ASMRDTIVRHEETEZD
L2638 1H (L)

=

BEAE AR LEE
BEREITIRRIZDINT

o

ST e A - PR

INBRIER |

7'c A\
=

EURED

Bt 2—

=

1 J11ZR =

nakagawa@ncnp.go.jp

— i
j S FETELTL R




HREEREFOHRZDEE

KERFHEFS (APADEEM S -ZHEESE
'Cﬁ)%)DSI\/I IV(i1994J:' ZAFRIN2000FED
WETIRZEH20FEMICHI-UHFELELLTE
Lo TET=,

2013F5H MDSM-5THREFEZFDEZIZKE
HETA A BNT=,

REEZFEEBTORELEILIE. CNETW
I LEHBAETIEGN IR EBEEZEDREAHZT
% FZE B (Neurodevelopmental Disorders)é&
LMDOIEREBREICEEDONT=,

1)




e~

DSM-V _ OSa=—3aviEH
Neuro—developmental Disorders IR /Bt 0 i

AR EER EBER
FEEE
EEIRENEE

JASa = —LaVEE

ARRI-ZEE
(ADHD)

R R
/]

(FF 1 )

HETD

BEARARINS LSE By R M pE =
(ASD)

LA ZEE (PDD)




DSM- IV

DSM-5

5N TE 3 ZREE (PDD)

& BN ES (BEAE)
&/NNRAARRIRMES

&L vHEEEE
OT7ANIGT—EE

O TERREDLNERERESE

HT3)AHIVGEE
AEAER RIS LFESE (ASD)

HJhTd)—D#—
TAFA03FIVEEE




AFAIEANI RS L

& Kanner

5 TARLA—  EeEmE

] MEIPEE
B BRI IE M

B GE) E
s () =

BEAEARILNSLELVDDZEZ AL, BREAEDESL., EWVEDH
LEWNEDETETDESIVNFET HELHEE., WL 5HES
HlDhTE, ELVEDIEKannerF4 7 KYERLVE D [LAsperger?
ATEED, EVWERIEOBEWLDEDEONLENEESEZEDE
DETHRRELGSH BRER-BLEZALGHDEHRAEDHEZF-T
WBEWLSTEIZE S,




BEAEDZ e ENDIES
SFAERANRI S LIEE (ASD)DEMEBEDELI—T Y
~ X ASDDHEFFEFTOEGHEIR. BEEEIRICH T 58
BTHY. EEOCREOEFTNDEDRLMNBIELLS

LWEROSIERDIEEEZE ., ZRIFEEEELT:
AENMLETHD

—

ORIFORENTH 3 1 [ 83
@2 a=H—alE OFEBR EchToELLY
O /G, HARONE OSM- SH (L& LTLLALLY

OFUMATMT S EADEYLECIH)

@/ F—AEL=-FTR. Z1EhY

SEMERND S5 ARE [Gien
LREFZRE

PANIIT —E =8

SRFNNZ. BEOREDENIG
®aza=—L 3 0F

O AR, HH{tOISE

O3 —AL-5. e, MOOR
O HA BIEREIZHAT)

EABRESEERE
: (ADHD)

® ) &< TMN7T4)
REDREND, SR SIAEREIC
HATHESISF



ASD®D R IZE IR EFFIEIR

HERR[EE TADA

ASD HIZEELR
MR ERSE
A= H—I 3 fEE
SEENEERDIRY

BERIT S pEs



S FEANV RS LARFEEFHITRDES
BRI RO REICEY 15~

20% CIEE DR EM B2 F= e T
I=FIR
5% CNV 5-

(1) fEI% 1% (syndromic)ASD & 59
> HfE S5 XAE 1% Bt P

> FREnTERE 1L E
> Ly MERE
> IR ER A AEE 1 3

___20%

€ NoVOo
SNV 10-

(2) IEFEIETE (non—syndromic)ASD 20%

ot

MEIETEASDD fRAEFEBAD L . ASDHRZIEIRIZX T 5
BERAENEATLS




BRARERZREI 2E—BEEFIES

Protein mame

Synaptic proteins

Glutamate receptor, ionotropic, AMPA 3
Cadherin 9, cadherin 13

Contactin 4

Hemer homologue 1

MNeurexin 1

MNewureligin 3. neurocligin 4

Postsynaptic density protein 95
Synapse-associated protein 97
SAPRO/P5DO5-associated protein 2

