A% 1L 2,3 5 A B O MR TSRO
WaBEL KERPEIEIZ K% Abecl DB 52O
T2, £72. 3 »HEZOBEREIDD, KO
RHIEERD D,

[WFFE  DRm LR
L

(A ZE A D FE 3]

1) THARIZBITDEIED AT LK ERIE B Ll FiE 52
BRI 131 B, VUV A BT
TR AR BRI T D A B R R LR R 28R 2011
3 A (Fl) .

[3CHik]

1) Yasutake A, Matsumoto M, Yamaguchi Y, Hachiya
N (2003) Current hair mercury levels in Japanese:
survey in five districts. Tohoku J Exp Med 199:
161-169.
http://www.ncbi.nlm.nih.gov/pubmed/12703660

2) Yasutake A, Matsumoto M, Yamaguchi Y, Hachiya

N (2004) Current hair mercury levels in Japanese
for estimation of methylmercury exposure. J
Health Sci 50: 120-125
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Quantitative evaluation on the association of methylmercury concentration in cord blood
and health effects in mother and infant

EXERTE A
s ft e (ERS A RFZeEn)
WFFRORRIE
ESEEEa
L ' (EREFIEE)
FBEZIKERD AT

T = e tE RO R ER R T)
7R — MIFFEEERERE

(X455 ]
HAEHTSE

[EE L7 B ]
AFIVIREROUERER BB DM A - T 52

[ N—7]
YA 3850 - 5 Ak
(A7 3 R
K 22 HEFE (1 7 4F)

[F—U—N]

AF L 7K 4R (methylmercury) . i B 52 % (adverse
health effects) . =As— MJF4E (cohort study) , <~ F~
— 7 3% (benchmark analysis ) . & % & (immune
system),

(A ZE AR RE DA 2 ]

FATHFZEIZ B TEROINZ UL -l — O fE
RAZDONWT, AF L IKERD MR B OB G E &
HNZIRHTL . EDORR AR SLE L TART D,

(]

Wk 21 FEFCEM L2 HER P AR EB IO
H AR 1% F8 5 LIRS I AT /L /K SR8 B8 | 2 BE - B A48
(HREESERKRFEZELEOHLFEN) 2B\ TX
R AR —MNIBITARER L O 4 R ETOH
A RO RRERIRIRFE B & DB A~ T,

(K]

B MEPE DR — N CTEB IV IS AT L K SRR
JFE L RESE QN AR IR OREFRIREBICBI 957 — 41
DNT, FELDOFREE RPN ONIEYLE 72 & LD B
REEEMICHLICL, 5T R E F A aES
(2T D,

FFE DR ]

ODE—FREE L~V D AF LK RO i V2 0 75
(ZDWT fEFRBLUZ R T2 = RARA R e B
PO e T o A% 5,

[FApk 22 42 FE OAFFZE S fii Al SR O A 2 ]

i 1 AT L KGR E /N EYSAE D BAFRIZ DV T
ERAFEAN Tl EEYRSHTICEY, FER T B
FROFFH BRHE AT L 7K SRIE FE DRI, 52 Eh R
(1 B ET) AVNROREIEE LA EOIEOFBZ R
L. Sleptifitk7z L, ROFINNAEEOAOFEBEZRL
72o ZDIH AT IV IKERIR BE 2 R EUT DU TREHE
1, (F#E) L= BRI > T, Murata (K FHK) @
SPBS & W TRV T~ — T & T o7, 2Ok
RBEonEz~F~v—IK—X(BMD: X F~<—7K
— XN BMDL:BMD @ 95% X [l 46 > T [
TNOAEL DbV WD) (FF DL, T TlciEbhn
TWDHEBIRNTOREF: (£ 2) EFJELIRNEDTH
STmo —J7  WEHE AT LK SR B L %+ R %
DN BB O B B RS BRI ZIE AR A R L
(K 1), \RERBEZ AL TRV ATEEMEL REN
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D E— S O B EZ KR E O BUE R T2
WCOEBNFDHTORE R0 E 2 80 Al H AF S

