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Research on selective cytotoxicity and sensitivity of individuals toward methylmercury
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Bourdineaud JP, Fujimura M, Laclau M, Sawada M,
Yasutake A (2011) Deleterious effects in mice of
fish-associated methylmercury contained in a diet
mimicking the Western populations' average fish
consumption. Environ. Int., 37, 303-313.

Godefroy D, Gosselin RD, Yasutake A, Fujimura M,
Combadiere C, Maury-Brachet R, Laclau M, Rakwal
R, Melik-Parsadaniantz S, Bourdineaud JP, Rostene W
(2012) The chemokine CCL2 protects against
methylmercury neurotoxicity. Toxicol. Sci., 125, 209-
218.

Cambier S, Gonzalez P, Mesmer-Dudons N,
Bréthes D, Fujimura M, Bourdineaud JP (2012)
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Effects of dietary methylmercury on the zebrafish

brain: histological, mitochondrial, and gene
transcription analyses. Biometals, 25, 165-180.
Fujimura M, Cheng J, Zhao W. (2012) Perinatal
exposure to low dose of methylmercury induces
dysfunction of motor coordination with decreases
of synaptophysin expression in the cerebellar
granule cells of rats. Brain Res., 1464: 1-7.
Bourdineaud JP, Laclau M, Maury-Brachet R,
Gonzalez P, Baudrimont M, Mesmer-Dudons N,
Fujimura M, Marighetto A, Godefroy D, Rostene
W, Bréthes D. (2012) Effects of methylmercury

contained in a diet mimicking the Wayana

Amerindians  contamination  through  fish
consumption: mercury accumulation,
metallothionein  induction, gene expression

variations, and role of the chemokine CCL2. Int. J.
Mol. Sci., 13: 7710-7738.

Bourdineaud JP, Marumoto M, Yasutake A,
Fujimura M. (2012) Dietary mercury exposure
resulted in behavioral differences in mice
contaminated with fish-associated methylmercury
compared to methylmercury chloride added to diet.
J. Biomed. Biotechnol., 681016.

Cheng J, Fujimura M, Zhao W, Wang W (2013)
Neurobehavioral effects, c-Fos/Jun expression and
tissue distribution in rat offspring prenatally co-
exposed to MeHg and PFOA: PFOA impairs Hg
retention. Chemosphere, 91: 758-764.

Fujimura M, Usuki F (2014) Low in situexpression
of antioxidative enzymes in rat cerebellar granular
cells susceptible to methylmercury. Arch. Toxicol.,
88: 109-113.

Zhao W, Cheng J, Gu J, Liu Y, Fujimura M, Wang
W. (2014) Assessment of neurotoxic effects and
brain region distribution in rat offspring prenatally
low doses of BDE-99 and

methylmercury. Chemosphere, 112: 170-176.
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Correlation between attenuation of protein
disulfide isomerase activity through S-mercuration
and neurotoxicity induced by methylmercury.
Neurotox. Res., in press.

. (2015)
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Kawamura M, Xing H, Usuki F, Fujimura M,

Yasutake A, 1zumo S: A study on the type of cell
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cells of rats. 52" Society of Toxicology, San
Antonio, 2013. 3.

Takahashi T, Fujimura M, Usuki F, Nishizawa M,

Shimohata Y: Vascular endothelial growth factor

upregulation in blood brain barrier in rat models of
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American Academy of Neurology, San Diego,
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subacute  methylmercury intoxication.
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Study on the molecular genetic and biochemical factors causing differences of stress responses to

methylmercury
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1) Usuki F, Fujimura M, Yamashita A (2013) Endo-
plasmic reticulum stress preconditioning attenuates

methylmercury-induced cellular damage by inducing

favorable stress responses.  Scientific Reports

3:2346 doi: 10.1038/ srep02346

2)_Usuki F, Yamashita A, Shiraishi T, et al. (2013)
Inhibition of SMG-8, a subunit of SMG-1,
ameliorates the mutant phenotype exacerbated by
nonsense-mediated mRNA  decay  without
cytotoxicity. Proc Natl Acad Sci, 110: 15037-
15042. doi: 10.1073/pnas.1300654110

3) Usuki F, Fujimura M (2012) Effects of methyl-
mercury on cellular signal transduction systems.
Methylmercury and Neurotoxicology. Current
Topics in Neurotoxicity, eds. Aschner M and

Ceccatteli S, vol.2, 229-240, Springer.
4) Usuki F, Yamashita A, Fujimura M (2011) Methyl-

mercury-induced relative selenium deficiency causes
oxidative stress through its post- transcriptional

effect. J Biol Chem 286: 6641-9.
5) (2010) Nonsense- mediated

MRNA decay (NMD) MRNA

. 29 : 155-160.
6) (2010) MRNA
RNA
(
), 134-141 , 2010.
1)
2014.12.

