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PJ18-01
Fundamental research on prevention and treatment of methylmercury toxicity

1-3

1-4

1, 5
2015 2019 5
1.2015
(Methylmercury toxicitya) 1-1. ROCK
(Prevension and treatment)
ROCK
1-2. GSK-3b
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GSK-3b
1-3.

2.2016
2-1. ROCK

ROCK

2-2. GSK-3b

2-3.

3.2017
3-1. ROCK

3-2. GSK3b

3-3.

MAPK

4.2018
4-1. ROCK

4-2.

4-3.

5. 2019
5-1. ROCK

ROCK

5-2.

2018
1.ROCK
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ROCK

ROCK



2019
0 ROCK 1.ROCK

ROCK

MGF 1) Fujimura M Usuki F(2015)Low concentrations of
methylmercury inhibit neural progenitor cell

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

2) (2015) Rho

. , 24, 7983.
3) Fujimura M Usuki F (2017) Sitespecific neural
hyperactivity via the activation of MAPK and

PKA/CREB pathways triggers neuronal
degeneration in methylmercuiytoxicated mice.
Toxicol. Lett., 271, 6&73.
4) Fujimura M Usuki F (2018) Methylmercury
induces oxidative stress and subsequent neural
20152019 hyperactivity leading to cell death through the p38
31 MAPK-CREB pathway in differentiated SEY5Y
cells. Neurotoxicology, 67, 22833
5) Fujimura M Usuki F Nakamura A(2019): Fasudil,
a ROCK inhibitor, recovers methylmerctinduced

axonal degeneration by changing microglial
- |H| / - A / phenotype in rat§oxicol. Sci., 168, 126136.
- 20192021

4 v e 1) : Rho .24
: , 2015. 6.

- 14-



2) Fujimura M, Usuki E Inhibition of theRho/ROCK proliferation associated with wegulation of

pathway prevents neuronal degeneration in vitro gl ycogen synt hase ki nase
and in vivo following methylmercury exposure. degradation of cyclin E in ratsToxicol. Appl.

ASIATOX 2015 Jeju, Korea, 2015. 6. Pharmaco|.288, 1925.
3) : Rho  4)Usuki E Tohyama S (2011) Vibration therapy of
. the plantar fascia improves spasticity of the lower
2017, , 2017. 10. limbs of a patient with fetelype Minamata disease
4) Fujimura M Usuki E Methylmercury induces in the chronic stage. BMJ Case Rep., pii

oxidative stress and subsequent neural bcr0820114695. doi: 10.1136/bcr.08.2011.4695.
hyperactivation  through p38 MARKREB 5) Fujimura M Usuki F (2012) Differing effects of
pathway, leading to neuronal cell death in toxicants (methylmercury, inorganic mercury, lead,

differentiated SHSY5Y cells. ConBio2017, , amyl oi db and rotenone)
2017. 12 cerebrocortical neurons: differential expression of
5) : Rho proteins associated with neurotoxicifpxicol.
ROCK Sci, 126, 506514
: 29
, , 2017. 2.

6) Fujimura M Usuki F Recovery effect of a ROCK
inhibitor, Fasudil, on axonal degeneration of dorsal

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

7)

. 2018, ,
2018. 11

1) Fujimura M Usuki F Kawamura M,lzumo S
(2011) Inhibition of the Rho/ROCK pathway

prevents neuronal degeneration in vitro and in vivc

following methylmercury exposur&oxicol. Appl.
Pharmacol., 250,-92.
2) Fujimura M Usuki F(2015)Methylmercury causes

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

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

methylmercury inhibit neural progenitor cell

- 15-



RS18-01
Research on selective cytotoxicity and sensitivity of individuals toweatthylmercury

Bourdineaud JAordeaux University in France

2015 2019 5
(Methylmercury)
(Selective cytotoxicity) (Sensitivity of
individuals)
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MRNA
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2.2016
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3-1.

3-2.

3-3.

