IR EE A FIVKERIC K Do biC B 5 = v 7 MR- DERFR

EXERTIMEa SR e
PTBMTIERERE I BRI SRRt sE = GRAT

MREEE

IEhR 23 A FOLKER (MeHg) MAEWIRME SV EA BT 5 2 Lok b, B~
HRBEINTVD, Fx LI E TITH#R b MeHg &%%MWX*MHHE@%ID%U%%I
T Z L, ZDOZAEIZ DNA A FIALEEREEESE D DNMT %24 L7 DNA A FUfb BE5 725
WIZ e A R BT & F U LEESR O HDAC 24 L7t A b H3 72 F AL 38595
ZEEWBNTLTWD, FHFEEEIZBVT, MeHg IEEIZ L D BEIK T2 AL TnWbh A4 —
77 UKD NRAAL ([ZHOWT, FRE—F —fHIRIZHB T2 =7 ) 2 EEHE LT,

AAEFELIL, LUHMES M2 -2V T MeHg BE#Z (2 K 5 DNMT1 O & /37 3l E « 4L0E
PEES (FIFRREAR OBMEIZIER L, 2 OLEIC DNMTL A F /LR T O RIaEM: 4 5L
M U7, F7z, MRZICBED 585 TH D SYP i X DLG4 Tld MeHg 12 L » TEET
FEEE, XU RBEL BITHD L, I, B X N EMiEBEI LI 2 A, SYP &I
T TIIeE A N H3 TEF LD & b A b2 H3K27 kU A FALD EH R S i,
DLG4 85+ TlIk A b H3K27 kU A F U bD EH DB HER S 72, DNA A FL{kizon

TIEMWBIE 7 & HIZ MeHg IZ L W EER B 5 CpG ITMER TE 7223, &R E L TEEI 2
STz, BLEZ Y, LUHMES MldiZ 3 v THiit o O iR E MeHg PR 25 it 3 1 B
L7ZBIE T THD SYP KON DLG4 DT ) DEES LT, TORBZE{bEE5 &
DRI ST,

[F—U—FR] AF KR, #EFEE, V=T 47 A
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[ #F9EEH B

BUfE, ATFVKER (MeHg)ld, FIMEERZ I L7z, M« R IR~0 B A 22 KR LR R
WENRSINTND, ZRE TICHFEEIL, EED > BREEYIC, FHCTEE 220G
BNATEY = RT 4 7 AZyEH L, KIEE MeHg HRFEIC L DM LB L v s /) A
fEELZ WL L T & 7= (Goetal., Biochem Biophys Res Commun. 2018; Go et al., Arch Toxicol. 2021),
ARFZEIE, ZNE TOMAEIEIC, [KBEE MeHg BBICL DT E Y 2R T 4V AAH =X
L X DIZEENC T 5 72012, ORI MeHg 712 X 5 B /EM A, @MeHg O
TS DB ENT D FIRBI FREOIT D 2 JIZOWTRET 2, T8V =T 47
APEMTIX FNEBFHEG A I = X LFEHT OS2 5, B e~ U AMTIIBE -7 2T
— B —ICBT 5, BERTFREAEANAKRIEICE) ZEN%xH 50, ElRm s ) hA
=X LOBRIZIE, & NOFEBRET ABKLEICR D, HIFEIZHBWT, MeHg BEFIZ LY
FBEIK T2 R L WD A—7 7 U FIRD NR4AI \IZHOWT, 7 a®—X—fERICBIT 5
T ) AL EWRE L2 (Go etal., Toxicol Lett. 2023),

AFZEO HEJIE, IKIEE MeHg MRFEIC X D0 b~DFEL | ZDA =A% T
Ve RT 47 AZEH L, & b invitro LR E RO CEERICIT A Z L Th D, K
FEFE 1T, DNMT1 OZEIZEGT 5 DNMT1 A F AL DIEREREIC T MeHg D548
(Fig.1) . 725 NZ MeHg O &5 ) DAL Z T 5 T s 1 DT DUV T, SYP, DLG4
WZHEH LT 24T o 72,

<D

@ Me M
T sme = 00 P —> DNMT1

< s

s 5MC l
(DNAAF JL1E)

Stabilization

Degradation

(Zhang et al., Nucleic Acids Research, 2019)
(Esteve et al., Proc Natl Acad Sci USA, 2009)