2) Usuki F, Fujimura M: Methylmercury-induced stress
responses in astroglia cells. 54™ Annual Meeting of
Society of Toxicology, San Diego, 2015.3

3) Usuki F, Fujimura M: Plasma thiol antioxidant

barrier as a potential biomarker for methyl- mercury
intoxication. 53 Annual Meeting of Society of
Toxicology, Phenix, 2014.3

4) Usuki F, Fujimura M, Yamashita A: Mild
endoplasmic preconditioning

reticulum  stress
attenuates methylmercury (MeHg)-induced cellular
damage through induction of favorable stress

responses in MeHg-susceptible myogenic cell line.
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5) Usuki F, Fujimura M, Yamashita A: Mild
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attenuates methylmercury (MeHg)-induced cellular

damage through induction of favorable stress
responses in MeHg-susceptible myogenic cell line.
52" Annual Meeting of Society of Toxicology, San
Antonio, 2013.3

6) Yamashita A, Usuki F, Ohno S: Specific inhibition of

SMG-8 rescues effectively the mutant phenotypes

exacerbated by nonsense-mediated mRNA decay
without cell toxicity. Cold Spring Harbor Meeting,
New York, USA, 2012. 9
7) Usuki F, Yamashita A, Fujimura M: Post-
transcriptional defects of antioxidant seleno-
enzymes cause oxidative stress under methyl-
mercury exposure. American Society of Toxicology
515 Annual Meeting, San Francisco, USA, 2012.3

8)

, 2011.12
9) Usuki F: Posttranscriptional defects of anti-
oxidant selenoenzymes cause oxidative stress
undermethylmercury exposure. NIMD FORUM
2011, Minamata, 2011.1
10) Usuki F, Yamashita A, Fujimura M: Methyl-
mercury causes oxidative stress through its post-

transcriptional effect on antioxidant seleno- enzymes.

XVIIM International Congress of Neuropathology,
Salzburg, 2010.9

1) Usuki F and Ishiura S (1998) Expanded CTG

repeats in myotonin protein Kkinase increases
oxidative stress. NeuroReport 9: 2291-2296.

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.

3) Usuki F, Yasutake A, Umehara F et al. (2001) In
vivo protection of a water-soluble derivative of
vitamin E, Trolox, against
intoxication in the rats. Neurosci Lett 304: 199-203.

4) Usuki F, Yasutake A, Umehara F, Higuchi | (2004)
Beneficial effects of mild lifelong dietary restriction

methylmercury-

on skeletal muscle: prevention of age- related
mitochondrial damage, morphological changes, and
vulnerability to a chemical toxin. Acta Neuropathol,
108, 1-9.

5) (2006)

Ver. 2
p. 431- 4.
6) Usuki F, Yamashita A, Higuchi | et al. (2004)
Inhibition of nonsense- mediated MRNA decay

rescues the mutant phenotype in collagen VI-
deficient Ullrich’s disease. Ann Neurol 55: 740-744.
7) Usuki F, Yamashita A, Kashima | et al. (2006)
Specific inhibition of nonsense-mediated MRNA
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9) (2010) Nonsense-

mediated mMRNA decay NMD
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10) Usuki F, Fujita E, Sasagawa N (2008) Methyl
mercury activates ASK1/JNK signaling pathways,
leading to apoptosis due to both mitochondria- and
endoplasmic reticulum (ER)-generated processes
in myogenic cell lines. NeuroToxicology 29:22-30.

11) Usuki F, Yamashita A, Fujimura M (2011) Methyl-

mercury-induced relative selenium deficiency
causes oxidative stress through its post-

transcriptional effect. J Biol Chem 286: 6641-9.
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Experimental research on relief of methylmercury-induced neurotoxicity
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Fujimura M, Usuki F, Kawamura M, lzumo 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.

Usuki F, Fujimura M (2012) Effect of
methylmercury on cellular signal transduction
systems. In: Aschner M and Ceccatelli S (ed.)