== la 5 A)ICTHEERLE,

1 EOORERIEUT KT AT AT VKRR
> BMD it il F (o + B 7 2L D)

BMD BMDL
Po  BMR (ERBR) ERRE)
0.02 7.1 ppb 5.0 ppb
(1.4 ppm) (1.0 ppm)

15.1 ppb 10.7 ppb
0.05 0.05 (3.0 ppm) (2.1 ppm)
(5.0 ppm) (3.6 ppm)

Po: /X775 REEE, BMR: Benchmark Response

32 R IAT IVKERL UL (4 BERE) -85 DFEEN
[EHT 1D\ T OO B [ 45 BT s

AT VIR SRR FEHDOFENEEL
(1-12 72> A thw)
ug Hg/L fRElFRAR 2 P
~7.0
~95 0.17
~13.5 0.16
~5b3.3 0.32 <0.001

S
13

fEEP < 0.0007

0.5 1.0 1% 0 25 3.0 35 40 — X002
BEE

1 BEFHE AT LK SRR BE O e A i L - &
b ORI B K D FH BN

[AFFEHA R O Re U383 ]
L

RS

1) RSy, B E DOREICETE - RENO
BRI LEDOHERT(2), 5 80 HIHA
i, e, 2010.5.

[3CHR]
7L
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(NIERIR BEATF VIR IROGRFRY A7 (2B T 2 15 WO FEAF LU A7 58I B § D8
Study on information transmission and risk perception on health risk
of low level exposure to methylmercury

EXER Sl
i%ﬁﬁ’?ﬂz (l}%% . f‘fﬁé\ﬁ%‘f%ﬁ)
W FEDHEHE

[SE[RBFFEH ]
L T EERIEER)
BEKIRD 5347

(X573 ]
FAZRFTE

[ 087 ]
ATV KERD R B2 2 B 32 A - AP 2E

(7 —7]
YA 350 - IR ik

(W ZEIH] ]
SRR 22 A EE — PRk 26 4L (5 4R

[ —T—FK]
AF L7k ER (methylmercury) , UAZ a2 =/r—3 3

> (risk communication) . YAZ58% (risk perception) .

T FEIE AN (fish intake) | 7 V2 5228 (fetal effect) ,

(W FERRE DR ]

BEZKBREZTER LK) 2 a2 =0 —
Tar OFENF AL T, AR AT L IKERO Y
AT RANC BT DRI R A BN L | fRIRTTIEZTR
%o

(155

AT IVKERITRNFHICERE T 5720, A TR
BERD L AAEAFT DN E T — LM DOIRE
LU FEEE AR TEL B ORE~—

DATNEN, AT BV TREZKRH E LY
— T DRI A a3 2 = —a R L, 2
AUHN Y EZ) A7 M6 2 — i i R BlLIg - BRAE D
REIZHENTHLHZL, — X TROVAZEROZE

AR DESEZHOMNCLTET, E2, %)
BERV AT AR 2= — 2 a BT A Y455 A7 TE H
RFAF DB TFIZONTHELDOFRENFEI LT
%R

[H Y]

BRI T DIRREAT VKB ORI
WCDYATAZ 2= —a BT, QUAZ —
FT 4y MY RI R —RA T Z R LI EHFEE . ©
— R ROVAZFBICV T 7 — IR E LTz =
r—ar @AREEMEE OB D FTEEEIC
DWTORGIEROIED 72 ORIERIZ DN T,
FEBIV AT a3 2=l — a2 FE i L7 s DR R
RS,

s DA ]

R IUTED AT IV IKERY A2 DL R 48 7
HYE AR VERE R D WIS KD T4 e B 2R
EORFUTHIR TEDEEAIRRZTD, BRELL
B DY AT FBIN DN T O — i RO ERfE O
Ko ARRHEE DN REFI ZE LT R E D1 B ASHiL D | Bl
BT %,

[3FERK 22 48 FE DR I fi Al SR OEZE ]