5H3 and multiple ankyrin repeat doemains 2
5H3 and multiple ankyrin repeat domains 3
Cytoplasmic proteins

Fragile X mental retardation protein
MNeurofibromin 1

Phosphatase and tensin homologue
Tuberous sclerosis 1. tuberous sclerosis 2

Harvey rat sarcoema viral cncogene
homologue

Kirsten rat sarcoma viral cncogene
homologue

Nuclear proteins
CREB-binding protein

Cyclic AMP-response element-binding
protein

Dual-specificity tyrosine-(1}-phosphorylation
regulated kinase 1A

Euchromatic histone-lysine
N-methyltransferase 1

E1A binding protein p300
Histone deacetylase 4

Methyl CpG binding protein 2

Protein symbol

GRIAS (AMPA receptor subunit)

CDHO. CDH13

CMNTN4

HOMER1

NRXM1

NLGM3. MLGOM4

P5D05 (also known as DLG4)
SAPOT (alz=o known as DLG1)

SAPAPZ (also known as DLGAP2)

SHAMEZ
SHAMEKS3

FMEP

MNF1

FTEMN
T5C1,. TSC2
HRAS

KRAS

CBP (also known as CREBBP)
CREB

DY RE1A

EHMT1

EF30:0
HDACA

MECP2

Condition

FAlinked mental retardation
Landau—Kleffner syndrome

Autism spectrum disorder

Autism spectrum disorder
Pitt—Hopkins-like mental retardation
X-Ainked mental retardation

Autism spectrum disorder

Autism spectrum disorder

Autism spectrum disorder

Autism spectrum disorder

Phelan—McDermid syndrome (2213 deletion syndrome)

Fragile X syndrome

Meurcfibromatosis (MF1 may also act at the synapse)
Cowden syndrome

Tuberous sclerosis

Costello syndrome

Cardio-facio-cutaneous syndrome

Rubinstein—Taybi syndrome

Rubinstein—Taybi syndrome
Autism spectrum disorder and Down’s syndrome

Eleefstra syndrome (0g subtelomeric deletion
syndrome)

Rubinstein—Taybi syndrome

Brachydactyly mental retardation syndrome
(2q37 deletion syndrome)

Rett syndrome
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Call adhesion and scaffolding

ANLGNZ, NLGMNIX Meuroligin 3, neurcligin 4 Autism

ANRXMNT Meurexin 1 Autism

SHANKS3 SH3 and multiple ankyrin repeat domains 3 Autism

CINTNG Contactin 3 Autism

CNTMNAFPZ Contactin-associated protein 2 Autism

CDHS, COHTO Cadherin 9, cadherin 10 Autism

PCDOHTO Protocadherin 10 Autism

L1cAan L1 cell adhesion molecule Autism

NRCAM Meuronal cell adhesion molecule Autism

Signal transduction, transcription/ translation

FMRART Fragile X mental retardation protein 1 Fragile X Syndrome
TSCl1, TSC2Z Tubertin, hamartin Tuberous sclerosis
PTEN Phosphatase and tensin homolog Autism

mTOR Marmmmalian target of raparmycin Autism

MNFT Meurofibromin 1 Meurofibromatosis type |
MECFZ2 Methyl CpG binding protein 2 Rett syndrome
AZzgPi Ataxin Z-binding protein 1 Amyotrophic lateral sclerosis
ZNF533 Zinc finger protein 3858 Mental retardation
BFAR Bifunctional apoptosis regulator Autism

CREBBF CREB-binding protein Autism

MRTF-B Mwyocardin-related transcription factor B Autism

TEXE T-box protein 6 Autism

uenNT Ubinuclein-1 Autism

Receptors and enzymes

TASZR1 Taste receptor type 2 member 1 Autism

GRINZ2A Glutamate receptor subty pe 248 Autism

S85TRE Somatostatin receptor subtype 5 Autism

LIBE3A Ubiquitin-protein ligase E3A Angelman syndrome
ABAT d-Aminobutyrate aminotransferase Autism

Transport and trafficking

NHEQ/SI C9A9 (Ma* K*VH* exchanger isoform 9 Autism

NHEG&/S51 CRAG (Ma* K*VH* exchanger isoform 6 Autism

oNAT Deleted in autism-1 Autism

NOSTRIN Mitric oxide synthase trafficker Schizophrenia
EMP2 Epithelial membrane protein 2 Autism

