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{EHR C5TBL/6N ~ 7 A % W CRZE] 12~14 H HIZ MeHg 0, 3, 6 mgkg D& T—H—
ORI O G 21T -T2, DMEBEOIF~T 2% 4 » AlE CRE L, (KEHAE, Y 53k
B, =7 7 4 =V FiRkBR, Bt 2 b AEHfRT 24T > 7= (Fig. 2),
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(Fig.3B and 3C), F7=. 70k 16 H HIZH\W\ T MeHg 12 & DM@ 3R S vie o 7z
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(Fig. 3D),
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4. MeHg #FEIZ X 5 NR4AI BIn 7 aE—X—Db A L AEMDOZEAL

MeHg 1 nM CTHRELHNH] S 4172 NR4ALI DB 7 BT —F —fHEO v A F AEfHIZ DN
T/ u~F kL z2 DT 21T 72, IEE Lo 2 hAEfiTH D E R b
> H3K9 7 F /b7 5 ONT B A R H3K14 72 F /U ED L~UL)3 MeHg IREZIC X O A &
2 L7z (Fig. 6). —F. 5RO 2 N AEMiD 5> 6, B X F 2 H3K9me3 L~/Lid
MeHg |12 L % 2bid72 < . B A b > H3K27me3 L ~L (X MeHg &2 L W EH L7z (Fig.6),
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NR4AI &fn 17" 1€ —F —fHIRIZH\ ) T, MeHg BE#E 12 & 5 DNA #* F /1L 5F- (Fig.5)
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B 70— —ZBI TR EE 7 v~ T RIS TRIT 21T > 72,
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MeHg BR#EIZ L Vi L. CBP #HEIL MeHg BRFEIZ L 0 B(LITBO b - 7= (Fig.
7B),
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6. MeHg |2 X% SYP, DLG4 RELOZEAL

ZHAVE TIZ MeHg 12 X AR NRA ZIEMEOFBERE T2 R L TW5 (Figd), & I T
Bxry b =7 ICBb 585D SYPE L UDLG4 122\ T MeHg 12 L D A8 & Mgt L7z,
SYP. DLG4 DA & 12, mRNA L~UL & Z L7 63 L~L D MeHg 12 X DA E 72
B % fifesd L 7= (Fig. 8)o
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7.MeHg I L% SYP B L WNDLGY o F 7 mE—F—Dt A h AEfDE(L

SYP BIn -7 aE—4—Dt A N AMEMZALE AT LT & 2 A MeHg |2 X D EIEMEOFE
BEThde A M H3 7EF/HMLORD LEEFEMH OEETH L A F 2 H3K27 U AF
ILD LR S V72 (Fig. 9). DLG4 B 7 0 —4% —CIIREMHIOFBETH L &
A h 2 H3K27 b U AF AL ERHP R STz (Fig. 10),
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8. MeHg (2 X % SYP 3 XN DLG4 81517 1 & — % —® DNA A F /LD ZAL

SYP BInt 7 mE—H—D DNA XA F/bLEfT Lick 2 A, SRR O 7T vEt—% —
fEI O EFE D 18 F H D CpG 128V T MeHg (2 & K A F 4k, 40 FH D CpG 12BN\ T
MeHg 12 & % & A F /AL R S Av7z (Fig11), DLG4 BI5 7' mE—X—®D DNA A F /L
BN T B RRE R 21T o 72 & 2 A, T rE—F —fEiko L e 33 % H O CpG 12
T MeHg 12 L D18 A T4k, 49 & H D CpG 123 T MeHg (2 L % @ A T /UL HERR S 4
7= (Fig.12),
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Figure 11. MeHglZ & 2 SYPEEIE FDDNA X F VL ZE1{L



% of CpG
¥} Y o o
5 &8 8 8

o

100

80

% of CpG
& 8

N
o

o

[20221023003]P.12
(3 4£ [ /3 H3tH)

[] None-methylated CpG
Il Methylated CpG

T

icontrol MeHg|cnnlroI MeHg|mnlroI MeHgcontrol MeHg ontrol N’IeHg ontrol MeHg fcontrol MeHg’contrnl MeHg|control MeHg control MeHg
#2 #9 #10 #11

