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29 3 31
2 n
2017 2016 2015 2014 2013
748,756 778,105 678,066 676,955 537,961
66,501 68,228 65,018 68,197 65,069
618,317 581,853 471,902 452,494 444,225
63,938 128,024 141,146 156,264 28,667
2017 2016 2015 2014 2013
4 4 4 4 4
n 7 7 7 7 7
6 6 6 6 6
7 7 7 7 7
n 6 6 6 6 6
30 30 30 30 30
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Fundamental research on prevention and treatment of methylmercury toxicity

31 5

(Methylmercury toxicitya)
(Prevension and treatment)

1-3

1 27
1-1. ROCK

1-2. GSK-3b
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2 28

2-1. ROCK
2-2. GSK-3b
2-3.

3 29

3-1. ROCK
3-2. GSK3b
3-3.

GSK-3 b

ROCK

3-4.

MAPK

4 30
4-1. ROCK

ROCK

4-2.

5 31
5-1. ROCK

5-2.

5-3.
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1.ROCK
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ROCK

QY

2.GSK-3 b

(N=6)

(2

MAPK PKC

p38 MAPK
p38 MAPK
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Results 4 New
Posttreatment of Fasudil suppressed expression of TNFa and
iNOS, while increasing Arganase-1 expression in spinal cord
of MeHg-intoxicated rats

ROCK-1 {Microglia) | & 5] + 160 kDa
R:)CK: {Neurom) E'.— 160 kDa 'E 0
Phospho-MYPT1 =
Phosp -
MYPT1 [ ]— s % 200
TNFa EEE)- »wa §
inos - eon 5

5
Arginase1 [ oo d MeHg - . .
Pactin E=S- s P ’
MeHg - + + ) fean = SEM,n=8, " p<0.01 vs basal, % * p<0.05, p<001
Fasudil - - + s MeHg by Dunnett’s method,
1 ROCK
Result 6 New

Effect of perinatal MeHg exposure on neurogenesis of
immature and mature neurons in rats
MgHg 0,1, 5 ppm (water administration to mother)

Gestationday 1 Postnatal day 1 Postnatal day 21
Double — - o (PD1;] (PD21]
oo NN Jssion . !
NeoN S session Dotblecoin HC  NeuNTHC
— (Immature neuron) (Mature neuron)
acin s510s

MeHg PD1 PD21
(ppm) 015 015

B

o B85888

(% of control)

NeuN positive cells
in cereb ral cortex

Control  MeHg S5ppm pfean +- SEM, n=6, *p<0.05 1= control by Shuderd's t test

Results 8 New

Vibration recovers disuse muscle atrophy in soleus muscle of
immobilization rats

Soleus muscle

Extensor digitorum longus muscle
Im Im + Vi

Mean +- SEM,

n=4,
S

p<0001 by
Dunnett’s
method

Cross section area
(% of contralateral contw )

Im Im+Vi Non-Im+Vi Im Im+Vi NonIm+Vi



Result 12 New

SB203580, a p38 MAPK inhibitor, prevent MeHg-induced i i i
decrease of viability in differentiated SFLSYSY cells 1) Fujimura M Usuki F(2015)Low concentrations of
PD980 SE203580 methylmercury inhibit neural progenitor cell
. UL MU, (38 MAPK . . . . .
Skibited T nniviton) proliferation associated with wegulation of

gl ycogen synt hase ki nase
degradation of cyclin E in ratsToxicol. Appl.
Pharmaco|.288, 1925.

Viability (% of basal)
L 3 8

MeH; go 0 750 750 Ts0 Ta0 Ta0 TS0 VS0 V50 V50 V50 (mMM) 2) (2 O 1 5) R h 0
PD 98059 01 1 10 (M)
0126 01 1 10 (M)
SB203580 01 1 10 ()
Mean + SEM, n=6, "p<0.05, "p<0.01 by Dunnet method 24 7983
4 3) Fujimura M Usuki F (2017) Sitespecific neural
p38 MAPK hyperactivity via the activation of MAPK and

PKA/CREB pathways triggers neuronal
degeneration in methylmercuiytoxicated mice.
Toxicol. Lett., 271, 6&73.