Methylmercury and neurotoxicity, Current Topics
in Neurotoxicity, Springer Science + Business
Media, Berlin, 2, 229-240.

Fujimura M, Usuki F. (2012) Differing effects of
toxicants (methylmercury, inorganic mercury, lead,

amyloid B and rotenone) on cultured rat
cerebrocortical neurons: differential expression of
Rho proteins associated with neurotoxicity.
Toxicol. Sci., 126: 506-514.

Fujimura M, Usuki F (2015) Methylmercury

causes neuronal cell death through the suppression

of the TrkA pathway: In vitro and in vivo effects of

TrkA pathway activators. Toxicol. Appl.
Pharmacol., 282: 259-266.
Fujimura M, Usuki F, Takashima A:

Methylmercury induces neuropathological
changes with tau hyperphosphorylation mainly
through the activation of the c-jun N-terminal
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hippocampus of the mouse brain. 17™ International

Congress of Neuropathology, Salzburg, 2010. 9.

2)
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4)

5)
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1)

- 21-

Fujimura M: Neuritic degeneration contributes to
methylmercury induced neuronal cell death. NIMD
Forum 2011, Minamata, 2011. 1.

Fujimura M, Usuki F: Inhibition of the Rho/ROCK
pathway prevents neuronal degeneration in vitro

and in vivo following methylmercury exposure.
51%t Society of Toxicology, San Francisco, 2012. 3.
Fujimura M, Usuki F. Differing effects of toxicants

(methylmercury, inorganic mercury, lead, amyloid
| and rotenone) on cultured rat cerebrocortical
neurons: Differential expression of Rho proteins
associated with neurotoxicity. 35

, , 2012. 12.
Fujimura M, Usuki F: MeHg exposure inhibits

NGF-triggered TrkA phosphorylation and leads to
apoptotic neuronal cell death in differentiating
PC12 cells. 53 Society of Toxicology, Phenix,
2014. 3.

Fujimura M, Usuki F: Activation of TrkA pathway

by GM1 ganglioside and its analog prevents
methylmercury-induced nerve damage in vitro and
in vivo. 37 , ;
2014. 11.

. 26
, , 2014. 12.
Fujimura M, Usuki F: Low level of methylmercury

inhibits cell proliferation through the activation of
glycogen synthase kinase 3b and subsequent
degradation of cyclin E in cortical progenitor cells
of rats. 54" Society of Toxicology, San Diego, 2015. 3.

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.
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Research on effect of dietary fibers on mercury excretion after methylmercury exposure
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PJ-14-02
Clinical research on Minamata disease, with focus on the establishment of an objective assessment
technique using MEG
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Research about the treatment improvement of Minamata disease
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CT-14-01
Practice of rehabilitation for patients with Minamata disease and transmission of information on
care and rehabilitation
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Community development project for home care support, including health care practice
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Risk Recognition and Information Service Group
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COPHES Consortium to Perform Human
Biomonitoring on a European Scaleroject

1
COPHES project:

- 43-



7,107

26

)

1,357

- 44 -



RS-14-07
Study of information and perception of the health risk of low-level exposures to methylmercury

NRC 1989 Y
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risk communication
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fish intake risk trade
off scientific uncertainty
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Organization of documents and materials on Minamata Disease, and dispatch of related information
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CT-14-04
Examination of hair Hg in areas concerned with Hg pollution around the world

1-3
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Hair mercury
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Historical study on risk management in Minamata disease episode
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Minamata Disease
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RS-14-20
Study on the role of local government and the viewpoint of in local community of
Minamata disease problem
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Local and Global Environment Group
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RS-14-11
Marine ecosystem and mercury behavior in Yatsushiro Sea.
-Quantitative survey of marine benthic community in Yatsushiro Sea and mercury concentration of
several fishes through food web-

(
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22 26 5
marine ecosystem food
web benthos community structure
biological accumulation mercury
diffusion 17 19

