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EST

TOXICOLOGICAL SCIENCES 124(2), 460–471 (2011)

ILSI Health and 
Environmental Sciences 
Institute

Activities and 
Accomplishments

HESI Translation Biomarkers of 
Neurotoxicity (NeuTox) Committee

2015-2016

ILSI Health and 
Environmental Sciences 
Institute

9

HESI Subcommittee:
Pilot Study Protocol

Main objective: identify circulating biomarkers that predict 
central & peripheral neurotoxicity resulting from exposure to 
a known and well-characterized neurotoxic agent by 
correlating them with behavioral, imaging, morphometric 
and neuropathological endpoints.
• US FDA NCTR contributing rats, lab space and imaging –

timeline Sept – Nov 2015.
• Prototypical compound trimethyltin (TMT). 
• Time-course assessments of blood, CSF, CNS, urine and 

imaging (MRI, MRS) compared to traditional assessment 
(i.e. functional (behavioral), and histopathology) 

• Dosing at 8 mg/kg
• Sample collection, behavioral analyses and MRI/MRS 

imaging at 2, 6, 10, 14, 21 days
ILSI Health and 
Environmental Sciences 
Institute

10

Additional accomplishments

• Subteam formed to explore possible
project to identify seizuregenic
compounds using microelectrode array
(MEA).

• Session planned at the 2015 Safety
Pharmacology Society Annual Meeting
in September.

Increases in Autism Spectrum Disorders 
in USA

(Data from CDC)
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Developmental Neurotoxicity Testing
for 2,863 Chemicals

Produced Above 1 million pounds/year

21.4%

0.4%

78.2%

No Data
On Developmental
Toxicity

12 Tested for 
Neurodevelopmental
Toxicity
According to EPA
Guidelines

Some Data
On Developmental
Toxicity

Environmental Health Perspectives, 
117:17 (2009)

Current Status of DNT Testing

• Large numbers of chemicals identified for testing 
(e.g., pesticide) with no risk-based criteria for setting
testing priorities

• Different regulatory authorities/different testing 
requirements with no scientific basis for flexible
testing approach

• Current guideline testing is expensive, time 
consuming and requires large numbers of animals

Research Challenge
• Develop alternative testing approaches that are

fast and efficient
– Use in vitro cell culture or in silico models
– Use alternative species (non-mammalian)

• Provide data for prioritization of chemicals for
further testing (targeted?)

• Such an approach will:
– Reduce costs and animal use
– Facilitate screening of large numbers of chemicals (high-

throughput)

Research Approach - In Vitro 

• In vitro tests based on key events of CNS
development
– proliferation, differentiation, growth, synaptogenesis, 

myelination, apoptosis

• Endpoints amenable to high throughput testing
– cell-based endpoints, biomarkers, molecular signaling

• Show predictive ability based on “training set” of
developmental neurotoxicants

Key events of DNT at the cellular level
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iPS

1. Time, Cost-consuming
2. High Throughput screening
3. Species difference

in vitro test method using human iPS cells

0 4 10Day

KSR

Ectodermal

N2

Neural 
Progenitor cells

LDN193189
SB431542

DNT 
compounds

From EPA database

Effect of TBT on neural differentiation

0

1

2

3

4

5

6

7

Pax6

0

0.2

0.4

0.6

0.8

1

1.2

Nanog

Effect of chlorpyrifos on neural 
differentiation
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TBT
Mfn1, 2

Drp1, Fis1

Yamada et al., Metallomics, 2015

iPS

Yamada et al., in preparation

Yamada et al., in preparation

iPS
Mfn1

Summary

v
Pax6+

Chlorpyrifos
Tributyltin

Neural progenitor 
cells

iPS cells Neuron

1. Capability of neural differentiation of human iPS cells can
be used for assessment of chemicals with DNT.

2. This approach will reduce animal use and costs, facilitate 
screening of large numbers of chemicals and might provide
data for prioritization of chemicals for further testing.

