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TEQ
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29 PCBs56
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Sci
ADHD
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245 317

14CpGs 9

Thermo Fisher lonPGM
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P <0.05

450K
, ERS1 CpGs
DNA
ADHD
1.5 £ 7
2019 1786
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DiINP
(Koch et al., 2007) DINP
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(HB4EU) 1
DiINP
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PCBs
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PCBs
DNA
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differentially methylated
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2018 ADHD
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6 ADHD
AHRR  5CpGs, CYP1A1  6CpGs, MYOL1G  20CpGs, GFI1  21CpGs
(P<0.05 ESR1 CpGs
6 ADHD OR=0.51; 95% Cl [0.34, 0.76]
OR=0.39; 95% CI [0.25, 0.60] (OR=2.51; 95% CI [1.32, 4.75]
ADHD AHRR
(mediation) AHRR  CpG_34
CpG_57 6 ADHD

AHRR 2 CpG




G 2 Cpé

DNA ;
Int J Epidemiol 2017 DNA
, DNA
, Genet Epigenet 2014 ,
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H19 LINEI

1
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(chrllpl5.5, site 1: 1964257; site 2:
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PFASs

DNA
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(Bakulski et al. 2016)
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robust linear regression (Fox and
Weisberg 2011) (Smyth
2004) ,
differentially  methylated
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BMI, , ) ;
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2012)
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291 ,
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94



30
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6
g ASE-350
/
1:3, v/v
non-ortho PCBs
PCBs non-ortho PCBs
2
1.5 mL

GC/MS  HRGC/HRMS

100 pL
1 uL HRGC/HRMS  Agilent
6890/JEOL JMS-800D
200
pL 100 pL
LVI-S200

HRGC/HRMS Agilent 6890

Micromass AutoSpec Premier
SIM
29 PCBs 70 3
10
PCBs
6
PCBs

lipid weight basis
whole blood
weight basis

pg/g 2,3,7,8-TCDD
TEQ 2,3,7,8-TCDD
WHO-TEF 2005
1/2
TEQ

7 MnBP MiBP MBzP
MEHP MEHHP MECPP cx-MiNP

LC-MS/MS 20



A BPA ADHD-RS > 14.9

DNA > 9.4 ADHD n =224
- n = 286
DNA
BPA
277 DNA 46CpGs
BPA LC-MS/MS 45 14CpGs 9
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450K ThermoFisher
, 1onPGM
BPA
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) ) , , Diisononyl phthalate DiNP

(Bakulski et al. 2016) -

robust linear regression (Fox and LC-MSMS Product ion Scan
Weisberg 2011) (Smyth OH-MIiNP Precursor ion
2004) m/z 307 product ion spectrum

Huang, 2010 11 m/iz 121 77

Warde-Farley
et al. 2010 Gene Ontology GO

OH-MiNP
m/z 307>121 Q1
o 307>77 Q2
ADHD
DNA 562 245
317
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(n = 276) (4-methyl-7-hydroxyoctyl) phthalate
n =38
8 OH-MiNP
Sasaki 2011 cx-MiNP  MiNP
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0.22-11.48 ng/mL, n = 200 Q1
<0.21, n = 262 Q2 Q1 /Q2rm

6 Ql/ Q2_samp|e
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(Bakulski et al. 2016)
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Weisberg 2011) (Smyth
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2002 2012
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ASE-350 Thermo

6g ASE-350
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TEQ
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regression (Fox and Weisberg 2011)
(Smyth 2004)

differentially methylated position;
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(Bakulski et al. 2016)

differentially methylated region;

DMR bumphunter (Jaffe et al,
2012)
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1959 6
DNA
1263
8
Sasaki
2011 211. 49
0.22-11.48 ng/mL
<0. 21 6
ADHDRS ~ ADHD ADHDRS