- 74-



26

2015

61 40
1000

-75-

500



2015

( )
(]
2
2010- 2
O
3
\Y 0.4ppm
\
H25 1 H26 4
H26 9

86 0.39 1.0 0.17
84 0.34 1.07 0.11

4 0.045 0.08 0.03
43 0.28 0.53 0.17
59 0.18 0.39 0.19

- 76-



49

10

14 41
1992

123 76

30

21

61

24

7000

No #

1 FhIA
ORI
T

DEOFLI
S
7+

a nE

10 JAA
1T

12

13

14

15 K5

2
3
a4
5
6
7
8

16

17 =2

18 24+

19 L3P0
20 A

21 RS
22 FADEA

28
29 A5
30 TUHT
31 =5

32

33

34

35 b
36 ALt
37 JIHAT
38 %+
39

40
41 AT F

50 2 A AH
51 NS

52

53

54

55 i

56 HFI
57 743

58 A4
sg 1 tF

60 M54 A
61 F A
62 FHAH T
B3

64 A=At

70
71 FAD
72 B35
73

74

75
76 HILHL A

&
Fhx+
AT
o
.70

u)
DAFATI L,
a2 P
wr+d
nE
e g
FEITV
zI
-1
Fha T
+5
ERUFS
Fhh=a
AAE
AT
Fuing
Fivwl
WSO EF
FLLoE A
Tl EF
AL
Evié
<ILF
FoH s
5%
U

S A F
S

At
ERpita Ny
e
mpEwE S
JAET
S ES
[
Lasr
T

~NEA
eni-E

+F3

A2 A
DzAFT

AF AR

1=
S
TS
oot
A
erark

17

AREA
Fhit
asiyr s R
Az F
A5l

payege)

b=k

A3 F R
BS54

EE el
FLAMHLA
H e sS4
b A LT LA

EER R AP EPEVE ] s e BV

78 DS
79 HOnE

89 49

- 77-

AAL A S
anE
FiAng
jeariw)
ey
S
T2
b e
O8I H
fababeie)
HHFITE
88

o

=

Bk

24

AN

14

(T 1 11 T

i
=

21

AES
h=f

PR
¥

i

Jh-18
RS
PR
BE

ATHERE
B

R

PrutE

PruiE

e
|

PR
h=fs
EIERE
PRuE
]
]
/RIS
R BURRE

h-iE
N EIPRRE
=i

R
N BIPRE

i
RIS
h=#E

FRNE



B
BB YT ST

RS
BB NE.XIF. PHIA, 05 F

A
i
gy, | TEUKEE
F ..\‘)‘77/ « 0.4ppm
AXE + -0.3ppm
~FA + -0.2ppm
+ 0-0.1ppm

613

613C

015N

Cs1
0.3-0.4ppm

5-CR1

0.2ppm

HME

BB AAATA
AN

WiEE) "S5

FER) LYY

50

- E¥sKERME(0.3-0.4ppm)

-GP1 #5-G51
& # 4-CR3
Y5-cs4

&
|
4-0R2 —+1-ca1 |

1-0R1
— RS S
2-0 R -
4-CR? CR32-GRI
510!

3-CRI

130 {
4-HRZ I
15 sl-cra®do-cs3
6 I\ 5-op1 ® 58 Tiom
5-GS6 || |
120 s-cs2_| $1°R0
. . 7081
4-HRI
GcRo | |est
5-CRI & CR1 YT
o CR2 o924
" ®5-GP3 Cs1 VE
CcS2 vIF
CS3 PHIA
Cs4 v0UF
00 -180 -160 -140 -120
813C

CP1
ROV

CR1

2015

23 27

1)

- 78-

0.3-0.4ppm



2)

3)

1)

2)

3)

2014.1.

Mori K., Kanaya G. : Study on mercury
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Minamata Bay, Kyushu, Japan, using carbon and
nitrogen isotope analysis, The 2nd Asian Marine

Biology Symposium, Jeju, Korea, 2014.10,.

2015.1.
(2015)
72-80.
(1992)
1-55.
(2015)
108-112.

-79-



RS-14-12
Research on the influence and behaviors of mercury in the aquatic environment of Minamata Bay
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RS-14-13

Year to year trends in the concentrations of total Hg and methyl Hg in rainwater
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RS-14-14

Study on natural emission sources of atmospheric mercury
Estimation of Hg evasion fluxes and Hg speciation in Seto Inland Sea and Genkai Sea

22 26 5

mercury atmosphere
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Fig. 2. Sampling sites of the plankton in the Seto
Inland Sea and the Sea of Genkai

Table 1. Total mercury concentration (dry weight) of
the plankton in Seto Inland Sea and the Sea of

A Total Mercury Concentration
Sampllig Site Year y

(ng/g Dry Weight)
2013 873+ 749
Seto Inland Sea ) 4240+ 252.7
The Sea of Genkai 2014 324+6.7
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RS-14-17
Mercury contamination by many small-scale gold ore smelters in Talawaan River,
North Sulawesi, Indonesia
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RS-14-18