9 A OKMREATAE K FRIZE W CEBEZKBNEE S
TR 2y a3 a=r— a2 FE L . 408
B DB IMNEAFT-, BEKBIRE IR IEHE DL
OO, ZOfERIZ 10 H BAICHE 2 7o r—he
EBICBINFNZEE LTz, 277 —M Tl BH D
B2 /KRR FE I E S B B3 Ik &S
EEBIT, B TR EE AT L AKERO R 2 RS
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TAHTEF U RY AN AN AT E AR R,
ZORIMEIRENZDOWTRELT, 56 2 77—k
BN E L 146 (IR 34.8%) TH -T2,
EBEKRPEZ SRR R a32 = — 3
VBN NZBITDIATZBINDE 2 e T, BE#UA
IEROZ T 1D GREN BT 27 v 7 — s R
WZDOWTER TR SCICEED, 11 A O H AR AT B
e 23 AR (MR RT) THREL,

[WFFEH DRm LR ]
L

(A ZE A D FE 3]

1) epflz, Bk AR LI AT L KER
IREE DY AT (9) BEKMPEH LVAZEHR, H
ARYRATIFFEF22 5 23 AR K2 il Uk
Vol.23, 147-152, HAUER, 2010.

[3CHK]
7L
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Experimental research on influence of human health in French Guiana river pollution

EXERCE A
FERANT ] (GERRERIFST5T)
WHEDORFE, SEER i D SEhE

ESEEEa
J. P. Bourdineaud ({A[E « R /LR — K52)
b RU T BEREARHT 0 E fti
L T EETIEE)
SRR Hh 7K SR Bl E oD FE it
W. Rostene ({A[E - INSERM)
Wi ~DB S

(X573 ]
HAEHFSE

=5

AF IV IKERDFERE 2B B3 25 4 - A 9T
(7 —7]

VA Z850 « 1 Ak
(WFZEAR ]

Wk 22 HERE (1 4F)

[F—U—F]

7L F X7 F (French Guiana) . {11175 4% (River
pollution) . fd B 52 %% (Health effect) . 325k A AF 52
(Experimental research) ,

(WP FE AR RE OB 2 ]

TL T XT F O ARG TG YelR 2 e L7 B
WMEBREATOZ LS Lo T VG YRS K DB AT
=X LERONNIT D,

[

iﬁm FA K7 L T3 O] ) SE I Tl 5 i
JREIRE P CIThTRY ., 2O &I EI BR
i‘*ﬂém%’%(% ZKER) IZ R DM HIB Y s R RE L 72
S TWD, EBICEEIRHIRO Titic4 B 4 5E
FATTE R 2B I TRBY, ME~OKEG GO
T HEEZRKMEIX S EZ R, V5 Y HUIB(E RO
R FE 2 R (T I D (h i e B B | GRANBR T 26) 12D
WCOMELHD, ZOKEFHRRIT, E DRI
BINTEY, RHOXRNLEZLEZ 2 OND, &
DOXFREL T, BURARIRE L LT B A O fk i
MHRFED—2>ThHHN, IR TIEE 25
Yufn DR N O MR IE A = X LD Y
RREL CTEBELLE Z DD,

[HM]

ARHFFED HBGIL, 7L FX T F DK 755
K2 SR LT BV TR A TH LI Lo T TH G
\Z XD MR AEAD = X LA B 15 Y g B
fEREHICH 59528 ThHD,

RS DR ]

RSN DARIT., BICh it L 7=doicrr >
FXTF OIF GBI LD BT AT = X L% PR
L. {59l ROEREFICEH 57524 ThD,

Flo, KBGO BT T LT X7
FOH TR, D ARG YL ik T 4T
B, R KERTE Y DR B OV CTORF
TN 5 CTED AR B D,

[3ERR 22 A DA I FE M AR SR OEZE ]
KA BT IR T~ " e AW T, 15D fif S48
B KR A T o7, ikt L T, 7L TFF
T B EbIT~ 7 airE DK EE D E
oM 8 D IKERE FE MR FEE A LB R S L
178) CEEh &, FHIRLE. WiiES) ORELITo72
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75, L E ok FRAE & O AL e 28K I TR S o
Moo, 7k, IhaU R TR S A m IR L L s
PEFEAE AT = X DFRMTIC OV CUE, LR 23 35