#3 #4 #5 #6 #7 #8

IELRYAREY

control MeHg icontrol MeHg ontrol MeHg control MeHg control MeHg lcontrol MeHg fcontrol MeHg|control MeHg
#12 #13 #14 #15 #16 #17

LI

control MeHg |control MeHg [contral MeHg |control MeHg |control MeHg |control MeHg
#23 #24 #25 #26 #27 #28

NLLTENA

control MeHg control MeHg control MeHg ontrol MeHg ontrol MeHg fcontrol MeHg [control MeHg|control MeHg
#34 #35 #36 #37 #38 #39 #40 #41

control MeHg
#20

#19 #21 #22

control MeHg ’zomro\ MeHg

contral MeHg |control MeHg [control MeHg |control MeHg |contral MeHg

control MeHg|control MeHg fcontrol MeHg
#42 #43 #44

ALY

ontrol MeHg ontrol MeHg control MeHg|control MeHg|control MeHg jcontrol MeHg lcontrol MeHg|control MeHgjcontrol MeHg
#45 #46 #47 #48 #49 #50 #51 #52 #53

control MeHglcontrol MeHg
#54 #55
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9. MeHg {2 & > TEB ¥ 2 MBS - I BUAFEAT

RNA-seq (2 & 5 8RB LT FBUENT LV . MeHg W& 12 L > T 10 fHDOE A 723 7 F ik
EEONTEE AL SN TWD Z & & R L7z (Fig. 13), — . MeHg BREIC L » Tl sz 7
FIVERERIE Wit & 7 VR T o 72 (Fig. 14), 72 5 NS LRRTMI & 53K T % [
L7z, DEG fi##TIZ & ¥ MeHg (2 X 0 38BN R L7285 11 28 i, b LB 11X
4> (MMD2, SMOCI, CERI, LRRTMI) To -7 (Fig.15), £7=. T HOEEEMRAL D
7'vE— X — L ATAC-seq (2 & D AT TIZEALIZFE D AL/ H > 7= (Data not shown),
RNA-seq (& & 0 FBLENED U725 T % Real time RT-PCR CTfiEdT L7= & = A, LRRTMI @
A5 MeHg (2 & 0 FEELAINH| S n Z LN AL v (Fig. 16),
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10. MeHg (Z & 5 DNMTI1K142me OZAtL

Fex X2 E TIZ MeHg BEFRIZ LY DNMT1 O 287 L-LTO EFEZREL TN
(Go et al., Arch Toxicol. 2021) , % Z T, DNMTI1 O EIZA 525 DNMTIL A F LA LDE
HFERE I 2 IE 9 MeHg DB Z#iat L 72 (Fig. 17), DNMT1 OB s+ L ~UL TO R & it
L7273, MeHg ([Z XD HEREITED Lo 7- (Fig 18A), KIZ. DNMT1 OZEL
(2R84 5 DNMT1 @ K142 D A F /ALt L& Z A, MeHg I X D BERBDBRD D
#L7- (Fig. 18B)

N i ML kTl
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s gags i _____________ : (Go et al., Arch Toxicol, 2021)
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DNMT12 /N Do R - R E\LHEEIER

b
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(Esteve et al., Proc Natl Acad Sci USA, 2009)
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11. MeHg (Z X % SET7. SETS, LSDI1 #HDZAL
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LSDIIZ2OW T, FHEZMR LI2E T A, MeHg IZL 5 mRNA L~yL Z X7 LyLk
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12. JEAH1 MeHg MEFE 12 & 2 Bl o s IR It RE ~ 0D 52 2

FeAEZ MeHg 3. 6 mglkg D ETIEEE L7- & 2 A, MeHg 6 mg/kg WEERE CIISEERS L O
BRICTHHIIAEZ RS e o 72, MeHg 3 mg/kg BEEEREIZ OV T 4 AW THENT 21T
Sl & T A EWEITITEN o7 (Fig. 20), F7o, &, WEE, MK, /K722 5 NI
R ORIKER BT, MeHg BRERRETS L USHREEE & & ITHRIHRILLT Td o 7= (datanot shown),
S DT ERIEEBERRNT TIL Y TR TIIBER o2 b O D (Fig. 21), A—7 > 7 4 —
L RERBRClIME~ ¥ 2 DB TR TEI D R Sz (Fig. 22),

