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Developmental Disorders and Diagnosis by
DSM-5 ,"SYNAPTIC DISEASE”

HEEELDSM-5IC K B2, T+ TXRIKE]

1. Autism Spectrum Disorders : BEAFEERARY F 5 LA
= In DSM-1V, Pervasive Developmental Disorders,
iIncluding Asperger syndrome
Poor communications, Repetitive behaviors

2. Attention Deficit Hyperactive Disorders : ADHD
Lack of attention. Hyperactive

3. Learning Disorders (LD) : #EE=E
Poor reading, Poor mathematics

“SYNAPTIC DISEASE"=Abnormal synapses in specific
neuronal circuits corresponding to the each symptom

(Formation, Plasticity, Maintenance)



Increase of autism children registered In
California, USA (1990-2006)
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Increase of Autistic Children in US and Japan
showed the causes are not genetic but
environmental factors
S BAE RIENMDRERFEETIEG C RIEER

1. InJapan, a recent epidemiological study reported

that autistic children increased several times, up to
1% In these 2 decades.

HATIZZZ20¢%

ETHIE. € RED1%IZH -1 =
2. Real increased numbers of autistic children showed
the causes are not genetic but environmental,

because, If genetic, such a population-wide
change needs hundreds, or thousands years



Genetic factors for autism appear to be
hundreds of “related” genes
(genetic background) which express

vulnerability of the child to autism

S FEREERFITHRBULESHY . RELPLIT D
BEERFEREEYHET CFTREARBITEALE)

* Up to now, Autism- related genes listed
In a data base are more than 3000 !

» Strong candidates: more than 200.

* Functions of most strong candidate
genes are formation, plasticity,
maintenance of SYNAPSE,

directly or indirectly.




Neuronal circuit for behaviors, synapse, neurotransmitter

TEIDOL LT H2MERKEE X F 7R, MREELCEYE

Synapse
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Synaptic Structure and Connecting Proteins
UFITADBEEGEEI VNV E
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Autism-related genes (1) Synapse related

BEEREEETF (1) F7XEE

Synapse related genes from SFARI gene

Gene symbol|Description

NRXN1 neurexin’

NRXN2 neurexin 2

NRXN3 neurexin 3

NLGN1 neuroligin 1

NLGN3 neuroligin3

NLGN4 neuroligin4

CNTN3 contactin 3 (plasmacytoma associated)
CNTN4 contactin 4

CNTNAP2 |contactin associated protein-like 2
CNTNAP5 |contactin associated protein-like 5
CTTNBP2 |cortactin binding protein 2

CNTNAP3 |contactin associated protein-like 3
SHANK3 SH3 and multiple ankyrin repeat domains 3
SHANK?2 SH3 and multiple ankyrin repeat domains 2
SYNE1 spectrin (Synaptic nuclear envelope protein)
SYN1 synapsin 1

SYNGAP1 |synaptic Ras GTPase activating protein 1
SYT17 synaptotagmin XVII




Autism related genes (2) Neurotransmitter related

BEEREEERTF (2) AREEMERR

from SFARI gene

Neurotranmitter related genes

Description

nicotinic acetylcholine receptor, alpha 7

glutamate receptor, ionotropic, N-methyl D-aspartate 2B
glutamate receptor, ionotropic, N-methyl D-aspartate 2A
glutamate receptor, ionotropic, delta 2

glutamate receptor, ionotropic, kainate 2

glutamate receptor, metabotropic 8

glutamate receptor interacting protein 1
gamma-aminobutyric acid (GABA) A receptor, alpha 4
gamma-aminobutyric acid (GABA) A receptor, beta 1
gamma-aminobutyric acid (GABA) A receptor, beta 3
5-hydroxytryptamine (serotonin) receptor 1B
5-hydroxytryptamine (serotonin) receptor 2A
5-hydroxytryptamine (serotonin) receptor 3A