M THD,

F7o. B OBRE G R E LIS OB TN T D
FRATIZ DUV T, SCHERFA AR K& O ERIF SR ~DH
REAToTo, LINLIRDD, 9 0 B OB FE D[Rl E
ZAFHIVT (EMEIIINZRIRRF 330D H3 . i D e
TAMEY) | FEMLS i%%fm)oto

7B R 21 FEEICERL T2~ T AD R IR
FAES T MSIANGENE B E T AL SE Iy Wi
(Bourdineaud JP, Fujimura M, Laclau M, Sawada M,
Yasutake A. Deleterious effects in mice of
fish-associated methylmercury contained in a diet
mimicking the Western populations' average fish
consumption. Environ. Int., in press.)

(R e ] O Rm SC6 R ]

1) Bourdineaud JP, Fujimura M, Laclau M, Sawada
M, Yasutake A. Deleterious effects in mice of
fish-associated methylmercury contained in a diet
mimicking the Western populations' average fish
consumption. Environ. Int. in press.
http://www.ncbi.nlm.nih.gov/pubmed/21035857

(WFZE I D F T 5]
L

[3CHik]

1) Bourdineaud JP, Bellance N, Bénard G, Bréthes D,
Fujimura M, Gonzalez P, Marighetto A,
Maury-Brachet R, Mormede C, Pédron V,
Philippin JN, Rossignol R, Rosténe W, Sawada M,
Laclau M (2008) Feeding mice with diets
containing mercury-contaminated fish flesh from
French Guiana: a model for the mercurial
intoxication of the Wayana Amerindians. Environ
Health 7: 53.
http://www.ncbi.nlm.nih.gov/pubmed/18959803
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Organization of documents and materials on Minamata disease, and information providing
in Minamata Disease Archives

EXEREEEA
el (R - M B AFZEHR)
KR B R M
it 2 —EHEERZER

[t RE Y %]
WESBTEAT (EIBE - R A HFTEE)
i B (EEE - R B HTIEER)
LIPSk (EIRS - R B B FEHT)
T 7 — BRIk A

TR AR5 B R A
T 2 — R B
YA (RS - R B HFFEH)

FEH RIS

(X573 ]
e

(B 7 B ]
NS ReE 7

(7 —7]
Hhdeg - M ERER B

[2E75 HH] ]
SRR 22 A EE — PRk 26 A (5 4R

[F—T—F]
K% (Minamata disease) . & £HIX4E (document
acquisition) . & EHRAT (resource preservation) .

(e iR D% ]

IR o 2 — DRV EE A HEE L | K(RP
WFEFEFZOFIAMADELHIT, BRELHERLRE
G LT — R~ DI RO FIEEAT,

(]

ARSI B A — 1%, AKERIT QNS K RIRIC B9
HIENAOE B (E RO TR R Te) UL,
RE BEHL | RIS B LB T, KIRFEICE TS
ot EFEMT 522 BRIEL T, AL 13426 HIZH
LTz, o, AP BEEE B BRIZBIL Tk, AT
B B O RAT T DI O AR BT A IEHR N E
D 55 ONZ IR SRS 2 (R A7 - A BE T 2 E D
BEBIE LT, SRk 22 4F 4 AT KE DR EZ =T
77

[H]
IKGRRITE e 72 —HERED FEEW N £ DRIR
AR 252,

(N DR ]

ARARIF A DN BRBE AT LK SRS %6 475 — R
BRAE D K AR B E R,

AR JP BE 1 R DN - PR - I 38 U 7 KR
FRRF TR D AR L HEE,

BRI L DK AT B Z—D L
wE~D% 5,

[3FERk 22 452 D 3055 FE il R OEE ]
KRG 2 —1%, KRB 35 i
JEE R E L RE B BT HITBUR B O E Rk L L
TEFRFEOREICAN ., BHERK OB AT LM
ffizatER AT, HEEZREL TORERE
WA —IZBWTL, BREENOIE LM
PR EOBE R (B HL 3 o) 1L, B Lo
ITBOCENDBRAN SN T T | e & B
ELTHADOEFT COmE U RE DIFZ), Bk kO
FIHBRROABA, B AR EED B LD HIBR
RN —IRFI R EMMBEFT O TS, 7235,
ITBOCEIZE AW — R EFE - 557 R B DU F]
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Xz ELITEFR TH D, ‘Ea—F—HipFE A=
72k, R 23 4F 4 H 1 HORASTEZHOEHICH (2 58) Ff O I HAT T
FTHOEBOKRATIZED /2, SRR 23 DIE, il < JBRa—)—MP o LED b