4.2018
4-1.

4-2.

4-3.

5-2.
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2018

2019

1) Kariyazono Y, Taura J, Hattori Y, Ishii Y,

Narimatsu S,Fujimura M Takeda T, Yamada H
(2015) Effect of in utero exposure to endocrine
disruptors on fetal steroidogenesis governed by the
pituitary-gonad axis: a study in rats using different
ways of administration.J. Toxicol. Sci., 40,
909-916.

2)Cheng J,Fujimura M, Bo D (2015) Assessing

pre/post veaning neurobehavioral development for
perinatal exposure to low doses of methylmercury.
J. Environ. Sci. (ChinaB8, 3641.

3) Fujimura M Usuki F Cheng J, Zhao W (2016)

Prenatal lowdose methylmercury exposurimpairs

neurite outgrowth and synaptic protein expression
and suppresses TrkA pathway activity and eEF1A1
expression in the rat cerebellum. Toxicol. Appl.

Pharmacol., 298,-8.

4) lwai-Shimada M, Takahashi T, Kim, M&ujimura

M, Ito H, Toyama T, Naganuma A, Hwang GW
(2016) Methylmercury induces the expression of

TNF-U sel ect i vel mice.iSaci. Reph,e
2016, 6, 38294.

5) Takahashi TFujimura M Koyama M, Kanazawa

- 18-

M, Usuki F Nishizawa M, Shimohata T (2017)



Methyimercury cause bloetrain barrier damage in by vascular endothelial growth factor upregulation in a

rats via upregulation of vascular endothelial growth rat model of subacute methylmercury intoxication.

factor expression. Plos One, 0170623. Brain and Brain PET 201%ancouver, Canada, 2015.
6) Fujimura M Usuki F (2017) In situ different 6.

antioxidative systems contribute to s#eecific 6) , , , ,

methylmercury neurotoxicity in micél.oxicology, ,
392, 5563.

7) Hiraoka H, Nakahara K, Kaneko Y, Akiyama S, .

Okuda K, Iwawaki T,Fujimura M Kumagai Y, 2015 , , 2015.
Takasugi N, Uehara T (2017) Modulation of 9.

unfolded protein response by methylmercuBjol. 7)

Pharm. Bull, 40, 15951598. :

8) Cambier SFujimura M, Bourdineaud JP: (2018) A . 27
likely placental barrier against methylmercury in , , 2016. 1.
pregnant rats exposed to fisbntaining dietsFood  8) , , , ,
Chem. Toxicol., 122, 120. ,

9) Takahashi T, Kim MS, lwaBhimada M Fujimura .
M, Toyama T, Naganuma A, Hwang GW (2018) 27 , ,
Induced chemokine CCL4 has a protective role 2016. 1.
against methylmercury toxicity. Toxics, 2018, 6, 36. 9) Fujimura M Usuki E Low in situ expression of

antioxidative enzymes in brain susceptible to

methylmercury in rodent models of Minamata
1) , Cheng J, Zhao W: DiseaseNIMD Forum 2016 Minamata, 2016. 12.
10)Fujimura M Usuki E Low expression of

42 , , 2015. 6. antioxidant enzymes causes vulnerability to
2) , : methylmercury in deep layer of cerebrocortical
TrkA-eEF1A1 neurons in mice.56th Society of Toxicology
Baltimore, 2017. 3.
. 38 , 11) , : MAPK-CREB
, 2015. 12. c-fos
3) : : CREB .39
: 27 , , 2016. 12.
, , 2016. 1. 12)
4) Fujimura M, Usuki E Low in situ expression b
antioxidative enzymes in cerebellar granule cells . 28
susceptible to methylmercury in a rat model of , ,2016. 12.