Oct4+
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28

1 2016 9 2

AOP

AOP

• 18

• 1 tube 80

•

100 μm

MAP2 drebrin MAP2/drebrin
21 MAP2 drebrin

SKY Neuron

SKY Neuron
1. mestro PEI PLL
2. 1 5 μl plating medium

1 hr
3. 3
4. 1 ml 50 ml 1 ml

plating medium 2 5sec/1
5. 2 ml plating medium 2~3sec/1
6. 2 ml plating medium final vol. 6ml
7.
8. 15 ml 180 x g, 5min, 
9. Sup 3~4
10. 
11. 5 μl
12. 
13. 37 , CO2 incubate, 1 hr.
14. 500 μl Plating medium
16. Incubate, 37 , 4days
17. Day4: Ara C culture medium
19. Incubate, 37
20. Day7 3-4 7
21. 

715 x g, 2 )

50%
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Maestro system 1

Hippocampus neurons are
cultured in 48 well MEA plates

Spontaneous and stimulated activity

McConnell et al., NeuroToxicology, 2012

Activity map

Continuous Plots

Spike Plots

Maestro system 2

Mack et al., NeuroToxicology, 2014

DIV
-3 -1
Day 0

4
7

10
14
17
21
24
28

PLL or PEI
Laminin
AraC 0.5 or 1 μM Maestro ?
Maestro
Maestro
Maestro
Maestro
Maestro
Maestro
Maestro

PLL PEI

maestro
AraC

Shafer’s lab
+Axion protocol
Cortical neuron Hippocampus Hippocampus

0.05% PEI
50 μg/ml laminin

0.05% PEI
50 μg/ml laminin

50 μg/ml PLL
50 μg/ml laminin

150,000 cells/25 μl 25,000 cells/5 μl 50,000 cells/5 μl

AraC 5 μM 0.5 μM 1 μM

APV

7 3-4 7

Acute Day 12 to 22 Acute Chronic

100 μS 200 μS

1

Mean firing rate
Active electrode

< 5 spikes/min
MFR on AE

Mean firing rate
Active electrode < 5 spikes/min
MFR on AE
Spike counts at stimulation

PLL
PEI

2.5x104 cells

AraC 1 μM

APV

1/3

7

100 μS

1 1

1 1

PEI

PLL

>
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Day 21

PL
L

PE
I

PEI

2.5x104 cells
5.0x104 cells

AraC 0.5 μM

APV

1/3

7

100 μS

1 1

1 1

2.5 x 104 cells

5.0 x 104 cells
>

AraC

PEI

2.5x104 cells

AraC 0.5 μM
1 μM

APV

3-4

100 μS

1 1

1 1

0.5 μM AraC

1 μM AraC

>

APV

PEI

2.5x104 cells

AraC 0.5 μM

APV

3-4

100 μS

1 1

1 1

APV-

APV+

>

PEI

2.5x104 cells

AraC 0.5 μM

APV

3-4

100 μS

1 1

1 1

>

PLL

2.5 x 104 cells

AraC 1 μM

APV

1/3

7

100 μS
200 μS

REH1004

REH1006

100 μS

200 μS

=
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1

PLL

2.5 x 104 cells

AraC 1 μM

APV

3-4

100 μS

>

Shafer’s lab
+Axion protocol
Cortical neuron Hippocampus Hippocampus

0.05% PEI
50 μg/ml laminin

0.05% PEI
50 μg/ml laminin

50 μg/ml PLL
50 μg/ml laminin

150,000 cells/25 μl 25,000 cells/5 μl 50,000 cells/5 μl

AraC 5 μM 0.5 μM 1 μM

APV

7 1/2 3-4 1/2 7 1/2

Acute Day14 Acute Chronic

100 μS 200 μS

1 Day14

Mean firing rate
Active electrode

< 5 spikes/min
MFR on AE

Mean firing rate
Active electrode < 5 spikes/min
MFR on AE
Spike counts at stimulation