WFE RS2 R - BT D1 T B B D 15 E i sx

HUE T DIEMED ASCEEOFEHICETHERT T EEHM ORI E]
R T IC D5, ZAUTHESED | KRG 7L

A — X IE S - U B B OV 9 O & kLA

B A Eisk L THNBREEREDIREZHO EBHIMOFERHE]
DT CFRk 23 4 3 H 30 B NEIFERER 14 2L

7)o DRI B ATBHEBIIZ W TOR A I

DN T UTATBOCCEILENL A SCEMFICBE S, Uk

ARG L Z—~DOBE L2 leoT21E0 F8E 7L

i AU A RO UL, L& BT 6

%o

ARG A 2 — DRI TE, W EI2AT
O AKRRE#R T2 —HE RS TONBE
BoOfER., INEZEB S THHKEREHR 2 —&
HEBRRTOWR 22 FEORHGFHEREEFEZ . L
TOINZ 2 BEDERO—HIZ DN THEF AT o7,

JEREHTONGR: F R ROER 19 5, BEfF R
RO 15 57, BEAFRROME 15 A

FEZR T IRD LY
BREDRENE RO
Aa—F— KEROHLEL

(ZE50) AF LK ERD A pR LR~ DT H
‘B a—F —  AK{RIFH DI [K FE A
G KB DA L
7K 7K SR BE O I G
-C a—J—: KEEDHFSE
GO Ar =7 A RUTHE L O KERIEA (RAD)
CHTRL) K ERIZIFE DN SRRV R
(2 ) KEROBEXRBr=—F—
GBI ACRERBRIC BT D728 OREEHIZ LD
IR ER D A
CHTBL) KA D 7K SR FE 0 I 7 it S
GO R S QOB KR EREBREE th ~ D ik
D a—J— RO IKERTH YL HE
CHTEL) IR DK ERYEG Ye & E KA OIE B ~ 2T AR

9—
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Hair mercury examination of areas concerning for mercury pollution around the world

ESEREEE
FHRAT RS (SR FEET)
BSOS INE S R RS ]

[JL[RIHA 243 ]
FAILEAN (2220 ST
BEKERHE DN, 155 UG D S fit

(ZE I HHEE

(7 —7]
VAT GRHN - T et

[ZEX A ]
Rk 22 HREE — ARk 26 R (5 4 4F)

[%—7—F]

£ %Z /K $R (Hair mercury) |
(areas concerning for mercury pollution) .
(world) ,

K ER 175 Y Bk 7% Lk
TH 5

[ RO ]

A B —=FyIR—L— | ERRZEE I RBIT S8
Y7Ly hOEATEEZ LY EKIFIC31F 5 B 22K R
TE D BEARE AT, B & Bk ERTG
Yl (E RO EBEZEZ LML THHY, Sz EE
DRI EZREL, KEEIGGRDUZDOWNTBLEELT
Vo Flz, BEEIKERMNE DRERG, BLHIFH A D 32
MWNRBLG AT (BEZKIBENF
B PO KGR ELE N TOIR M EFT5,

WA L L K,

[

AFIVIKERIRE DA EW BT L DR 27 % R4
IR T D720, TENE T A EME BMENIC
BDIAEITNDD | EVIOIRERIR AR A2 L8
LA THD, BWRENLERNIZEIAEILIZA
FIVKENT, RREDPBHEH S TEEBI
EOENGTEESLINIEET 5, BEPI ’.z.ims
KSR BV L A (S LS E FTRE C 0 AR~ D AF
IV SRR R BAAIR TS L CEARTIETHS M,

[H Y]