Gene symbol

CHRNAY
GRIN2B
GRIN2A
GRID2
GRIK2
GRMS
GRIP1
GABRA4
GABRB1
GABRB3
HTR1B
HTR2A
HTR3A

CACNA1H

calcium channel, voltage-dependent, T type, alpha 1H

CACNA1C

calcium channel, voltage-dependent, L type, alpha 1C




Complex Molecular (Gene) Structures

In Synapse and Gene Expression System
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Hundreds of Autism-related Genes are expressed as
complex networks work consisting genetic background

2B 0BEREREEGFNARY FT—JRICERLEGFERZEAL TS

Periphery of the Circos plot
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¥ Genetic association
[ Linkage analyses

[ Copy-number variants
[ Expression profiling
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Children with Developmental Disorders
have abnormal synapses In a specific

neuronal circuit

SFES EREREFTDF E S ITERICEEL -

HIREEERD T TRICEELH S
1. Each behavior acquired by establlshlng a

specific neuronal circuit for It.

ZTODITENIR LT 2 MERKDFEICK D

* When a child failed to develop the normal
synapses of neuronal circuit corresponding
to social communications, he will become

autism. HAHAMBZEEBDLFTRIZEENHN
X, Wi dT DITEINEEIZLH S




Environmental Factors which can cause
Developmental Disorders (Autism, ADHD, LD)
SEASE,ADHD,LDD AR & L 5 IREBER

1. Developmental neurotoxic chemicals in the brain :
MAICRALEZEEARBRESZSEZ L DILFEYME
Valproic Acid, Thalidomide : /\)L7 0@, 1) k<A F
Lead, Mercury, other Metals : 8, /KRG EEERE
PCBs, Dioxins : PCB,4 4 A X >
Nicotine : —aF > (E2{&E)
Organophosphates, Neonichotinoids :
B DR, 24 =ZaF /4 FREER
2. Troubles in Perinatal Periods (low body weight birth etc) :
BAEGEHERNED S I
3. Troubles in Developmental Periods
(nurture) : EFHD LZ T




Valproic acid and Thalidomide
NLTOEET) FRA R

- Anti—epileptic drug I TADAZE
* When mothers take these drugs during

early pregnant period, babies will have a
risk of autism.

b IRFEADARAIEZBERED) RS

- Both drugs have some epigenetic
developmental toxicities.

- TEDIRTAVIGREESEZDD




Mercury has general
developmental neurotoxicities

IKER T ILEE G FEEHRFEEFFD

- Autism risk from Hg In air pollutants seems to be
significant.
KKEENDKEF) R VBFBEIZTHL

« Autism risk from Hg in old vaccines seems to
be very low, comparing to Hg from
environment. New vaccines contain no Hg.
AW TDTIFUOTHKEEEIIMET. RIEN DK

SRBFZICHENRI1IO0OSDI1ET, DI9FUETFDYYRTITIE
TR, IREDT Y F UIZITKEIZTE TN TULVALY,




Mercury in Air Pollutants Related to Autism

RRIEEMEPROKIRIE, BRAED') R I D H S
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Increase of autism and/or ADHD

seems to be caused by pesticides
3 BAE S ADHD D #4013 = ZE VR R 0D R BE T

1. Epidemiological studies show the relationship
between exposures of organophosphate pesticides
and ADHD.

BEZET—23F R DREREBRFELADHD., EXRERGEDITHEREL
DHEZRLT=,
2. Experimental studies demonstrate
organophosphate and neonichotinoid pesticides have
developmental neurotoxicities.

