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ZHEOTWS, Hilo DSMIV-TR TR EEED 7 7
TV O TR HEAMEREE, JRERIHBER T AV A — E
FER EDGHEHEN TS, DSM-555 21 s D% < 13 ASD
IZE TN FORE ASD IZIRF IC SRR EBM & wiE T
L2k r ), DSM-5TIE ASD DZi %% D) % 721 Tl
7, A DERGEE RS 72012, AREWFHcEoWT2
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TWa, AT, ASD IZBIT A HEEFED#E Y, FEEERERIE
R L BAERDZALIZR X <, spectrum &\ 9 FFETHRIL
ENTWE, ZoEEIE, ASD NS 5 / vk 4
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BCHoEROTND T, BRPIIZEEZEITT 59 2TO
BfES %2 5L, EIIZBWDrOL /20RO &%
THOMEN) HATREE 2 5.

v AN, saxFrYET) T

DSMIV-TR TlE L v MEMERED LIRSS R E O T AL 55
HINTWwiz, Ly MEBEEIX, EIZMECP2 &1 D/N)
7Y NHBERO, IBIZAH S NS XlEEEEE & BT
HEDFERET, A%6 7 H25 18 4 HE TOIEFRED
e, SiELEFOREINAHIBEITT HEBREFETHL. Ly
MEBEEL ASD ZERIZEHT A Y oo, AFLawE
L dH Y, DSM-5 2BV TIE, BERIOEEFEREICBE L 72
ASD O—D BT Sz 2Ly MEBEEO X S 12,
BEAOFERERE & ASD 235335 2 &23H 1), EMEYE ASD &
LIFEN 5.

— {12 ASD D#IEERIF 50~90% 7 & E\ kDI S T
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T, fRrux T oflEEEIEEEZ L CRES.
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ASD DERTICDOWVT

RO TIL, RADEE DS SR Y K% H#ff L 72 ET,
RANRPRE L MFAZIE L, WYL E 2 572012
ZWIEECTH L. T/, HENT—-CARFAT 272012
B VIELRGE L H D, DSM-5 128V, [HRKIZER
DOHLEFEEFIERILTWD] S B WiEEDEH &
%o T 5A, ASD DFHDZL % b 5 L3 bR AHITR
EREEE XL TR WARS T . ZOMEREE
X, ASD OZHo b & ICHFEOBFEZ D, B LD I R
<y FEHS LT, &) QOL (quality of life) DEWAEEZ
FELFEMPN LT DLV EZHLHVEL. — T, ASD
OFFEIZIORERER FEE DO ERICT X, HHREPEE L
AT ocidid, $hbb (B L YVEFEETLVEL
THFS 20 TIE R, NHEHDOLPIHEET 51350
D—FEE L TIRIRETHLEDEZ2 b H 5 Y. AL, &
FHIZBWTED L) RIFEPELTWEDD, EOL) %K
BT ONLEEIIH D00, HDHVIELEERAL ASD
WZOWVWTEDIIIZEZTWLIOPEEE o7z, LFTS
7 MEIC &L > TARY N T LD EZIZHEE T I3 ET§
LEWZ DD,

ASD OFZWHIATEIE# A ST TB Y, SRR -
JRIEHREZ LR E £ 2 5N Twh. —Jf, JHR, HED
FEIILZ L, ZREMEDE W ASD 20 5 B B RRE— 0 H 5 45
TS, BEECELYEOEVBRITEI RO 5N 5.
ITEI R A& REACETAL L, WA MBI 3 57200y — )b
24E, BFBRNE R RIATHATEBILE L LT, Autism

BRARMIES 59517 (2019:1)