> 14.9 > 9.4

6
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H19 LINEI
PCB IGF2
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, H19 L0g10
0.017 (95% CI: 0.003, 0.031),
0.029 (95% CI: 0.010,
0.051) HeptaCB 10
, LINE1 Logo
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4
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CpG
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2
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CpGs
DNA
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TEQ 4.0 pg/g lipid 2.6
11 pg/g lipid
Total TEQ
0.012 pg/g whole 0.0077
0.026 pg/g whole
N 7
20
7

MnBP 0.57ng/mL MiBP
0.44ng/mL MBzP  0.19ng/mL MEHP
0.31ng/mL  MEHHP 0.23ng/mL  MECPP
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6ng
93
110% 1
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A BPA
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ADHD
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ADHD
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CYPIAl  1CpG

Diisononyl phthalate DiNP
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DiNP
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OH-MiNP
single-
total-cx-MiNP MDL

0.39% 22%
single
MDL total
MDL total-MiNP 0.59

ng/mL  total-OH-MINP 1.7 ng/mL
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DINP 4-
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DEHP 45  CpG
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CpG
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10

85
0.26%

0.17 0.35

85
Total TEQ
29 28pg/glipid

5.5 pg/g lipid

Total TEQ
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85 Total dioxin
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Total PCBs
R? 0.913
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FDR
0.1 DMP CpG
FDR
cg05392644  FDR=0.069
IDH3A
cg01228410

FDR=0.010 SLC9A3 cg18267081 FDR=
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€g16848072 FDR=0.018 ANAPC13 PCB
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(Koukoura et al. Int J Mol Med.
2011; Koukoura et al . Mol Med Rep. 2012)

H19 LINE1

PCB
, PCB#170  PCB#180

(Shin et al. Mutagenesis. 2010;
Usllu et al . Hum Exp Toxicol. 2013; Wolff
et al. Environ Health Perspect. 1997),
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3.3
(Burris et al. Epigenetics. 2014), H19
1.4
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PLOS One. 2013), PCB#153
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(Verner et al.
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PFASs
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PFAS
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) global
methylation ,
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methyl-CpG-binding domain protein 3

(Choi et al. 2013) TCP1IL2
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, DMR

, ZFP57 imprinting control
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Risoetal.

2016  SMAD3

(DeVries et al. 2016) GFPTZ2

DNA
Kresovich et
al. 2017 CYP2E1, DUSP2, ,
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Mok et
al. 2017, (Bae et al. 2014
PFAS CYP2E1

Narimatsu et al. 2011
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DNA

DNA

SHANKZ

DNA
8CpGs 7CpGs
1CpG
DNA
PCB

PCBs

2009 2011
29
32.0
mono-ortho PCB 21
2
92 82 29
26
mono-ortho PCB 21 Total
TEQ 3.9
pg/g lipid 2.6 9.1 pg/g lipid
6.5 pg/g

lipid 3.1 18pg/g lipid

31

49
10
pg/g lipid 3.2 23 pg/g lipid
2008

94 Total PCBs 81

33 ng/g lipid 6.6 200 ng/g
lipid

98 pg/g whole 25 460 pg/g
whole PCBs
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1999 2004
49 Total PCBs
81 ng/g lipid 30 390 ng/g lipid
98 pg/g
whole 25 460 pg/g whole
49
Total PCB

Total PCBs
94 93
60 ng/g lipid
1 200 ng/g lipid

PCBs

Total dioxin
Total PCB 1
Total

dioxin Total PCB

MnBP
100 MiBP 100 MEHP 65.0%
MECPP  95.0%
MBzP 5.0  MEHHP
5.0 cx-MiNP 0%

2014

DEHP  47% DINP  26% DBP
4%
DEHP  DBP DiINP
DiINP
(ng/ml) MnBP 18.5 MiBP 5.9 MEHP
0.405 MECPP 0.24
648
648
(ng/ml) MnBP 47 MiBP 3.4 MEHP
7.2 MECPP 0.37
MnBP MEHP
MiBP
20
84 MEHP 0.52
+ 0.61 p g/mL( + SD)
(EHP 2003) 123

(ng/ml) MIBP 1.77
MnBP 2.46 MBzP 1.26 MEHP 1.18
MECCP 1.64 MiNP <LOD
(Reproduction 2014)

DEHP MEHP
DnBP DiBP
MnBP MiBP
(
14 267 . 2002
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) ( 22
33 . 2010 .)