Minamata Disease55" Society of Toxicology  13) , , , ,
New Orleans, USA, 2016. 3. ,

5) Takahashi T,Fujimura M Usuki F Nishizawa M,
Shimohata Y: Bloodbrain barrier dysfunction caused

- 19-



. 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 , , 2018, 11

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 MAPRKREB
pathway, leading to neuronal cell death
differentiated SHSY5Y cells. ConBi02017, ,
2017. 12.

18) , , , ,
2017 ,2017. 12.

19) , , , )
29 , , 2017.
12.

20) ,

TrkA
) 41
, ,2018. 11.

21) ,

TrkA
30

, ,2018. 12
22) : : : :
23) : : : :
30
, ,2018. 12

1) Fujimura M Usuki F(2014)Low in situexpression

of antioxidative enzymes in rat cerebellar granular
cells susceptible to methylmercudrch. Toxicol.,
88, 109113.

2) Fujimura M Cheng J, Zhao W (201ZFerinatal
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., 146471

- 20-



RS18-02

Study on changes in gene expression inducedngghylmercuryexposure, the effects on
pathological conditions, and protection against toxicity.

nonsensenediated MRNA decagNMD)

DNA

epigenetic

epigenetic

SiRNA
astrocyte
13/003
2015 2019 5
(susceptibility to methyl
mercury (cellular stress respornjse
(gene expression (GPx))
(cellular redox systen MRNA
(antioxidant selenoenzymjes (fetal  decay(NMD) &
period exposupe DNA (DNA from the blood
cells) (epigenetic change 10)

- 21-

in vitro, in vivo
1-5)

1 (TrxR1)
nonsensanediated mMRNA



11)

ATF4
GRP78
N-acetytL-cysteine (NACY
E Trolox 2 ¥ GPx1 mimic seleno

organic compunds Ebselef!
12)

3. epigenetic

epigenetic

1.2015

DNA
epigenetic

2.2016

ER stress preconditioning membrane
transporter upregulation phospheelF2J
ATF4 pathway NMD

DNA

3.2017

4.2018

5.2019

2018
1. NMD
NMD
isoform PTC (premature

translation termination codon) NMD

heterogenous nuclear ribonucleoprotein L (Hnrnpl
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ABCC4 epigenetic
NMD LHX8
Scientific Reports
epigenetic
8 ppm
2. DNA
bAdgE- fqrowi -
d AL A .|| < o= 8 epigenetic
selenoenzyme (GPx, TrxR1), selenoprotein
ATP-binding cassette sufamily C member
(ABCC4), ATF4, GRP78, NMD % |k Y
of Vv %8& ~ GPx, TrxR1, GRP78, selenoprotein P 2019
| % |4 =2%q- LA RS1801 8 ppm
sz s i
3.
8 ppm— o H i 4L =  1)Usuki F Fujimura M Yamashita A (2019)
v Yesesr] - | < Environmental ~ stresses  suppressionsense

36 < d Eyo

Sexdeterminingregion Y (Sry)
13)

Sry
18 DNA
Sry PCR
Sry
Sry

DNA

ABCC4 LIM homeobox protein 8 (LHX8)
36
ABCC4

DNA

mediated mRNA decay (NMD) araffect cells by
stabilizing NMDtargeted genexpression.
Sci Rep 9:1279. doi.org/10.1038/ s4159B
380152.

2)Usuki F Fujimura M Yamashita A (2017)
Endoplasmic reticulum stress preconditioning

modifies intracellular mercury content by
upregulating membrane transportefsci Rep 7
(1): 12390. d0i:10.1038/ s41598.7-094353.

3)Usuki F Fujimura M (2015) Decreased plasma

thiol antioxidant barrier and selenoproteins as
potential biomarkers for ongoing methylmercury
intoxication and arindividual protective capacity
Arch  Toxicol 2015; doi:10.1007/s00204015
15283.