Diagnostic Observation Schedule-2 (ADOS2) ™ & Childhood Autism
Rating Scale2 (CARS2)™ 7%, FEHE 7 6 QI KNS %
Autism Diagnostic Interview-Revised (ADI-R)™, 3 & OTH)
Blg2 L L L IZEBFED S ORE% 17 9 Diagnostic Interview for
Social and Communication disorders (DISCO)™ 3% %. H:4y2#
ROFRTE 2 R RS S TR 55, 7 4 1) A EL
FER AR ZERT (NIMH) 2%, AESAR O RE A 70 41 5 %
BUH ANT-5Fli2EH#E OFEEE % H 89 Research Domain Criteria
(RDoC) 70> =7 M %BIGT 5% &, ASD % & UhithiE
B OWCTHT B - TS A T ADMER SN TV 5.
ASD %@l 4 ZBRI21d, PHAHEDRFHiAEE TH L. ASD
D 70% LA, AT S DD BARE) 72 B & B I ZAE I S A ff
ETHILDMONTEY Y, 205 % & - WiGiEH %
19 22RO ENL. HREEEE L LT, EREE,
ThAth, BLUBBEE R EHPL . FfiEE L LCil,
HIMREIBES, ERRA - Z8E, BLOT v ZhER SO
TEFEFEAE, NIHE, 119 DHEZ L CHEAE R EA% 1Y ASD
D SBRREIPAET 2 L SNDBAMOEGER, 3 %b BIER
TEASD, 7\ LEEHIO AR E B L 72 ASD 2 1E L <
ZWTAHIEIEETHL. TOHEHHO—DIE, HESLEH
fiE % FAL L - T & L) B R AL TE A 2
ETH%. ASD, HIHIHENRED 2 VLA KA R & DL
WHAE D720, 1,780 BlIC OV CHetaff~ 4 2 0 7 L A adk %
o7 2h, 127%BIZEEVROHD, ORI TIHE
R EE 2 RO T S 2O FHEERS - 72 & O
EHHH . Fro, BEEGEHEICLVERE LTRESNT
WOBEICE, —EOENOL LICEREOMME ST O

Table 1 ASD associated with chromosomal abnormalities or mutations in a single gene.
Estimated ASD . . .
Syndrome Genes/CNV prevalence (%) Associated neuropsychiatric and somatic phenotypes
Fragile X FMR1 30-60 ID, epilepsy, macrochidism at puberty, hyperactivity
Neurofibromatosis type 1 NF1 7.7-18 ADHD, epilepsy, multiple benign neurofiromas, abnormal skin pigmentation,
macrocephaly
Tuberous sclerosis TSC1/TSC2 36-50 ADHD, ID, epilepsy, benign tumors in multiple tissues, lung and kidney dys-
function
Rett MECP2 61-100 ID, epilepsy, scoliosis, developmental regression, stereotypical hand movements
MECP2 duplication MECP2 90-100 ID, epilepsy, respiratory infections, gastrointestinal dysfunction, hypotonia,
progressive spasticity
Angelman UBE3A 34-66 ID, epilepsy, ataxia, microcephaly, excessive laughter and smiling
CHARGE CHD7 35 ID, heart defect, ocular coloboma, hypoplasia of auditory nerve, genital
hypoplasia, characteristic ear
Phelan-McDermid SHANK3 75-80 ID, epilepsy, heart defect, kidney dysfunction
Timothy CACNAIC 60-80 ID, heart defect, cardiac arrhythmia, recurrent infections
22q11.2 deletion 22ql1.2 18-29 ADHD, ID, schizophrenia, anxiety disorder, heart defect, hypocalcemia,

recurrent infections

ASD, autism spectrum disorder; CNV, copy number variant; ID, intellectual disability; ADHD, attention deficit hyperactivity disorder. Based on

(18), (19).
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DOFFEFEE L) EREICHEN T2 2 &%, BESASINT L
LIC X MO BFERKE L OEHRIA S, BEAMOERERED
S & CREE 72 5. Table 112 ASD Z 1755 2 & 7%
HH TS B OB HEIC R L 72 ASD Ol % 7R 7 .

T LR ORME

v MEHEL AT L T400 HRLED T 2N T2 b &
boThY, ZORBHFIE—HANTTOHED 1%L ED D
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single nucleotide polymorphism (SNP), #HEEAY 1% A D —3
A H % single nucleotide variant (SNV) L #5954, ZOfhod
For L) T NELT, BThLEATEEDORED
LREBICL > CZOHEEO 3 ¥ =22 b3 5 CNV 28
H5H. ASD DFIEICIE, TNHON) T 2 bbb TWS
EEZEZHLNTEBY, SNPIZL > THIEZER DK 50%, SNV %2
CNV 2 EDMi/N) 7 ¥ MK o TH 10~25% % FHT &
% EHEE STV Y B A O/ & 72 SNP
i, AP EET A TASD A FEL, i/ N T v
POBEEIIEMTHIAE L, $/2SNP &7 /N) 7 & bAS
HMAEDES S THRIETHI LB DD L) BRFNRET IV
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ARHEENTVE Y, L Liads, HEOBEWEEITSHS
SNP #~—#—& LTHW, EEICHEUT 2 E 7/ A4
RCHERTLTHETHLT /) 274 FEEMANT (genome-wide
association study; GWAS) 2B L Ci%, ASD TII Ly /N
B LA ThNTwanZ & b —K A, 2 E T2 ASD
OFEEETHEBIFRE SN Tnawy, 2, 2hE TRE
LMIEZE D GWAS THRIZEZ L TWA SNP OF v ALbid 1.1~
12 R LR REAVNE V. Z070, 4 v Ao S f
REMENT OEBI REMEZ B F 2 T, SNV R CNV 2350 & LT
DIRREFRIAAEH S, Table 2", Table 3" 1R L7 &
9 T E TR Y R & ASD & OBEATRE ST 5.
F AR, BRI O T hOR TR, —HOMH
RRMBLDOBHT 7 2N 7 2 2T D AMLESF A 2
b, ASD % U & T BHREFEEREDIIE I B E 52 5
EAVRIBENTHVER SR TS Y,