EERMICER) >, RAZ0OREFZEEENLOTA TS

3. Toxicogenomic studies show the change of

synapse-related gene expressions in neurons,

after exposure of neonicotinoids
AAZIBREFBEARTOL T TAEEEGETORRELELSES




Korea and Japan were top countries of autism,

suggesting pesticides use was main cause

Prevalence rates of Autism & PDD Total pesticides used /agricultural area

BHERE. LAMREEFTOERE BAEEY-YEEGRAE

2glglr¢,abbagh, et al. 2012, Autism Res) t/km? (OECD 2008)
1.4 1
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Epidemiological Data showed: Children
Intoxicated with organophosphates tend to
become ADHD and express lower IQ and

working memory deficits

SR O REEIZIFEER SNTf-FIXADHDIZ
P CIQOEXESEEBRENMNET

« Pediatrics (2 0 1 0) ; children urine pesticide vs ADHD,
risk =twice FELDRFPDER) ohEWVE. £EFENT=F
AMADHDIZ#5 2 574 Y 290y

« Environ. Health Persp (2 0 1 O) mother urine pesticides
vs 7 points lower IQ BEDRFDEH) oGV E, £F
N-F0HMaE (1Q) MEHYT7. OTH S,

* Environ. Health Persp (2 O 1 1) 2.8% deficit of working
memory. BHRDEH ) U LANILNEVE, EFENF=-FDE
%:ﬂ |¢7ﬁ\ 2. 8 % < fd~ é

A|




To develop neuronal circuit, a huge
number of gene expressions controlled

by chemical information are necessary
DR ERIR Z R ESESHICIEHIEREICZ<D

IBHRIEEPE L

CEI(ZEN K Z EDAE.

* Such physiologic chemicals are

Hormones: thyroid
Neurotransmitters:

hormone, eftc
acetylcholine, glutamate

¢« ZTDELOLEFEMILEMEIZIZ. BIRIERILEULGE
DFRILEVEOTZEF)ILaY Y, IR S UG E
DMIFIEEYE (BERILEY) AdHD




Acetylcholine Is known as a critical

Information chemical to control gene
expressions for neuronal circuits of
higher functions such as attention

and memory
reF)Lal) /(j:/in nﬂliﬁ&a)ﬁ"fi

IR %1

N—1

IO D ELEFOHERBICLADFERILFIE

~

Acetylcholine binds to nicotinic acetylcholine
receptors and control physiologic processes.
FEFIILaYvid=aFon (—:H'-J%EK‘? a

95) 7EFILOY OZBRIZES
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Organophosphate & neonicotinoid pesticides disrupt acetylcholine system

FEFLA)VICEHHRIEEZTIRE T H5-F=aF /(R EARI O RRE

acetylcholine

Signal
acetycholine receptors
(o}
O
-
¥ Signal .
Neurons o > c
o
‘]
Neurotransmission model used by
: Organophosphate: Blocking acetylcholine
acetylchetine system esterase make the neurotransmission still
on. The Sarin, nerve gas, has same effects.
Neonicotinoid: Agonist of nicotinic
transmission,
without acetylcholine.
l :
4 acetic acid acetylcholine Na*
eholine Orgapc_)phosphate o o -
+ esticides Na +
. acetyl-CoA K* Na
signal . Na o o4
J, Acetylcholme estrase K* > Ca
..acetylcholm a2t O Ca2t
Muscarinic receptor @ OO Na*
tt:
synaptic ¢ " Nicotinic receptor Neonicotinoids signal
vesicle

Neonicotinoid

desticides nicotinic acetycholine receptor




Organophosphates /Neonicotinoids disrupt acetylcholine
Information system indirectly / directly to control gene
expressions for the neuronal circuits
BEEY R/ 2 A IREREITEFILOY >
I X B FIEHRmEICEER/EERIC
BEEZ2H I LARERIEIZRDI-0HD
EL-TFHERREZ2<CET S

« Organophosphates: Block degradation
enzymes cause continuous binding of

« Neonicotinoids: Bind to Nicotinic
acetylcholine receptor work



A Possible Mechanism of Abnormal Brain Development

by Organophosphates and Neonicotinoids

Acetylcholine

Nerve Terminal
e <" Signal ON =—>»  Gene

Signal Expressions ON

Degradation
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— S | ON . i
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] Mental Retardation
Signal ON 3, gene Expressions ON

Should be off. Abnormal Gene Expressions

—= . Gen .
Signal ON > ene Developmental Disorders
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Nicotinic acetylcholine receptors in nerve system.
ZAF VUV EZEEFED E FHRR TOFIEEE