AZFEFEO BT, RS IS A8, (b
TG L ATE G, R EERE oto@kﬂ%ﬁ%%
SN AHIREROEBEZKEEEZNETHIEI
->7C, R ORBIRFE IR AL @)%%&iﬁﬂ%
RBGILICE BT 2L ThD,

RS LD R ]
HIFFSHLDAERIL, BMIChRRaL7z ol R
D 7K SR 8 R 2 R 2 | LA e 7 D AR SRB Ik
~DOEBRTH D,

(SRR 22 472 D 355 F i il R O ]

AKEFIZ, AV RRY T, TI7VN0 ALEXT T K&
OEEE D 4 7 [ENHEZORMENH -T2, TNEND
FBEZIZHOWTOKRERZHEL ., BRI ICT —2% K
gLz,

1. ARV T (B 31 AL &PE 14 N)

FEEZIIAV N T OSBRI FEE S TERD
BERIENT-HOTHY, MK H T 29.9
ppm, ZPECYH) 10.6 ppm Th-o7-, Kﬂ@ﬂﬂﬁﬁﬂi
FABEIZIDNERIRED, DO KRR I

DA EE D2 HR T D72 | #R/KER 7S 10 ppm u
ARSI AT DN TATF LK ER BTV
TE LT R, ATV IKER B KSR BT BT 6.3%
(n=17), LT 10.0% (n=4) Th-7-, UL EO#ER
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DD, ARSI BEAKERME T, SRS T
DRSO KRR ED BT LI Sk
LTWDHLDEE 2N,

2. 77UV (B 65 A, it 97 )

FEIITIONDT <V =TI B ET DR R
MOEIENTZLDOTHY | KB EIXH M THEY
9.7 ppm, T 7.9 ppm Tho7e, IRILH O
WICEDE RHIE TSRS THOILTODEH, i
FERIZEFIEEIT > TORNEITHD, LD F
D, A EIFHIZ BEKEMEI, SERIEIZLDKER
B AR 2 LI X DN IR B A S T D
LOLEZ LN,

ESNEAEIPESD -2/t = gy I e Pt 2 fEs]
=R 2 O HIBWIRE THY , BEKRELE A
WEEDBILRIZ DWW TOBFGED T2 | BEKSUEHIE
L TEXI2bOTHD, fiFREL UL ENIEIER
B L AN R B E O BRI A B AE
sz rorz (K1), L Lenb A [m oA T
IR T 72 A ChHY | fmRa T oI R A+

HEBEZBND, SEONFEERICIIFFLIZU, 2k,

KRAEFENZFERE LT T~ D2 /K SR B O E s
FUT L B K B 5 [ R 1= A 904 - B 33K IRIE
g FicBisSh s, (BEEBAN (2010) BN
P & 22K SRR FE O BFRIC DWW T, HE33WRIRIE [
HE, g BILRPESHEERE RS, pp.
17-20.)

8 8 & g
3 2 3 3

T EEZKERRE (ppm)

3
]

0.0

A R HARREEE

1 ANBEIEREES L ANEREE ISR BEZK

FRAEOD iz (B R SR E BRI 22 FE 2 - 5 33 Ik
JRIEM i 5 LD)

3 ALFEXTF (B 14 AL 15 N)

BEIIS ETLREITALET T FOe80 L) T
i (B ~m—=H07) OJFFERHRRESNTHD
THY, ¥R TH M THL) 8.9 ppm, LT
10.0 ppm TH o7z, AKERIET DA RZEIZLDNG
WREED, SN DD D KERT A5 | LD AN G 2 70 %)
BT 5728 #KERE 10 ppm LU AR T 7L
IZDWTAF L KSR BT OV TRIE LA 5. AF L
IKER B AR KER T B MET 96.7% (n=7) ., T
92.0% (n=8) Tk -olz, F/c, HE DIEFHICL DL,
A CIEEERAE T O TODN, R RITeER
WEIT>TWRNEITHD, UL EOFERNG, A F
O BEZKEMEIL, GBI L KRG %
BT 28I Lo NEIREEZ SO TODHDEE 2
b,

F72. 2004 75 2009 HEFETOILFEF T HIZF1T
27K ERIG YR DO ARG R IZOWTC, B A
1T ~7=, (Fujimura M, Matsuyama A, Harvard JP,

Bourdineaud JP, Nakamura K. Mercury contamination
in humans, fish, and river water in Upper Maroni,
French Guiana between 2004 and 2009. Environ.
Monit. Assess., submitted.)