, 27 31

1) : Rho . 24
, , 2015. 6.
2) Fujimura M Usuki E Inhibition of the Rho/ROCK
pathway prevents neuronal degeneration in vitro and

30
1.ROCK

in vivo following methylmercury exposure.

ASIATOX 2015 Jeju, Korea, 2015. 6.

3) : Rho
2017,

ROCK

2.GSK-3 Db
, 2017. 10.

4) Fujimura M Usuki E Methylmercury induces

oxidative  stress and subsequent neural
ppm hyperactivation through p38 MARKREB pathway;,
leading to neuronal cell death in differentiated-SH
SY5Y cells. ConBio2017, ,2017.12
5)
ROCK
. 29
, , 2017. 12.
6) Fujimura M, Usuki E Recovery effect of a ROCK

inhibitor, Fasudil, on axonal degeneration of dorsal

spinal nerve root in methylmercuinytoxicated rats.
57th Annual Meeting of Society of Toxicologgan
Antonio, 2018. 3.

-14-



1) Fujimura M Usuki F Kawamura MjzumoS (2011)
Inhibition of the Rho/ROCK pathway prevents

neuronal degeneration in vitro and in vivo following
methylmercury exposure. Toxicol. Appl. Pharmacol.,
250, 19.

2) Fujimura M Usuki F(2015)Methylmercury causes

neuronal cell death through the suppression of the
TrkA pathway:In vitro andin vivo effects of TrkA
pathway activatorsToxicol. Appl. Pharmacql 282,
259-266.

3) Fujimura M Usuki F(2015)Low concentrations of

methylmercury inhibit neural progenitor cell
proliferation associated with pegulation of
glycogen synt hase kinas:
degradation of cyclin E in ratsToxicol. Appl.
Pharmaco|.288, 1925.

4) Usuki F, Tohyama S (2011) Vibration therapy of the
plantar fascia impnaes spasticity of the lower limbs
of a patient with fetatype Minamata disease in the
chronic stage. BMJ Case Rep., pii: bcr0820114695.
doi: 10.1136/bcr.08.2011.4695.

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

amyl oi db and rotenone)
cerebrocortical neurons: differential expression of
Rho proteins associated with neurotoxicifgxicol.

Sci, 126, 506514.
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RS 17-01
Research on selective cytotoxicity and sensitivity of individuals toweatthylmercury

27 31 5
(Methylmercury)
(Selective cytotoxicity (Sensitivity of
individuals)
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27

28

29

MRNA

3-2.

3-3.

4-2.

4-3.
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5-3.
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Result 3 New
Thymidine Glycol (TG) {:::iaflpj’;;:ﬁ | G g &
MgHg 0, 1 5 ppm (approximately 0, 0.05, 0.25 mg/kg/day)

TG Gesi:gon

day1

Synapto Granule
-physin layer
HC  purkinje
MeHg  Molecular
(1 i

IP,R1  Granule [
IHC layer
MeHg ;‘“:2;
1ppm layers [
1, 1
2
30
A 0 1.
IPsR; PSD95
2020
(2
2.
4]
0
fi 0
) 3.
1,
3 ,
Result 2 New
Expression of thymidine glycol (TG), an oxidative damage
product in cerebral cortex and hippocampus of mice 4.
Uiitrsated Cerebral cortex Hippocampus (CA1)
- C57BK
Deeper [
layers |
MeHg i
Slu!low[ :
layers 20|
Deeper ;
layers [ /
Bar= 50 jam and Usuki, Toxicology, 2017b
1 5

Thymidine Glycol (TG)
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1) , Cheng J, Zhao W:

42 , , 2015. 6.