Male body weight Female body weight
35 1 30 -
S 30 g 2 2
e B - o
g 2 2
g 20 ‘5-,
i @ 15
> 15 2
10 1 >10
@ 3
5 1 m 5
0 0
vehicle MeHg vehicle MeHg
Figure 20. BAEEAMeHgIRE(IC & 244 B TOIREZ(L
. Female
&T_Lﬂgl@ﬁ Male a5
24 o 230 .
230 ° g£25 °
5 8 S20 o §
% 20 f 5 s 5
8 £ 10 8
= 0 o 0 o
Vehicle MeHg Vehicle MeHg
TRITEFE Male Female
100 100
~ 80 e = °
2 g 80
é 60 2 5 60 ;
5 40 1 I 7; 40 8
< 20 < 20
0 0

Vehicle MeHg Vehicle MeHg

Figure 21. BREEAMeHgIRE IC & %44 Bt TOYFRIEEEN



[20221023003]P.19

(3 4= H/3 H=itm)
LREHITHE
Male Female

1600 - 1800 *

1400 o 1600 R
£ 1200 1 7 EMDD g
o

31000 3 S1200
2 € 1000 2
= 800 4 3 i)

% © @ 800 ©

S 600 o P

© —
2 400 { 2 600
=400
200 200
0 0
vehicle MeHg vehicle MeHg
*P<0.05
-~
T—UDRzEBE L -mEk
Male Female
700 - 1200 -
*

600 - 8 1000 4 -
5509 1 i § 800+ :
8400 | H & 600 - °
£ 300 - £
w V400 A o
2 200 - . 2 8

100 - 200 E

o
0 0
vehicle MeHg vehicle MeHg
*P<0.05

Figure 22. BREEAMeHgIREIC X 245 BB TOF — 7> 7 4 —)b FEREEIT
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mg/kg BEFEEEIC I T 2EGHHICEIT 5 DNA A F U b L~v o ER | S5EMEICRE 535
7Tkt A b H3 (AcH3) LUV DK 72 b TGN 5958 A h H3 U
D27 MU AF U (H3K27me3) & EF/-Z8E L TWD (Go etal., Arch Toxicol. 2021), %
2T, ARWFEIZEB VT4 MeHg 3 mg/kg MREE Siviz 4 » Ao~ 7 ADR'EDE A
MESfE T AL 7 m ey MEICTRIE LTz, ZORE, AcH3 L~/LE MeHg I##ZIZ L -
TEAITERD B> 7273, H3K27Tme3 L ~LiE MeHg BREBEREIC THEIC L5H-L7- (Fig.
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@O~V AEHWIZAE DY = 2T 1 7 AT Tl M54 12~14 H HIZ MeHg 3 mg/kg
ZIHR~ 7 RZIREE L, EENTAFIZONT 4 7 AW T~ 7 2 TRERRITEN D8
LRENTo, THUES TREFT OB X FAEHD 5 b BBINHI OB Td 2 H3K27me3 L
~UL7AY MeHg 3 mg/kg BRI THEICHEIN L7, 5% ZNHD~Y T AD DNA A F Lk &
DERDTET ) LM PLETH D,
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L C. DNMT1 OZEIT L % DNMTI1 EABfE 4 R L. NR4AI, SYP, DLG4 72 £ OFRE
FEREIZ R 5851 D MeHg (2 L AEWBHIC T v —F —fHkICB T 5= v ) 2254k
MEIEY 5 Z R L,

M~ 7 A TD MeHg (2 KD RZHATENCERET 5 L 5 RIENBELEFOTE Y =X T 4 7 A
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H3K27me3 L~V MeHg 3 mg/kg #HIC THEICHM L, S%RITTNAHD~ T ZD DNA
AFNACIR EOHEIR DT ) AMEFTBRMETH D, 5H%IZDNA A F LR EDSI B2 5
TV RT 4 7 AFHTEAT O LENR D D,

ABFFENC BT 2 BUE £ TOWFZTIRGL. FAE

1) Kurita H*, Masuda H, Okuda A, Go S, Ohuchi K, Yoshioka H, Fujimura M, Hozumi
I, Inden M. Epigenetic alternations in the SYP and DLG4 genes due to low-level
methylmercury exposure during neuronal differentiation in vitro. J App! Toxicol 2024 (in
press) (*corresponding author)

2) Go S, Masuda H, Tsuru M, Inden M, Hozumi I, Kurita H. Exposure to a low concentration of
methylmercury in neural differentiation downregulates NR4A1 expression with altered epigenetic
modifications and inhibits neuronal spike activity in vitro. Toxiol Lett 374: 68-76 2023.