Figure 1. DNMT1D 4% - REILIEE

OAPeLE J7ik

1. LUHMES M O #8535 12, basic fibroblast growth factor (bDFGF), RF¥ 44 7 U 2|
cyclic adenosine 3',5'-monophosphate (cCAMP), glial cell line-derived neurotrophic factor (GDNF) %
Gie b ER T8 HMES#E L=, MeHg 0.1, 1 nM BREA/0LFE2 HEAENS 8 HE
TiTo7, b8 HHICBWT, BIs I BlE % Real time RT-PCR, ¥ /7 3BlEZ U~
AL Ty ME DNA AF/ULE ALY VT 74 ho—7 2 Rk B R N AERE 2
1~ T SRR CRENT L 72, (Fig.2)



_ . Multi-well
10cmdish  DIEFEEE  pjatelc iR
CHIfEETE HMICEE HEE

FILFHE ¢ ’L ’L

S s - 8
E‘H\:lﬂ 1 0 2( MeHgBj%gg R
() [ 5,
4 . -
= |4+ bFGF : |
(DMEM/F12) + FFH 47U, + cAMP, + GDNF
v

- MRNAFEIRAZAT (RT-qPCR)
CRUNGHEBEIT (VT AR T Oy )
- BER R AAEEREETT (ChIP assay)

- DNAX F )L 1L BT (Bisulfite sequence)

Figure 2. MeHglRTE 14 & BEIT A&
(f B ~DALE)
ARG BV CHERRR A Z W D588 KO R & xt8 & T2 8NEITE e,

A0S

1. MeHg |2 X 5 DNMTI1K142me D%t

Fex XN E TIC MeHg BEEICL Y DNMTI OF 287 L-ULTO ERZHREL TS
(Go et al., Arch Toxicol. 2021) 73, A [EliX DNMT1 D&+ L UL TOIRIEZ MM L7273,
MeHg 2 L 24 B R Z0IE8 O Sz - 7= (Fig. 3A), KIZ. DNMT1 OZELICEED 5
DNMTI1 @ K142 O A F ALz it Lz & Z A, MeHg IZ X 0 HRE R 580 il (Fig.
3B)

2. MeHg |2 X % SET7. SET8. LSD1 ZHLDZt DNMT1 O A F Ut %41 9 % Tdh 5 SETT
BELOYSET8 &, DNMTI1 Ot A F bz 5 LSD1 I\ DWW T, HBEELZHRLIZE A,
MeHg |2 & 5 mRNA L~ X LR LoyL b QI BEREENIED b7 (Fig4),
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3. MeHg |2 &% SYP, DLG4 #HDZEAL

TN ETICE 2 1%, MeHg |2 X DR A A Z{EEOFERE T2 LH LT D (Go et al.,
Toxicol Lett. 2023), % Z TR v b U— 27 2B 5 EIn+D SYP 3 LY DLG4 ([2oW\WT
MeHg |2 X A E @ % it L7z, MeHg OIREEIZATHSE TR L TW D ZEE M E & ik
AN T IERICABRIK T RRO 572 MeHg 1 nM IZHEH L TH#EIT 21T > 72 (Go et al.,
Toxicol Lett. 2023), SYP. DLG4 DHEaT & HIZ, mRNA L~y b Z X7 FBEL L ~)L D
MeHg T X 5 A B3B8 2 #esd L7z (Fig. 5).
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4. MeHg T X% SYP B LU DLG4 Bln 7 mE—F—Dt R b AEROZAL
SYPEIEF7rE—4—Dt A N AMAEMZE L Z T LT & 2 A, MeHg 1T X D ERBIEMEDFR
BECThoHE RNy H3 TEF MO LGOI CTH L A F H3K27 U AF
LD EFERHEGR S (Fig. 6), DLG4 Bin 17 v ®—% — CIXBEGEMHOFETH D b
A 2 H3K27 b U AT LD ER-BHEFE S - (Fig. 7).
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5. MeHg |2 k% SYP 3 XU DLG4 #in 7 v & — % —® DNA A F/LALDZAL

SYP BInt 7 mE—X—0D DNA XA F /L Efr Lick 2 A, SRR O 7 vE—2 —
fEIE D B D 18 F H D CpG 12T MeHg (2 & K A F L4k, 40 & H D CpG 12BN\ T
MeHg |2 & 5 & A F /LR S - (Fig.8), DLG4 i&fn 17 2E—4 —@ DNA A F L1k
COWT SRR 21T 12 L 2 A, 7 E— 2 —fE D B 5 33 FH D CpG 20
T MeHg |2 X A A F Lk, 49 FH D CpG 128 T MeHg 12 L 5 5 A F /AL FER S v