1) Kariyazono Y, Taura J, Hattori Y, Ishii Y, Narimatsu 2) , .
S, Fujimura M Takeda T, Yamada H (201Bffect TrkA-eEF1A1L
of in utero exposure to endocrine disruptors on fetal
steroidogenesis governed by the pituitgonad . 38 '
axis: a study in rats using different ways of , 2015. 12.
adminigration.J. Toxicol.Sci., 40, 90916. 3) : : CREB
2) Cheng J,Fujimura M, Bo D (2015) Assessing : 27
pre/post weaning neurobehavioral development for , , 2016. 1.
perinatal exposure to low doses of methylmercury. J4) Fulimura M Usuki F Low in situ expression of
Environ. Sci. (China)38, 3641. antioxidative enzymes in cerebellar granule cells
3) Fujimura M Usuki F Cheng J, Zhao W2016) susceptible to methylmercury in a rat model of

Prenatal lowdose methylmercury exposurimpairs ~Minamata Diseas®&5" Society of ToxicologyNew
neurite outgrowth and synaptic protein expression Orleans, USA, 2016.3. ()
and suppresses TrkA pathway activity and eEF1A1) Takahashi TFujimura M Usuki F Nishizawa M,
expression in the rat cerebellum. Toxicol. Appl. Shimohata Y: Bloodrain barrier dysfunction
Pharmacol., 298,-8. caused by vascular endothelial growth factor
4) lwai-Shimada M, Takahashi T, i, MS, Fujimura upregulation in a rat model of subacute
M, Ito H, Toyama T, Naganuma A, Hwang Gw  methylmercury intoxication. Brain and Brain PET
(2016) Methylmercury induces the expression of 2015,Vancouver, Canada, 2015. 6.
TNF-U sel ecti vel miceiSui Reh,e ®brain of b
2016, 6, 38294. , :
5) Takahashi TEujimura M, Koyama M, Kanazawa M,
Usuki F Nishizawa M, Shimohata T (201
Methylmercury cause bloebrain barrier damage in 2015 , , 2015.
rats via upregulation of vascular endothelial growth 9.
factor expression. Plos One, 0170623. 7)
6) Fujimura M Usuki F (2017) In situ different
antioxidative systems contribute to sifeecific : 27
methylmercury neurotoxicity in miceloxicology, ; , 2016. 1.
392, 5563. 8) , , b
7) Hiraoka H, Nakahara K, Kaneko Y, Akiyama S, , :
Okuda K, Iwawaki T,Fujimura M Kumagai Y,

Takasugi N, Uehara T (2017) Modulation of 27 : ,
unfolded protein response by methylmercuiol. 2016. 1.
Pharm. Bull, 40, 15951598, 9) Fujimura M Usuki E Low in situ expression of

antioxidative enzymes in brain susceptible to
methylmercury in rodent models of Minamata
DiseaseNIMD Forum 2016 Minamata, 2016. 12.
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10)Fujimura M Usuki E Low expression of 19) , , , ,
antioxidant enzymes causes vulnerability to :
methylmercury in deep layer of cerebrocortical . .
neurons in mice.56th Society of Toxicology 29 , ,
Baltimore, 2017. 3. 2017.12.
11) , : MAPK-CREB
c-fos
.39 1) Fujimura M Usuki F(2014)Low in situ expression
, , 2016. 12. of antioxidative enzymes in rat cerebellar granular
12) : cells susceptible to methylmercurrch. Toxicol.,
88, 109113.
: 28 2) Fujimura M, Cheng J, Zhao W (201Perinatal
: ,2016. 12. exposure to low dose of methylmercury induces
13) ) : b dysfunction of motor coordination thi decreases of
' synaptophysin expression in the cerebellar granule
cells of rats. Brain Res., 146471
.33
, ,2016. 12.