4. w&E (5% 661 A, 214 635 N)

EBEITEE O VYL R IR O R HERERE
NIZHDOTHY | FRKEEITHETHE 1.4 ppm, %«
PECIEY) 1.3 ppm Th o7z, AR Tl a8 I31 T
PILTELT ALF LIHICEHH LA SN TR
U, Ko T ARBEZKEUEIL, @H O EEL LT
WHHDEE 2 BT,

[EBHIM O S # ]
7L

BRI O%ETRFE]
7L

BEN
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Digitization of histopathological slides of Minamata disease patients for permanent preservation
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Social and epidemiological approaches to Minamata disease
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Research on regeneration in Minamata disease area
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Profile of Talawaan River and THg (ug/g)
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Marine ecosystem and mercury behavior in Yatsushiro Sea.
-Quantitative survey of marine benthic community in Yatsushiro Sea and mercury concentration
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Research on its influences and behaviors of mercury in an aquatic environment of Minamata Bay
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1 BKEFEEAMOALZERL S OMPETEAE B
FHBE ISR (N=33)

MeHg R-Hg D-Hg P-Hg T-Hg
MeHg
RHg 0205
*%
D-Hg 0161 0994
*k *%
PHg 0256 0903 0889
*%* *% **
T-Hg 0171 0995 0999 0906
*% *%
DOC 0474 0289 0275 0482 0295
CH3COO 0561 0066 0046 0178  0.057
cr 0314 0249 0250 0303 0257
Kk * * ** *
NO, 0471 0374 0352 0478  0.366
*%
nss-SO 0446 0210 0205 0328 0217
Na* 0292 0267 0272 0317 0278
* *
NH; 0400 0208 0284 0435 0299
*%
nss-K* 0613 0192 0150 0343  0.169
Mg? 0313 0268 0272 0326  0.279
nss-Ca2* 0328 -0217  -0251 0007  -0.232
* * * *
H* 0289 0376 0362 0406 0370

MeHg: dissolved methyl mercury J&7F * F JL KR

R-Hg: Reactive mercury & i 47k 48

D-Hg: mercury in dissolved phase j& 77 &k R

P-Hg: mercury in particulate phase #i ¥ 887K 4R

T-Hg: Total mercury #37K$R GATFRE+HFRE)

CH3COO": B 4 >, DOC: Dissolved organic carbon J&7F A # ik 3,

Cl: &A1 4 >, NO, " FiER 1 # >, nss-SO,2: JEBIRMERRER 1 A >,

Na“: F U D LLF U, NH T UEZD LA Y, nss-K EBIEEA U D L4,
Mg?: R TR LA F 2, nss-Ca?": JEBIBHENIL D L H KRAA Y

*P<0.05, ** P<0.01
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B W2 31T D48 B T M QK AR TH O A7 AR
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Study on natural emission sources of atmospheric mercury
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Research on food web in Minamata Bay as for mercury pollution by using an ultratrace analysis on
mercury and a molecular-biology technique
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Cooperation of research in the international organization
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(BNICA Z /3 a AP AT L AKERIZ B T D IR EEE L S AT Lk 7 ey = 7 1
The JICA project for strengthening the health vigilance system on methylmercury
in the Tapajos River Basin, Amazon
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NIMD Forum and International Workshop
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IBiomarkers for exposure and neurotoxicity of
methylmercury |
Univ. of Northern British Columbia, Canada
Professor Laurie Chan
Methylmercury (MeHg) is a global pollutant and
bioaccumulates in the aquatic system. Millions of
people worldwide may be exposed to higher levels of
MeHg through fish consumption. The central nervous
system of fetus is the most sensitive organ and,
therefore, women of child-bearing-age are particularly
at risk. It is important to develop biomarkers for both
exposure and early sign of effects in order to establish
dose-response relationship and implement proper
public health interventions. This talk will review
results from our laboratory showing that laser
ablation-inductively coupled plasma-mass spectrometry
can be used to reconstruct time-resolved MeHg
exposure in micrometer segments of a single hair
strand. We have also shown in various animal models
that repeated exposure to MeHg can alter biological
markers of neurotoxic effect,including the muscarinic
cholinergic receptor (mAChr) and monoamine oxidase
(MAO) activity in various brain regions. However, due
to the inaccessibility of human nervous tissue, the
effects of MeHg on neurochemical changes have been
difficult to address in human populations. We will
present results on the association between MeHg
exposure and surrogate biomarkers including MAO
and the mAChrs in blood platelets and lymphocytes in
various human populations. Surrogate biomarkers of
effect offer an exciting opportunity to identify early
neurochemical changes in populations exposed to
MeHg. However, the presence of confounding factors
or the specificity of biomarkers remains to be a