1) Usuki F, Fujimura M YamashitaA: Suppression of

nonsensenediated MRNA decay under
environmentastresses ConBio2017 (2017
) 2017.12

- 24 -



2) : 2) Usuki F, Takahashi N, Sasagawa N et al. (2000)
nonsensenediated MRNA decaiNMD) . Differential signaling pathways following oxidative
201712 stress in mutant myotonin protein kinase
3) Usuki F, Fujimura M Yamashita A Suppression of cDNA-transfected C2C12 cell lines. Biochem
nonsensenediated mMRNA decay under Biophys Res Comm 267: 73313.
environmental stresses. 87 Annual Meeting of 3)Usuki F, Yasutke A, Umehara F et a2001) In
Society of Toxicology,SanAntonio, 2018.3 vivo protection of a watesoluble derivative of
4) : vitamin E, Trolox, against methylmercury

intoxication in the rats. Neurosci Lett 304: 18@3.
4) Usuki F, Yasutake A, Umehara F, Higuch{2004)
.39 Beneficial effects of mild felong dietary restriction
2016.11 on skeletal muscle: prevention of ageelated
5)Usuki E Mild endoplasmic reticulum stress mitochondrial damage, morphological changes, and
preconditioning modifies intracellular mercury  vulnerability to a chemical toxin. Acta Neuropathol,
content through the upregulation of membrane 108, 19.

transporters.NIMD FORUM 2016, Minamata, 5) (2006)
2016. 12
6) : Ver. 2
. p. 43% 4.
2016.12 6) Usuki F Yamashita A Higuchi | et al. (2004)
7 : Inhibition of nonsensenediated MRNA decay

rescues the mutant phenotype in collagen
2017.2 Vi-deficient Ullrichos di se
8)Usuki F_ Fujimura M Modification of 740-744.
intracellularmercury content through the 7)Usuki F Yamashita A Kashima | et al. (2006)

upregulation ofmembrane transporteisduced by Specific inhibition of nonsensmediated MRNA

integrated stress responsest” Annual Meeting of decay components, SMG or Upfl, rescues the

Society of Toxicology, Baltimore, 2017. 3 phenotype of Ull richos (
9) , Molecular Therapy 14: 3560.

8) (2009) NMD MRNA
: 2016.1 é

10) Usuki F, Fujimura M Mild endoplasmic reticulum MRNA

stresspreconditioning upregulates gene expression

of membrane transporters.“BAnnuaI Meeting of , 22192225 , .

Society of Toxicology, New Orleans, 201%. 9) (2010) Nonsensemediated

MRNA decay NMD MRNA
29: 155160.

1)Usuki F and Ishiura $1998) Expanded CTG 10)Usuki F,Yamashita AFujimura M(2011) Methyk
repeats in myotonin protein kinase increases mercuryinduced relative selenium deficiency
oxidative stresdNeuroReport 9: 2292296. causes oxidative stress through its post

-25.-



transcriptional effect. J Biol Che#86: 66419.
11)Usuki F Fujita E, Sasagawa NR008) Methyl
mercury activates ASK1/IJNK signaling pathways,
leading to apoptosis due to both mitochondaiad
endoplasmic reticulum (ER)enerated processes in
myogenic cellihes. NeuroToxicology 29:230.
12)Usuki F Fujimura M Yamsashita A (2013)
Endoplasmic reticulum stress preconditioning

attenuatesnethylmercuryinduced cellular damage
by inducing favorable stress responses
Scientific Reports 3:2346 2013 doi: 10.1038/
srep02346

13)Kuroki S, Matoba S, Akiyoshi M et al. (2013)
Epigenetic regulation of mouse sex determination
by the histone demethylase JmjdBxience341.:
11061109.
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Study on the modifying factors in the toxicity of methylmercury

2015 2019 5
(Methylmercury)
(Wheat bran) (Gut microflora)
(Excretion)
MeHg
MeHg
MeHg
MeHg

1)

4)

1)
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2) MeHg

p<0.01 FOS
3) MeHg
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MeHg FOS
MeHg
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FOS
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1. MeHg MeHg 11-14 FOS
MeHg 1 161°
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FOS
MeHg

30

1) Nagano M Fujimura M Inaba K: Wheat bran

enhances urinary elimination and reduces

mercury 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 bran, fructooligosaccharide and

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

3) Nagano M Fujimura M: Fructooligosaccharide

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

4) : :

Society of ToxicologySan Antonigo USA, 2018.
3.
6)

2018, , 2018.