14) Takeda T, Hitomi M, Hattori Y,Fujimura M,
Yamada H: Change in fetal hepatic metabolome by
maternal exposure to methylmercury: a search for
cellular components linking to toxicityNIMD
Forum 2016 Minamata, 2016. 12.

15) : \ : ,
: 28
, , 2016. 12.
16) : \ : ,
. 2017
, ,2017. 10.
17)Fujimura M Usuki E Methylmercury induces
oxidative stress and subsequent neural

hyperactivation through p38 MARRREB pathway,
leading to neuronal cell death in differentiated- SH
SY5Y cells. ConBio2017, , 2017. 12.

18) : : : ,

2017, ,2017.12.
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RS17-02
Study on changes in gene expression inducedditylmercuryexposure, their effects on
pathological conditions, and protection against toxicity

nonsensenediated MRNA decaNMD)

SiRNA
DNA
epigenetic
astrocyte 13/003
epigenetic
in vitro, in vivo
27 31 5 9
(susceptibility to methyl
mercury (cellular stress resporjse
(gene expression) (GPx)) 1 (TrxRY)

(cellular redox systejn MRNA nonsensenediated mRNA
(antioxidant selenoenzymes (fetal  decay(NMD) &9
period exposure) DNA (DNA from the blood
celly (epigenetic change 10)
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1) 2. 28

ATF4 ER stress preconditioning membrane transporter
GRP78 upregulation phospheelR2U ATF4 pathway
NMD

N-acetytL-cysteine (NACY
E Trolox 23 GPx1 mimic seleno organic ~ DNA

compounds Ebseléh
12)

1.
3 29
2.
3. epigenetic
4 30
epigenetic
5 31
1 27
29
1 NMD
C2C12
DNA MtPK160- 2
epigenetic (CNC) (AGC)
NMD PTC

noncoding RNA  { small nucleolar
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RNA host gene 1 (Snhghp{ ™ | growth arrest

specific 5 (GAS5)y L gRT-PCRt A <<
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=~ ™= western blot- = ey o | & 1-

A |fe - & C2C12MtPK160 CNC AGC
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mTOR pathway 8 ppm

NMD 8 ppm
36
9 36
2
% DNA
—
g | P _ ATP-binding cassette sub
@ LB family C member 4ABCC4) LIM homeobox protein
‘ § I 8 (LHX8) LHX8
7 ‘3 4 5&eM
TPG: - * LHX8 cholinergic
3 mTOR activator SA neuron
SnhglmRNA cholinergic muscarinic receptor
NMD ABCC4
el F2U
MTOR pathway NMD
UPF1 SMG7 elF4A3 DNA western
blot selenocysteine

insertion sequence binding protein 2 (SBH&)

epigenetic
glutathione peroxidase 1 thioredoxin
reductase 1 mMRNA NMD

30
1.
100 NMD
ATF4 tRNA
synthetase
NMD 2.
NMD NMD mMRNA
2
1) Usuki F, Fujimura M, Yamashita A: Endoplasmic
DNA reticulum  stress  preconditioning  modifies
epigenetic intracellular mercury content by upregulating

membrane transporters.  Sci R&p(1): 12390.
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d0i:10.1038/ s4159817-094353, 2017. integrated stress responsed’ Znual Meeting of
2) Usuki F, Fujimura M(2015) Decreased plasma thiol  Society of Toxicolog, Baltimore, 2017. 3
antioxidant barrier and selenoproteins as potentiaB) ,

biomarkers for ongoing methylmercury intoxication
and an individual protective capacity. Arch . 2016.1
Toxicol 2015;d0i:10.1007/s0020915 1528 3. 10) Usuki F, Fujimura M Mild endoplasmic reticulum
stress preconditioning upregulates gene expression
of membrane transporters.™&nnual Meeting of
1) Usuki F, Fujimura M Yamashita A: Suppression of  Society of Toxicology, New Orleans, 2016. 3
nonsensenediated MRNA decay under