?
22-23, HESI NeuTox 24, Shafer

maestro

25

EPA Dr. Timothy J. Shafer

9/30 EPA

HESI NueTox
Neurotoxicants/

Dev. Neurotoxicants
Flame 

Retardants
Polycyclic Aromatic 

Hydrocarbons Unknowns

1-methyl-4-phenylpyridinium iodide 2- ethylhexyl diphenyl phosphate (EHDP) 4-H-Cyclopenta(d,e,f)phenanthrene 1-ethyl-3-methylimidazolium diethylphosphate
2-Methoxyethanol 2,2',4,4',5,5'-Hexabromodiphenyl ether Acenaphthene Berberine chloride
3,3'-Iminodipropionitrile 2,2',4,4',5-Pentabromodiphenyl ether Acenaphthylene Carbamic acid, butyl-, 3-iodo-2-propynyl ester
5-Fluorouracil 2,2'4,4'-Tetrabromodiphenyl ether Anthracene Manganese, tricarbonyl[(1,2,3,4,5-.eta.)-
6-Hydroxydopamine hydrochloride 2,3,7,8-Tetrachlorodibenzo-p-dioxin Benz(a)anthracene 1-methyl-2,4-cyclopentadien-1-yl]-
6-Propyl-2-thiouracil 3,3’,5,5’-Tetrabromobisphenol A Benzo(a)pyrene
Acetic acid, manganese(2+) salt Isodecyl diphenyl phosphate Benzo(b)fluoranthene
Acrylamide Phenol, isopropylated, phosphate (3:1) Benzo(e)pyrene
Aldicarb tert-Butylphenyl diphenyl phosphate Benzo(k)fluoranthene
Bis(tributyltin)oxide Tricresyl phosphate Benzo[g,h,i]perylene
Bisphenol A Triphenyl phosphate Chrysene
Captan Tris(2-chloroethyl) phosphate Dibenz(a,h)anthracene
Carbaryl Bis(2-ethylhexyl) 3,4,5,6- tetrabromophthalate (TBPH) Dibenz[a,c]anthracene
Chlorpyrifos (Dursban) 2-ethylhexyl-2,3,4,5-tetrabromobenzoate (TBB) Fluorene
Colchicine tris(2-Chloroisopropyl)phosphate, TCPP Naphthalene
Deltamethrin Firemaster-550 Phenanthrene
Di(2-ethylhexyl) phthalate Pyrene
Diazepam
DDT
Dieldrin
Diethylstilbestrol
Heptachlor
Hexachlorophene
Hydroxyurea
Lindane
Methyl mercuric (II) chloride
n-Hexane 
Parathion
Permethrin
Phenobarbital sodium salt 
Rotenone
Tebuconazole
Tetraethylthiuram disulfide
Thalidomide
Toluene
Valinomycin
Valproic acid sodium salt

Negative Controls

Acetaminophen
Acetylsalicylic acid
D-Glucitol
L-Ascorbic acid
Saccharin Sodium Salt hydrate

Other NTP Compounds
Bisphenol A 
Bisphenol AF 
Bisphenol S 

Neurotoxicants/Dev. Neurotoxicants in HESI NeuTox

1-methyl-4-phenylpyridinium iodide
2-Methoxyethanol
3,3'-Iminodipropionitrile
5-Fluorouracil
6-Hydroxydopamine hydrochloride
6-Propyl-2-thiouracil
Acetic acid, manganese(2+) salt
Acrylamide
Aldicarb
Bis(tributyltin)oxide
Bisphenol A
Captan
Carbaryl
Chlorpyrifos (Dursban)
Colchicine
Deltamethrin
Di(2-ethylhexyl) phthalate
Diazepam
DDT