Central nerve system SR %

Functions:

schematic distribution Increase learning and memory

> of nicotinic receptors ?—E EE'E(:F;E]E
in CNS R

Related diseases:

peripheral nerve depression, shizophrenia,

nicotinic receptors parasympathetic Alzheimer diseases, autism
nerve y =[]
4 eR. e KHE.

autonomic nerve
nal \

rd ___sympathetic
nerve

TILINAI—IR. BRECREE

Peripheral nerve system
x /4 "§

Functions:
autonomic nerve,
neuromuscular junction

BEMRER. HIEHESE

Nicotinic receptors are important
for both of central and peripheral
nervous system.




Honeybee Colony Collapse Disorder
IS caused by Neonicotinoid Pesticides

SYNFRERERAZaHIRE & FIBA
* Recently, many honeybees died in US, EU, Japan .

* In 2012, 3 papers (2 in [Science] and 1 in [Nature])
reported that neonicotinoid /pyrethroid pesticides
iIntoxicate highly developed memory system of
worker bee brain and the bees cannot get back to
their nest and take care of queen bee.

* Neonicotinoids can disrupt memory system of
worker bees and/or its development in the brain
during larval stages at lower concentrations.

* Developmental disorders of honey bees brain !
e RAAZAIZTKAZIYNFOFDIMDFEEZEREST ! !




Neonicotinoids are rapidly increasing in Japan
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Data is from National Institute
for Environmental Studies, Japan

EAHEENRIE

Seven types of
Neonicotinoids

M nitenpiram

m thiametxam
m thiacloprid

m dinotefuran
M clothianidin
m imidacloprid
O acetamiprid



Maximum residue levels of neonicotinoids
pesticides are very high in Japan
HADAF=3F /14 FREEDZRBEE
|$1E D THRL

Maximal residue level of acetamiprid (ppm) ZE43TIFD B IR B A

Food ‘ Japan ‘ ‘ ‘ Food ‘ Japan ‘ ‘
-m--
apple tomato 0.15
-
grape 0.35 cabbage

melon 0.01* pepper 0.3

* minimum level of detection **In the US, 50ppm is set only for imported teas




Neonicotinoids are enough toxic to human

brain and its functions (behavior)
FAZ2FE FDORCITENCEECTH S
» Pesticide companies defend that neonicotinoids
are not so toxic to human, compare to insects.
EESAIIERIIIEALD. £ MIIXETZEEER
* But no safety tests have been carried out on
developmental neurotoxicities In mammals.

LD L. BEFRSEOZESARIIT DA LP > TLRL,

» Toxicities to human are so strong to cause

acute nicotinic symptoms, even death cases.
t b~ADEFEMEIT= I FUERSMEERCILTH N H S 1T LR,




Basic structure and functions of human brain

are similar to insect brain
EFEERDOINMBRERDEE EHBETERMIZHEC

Major information chemicals (for example acetylcholine, glutamate )are same in
human and ininsect FE. [FMILEYEIETEFILO), TIILFSUELGELTRELU




Human : Neonicotinoids act as agonists

binding to human nicotinic receptors

AAZAFE FO=ZaF U EZERERICERT S
A B

5 -

IMI: imidacloprid 300 M IMI .
l N 2 4 1+CTD
mn kN = | |—o—Ml
£
yym g ¥
Y g
T L l”r 3 2 .
| =
E
g 1-
CTD:clothianidin ! 300uMCTD oon & 01
P T
1 10 100

[Neonicotinoid] (uM)

In HEK (human embryonic kidney) cells expressed human a432 nicotinic

receptors, imidaclopriod and clothianidin cause excitations.
Li P., et al., J. Neurosci Res., 89, 1295-1301 (2011)




Neonicotinoids disrupt normal functions of
acetylcholine via human nicotinic receptors