11.

1) Lemire M, Mergler D, Fillion M et al(2006)
Elevated blood selenium levels in the Brazilian
Amazon Sci Total Enviro866 101-11.

2) Passos CJ, Mergler Killion M et al. (2007)

that

consumption influences mercury exposure in

Epidemiologic confirmation fruit
riparian communities in the Brazilian Amazon
EnvironRes105: 183-193.

3) Omura Y, Beckman SL (1995) Role of mercury
(Hg) in resistant infection& effective treatment
of Chlamydia trachomatis and herpes family
viral infections (and potential treatment for
cancer) by removing localized Hg deposits with
Chinese parsley and delivering effective

antibiotics using various drug uptake

enhancement methods. Acupunct Electrother
Res 20: 195229.

4) Passos CJ, Mergler D, GaspareE al. (2003)

Eating tropical fruit reduces mercury exposure
from fish consumption in the Brazilian Amazon
Environ Res 93: 12330.

5) Uchikawa T, Kumamoto Y, Maruyamaseit al.

(2011) The enhanced elimination dfssue
methylmercury in Parachlorella beijerinckéid
mice. J Toxicol Sci 36: 12126.

6) Rowland IR, Mallet AK, Flynn Jt al. (1986)

2017. 11.
5) NaganoM, FujimuraM, Kobayashi Y, Inaba K
The Effect of Wheat Bran on Tissue Level and

Excretion of Mercury after Methylmercury

Exposure in Mice.57th Annual Meeting of

-29.

The effect of various dietary fibres on tissue
concentration and chemical form of mercury
after methylmercury exposure iniga. Arch
Toxicol 59: 9498.



Research on selective cytotoxicity of methylmercury

LC-MS/MS-MRM

2018 2019 2
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MeHg
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(@)

(3) MeHg

2.2019
1)

(2)
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4

2018
E
14 E20 P 1 P10 P20
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MeHg Methylmercury by Hydrogen Sulfidéroducing
Enzyme in Mammalian CellChem. Res. Toxicol
MeHg 24,16331635.
2)Ilda T, Sawa T, Ihara H, Tsuchiya Y, Watanabe Y,
Kumagai Y, Suematsu M, Motohashi H, Fujii S,
Matsunaga T, Yamamoto M, Ono K, DevaBBaez
NO, Xian M, Fukuto JM, Akaike T2014) Reactive

2019 cysteine persulfides and-gdlythiolation regulate
1. oxidaive stress and redox signalinBroc. Natl.
MeHg Acad. Sci. USAL11, 76067611.
3) Akaike T, Ida T, Wei FY, Nishida M, Kumagai Y,
2. Alam MM, lhara H, Sawa T, Matsunaga T,

Kasamatsu S, Nishimura A, Morita M, Tomizawa K,
Nishimura A, Watanabe S, Inaba K, Shima H,
MeHg Tanuma N, Jung M, Fujii S, Watanabe Y, Ohmuraya
M, Nagy P, Feelisch M, Fukuto JM, Motohashi H
3. (2017) Cysteiny!RNA synthetase governs cysteine
polysulfidation and mitochondrial bioenergetics.
Nat. Commun 8, 1177.
4) Abiko Y, Yoshida E, Ishii I, Fukuto JMAkaike T,