challenge.

w22 426 A 16 H
lEpidemiological and experimental studies on
prenatal exposure to mercury and neurodevelopment
of neonates |

Shanghai Jiao Tong University School of Medicine

Dr. Yu Gao

Exposure to hazardous Hg can adversely affect
children’s neurodevelopment. However, few data are
available on either Hg levels in neonates and their
mothers or the impact of prenatal exposure to Hg on
neonates’ neurobehavioral development in the Chinese
population. Therefore, this study examined Hg levels
in neonates and their mothers and the relationship
between prenatal exposure to Hg and neonates’
neurobehavioral development in Zhoushan City,
Zhejiang Province,
October 2004, 417 women who delivered their babies
at Zhoushan Women'’s and Children’s Health Hospital,

China. Between August and

an islands city in east China were invited to take part
in this study. 408 complete questionnaires, 405
maternal hair samples, and 406 umbilical cord samples
were collected. Neonatal Behavioral Neurological
Assessments (NBNA) was conducted for 384 neonates.
The geometric mean (GM) of Hg level in cord blood
was 5.58ug/L (interquartile range: 3.96~7.82 ng/L),
and the GM of maternal hair Hg level was 1246.56
pg/kg (interquartile range: 927.34~1684.67 pg/kg), a
level much lower than other reported fish eating
populations, indicating Hg exposures in Zhoushan city
are generally below those considered hazardous.
However, according to the Reference Dose of Hg
levels (RfD 5.8 ug/L) derived by EPA, 69.9% of
newborns had levels at or above the RfD, an estimated
level assumed to be without appreciable harm. There
was a strong correlation between maternal hair and
cord blood Hg levels (r=0.82; p<0.01). Frequency of
fish consumption was associated with hair Hg (r=0.48;
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p<0.01) and cord blood Hg levels (r=0.54; p<0.01).
Increased prenatal Hg exposure was associated with
decreased behavioral ability for males (OR=1.235,
95%Cl of OR=1.078-1.414, P<0.001), but not for
females. Our results provide some support for the
hypothesis that there is neurodevelopmental risk for
males from prenatal MeHg exposure resulting from
fish consumption. But the findings of this study may
be due to chance, and long-term followed-up research
is needed to evaluate cumulative effects of exposure to
mercury.

Key words: Methylmercury; Prenatal exposure;
Neonatal behavioral neurological assessments;
Maternal fish consumption
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Ref: 1) Matsutani, T., et al. Mol Immunol 2010; in press,
2) Adeegbe, D., et al. J Immunol 2010;184:56-66.

3) Matsutani, T., et al. Mol Immunol 2007;44:2378-87.
4) Fujii, Y., et al. Immunogenetics 2010;62:383-95.

5) Matsutani, T., et al. Scand J Immunol 2006;64:53-60.
6) Matsutani, T., et al. Int J Oncol 2004;25:133-41,

7) Matsutani, T., et al. Leuk Res 2003;27:305-12.

8) Matsutani, T., et al. Thromb Haemost 2003;90:279-92.
9) Matsutani, T., et al. Transplantation 2003;75:398-407.
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