U mkmoner n

AUTS1 Autism susceptibility 1 Autism

AUTSS Autism susce ptibility 5 Autism

Synapse dysfunction in autism: a molecular medicine approach to drug discovery in
neurodevelopmental disorders. Spooren W et al.Trends Pharmacol Sci. 2012 Dec;33(12) :669-84.
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Role of FMRP at the synapse—the mGIuR theory

Group II/III mGIuR Group II/III mGIuR
&l s\ Group I/l mGIuR Qb s\ Group I/l mGiuR
/ K' Glu* -y y R Glu
g/ N /
mGIuRS . - i NMDA -7 . "AMPA Gl iP5 TR NMDA© T *" AMPA
receptor . : - receptor receptor miait receptor receptor
0t o rec(,pwr ., .
_HOMER - %, #F - |-
i”féf/‘ LPMR [l Y~ o LWRP
Q S ik : / ( Nk 2 ’
& T v < PISK /2
W3 Protein synthe5|s g P'-C A
\[’J!\G A | . N \ 'P‘L/“m Protein synthesis[ L
|‘J_, |
» Akt\ / DAG:KZ Ak\« J iuj /
mTOR
mTOR
\ Normal \ Fragile X Syndrome

Pop AS, et al.Psychopharmacology (Berl). 2013 Nov 15.



Behaviour

Social impairment

Restricted
interests
and repetitive
behaviours

Target for pharmacological intervention

Drug discovery for autism spectrum disorder: challenges and opportunities.
Ghosh A, et al.Nat Rev Drug Discov. 2013 Oct;12(10):777-90.

Fragile X syndrome Unaffected brain Rett syndrome
Drendritic
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Synapse dysfunction in autism: a molecular medicine approach to drug discovery in
neurodeve|lopmental disorders. Spooren W et al.Trends Pharmacol Sci. 2012 Dec;33(12) :669-84.
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* Clinical profile
* Neurogocnitive profile
* Neurobiological profile

CNVs
Candidate genes

SHANK3
Neurexins/neuroligins
CNTNAP2

* ‘targeted’ pharmacotherapies
¢ Translation to human

Patient ‘stratification’
Response to treatment
‘predictive’ markers
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Indication: target Stage of Mechanism of action Approved in
development

Fluoxetine Autism: repetitive behavior Pre-registered Selective serotonin reuptake inhibitor
Citalopram Autism: repetitive behavior Phase II Selective serotonin reuptake inhibitor
Riluzole Autism: repetitive behavior Phase 11 Glutamate antagonist ALS
Atomoxetine Autism: ADHD symptoms Phase III Selective norepinephrine reuptake inhibitor
Methylphenidate Autism: ADHD symptoms Phase II Norepinephrine and dopamine reuptake inhibitor
Guanfacine Autism: ADHD symptoms Phase II a2—Adrenergic agonist
Risperidone Autism: irritability FDA-approved Dopamine D2 antagonist, 5-HT2A antagonist
Aripiprazole Autism: irritability FDA-approved Dopamine D2 partial agonist, 5-HT1A partial
agonist, 5—HT2A antagonist
Paliperidone Autism: irritability Phase III 5-HT2A antagonist, Dopamine D2 antagonist
Arbaclofen Autism: irritability Phase II GABA-B agonist
Secretin Autism: social impairment Phase III Secretin agonist
Memantine Autism: social impairment Phase Il NMDA antagonist, glutamate release antagonist Compound
hydrochloride
D—-Cycloserine Autism: social impairment Phase III NMDA modulator
Lamotrigine Autism: social impairment Phase 11 Glutamatergic modulator
Amantadine Autism: social impairment Phase 11 NMDA antagonist
AFQ-056 Autism Preclinical Metabotropic glutamate 5 antagonist
CM-AT Autism: core symptoms Phase III Digestive supplement
Pioglitazone Autism: core symptoms Suspended PPARg inhibitor Multiple sclerosis,type 2diabetes
Galantamine Autism — communication Acetylcholinesterase inhibitor
Ziprasidone ASD: irritability Phase II Schizophrenia
Olanzapine ASD: irritability Phase II/1II Schizophrenia

Divaloprex sodium ASD: irritability Phase II/1II/IV Epilepsy, major depressive disord

Buspirone ASD: anxiety
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