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We previously identified TCF3 as a transcription factor that is activated in
the brains of methylmercury-treated mice. In this study, we have shown that TCF3 inhibited the
induction of apoptosis via mitochondrial damage as a novel protective factor against
methylmercury-induced neurotoxicity. We also found that suppression of TCF3 degradation by
proteasome is involved in TCF3 activation by methylmercury and that activated TCF3 is recruited to
the promoter region of the SRXN1 gene, which encodes sulfiredoxin 1, thereby suppressing
methylmercury-induced apoptosis. Furthermore, both TCF3 and SRXN1 were shown to be selectively

increased in neurons in the brains of methylmercury-treated mice.
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20 pg 4x sample buffer 100 5 SDS-PAGE
SDS-PAGE semi-dry blotting PVDF
blocking solution 1
TTBS 4 TTBS TBS
Immobilon Western ChemiDoc™ Touch

Protein-DNA pulldown
DNA probe 0.8 pmol streptavidin agarose beads 30 pL
4 3 25 ng PBS 300 uL
PBS 400 uL 2,300x g 4 4
1x sample buffer 95 5 2,300x g 4 4

C17.2 RNA PrimeScript RT reagent kit cDNA
96-well plate well KAPA SYBR 6.25 pl. 10 uM primer set 1 uL 3.25 uL
10.5 pL cDNA 2 uL real-time
gPCR mMRNA GAPDH

TCF3
C17.2 cDNA C PA TCF3
Infusion HD cloning kit Takara-Bio
TCF3 PCR Dpn | T4-polynucleotide kinase 5

XL1-blue DNA

TUNEL
TUNEL assay Mebstain Apoptosis TUNEL kit Il  MBL TdT
buffer 22.5 uLL biotin-UdP 1.25 L.  TdT 1.25 pLL TdT solution
PBS23.5ul. avidin-FITC 1.5 uL FITC solution

PBS 4% PFA 10 50ul. TPBS

30 PBS 2 TdT solution 1

FITC solution 30 PBS
VECTA SHIELD mounting medium with DAPI
FITC DAPI

Rodaminel23
C17.2 6-well plate  5x 105/well 37 5% CO:2 24
5uM HBSS 5uM
HBSS rodaminel23 1 mL 37 5% CO2 30
HBSS 2 600 uL  HBSS
cell-strainer cap
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Antigen Decloaker
110 3 3 hydrogen
peroxide/PBS 15 15
normal serum goat/PBS 4 200
biotinylated anti-rabbit 1gG 15 PBS 50

EAP 20 DAB Chromagen 1 4
DAB modified Harris hematoxylin 30
TCF3 mRNA
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2.34 C17.2 TCF3
mMRNA
TCF3
TCF3
TCF3
C17.2 D 1
TCF3
D TCF3
D MRNA
TCF3 mMRNA
TCF3
1
TCF3 2
TCF3 TCF3
TCF3
C17.2 MG132
TCF3
MG132 TCF3
TCF3
TCF3 TCF3
TCF3
TCF3
caspase 3
DNA TCF3
C17.2 caspase 3
TCF3
DNA TCF3
TCF3
TCF3
TCF3
TCF3
CHOP cleaved-caspase 8



cleaved-caspase 9

caspase 3 cleaved-caspase 8
cleaved-caspase 9 TCF3 caspase 8
caspase 9
CHOP TCF3
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TCF3 DNA leucin zipper basic helix loop
helix
CHOP caspase 3
TCF3 TCF3
CHOP caspase 3
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RNA RNA
PCR
5 HMOX1 OSGIN1 SLC7Al11 SQSTM1
Sulfiredoxin 1 SRXN1 5
TCF3 TCF3 siRNA C17.2
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TCF3 SRXN1
TCF3 SRXN1
TCF3 SRXN1 TCF3
c
SRXN1 500 bps
DNA/ DNA
TCF3 TCF3
TCF3
SRXN1
TCF3 SRXN1
25 mg/kg
TCF3 SRXN1 NeuN
TCF3 SRXN1



8 8 0 6

Toyama Takashi Hoshi Takayuki Noguchi Takuya Saito Yoshiro Matsuzawa Atsushi Naganuma 11