3) Go S*, Kurita H*, Hatano M, Matsumoto K, Nogawa H, Fujimura M, Inden M, Hozumi I. DNA
methyltransferase- and histone deacetylase-mediated epigenetic alterations induced by low-level
methylmercury exposure disrupt neuronal development. Arch Toxicol 95: 1227-1239 2021. (*equally
contributed)

4) Go S*, Kurita H*, Matsumoto K, Hatano M, Inden M, Hozumi I. Methylmercury causes epigenetic
suppression of the tyrosine hydroxylase gene in an in vitro neuronal differentiation model. Biochem

Biophys Res Commun. 502(4) 435-441 2018. (*equally contributed)

71 FH Sk

1) Go S*, Kurita H*, Hatano M, Matsumoto K, Nogawa H, Fujimura M, Inden M, Hozumi 1. DNA
methyltransferase- and histone deacetylase-mediated epigenetic alterations induced by low-level
methylmercury exposure disrupt neuronal development. Arch Toxicol 95: 1227-1239 2021. (*equally
contributed)

2 ) Go S*, Kurita H*, Matsumoto K, Hatano M, Inden M, Hozumi I. Methylmercury causes epigenetic



[20221023003]P.22
(3 4£ [ /3 H3tH)

suppression of the tyrosine hydroxylase gene in an in vitro neuronal differentiation model. Biochem

Biophys Res Commun. 502(4) 435-441 2018. (*equally contributed)

JEICEHK) (Abstract)

There is concern about the effects on the fetus of pregnant women consuming seafood with
methylmercury (MeHg) bioaccumulation. We have previously shown that exposure to MeHg during
neuronal differentiation causes inhibition of neurite outgrowth, and that these changes are mediated
by increased DNA methylation via DNA methyltransferase (DNMT) and decreased histone H3
acetylation via the histone deacetylase (HDAC). In this study, using the experimental system of MeHg
exposure during neurodevelopment, we analyzed three points: (1) elucidation of the regulatory
molecular mechanisms of epigenetic modification enzymes, (2) search for target genes related to toxic
phenotypes mediated by epigenetic changes, and (3) epigenetics analysis of post-maturity mice
exposed to MeHg during development. The results of this study are as follows: (1) To elucidate the
molecular mechanism of regulation of epigenetic modification enzymes, we focused on the
mechanism of DNMT]1 proteolysis inhibition and stability increase (post-translational modification)
in an in vitro neuronal differentiation system using LUHMES cells exposed to 1 nM MeHg. The results
of this study revealed the possibility that the reduction of DNMT1 methylation may contribute to the
stabilization of DNMT1 in MeHg-induced DNMT]1 upregulation. In the search for target genes for
toxic phenotypes mediated by epigenetic changes, we found that epigenomic changes in transcriptional
repression of promoter regions of NR441, SYP, and DLG4 genes occurred and affected neuronal
functions in an in vitro neuronal differentiation system using LUHMES cells exposed to 1 nM MeHg.
We found that epigenetic changes in the promoter regions of NR4A41, SYP, and DLG4 genes were
associated with neuronal functions. Furthermore, we found that MeHg exposure suppressed the Wnt
signaling pathway and down-regulated LRRTM1 gene expression by comprehensive gene expression
analysis using RNA-seq. (3) In the experiment using mice, MeHg 3 mg/kg was exposed to pregnant
mice on embryonic days 12-14, and anxiety-like behavior was observed in female mice at the age of
4 months for the pups born. The level of H3K27me3, a transcriptional repression modification among
histone modifications in the cortex, was significantly increased in the MeHg 3 mg/kg group. This
result is consistent with our previous report of epigenetic changes in fetal cortex under the same
experimental conditions. Further epigenomic analysis, such as DNA methylation in these mice, is
needed in the future. In summary, we found a novel epigenomic mechanism for the effects of MeHg

exposure during neuronal differentiation on neural function.