Minatoya, 2018

BPA
Harley, 2013;
Mustieles, 2015; Giesbrecht, 2017

BPA ADHD
ADHD
BPA
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DEHP
DBP
DNA
A BPA
DNA
BPA
DNA
AHRR, MYOI1G,
BPA GFI1 Morales E et al., 2016, Joubert
Hanna, 2012 Kim, BR et al ., 2016, Kiipers LK et al., 2015
2017 BPA
Martin, 2018
450K
GO
n
BPA = 276 38
Minatoya,
2017 Minatoya, 2017



ADHD total-OH-MiNP
CYPIAI 1 CpG MQL 50%
total-OH-MiNP 170
ADHD

total-MiNP total-OH-MiNP

ADHD
DNA

DEHP DNA
Diisononyl phthalate DiNP
Frederiksen DEHP DNA
cx-MiNP
0.67 ng/mL  43.3%
MiNP OH-MiNP
cX-MiNP 1.01 ng/mL
6.31 ng/mL 8.85 ng/mL 2
5
35% 95% 92%
total
Ql/Qz_sampIe Ql/QZ_RM
QL/Q2 rux 1.3 QL/Q2 rm
x 0.7
2 3 6 MDL DEHP
MQL
total-cx-MiNP
MDL 65%
MQL 89% 10
total-MiNP total-OH-MiNP
total-cx-MiNP MDL 2009 2011
9.6% 51% 76% MQL 50% 51 29
78% total-cx-MiNP 32.0
MQL mono-ortho PCB 21
total-MiNP 2

-21 -



1 84
29 26
32
mono-ortho PCB 21
Total TEQ
5.3 pg/g lipid 2.8 27 py/g
lipid 6.5 po/g lipid
3.1 18 pg/qglipid
PCBs
1999 2004
49
Total PCBs 81 ng/g lipid
30 390 ng/g lipid
98 pg/g whole 25 460
pg/g whole

85 Tota PCB

11 PCB/dioxin

FDR False Discovery
Rate 0.05

FDR
CpG
2 CpG  FDR
cg01228410 FDR=0.010
SLC9A3 cg18267081 FDR=0.010 TSSC1
SLC9A3
TSSC1

PCB. FDR 0.05

FDR
CpG
CpG 2
CpG  FDR

€g16848072 FDR=0.018 ANAPC13
€g05392644 FDR=0.0003 IDH3A
cg08181060 FDR= 0.0024 ADAT2
ANAPC13
ADATZ  tRNA

IDH3A CpG
€g05392644 FDR=0.069 PCB
€g05392644 FDR=0.0003
PCB/dioxin

PCB

EHP. 2006, Environ. Res.2009,
Environ. Res.2011
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ADHD
30
ADHD
562 ADHD
1263
3
6 ADHD
ADHD
Psychiatry Research
2017
450k 562

CpG

-22.



ADHD BPA

DNA
1263 NGS DNA
ADHD
PCB H19 LINE1 DiINP
1,786 232
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imprinting control region MINP OH-MiINP
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SMAD3,
GFPT2
CYP2E1
DEHP
DEHP
PCB 85
mono-ortho PCB
21 Total TEQ 3.9
pg/g lipid 2.6 9.1 pg/g lipid PCBs
6.5
pg/g lipid 3.1 18 pg/g lipid PCB
ADHD
DEHP MEHP
DnBP DNA
DiBP MnBP MiBP ADHD
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DEHP DBP DNA
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