Dieldrin
Diethylstilbestrol
Heptachlor
Hexachlorophene
Hydroxyurea
Lindane
Methyl mercuric (II) chloride
n-Hexane 
Parathion
Permethrin
Phenobarbital sodium salt 
Rotenone
Tebuconazole
Tetraethylthiuram disulfide
Thalidomide
Toluene
Valinomycin
Valproic acid sodium salt

Shafer’s lab

McConnell et al., NeuroToxicology, 201250 μM
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Cotterill et al., J Biomol Screen, 2016

－　250　－



SCIENCE COUNCIL OF JAPAN

•

•

Skutella & Nitsch, 2001

•

•
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Contents lists available at ScienceDirect

Neuroscience and Biobehavioral Reviews

journa l homepage: www.e lsev ier .com/ locate /neubiorev

Review article

Autism spectrum disorder and attention-deficit/hyperactivity

disorder in early childhood: A review of unique and shared

characteristics and developmental antecedents

Janne C. Vissera,∗, Nanda N.J. Rommelsea,b, Corina U. Grevena,c,d, Jan K. Buitelaara,c

a Karakter Child and Adolescent Psychiatry University Center, Nijmegen, The Netherlands
b Radboud University Medical Center, Donders Institute for Brain, Cognition and Behavior, Department of Psychiatry, Nijmegen, The Netherlands
c Radboud University Medical Center, Donders Institute for Brain, Cognition and Behavior, Department of Cognitive Neuroscience, Nijmegen, The

Netherlands
d King’s College London, Medical Research Council Social, Genetic & Developmental Psychiatry Centre, Institute of Psychiatry, Psychology & Neuroscience,

London, UK

Table 1
Summary of findings on temperament in children with (traits of) ASD or ADHD.

Temperament dimension 6–11 months 1–2 years 2–3 years 3–4 years 4–5 years

ASD ADHD ASD ADHD ASD ADHD ASD ADHD ASD ADHD

Approach/surgency

Composite score ↑2,3*b ↓2 ↓2,3*ns12 ↓3* ↑9 ↑9

Activity ↓1,3*,5 ↑7,8 ↓3* ↑8 ↑1,4 ↑8 ↑6 ↓12e ↑6↓12e

Perceptual sensitivity ↑2 ns7 ↑2 ns7 ns7

High intensity pleasure ↓2 ↑10 ↑10

Positive affect ↓2 ↓4

Positive anticipation/ non-shyness a ↓4c ↓6

Impulsivity ↓12e ↑10 ↓12e ↑10

Negative affect

Composite score ns3* ns3* ns3*↑12 ns3* ↑9,11 ↑9

Sadness/shyness a fear ↑1 ns7 ns7 ↑1,2,4 ns12 ↑8 ns7 ↑12 ↑12 ↑12

Anger ↑7 ↑8 ↑4 ↑8

Distress/discomfort reactions ↑13 ↑5 ↑12

Effortful control

Composite score ↓2 ↓2 ns12 ns12 ↓9,10 ↓9,10

Persistence/non-distractibility Vigilance/interest (ADHD) ↑1 ns3* ↓7d,8 ns3* ↓8 ↑1 ns3* ↓8

Cuddliness ↓2 ↓2

Low intensity pleasure ↓2

Attention shifting ↓8 ↓5 ↓8 ↓4,5 ↓12 ↓12

Control of attention ↓4 ↓8

Inhibitory control ↓5 ↓8,14 ↓12e ↓13 ↓12e

Fig. 1. Temperament traits in ASD and ADHD: ASD and ADHD share high levels of negative affect, but the underlying motivational and behavioral tendencies seem to differ,

i.e. withdrawal vs approach in ASD vs ADHD, respectively. ASD and ADHD also share difficulties with control and shifting, but partly opposite behaviors seem to be involved,

i.e. high persistence and low distractibility in ASD and poor sustained attention and high distractibility in ADHD.
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Figure 4. The Cerebellum and Forebrain Are Bidirectionally Linked in an Orderly Mapping