A=l FOZaFUOSHEIZEAL
FEFLaY ODERZNKET S

+300 uM IMI +300 uM IMI

T w ~ Inhibition
IMI: imidacloprid s N N
100 uM ACh 200 pA 5 uM ACh 60 pA

ACh 100uM ACh 5uM
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CTD: clothianidin | 160 mach P Enhancement
=L
+30 1s + I
30 uM CTD ’4—0(;pA 300 uM CTD

+300 uM CTD +30 uM CTD |IpsA
150 — 150 — ! . CTD
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receptors | O _ ®
@) o @
0 llnnﬂ] llllll"l ™TT O-WW_FWM@"@T
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Li P, et al., J. Neurosci Res., 89, 1295-1301 (2011)



Smoking during pregnancy is a high risk of ADHD

SZEIEE(XADHDODE YR - J7 93—

B Non smoking Neuman et al. Biol. Psychiatry 2007, 61:1320-
B Smoking OR:3.0
o OR:2.6
5 |
ol |
3 ]
ADHDRE &
) |
I
o
< i
©
g
=
Z &
=
)
=
: - 0 - :
== 7/- 7/7 480/480 480/440 440/440
DRD4 Exon 3 7-Repeat Allele DAT1 VNTR Genotypes

Dopamine receptor polymorph  Dopamine trasnsporter polymorph

F—ESUZB/REFZEE  F—SUBEFREFZE

Smoking during pregnancy is a high risk of ADHD, especially
mothers with specific genetic polymorphisms are at a particularly
high risk.

BHEMNADHD DY R 7 LG HEEFREFXZ LD, BICF—SUROFRGEGFEEHEZLD
BHENEET HE, ADHDIZHNBDYRIDEEIC LN MEIEEBSINTIVS,




Effects of neonicotinoids on cerebellar
neurons from neonatal rats.

Rat cerebellum (post 1 day)

o3,04,007nNAChRs are expressed in
cerebellum especially developmental

ad o4 ot
G3PDH nAChR nAChR nAChR

cerebellarcell [f e pr—

Homology. of nAChRs

between human and 16DIV
rat are more than 90%.| | cerebellar cell Ry &

1_4—1 6day culture kidney
l fibroblast

Cerebellar cultures were loaded with FLuo4, ca2* indicator.
Time-lapse images of Fluo4 fluorescence in neuronal cells were
obtained using confocal laser scanning microscope.

To minimize desensitization of the nAChRSs by drug leaking from the
pipette tip, the pipette used for the pressure application was placed
at a target position approximately 100 ¢ m from the neuron.




Neonicotinoids induce excitatory Cas*influx in cerebellar
neurons F#F=aF/AFREEHO/NEHEERICREERZECT

Post L1(granule neurons) _ NICtme 1Qp M.
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Neonicotinoids bind to rat acetylcholine receptors

and excite neurons

18000

1eo0o | Nicotine 57— KCI— 80
14000 } 10“'\/' \ e\O/ 70
ol —a 2 e
8000 P —B 9 50
6000 F c 8 40
a0oo | ' - 30
2000 } ©
5 e S DR I bt 40_‘) 20
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o . > 10
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< DHR
14000 } (ACE) None MEC a-BT E
12000 = 10“M —A . .
10000 | — B H Nicotine| 62.4 0 0 19.2
| c WACE | 623 | O 0 0
4000 - DIMI 51.8 O O 0
200(0) ML - (100|JM)
w000 = |midacroprid The nAChR specific antagonists Inhibit Ca
14000 | (]\]]) T KCl— influx Induced by neonicotinoids and nicotine.
12000 10uM MEC: mecamylamine 100 uM
10000 —# 0o-BT: a-bungarotoxin (a7specific)1 uM
8ooo | —B T . .
oo | < DHBE: dihydro- B-erythroidine 1 yM
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Peak of fluorescent intensity

Neonicotinoids excite rat neurons like nicotine

i *
14000 P<0.05 70 }
;212000 I g
= 10000 | %
I= S
s 8000 =
o ()
2 6000 f <
[ ©
& !
< 4000 F =
X
2000 } L
0
Nicotine ACE IMI 0
Treatment (10 pM)
n=40

60 |

50 F

40 |

30 f

20 F

10 F

ACE:acetamiprid

*P<0.05 “IMI:imidacloprid
f 1
*7 * *
=e-Nicotine
-=-ACE
_ . _ IMI
O
1uM 10uM  100uM 1mM

The firing patterns, proportion of excited neurons, and peak excitatory Ca?* influxes
induced by ACE and IMI showed differences from those induced by nicotine.