environmental stressesConBio2017 (2017

) 2017.12 1) Usuki Fand Ishiura $1998) Expanded CTG repeats
2) : nonsense in myotonin protein kinase increases oxidative stress.
mediated MRNA decay (NMD) . NeuroReport 9: 2292296.
2017.12 2) Usuki F Takahashi N, Sasagawa N et al. (2000)
3) Usuki F, Fujimura M, Yamashita A: Suppre®n of Differential signaling pathway®llowing oxidative
nonsensenediated MRNA decay under  stress in mutant myotonin protein kinase cBDNA
environmental stresses. '7Annual Meeting of transfected C2C12 cell lines. Biochem Biophys Res
Society of Toxicology,SanAntonio, 2018.3 Comm 267: 73943.
4) : 3) Usuki F, Yasutake A, Umehara F et al.(2001) In vivo

protection of a watesoluble derivative of vitamin E,
Trolox, agaist methylmercuryintoxication in the
.39 rats. Neurosci Lett 304: 19803.

2016.11 4) Usuki F, Yasutake A, Umehara F, Higuchi | (2004)
5)Usuki E Mild endoplasmic reticulum stress  Beneficial effects of mild lifelong dietary restriction
preconditioning modifies intracellular mercury on skeletal muscle: prevention of ageelated
content through the upregulation of membrane mitochondrial damage, morpholegi changes, and

transporters. NIMD FORUM 2016, Minamata, 2016.  vulnerability to a chemical toxin. Acta Neuropathol,
12 108, 19.
6) : 5) (2006)

2016.12 Ver. 2
7 : p. 43% 4.
6) Usuki F Yamashita A, Higuchi | et al. (2004)
Inhibition of nonsense mediated MRNAdecay

2017. 2 rescues the mutant phenotype in collagen VI
8)Usuki F_ Fujimura M  Modification of deficient Ullrichos-74i sease

intracellularmercury content through the 7) Usuki F Yamashita A, Kashima | et al. (2006)

upregulation of membrane transporters induced by Specific inhibition of nonsensmediated MRNA

decay components, SMG or Upfl, rescues the

_25-



phenotype of Ulri chés di sease

Molecular Therapy 14: 35&0.

8) (2009) NMD MRNA
é
MRNA
, 22192225 \ .
9) (2010) Nonsense
mediated mMRNA decayNMD MRNA
29: 155160.

10) Usuki F, Y amashita AFujimura M(2011) Methy
mercuryinduced relative selenium deficiency
causes oxidative stress through its post
transcriptional effect. J Biol Che#86: 66419.

11)Usuki F Fujita E, Sasagawa N (2008) Methyl
mercury advates ASK1/INK signaling pathways,
leading to apoptosis due to both mitochondaiad
endoplasmic reticulum (ER)enerated processes in
myogenic cell lines. NeuroToxicology 29:3D.

12)Usuki F Fujimura M Yamashita A (2013)
Endoplasmic reticulum stress pomditioning

attenuates methylmercunyduced cellular damage
by inducing favorable stress responses.

Scientific Reports 3:2346, 2013 doi: 10.1038/
srep02346.
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(RS16-03)
Studyon the modifying factorsn the toxicityof methylmercury

MeHg
MeHg
61 FAO/WHO
MeHg
1
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5)
6)
27 31 5
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bran) (Gut microflora)
(Excretion)
MeHg
(MeHg) MeHg
MeHg
MeHg MeHg
1)
2) MeHg
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2. 28 29
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4% FOS 27% 2 30 ppm MeHg
MeHg 4 2
1 40 ppm 3 50 ppm
20 ppm MeHg
FOS 1 3
FOS 3 40 ppm
6
.5 6\ 5 ] _—
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X 3 phe
i) o 9 —O—Control
8 o\° 2 o i{; —e—20ppm MeHg
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1 4 &
Bl e
0 A
Antibiotics - ¥ - + o
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1) Nagano M Fujimura M Inaba K: Wheat bran

Amazon Sci Total Enviro866 101-11.