70 BN ) T v N OBEFIC L o Tl SN2 L oA
TR BT B W ENRIEA = XL (OSAT = 1)
LIERINTWD. Denovo /N 7 v b (BEMHIIAAAEHE
T, BEARANCBCTHAICHBT 2N 72 b)) ICERE
HT, 2517 RRERRINT 24T - 22058 0B wT, %
FEVZ 5 < BI5- LT BT BB O = W B RETE 0 de novo /N1)
TN FreyANYT N, TL—=AYTINYT U,
BLOATIA AN T 2 M) ZBOLEETIE, 70
~F U IEHiBEE{A T, FMRP BEM#EIAF, 2 L ChAEmic
BRBT2EETON T IVNICELEEN T, De novo
N T2 MIMA TR, SRS N/ r—2a > b
0 — )V OFEH b % fE 5 % T (transmission and de novo associa-

Table 2 Genes associated with ASD by sequencing studies.

Estimated percentage of

Associated neuropsychiatric

gene individuals with ASD Associated somatic phenotypes
harboring the variant (%) phenotypes

POGZ 0.08 ID, schizophrenia, language delay Microcephaly, obesity, impaired vision

TBRI 0.08 ID Unknown

ADNP 0.10 ID, ADHD Epilepsy, recurrent infections, heart defect, short stature,
hypotonia

SYNGAPI1 0.10 ID Epilepsy

GRIN2B 0.13 ID Epilepsy

ANK2 0.13 Unknown Heart arrhythmia

ARIDIB 0.13 ID, speech impairment Epilepsy, cryptorchidism, vision impairment, hypertrichosis

SCN2A 0.13 ID, schizophrenia Epilepsy, episodic ataxia

DYRKIA 0.13 ID, ADHD, anxiety, speech impairment ~ Epilepsy, Microcephaly, vision impairment, short stature,
gastrointestinal symptoms

CHD8 0.21 ID, schizophrenia, speech delay, Macrocephaly, gastrointestinal symptoms

sleep problems

All genes harboring multiple, rare, single-gene mutations are scored as 1 (high confidence) among S (syndromic) and 1 to 6 (evidence does not

support a role) on SFARI GENE database (https://gene.sfari.org/).

ASD, autism spectrum disorder; ID, intellectual disability; ADHD, attention deficit hyperactivity disorder. Based on (19), (22).
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Table 3 CNVs consistently reported in association with ASD.
Estimated percentage of . o
CNV individuals with ASD Assoc1ate§er;i1irozssychlatrlc Associated somatic phenotypes
harboring the variant (%) p P

Dellq21.1 Unknown ID, ADHD, schizophrenia Epilepsy, eye abnormalities, heart defect, microcephaly,
short stature

Duplq21.1 Unknown ID, schizophrenia Epilepsy, heart defect, macrocephaly

Del2p16.3 0.32 ID, schizophrenia Epilepsy, heart defect, hypotonia, macrocephaly

(NRXNI)

Del2q23.1 Unknown ID, ADHD, language disorder Epilepsy, brachycephaly, microcephaly, obesity, short
stature

Del3q29 Unknown ID, language disorder, schizophrenia, Abnormal dentition, recurrent ear infections, heart

bipolar disorder, anxiety disorders defect, gastrointestinal problems

Dup7q11.23 Unknown ID, ADHD, anxiety disorders Epilepsy, heart defect, kidney abnormalities, macro-
cephaly, brachycephaly, chronic obstipation

Dupl15q11-q13 0.25 ID, ADHD Epilepsy, heart defect, muscle hypotonia, short stature

Dell5q13.2-q13.3 0.16 ID, ADHD None reported

Dell6pl1.2 0.31 ID Epilepsy, hypotonia, sacral dimples, speech articula-
tion problems

Dupl6pll.2 0.24 Schizophrenia, bipolar disorder Epilepsy, hypotonia, tremor, ataxia, sacral dimples,

speech articulation problems

ASD, autism spectrum disorder; Del, deletion; Dup, duplication; ID, intellectual disability; ADHD, attention deficit hyperactivity disorder.