However, ACE and IMI had greater effects on mammalian neurons than those

previously reported in binding assay studies.

Kimura-kuroda et al, Plos One, 2012



Gene expression analysis by whole genome DNA microarray

FAZAF/ A FOEEGEFREREADEZE : DNAYA 207 LA

Methods 1or10 uM
Nicotine, Neurons about 65 %
Acetamiprid Glia about 30 %

Rat neonatal Imidacloprid
cerebellar cells

P o Culture for 10-14days  Total RNAS
> o S !BH
; oo S ¢ _ >extraction &
e ynapse rormation purifiCatiOﬂ

[TT] !

low high Agilent DNA microarray
- = Whole rat genome V.3
T — 30367genes
By SureScan Microarray Scanner
C: control 1'
N: nicotine Analysis
A: acetamiprid Gene Spring GX(Agilent )
I: imidacloprid reliable signals

'CNAI About 20,000 genes



Neonicotinoid or nicotine disrupts gene expressions of developmenta

brain *A =3aF /A4 F, —aFUEEIZ
HERNDBECFREZIRI TS

1u4M exposure for 14days 10uM exposure for 14 days

Nicotine

ACE: acetamiprid
IMI: imidacloprod

Total 1370 genomes were up or down.  lotal 1014 genomes were up or down.



Disruption of gene expressions of developmental

cerebellum x4 =aF/ 4 FIEEICK 2 ELRFRIBEOEIL
1uM 1370genome 10|J|\/| 1014genome 1uM 2/ 2genome 10|.I|\/| 157genome
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Almost common genes were down regulated. £A =3, ZaF> > CHBIZEET S
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Function Common to Nicotine, ACE & IMI | Specific to ACE and/or IMI
HaE 3B THEICELL RAZAF/ A F2Bor IETEIL
Synapse & Stx1b syntaxinlB GabraS GABA A receptor o5
Neurotransmitter Npvf Neuropeptide VW
UFTR& Htr7 Serotonin receptor 7
AR ERERF Gpr63 G protein-coupled receptor 63
Hormone related Hsd3b5 hydroxy-o-5-steroid Avprlb Arginine vasopressin
RILE VEERF dehydrogenase receptor 1B
Signal Aatk apoptosis-associated Asip agouti signaling protein
transduction tyrosine kinase tGapl GTPase activating protein
YU TFTIEER
Transcriptional Foxc2 Fork head box C2 Ccdc68 coiled-coil domain
regulator Fbxw12 F-box and WD repeat containing 68
LB X F domain protein 12 Rnfl152 ring finger protein 152
Fbxl16 F-box and leucine-rich repeat
protein 16
Ptch2  patched homolog 2
0 A down regulation, up regulation
O ese data, neo otinoIC ay adversely arect developing nre



Summary of Neonicotinoid (57 = 3 D ZE#J)

1. Neonicotinoids bind to human acetylcholine
receptors like nicotine, have neurotoxicities to
developing human brain.

A =aFErOTEFILA)OZEERICZaF U LE
MRFEE L. HICREZEHAOEMYICHEFSENH D

2. Their toxicities are similar to nicotine, which cause
ADHD , but also show their specific effects.
*A=aF /AFIXEEICADHDD RIEHL 5N TLNVS
ZaFVIZEELIL TS, FFEMGEZELIRRIT

3. Combined toxic effects of organophosphate.
neonicotinoid pesticides and radioactivities are
concerned for children’s developmental brain.

SR, A ZaAF /M REREEMSHREIED
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