2) Passos CJ, Mergler Ckillion M et al. (2007)
Epidemiologic confirmation that fruit consumption
influences mercury exposure in riparian
communities in the Brazilian Aman. EnvironRes
105: 183-193.

3)Omura Y, Beckman SL (1995) Role of mercury
(Hg) inresistaninfections& effective treatment of
Chlamydia trachomatis and herpes family viral
infections (and potential treatment for cancer) by
removing localized Hg deposits ittv Chinese
parsley and delivering effective antibiotics using
various drug uptake enhancement methods.

Acupunct Electrother Res 20: 1:229.

enhances urinary elimination and reduces mercury4) Passos CJ, Mergler D, Gaspaettal.(2003) Eating

levels in blood and brain after methylmercury

exposure in mice. 55th Society of Toxicology, New

Orleans, USA, 2016. 3.
2) Nagano M Fujimura M Inaba K: The effects of

wheat branfructooligosaccharidand glucomannan
on tissue concentration after
exposure in mice. NIMD Forum 2016, Minamata,
2016. 12.

3) Nagano M Fujimura M Fructooligosaccharide

enhances fecal elimination amgéduces mercury
level in brain after methylmercury exposure in mice
56th Annual Meeting of Society of Toxicology,
Baltimore 2017. 3.

4) ; : ,

5 , ,2017. 11.
5) NaganaM, FujimuraM, Kobayashi Y)naba K The
Effect of Wheat Bran on Tissueveland Excretion

of Mercury after Methylmercury Exposure in Mice.
57th Annual Meeting ofSociety of ToxicologySan
Antonio, 2018. 3.

1) Lemire M, Mergler D, Fillion M et al.(2006)
Elevated blood selenium levels in the Brazilian

methylmercury

tropical fruit reduces mercury exposure from fish
consumptionn the Brazilian Amazon Environ Res
93: 123130.

5) Uchikawa T, Kumamoto Y, Maruyama dt al.
(2011) The enhanced elimination of tissue
methylmercury in Parachlorella beijerinckéd
mice. J Toxicol Sci 36: 12126.

6) Rowland IR, Mallet AK, Flynn &t al.(1985) The
effect of various dietary fibres on tissue
concentration and chemical form of mercury after
methylmercury exposure in mice. Arch Toxicol 59:
94-98.

7) Ignacio A, Nakano V, Avil&dCampos MJ. (2015)
IntestinalBacterides vulgatushowing resistence to
mefls. Applied Medical Research 1:-43.

8) Seko Y, Miura T, Takahashi M et al. (1981) Methyl
mercury decomposition in mice treated with
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PJ17-02
Research on the evaluation of human health effects and tregamgt methylmercury exposure
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27 31 5
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Community development project for home care support, including health care practice
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Exposure and Health Effects Assessment Group
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(3)
29
(1) H28 12 KK-Ay
DWB test X
DWB test
EPMA
KK-Ay
EPMA
CD204
5 6
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RS 17-04
Effect of glucose metabolism disorders on methylmercury toxicokinetics and toxicity

27 31 5

(diabetes mellitus)
(pathological animal model)
(toxicokineticsof methylmercury)
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4)
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Study on risk governance of adverse health effect of methylmercury
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Bioaccumulation of mercury and food web analysis of near shore ecosystems in MiBagata
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RS17-12
Development of atmospheric mercury monitoring method for rapid and simple screening in
mercury emission sources and their surrounding areas
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(RS17-17)
Fabrication of Standard Gaseous Oxidikéelcury Generator and Its Application to Fundamental
Studies o Atmospheric Chemical Reactions Related to Methylmercury
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Development of a simple method for the determination of monomethyl mercury in least
developed countries
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RS-17-09
Assessment of methylmercury exposure in Viethnamese
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