Based on (19), (22), (23).
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Table 4 Chromatin regulators associated with ASD.

Chromatin Chromatin regulator type Associated syndrome Gene Score on
regulator SFARI GENE database
MECP2 DNA methylation binding protein Rett syndrome, MECP2 duplication syndrome 2,S
MBD5 DNA methylation binding protein Kleefstra's syndrome 3,S
EHMT1 Histone methyltransferase Kleefstra’s syndrome 3,S
KMT5B Histone methyltransferase None reported 1
KDM5C Histone lysine demethylase None reported 3
SMARCA2 Chromatin-remodeling complex ATPase Nicolaides-Baraitser syndrome S
SMARCA4 Chromatin-remodeling complex subunit Coffin-Siris syndrome 3
SMARCC2 Chromatin-remodeling complex subunit None reported 2
CHD7 Chromatin remodeler CHARGE syndrome S
CHD8 Chromatin remodeler None reported 1,S

All genes are scored as S (syndromic), 1 (high confidence), 2(strong candidate) or 3 (suggestive evidence) on SFARI GENE database. ATP,

Adenosine triphosphate. Based on (26), (27).
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Kb 4FHOY ¥ FEH (H3K4) % H3K36 O X F )11k
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AFUALR T £ F MBI &L B v A b B S 2 (5T
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Table 5 Histone modifiers associated with congenital neurodevelopmental disorders.

Histone modifier Congenital neurodevelopmental disorders

Function Histone residue

P300/CBP Rubinstein-Taybi syndrome

KAT6B Young-Simpson syndrome

HDAC4 Brachydactyly mental retardation syndrome
NSD1 Sotos syndrome

NSD2 Wolf-Hirschhorn syndrome

EZH2 Weaver syndrome

KMT2A Wiedemann-Steiner syndrome
KMT2D/KDM6A Kabuki syndrome

KDM1A KBG syndrome

H3(K14, K18), H4(K5, K8),
H2A(KS5), H2B(K12, K15)

H3K23
H3, H4, H2A, H2B

Histone acetyltransferase

Histone acetyltransferase

Histone deacetylase

Histone methyltransferase H3K36
Histone methyltransferase H3K36
Histone methyltransferase H3K27
Histone methyltransferase H3K4
Histone methyltransferase/ H3K4/H3K27

Histone Lysine demethylase

Histone Lysine demethylase H3K4, H3K9, H4K20

Based on (27), (40).

H3K4 O X F)VILEEE TdH 5 KDM5C @/ v 7 77 b=
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BEEE SRR, 28, H5WIEERAEREOKT L vo /e
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7Y Y TRFONY T 2 b e ASD & OB ST
W% (Table4). 77 Cd CHDS 13 ASD & ORBJAHE Y 3K L
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Abstract

The considerations for diagnosis of autism spectrum disorders and its pathogenic mechanisms

Hidekazu Kato, M.D." and Norio Ozaki, M.D., Ph.D."”

YDepartment of Psychiatry, Nagoya University Graduate School of Medicine

Autism spectrum disorder (ASD) is characterized by deficits in social interaction and social communication, along
with restricted and repetitive sensory-motor behaviors. The diagnosis of ASD includes various phenotypes outlined in
the American Psychiatric Association’s Diagnostic and Statistical Manual of Mental Disorders (DSM)-5. The
comprehensive evaluation of each individual case with ASD is needed because many of them have comorbidity with
number of neuropsychiatric disorders or somatic conditions. The growing number of genetic studies detected multiple
rare variants with relatively large effect sizes. The results have revealed their common potential pathology including
abnormal chromatin regulation, which induces epigenetic changes. More researches are expected to elucidate the
pathogenesis of ASD and to develop therapeutic approaches.

(Rinsho Shinkeigaku (Clin Neurol) 2019;59:13-20)
Key words: autism spectrum disorder, diagnosis, genetic variant, histone modification, chromatin remodeling