Akira Hwang Gi-Wook

Methylmercury induces neuronal cell death by inducing TNF-a expression through the ASK1/p38 2021

signaling pathway in microglia

Scientific Reports 9832~9382
DOl

10.1038/s41598-021-89210-7

Toyama Takashi Wang Yanjiao Kim Min-Seok Takahashi Tsutomu Naganuma Akira Hwang Gi-Wook 37

Increased expression of TCF3, transcription factor 3, is a defense response against 2021

methylmercury toxicity in mouse neuronal C17.2 cells

Toxicological Research 451 458
DOl

10.1007/s43188-021-00087-0

Kim Jong-Mu Lee Jin-Yong Kim Min-Seok Shindo Sawako Kumagai Takeshi Naganuma Akira Hwang 8

Gi-Wook

Knockdown of deubiquitinating enzyme Usp34 confers resistance to methylmercury in HEK293 cells 2021

Fundamental Toxicological Sciences 157 160
DOl

10.2131/fts.8.157

Toyama Takashi Xu Sidi Nakano Ryo Hasegawa Takashi Endo Naoki Takahashi Tsutomu Lee Jin- 9

Yong Naganuma Akira Hwang Gi-Wook

The Nuclear Protein HOXB13 Enhances Methylmercury Toxicity by Inducing Oncostatin M and 2020

Promoting Its Binding to TNFR3 in Cultured Cells

Cells 45 45

DOl
10.3390/cel 159010045




Sato Masayuki Toyama Takashi Kim Min-Seok Lee Jin-Yong Hoshi Takayuki Miura Nobuhiko 256
Naganuma Akira Hwang Gi-Wook
Increased putrescine levels due to ODC1 overexpression prevents mitochondrial dysfunction- 2020

related apoptosis induced by methylmercury

Life Sciences

118031 118031

DOl
10.1016/j . 1fs.2020.118031

Takahashi Tsutomu Kim Min-Seok Iwai-Shimada Miyuki Hoshi Takayuki Fujimura Masatake Toyama 71
Takashi Fujiwara Yasuyuki Naganuma Akira Hwang Gi-Wook
Induction of chemokine CCL3 by NF-k B reduces methylmercury toxicity in C17.2 mouse neural stem 2019

cells

Environmental Toxicology and Pharmacology

103216 103216

DOl
10.1016/j .etap.2019.103216

Hoshi Takayuki Toyama Takashi Shinozaki Youichi Koizumi Schuichi Lee Jin-Yong Naganuma 44

Akira Hwang Gi-Wook

Evaluation of M1-microglial activation by neurotoxic metals using optimized organotypic 2019

cerebral slice cultures

The Journal of Toxicological Sciences 471 479
DOl

10.2131/jts.44.471

Hoshi Takayuki Toyama Takashi Naganuma Akira Hwang Gi-Wook 6

Methylmercury causes neuronal cell death via M1-microglial activation in organotypic slices 2019

prepared from mouse cerebral cortex

Fundamental Toxicological Sciences 167 170

DOl
10.2131/fts.6.167




17

141
2021
TNF
141
2021
ASK1/p38 TNF-a
2020
2020
TNF-a
59

2020




TNF

2020

2020
p38 TNF-a

2020
2020
47
2020
47

2020




MAP TNF-a

47

2020

47

2020

TNF 3

2019

2019

Yohei Tsunoda, Takashi Toyama, Akira Naganuma, Gi-Wook Hwang

Involvement of TNF receptor 3 in the neuronal damage caused by methylmercury in mouse brain and its expected mechanisms

2019 Japan/Korea Joint Symposium on Pharmaceutical Health Science and Environmental Toxicology

2019




M/TNF 3

2019

2019

TNF

2019

2019

Gi-Wook Hwang

Health risks associated with methylmercury exposure and molecular toxicological approaches for its study

Annual Meeting 2019 of the Korean Environmental Sciences Society

2019

TNF

2020




TNF

140

2020

(Shindo Sawako)

(50795987) (31305)
(Toyama Takashi)
(50720918) (11301)