－　258　－



－　259　－



ML     PL ML     PL

Cal Cal Cal Cal Cal

0 

50 

100 

P6 P8 P10 P12 

M
a

xi
m

a
l d

ist
a

n
c

e
 o

f d
e

n
d

rit
e

 [
m

] 

control TSA SAHA VPA 

－　260　－



－　261　－



－　262　－



－　263　－



Le
ng

th
 o

f M
L 

(μ
m

) 

Le
ng

th
 o

f c
er

eb
el

la
r l

ob
e 

V
/V

I (
μm

) 

－　264　－



DOHaD

21 21

AA A

AA B

B B

A A

B

B

AA AAB

A A

A B

B B

W→X

NALP7

98,930 11,362 676 29

SNV

•

•

• DNA . Nature 2002

• NALP7 c6orf221 
. NatGenet 2006, Am J Hum Genet 2011

•
NALP7 

•
•
•
•
•

Nature (2012) 488, 471-
475

－　265　－



1/21/2

1/2
1/4

20

1,000

100

20

1,000

http://nrichd.ncchd.go.jp/irud-p/

IRUD-
P@ncchd go jp

Human Reproduction vol 25, 2010

DNA

(
)

DNA

( )

( )

• 90%
• DNA
• 6

H3K4me3, H3K4me1, H3K27me3, H3K9me3, H3K36me3, 
H3K27ac

• small RNA

－　266　－



DNA

(
)

DNA

( )

( )

N

N

O

NH2

CH3
Dnmt1,Dnmt3a, Dnmt3b

(DNA )

NO

NH2

1
2

3
4

5

6 SAM
(S- L- )

N

A

B

Epigenetics

A

B

Me

A

B

Me

A

B

Me

<<<

A

B

Me

A

B

MeA

B

Me

A

BMe

A

BMe

A

BMe

>>>

A

B

Me A

BMe

A

B

Me

A

BMe

1944
1 700

Decreased birthweights in infants after maternal in utero exposure to the 
Dutch famine of 1944-1945. Lumey LH Paediatr Perinat Epidemiol. 1992, 
6:240-53. 

DOHaD Developmental Origin of Health and Diseas

DOHaD

DOHaD

Mol Cell Biol. 2003 Nature. 2010, Cell. 2010
Nat Neurosci. 2013

Science. 2013 Nat Neurosci. 2004

－　267　－



R. Waterland and R. Jirtle (2003)
Mol Cell Biol, 23, 5293-5300.

A

B

Epigenetics
- DNA
-

DNA

A

B

Me

A

B

Me

A

B

Me

A

B

Me

Mol Cell Biol. 2003 Nature. 2010, Cell. 2010
Nat Neurosci. 2013

Science. 2013 Nat Neurosci. 2004

↑

Nature Neuroscience (2013) 17, 89-98

•
• DNA

Mol Cell Biol. 2003 Nature. 2010, Cell. 2010
Nat Neurosci. 2013

Science. 2013 Nat Neurosci. 2004

－　268　－



DNA

Science (2014) 245, 786-793

Mol Cell Biol. 2003 Nature. 2010, Cell. 2010
Nat Neurosci. 2013

Science. 2013 Nat Neurosci. 2004

Weaver IC, et al.
Nat Neurosci. 2004, 7:847-54.

D
N

A

3.5

(

…
•
•

•

－　269　－



Lo
w

 B
irt

h 
W

ei
gh

t %

OECD Health Data 2013

Normal
(n = 19)

(n = 5)(n = 5) (n = 4) (n = 5)(n = 9) (n = 5)

FGR
(n = 14) 

CpG site CpG site

CpG site

***
***

***
***

SGA AGA

***

7-12kg

DNA

• 45 DNA
• DNA

→

FGR Normal

DNA

DNA

DOHaD

－　270　－