(Fig.9), A RIfENT L7-7 1 & — ¥ —fEIRERIZE 1T 5 DNA 2 F AL L~ LD EALIZ DN T
%, MR F & HIC MeHg (2 X2 A ERZENIZR® b8 > 72 (Fig.10),
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V552

A Al X DNMT1 D53 fif « 22 ERREICTE R L7 (Fig2), DNMT1 & A F /Ui B & O 5y fig
T HZ &5, DNMTIKI42me ZHIEL7-& 2 A, MeHg 12X 0D ZD LWL T L
7zo —77. DNMTI1 O A F )AL ZAHINT 23 T 5 SET7, SET8 36 L O A F/L{LEEFRE T
7% LSDlI O3 BLEIL MeHg I X2 ZITR O oo 7 (Figd), L EX D
DNMTI1K142me D& T DNMT1 @ MeHg (2 X 52 ELICBE ST 5 /REMENE 2 b D,
F7-. SET7. SET8, LSDI HHlL&E A KIZITZRRBO bR o7-Z &b (Figd), i
O DOEEFTEME B KD MeHg IZ X D BELSNTW D ATREMEDR B 2 b it b,

—J, MRy U — 2 ZBET S SYP BL N DLGY DEETDTE Y =X T 4 7 Afif
Wr&afr->7=, SYP B LU DLG4 Di&fnt® mRNA B L OH /7 L~UL DR B E T MeHg
WLV LTs (Fig. 5). 0T, WO 0T —4 —BROT Y = 37 1 7 AMESH
ZfEMT L=, SYP Ein+ Tk X b H3 7R F/LDOEAD & & & b H3K27 B U AF )L
D AP GRS U (Fig.6)., DLG4 BTl A kv H3K27 b U A F LD EH D3RR
SIh7- (Fig.7), MeHg IZ KV ERGIHIOEMZE AL &R 2T 2 & 2R L7z, DNA A F
JABIZOWTIEIBE T & $12 MeHg I X D #2035 5 CpG 13#ER T 72 (Fig.8. 9)73,
kL L TEBENT 0 -7 (Fig10), LLEJX Y LUAMES Mgl i TRk b IR R
JE MeHg MEZE AR IC B L7285 7 Ch D SYP NN DLG4 DV ) NELE I L
T, TORBEBLSEDL Z E0RBEINT,

V i

AAEFEIILL T O 2 IOV TH S NI LT,

(O MeHg IZ DNMTIK142 O A FALE R S/ 5 Z & T DNMT1 O E{LSH, DNA A F
b ERZR| & TR RIE S T,

@ MeHg B MR EICBE L7285 T Cd D SYP M ONDLG4 D7 ) WL EI L
T, TORBEBLSED Z LR INT,
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HOCEH)  (Abstract)
Methylmercury (MeHg) is a well-known developmental neurotoxin. We have previously shown that

exposure to MeHg during neuronal differentiation causes suppression of neurite outgrowth, which is



mediated by increased DNA methylation via the DNA methyltransferase (DNMT) and decreased
histone H3 acetylation via the histone deacetylase (HDAC). In the first year, we reported epigenetic
changes in the promoter region of NR4A41, an orphan receptor whose expression we have found to be
decreased by MeHg exposure.

In the second year, we focused on the mechanism of inhibition of proteolysis and increase in stability
(post-translational modification) of DNMT1 by MeHg exposure in LUHMES cells and found the
possibility that reduced DNMT1 methylation is responsible for its stabilization. In addition, both
mRNA and protein expression levels were decreased by MeHg in SYP and DLG4, genes involved in
neurotransmission. Next, we examined histone modifications and found a decrease in histone H3
acetylation and an increase in histone H3K27 trimethylation in the SYP gene and an increase in histone
H3K27 trimethylation in the DLG4 gene. Although DNA methylation level was changed at certain
CpGs in both genes by MeHg exposure, there was no alteration overall DNA methylation. These
results suggested that exposure to low concentrations of MeHg during neuronal differentiation in
LUHMES cells alters the expression of SYP and DLG4, genes related to neurotransmission, via

epigenetic changes.