Study on alkyl derivatization technique for speciation of mercury in biological and human samples
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Cooperation of research in the international organization

22 26 5

Methylmercury
Cooperative Research
Conference

61
WHO
8
WHO
UNEP
International
26
1 26 6 1 6 8
2 26
4 11 11

- 108-

1



10 10

JICA 11 107

25
UNIDO

- 109-



NIMD CT-14-07
NIMD Forum and International Workshop
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Evaluation of methylmercury exposure and health
effects in human 30
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Environmental Health Sciences Group
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Table 1
1 cm )
25-75%
2 MeHg

1/3

(Table 2 & 3)

Table 1. H¥ENMR REEROS . WFR. FEM. 3t 528 -5 EN T AR R
75 percentde)

HAREIDEA A
4.40(3.58-5.44) 32.85 (2.25-4.65**
7.14 (6.02-9.38F

547(425- 727) 504 [426- 585)°
465(358- 624) 427 (350- 544)°*
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The differences in Hg concentrations between paired samples were determined by paired t-test using
logarithmically transferred Hg concentrations.

Hg concentrations in maternal blood, ringer- and toenails at parturition were significantly [* p =0.05, ** p

=0.01) lower than thoseat early gestation.
Hg concantrations in cord blood was significantly [=p <0.01) higher than those in maternal blood at
parturition.
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Table 1. T-Hg, MeHg and Se concentrations in
muscle of 4 species of tooth-whales

Species _
el I P
) (ERERE) PP! PP 8 8 PP

Bottlenose dolphin  31.0 7.21 35.4 238 14.6
n=31 (18.2) (1.80) (24.7) (17.3) (10.5)
Risso’s dolphin 4.31 2.60 70.9 1.70 1.74
n=31 (3.02) (0.660) (18.9) (2.69) (1.22)
Striped dolphin 7.21 2237, 50.0 4.84 3.48
n=29 (5.02) (0.697) (29.3) (4.75) (2.89)
sm"‘::::;‘: Pilot 59> 440 629 3.52 2.75
n=30 (4.29) (1.79) (21.9) (3.37) (1.57)
80 4
» Bottlenose dolphin male
70 7 o ©Bottienose dolphin female
60 - » Risso's dolphin male
- . ©Risso's dolphin female
=50 ® Striped dolphin male
::: 0 4 Striped dalphin female
S = Short-finned pilot whale male
E 30 - Short-finned pilot whale female
* 20 55 s
1: I 8‘3?%& - * .® “’..
350 400 aso s00
Length (cm)

Length vs T-Hg

FIGURE 1. Individual distribution of T-Hg concentrations (ug/wet g)inmuscles by sex
andlength of bottlenose dolphin (n=29), risso's dolphin (n=31), stripped dolphin (n=31),
and shon-finned pilotwhale (n=30).

4
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FIGURE 2a. The relationships between T-Hg and MeHg concentrations (ug/ wet
g} in muscles of bottlenose dolphin (n=31), ris=o's dolphin (n=31), stripped
dolphin (n=29), and short-finned pilotwhale (n=30).
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FIGURE 2b. Relationships between T-Hg concentrations (pg/wet g) andthe percentage
of MeHqg in muscles of bottlenose dolphin (n=31), risso’s dolphin (n=31), stripped
dolphin (n=29), and shor-finned pilotwhale (n=30).
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FIGURE 3a. Relationships betweenT-Hg and Se concentrations (ug/wet g) in muscles
of bottlenose dolphin (n=31), risso's dolphin {(n=31), stripped dolphin (n=29), and short-
finned pilotwhale (n=20).
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Normalized absorbance

FIGURE 4a. Mercury LI ¥AMEX spectra of standard compounds and FIGURE 4b. First
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derivated (HgO, HgS andHgSe) andthe muscle of bottlenose dolphin.

FIGURE 4c. Mormalized absorbance of Se K-edge XANES spectra of standard
compounds(CasS04+H20, CaSe02, Se52, HgSe)andthe muscle of bottlenose
dolphin.
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FIGURE 5. Electron probe microanalysis (EPMA) mapping of mercury (red dots),
selenium (green dots), compositional image of nitrogen and co-localization of Hg

and Se (white dots) in longitudinally cut muscle fibers of bottlenose dolphin.
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Evaluation of sensitivity factors to MeHg exposure
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