1) Unoki T, Akiyama M, Kumagai Y, Goncgalves FM, Kumagai Y (2015) Involvement of Reactive
Farina M, da Rocha JBT, Aschner NR018) Persulfides in Biological Bismethylmercury Sulfide
Molecular pathways associated with  Formation.Chem. Res. Toxicol28, 13011306.
methylmercuryinduced Nrf2 modulation.Front. 5) Fujimura and Usuki (2017)In situ different
Genet, 9: 373. antioxidative systems contribute to the sipecific

methylmecury neurotoxicity in miceToxicology

392, 5563.
1) , , , : 6) Fujimura M, Cheng J, Zhao W (2012) Perinatal
exposure to low dose of methylmercury induces
30 dysfunction of motor coordination with decreases
, , 2018. 12. of synaptophysin expression in the cerebellar
2) granule cells ofats.Brain Res, 1464, 17.
: Nrf2 CSE
2018
: , 2018. 9.

1) Yoshida E, Toyama T, Shinkai Y, Sawa T, Akaike T,
Kumagai Y (2011) Detoxification of
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Research on the mechanism of ldte stage of methylmercury neurotoxicity

2018 2019 2
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Effect of glucose metabolism disorders on methylmercury toxicokinetics and toxicity
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Information service using hair mercury analysis
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2) Pacyna, E.Get al. (2006) Global anthropogenic
mercury emission inventory for 200Atmospheric
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RS18-12
Development of atmospheric mercury monitoring method for rapid and simple screening in
mercury emission sources and their surrounding areas
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1) Schroeder, W.H., Munthe, J. (1998) Atmospheric
mercury-An Overview. Atmospheric Environment
32(5),809-822.

2) UNEP (2013) Global Mercury Assessment

Sources, Emissions, Rales and Environmental
Transpot. UNEP Chemicals Branch, Geneva,
Switzerland.

3) Amos, H.M. et al. (2013) Legacy impacts of
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mercury cycle Global Biogeochemical Cycles 27,
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(RS18-17)

Fabrication of Standard Gaseous Oxidized Mercury Generator and Its Application to Fundamental
Studiesof Atmospheric Chemical Reactions Related to Methylmercury

2017 2019 3
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1) Irei, S. and Marumoto, K. The 15th International
Global Atmospheric Chemistry Conference,
2018 9

2) Irei, S. American Geophysical Union Fall Meeting,
Washington D.C. 2018 12

1) Eliezer, G., Levin, Z., Pardess, D. Determining the
acidity and chemical composition of fog, haze and
cloud droplets in Israel, Atmos. Environ. 1993,
27(12), 18211832

2) Marumoto, K. and Matsuyama, A. Mercury
speciation in wet deposition samples collected from
a coastal area of Minamata Bay, Atmos. Environ.
2014, 86220-227.

3) Mao, N., Antley, J., Cooper, M., Shah, N., Kadam,
A., Khalizov, A. Gassurface uptake of gaseous
oxidized mercury on inorganic salts, AGU Fall
Meeting 2018, December, Washington D.C., U.S.A.

4) Podzimek, J. Droplet concentration and size
distribution in haze and fog, Stud. Geophysica et
Geod. 1997, 41(3), 27296.
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RS1819
Source apportionment of mercury in the air and marine sediment based on stable isotopic
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RS18-20
Metagenomic studgf microbial functional genes involved in mercury methylation in the coastal
environments

2018 2019 2
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downstream of a cbi-alkali plant in the OIt River
(Romania). Environmental Science and Pollution
Research, 23 (11), 10529541.

2) Eddy (2009) A new generation of homology search
tools based on probabilistic inference. In Genome
Informatics 2009: Genome Informatics Seried. Vo
23, 205211.
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Environmental science & technology, 47 (20),
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RS18-22
Study of food web structures of fishes as top predators and bioaccumulation of mercury in
Minamata Bay
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Minamata Bay, Japan. Environ Monit Assess 185,
75147524.
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0.4 ppm 5) Post DM. 2002. Using stable isotopes to estimate
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1) Tomiyasu T., Takenaka S., Noguchi Y., Kodamatani
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Development of a simple method for the determination of monomethyl mercury in least

developed countries
Elena Panova (St. Petersburg University)
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