White Matter Lesion in brain MRI can
be Diagnostic for ATR-X syndrome;
The Study of Brain MRVCT findings in
ATR-X syndrome Patients in JAPAN

E-miail: twada@kemc.jp

Background

«  Alpha-that ia Xdinked intelleciuat Disability (8T8
syndrome (MIM£301040} s among Xdinked nelinotust divatility
(XL syndromes, which is due to mutations of ATRX gene,
encoding chromatin remodeling protein,

v More then 200 pationds in the world, inciuding more than 70
Japanese cases, have basn diagnosed as ATR-X syndrome,

«  ATR-X syndrome a rare di , however, we estimated that
the of STRK syndrsme is 17 30,000-40,000 nowbom
boys, which is much higher than that have been reported formerly,
So more patients should remain to be diagnosecf

+ Since 2010, wa have 1 $STR-E sy 52 daguEn
{ hitns¥keme i AT R X Andox. hiimi } for patients and their famities,
and we have surveyed ATR-X syndrome patients in Japan,

ATRX gene mutations of
67 Japanese ATR-X syndrome Patients
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ATR-X syndrome
H-linked a-thalassemia/mental retardation syndrome
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Male patients
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retardation

HbH {o-thalassemia)
Characteristic facies
Genital abnormalities
Skeletal abnormatities
Characteristic hehavior

Mutation of ATRX gene
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Regional Distribution of
73 ATR-X patients from 58 families
in JAPAN

Papulation 130 millior; 1 million newboms/ ¥r,
7:8 New ATH:-X Patients suery veor

% # Geneticatly diagnosed (87 pmnts) {
% # Cinically disgnosed {6 patients) |
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Skewmf distribution of ATR-X patinnts in JARAN suggests that §
§ sy patfents remalns 3o be diagrsed, i

Aim of this study

-+ Final purpose of our clinical resesrch is 1o establish the
dhagnostie eriteria, which facilitate further clinical study
of individuals with proven ATR-X molecularly, and assist
in the evaluation of those who appear to have clinical
features of ATR-X with no ATRX mutations, as well as o
segtabligh the mansgement of ATR- syndroms.

~ Because few comprehensive study about brain MRIVCT
of ATR-X syndrome are available, we investigated brain
MRVCT findings of 33 Japanese ATR-X patients who had
ATRX gene mutations.
- The age on thelr CT/MR! evaluated is 4 months to 8 years old.

~ MR Imaging of the brain was performed at 1.57 or 3T at mtdtiple
medicat conters.

~ Axial T1-, T2-weighted and FLAIR MRI or 0T were evaluated,
o P ts weho had { asphyxia or hypoxic encephatopathy

were exciuded in this study,
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Pattern 1: White matter abnormalities Pattern 2: Widespread and Scattered
White Matter Abnormalities

especially around trigones

Case #23: 4¥rdmp (MBI FLAR Cane F22:2Vr13mo (MR FLAIR ) .
ATRX. of ( ) ATHX ion ot \ ) FLAIR MIRL at 32 months old
dormaln in exan 18 gpmazm; domain in exon 13 Jp ATERRY} Cose #1: STRX fon of a nuclent 1 Gon in 5-UTR,

Gnmtany o Dr Matsuf, Yanisgans, JAPAR) | High signal intensity bn FLAIR/T2 MBI in white matter, especially in the

i Increased signal infensity on ‘rﬂz’FLAm MR in periventriculan especially around | | peritrigonal area and deep whits matter, not in diffuse, butin widespread and
; peritrig v acea wf,y arg tp iy s‘paca T sga,,?;; Hrou mcatie(ed pattern. HMe con walk at three years old, and tafk-a fow words,

Pattern 3: Nonspecific Brain Atrophy Pattern 4: Progressive Brain Atrophy

& o (VR T1) T4 pse {RE T1) 34 mo {MRE; FLAIR)

Sequential change of brain MRI

TIW- (left) and T2W- {right} MRI at nine years old : Case #30: ATRX mutation in int 35 [¢.7200+6A>G, p.L2401fs]
Case #5: ATRX mutation in exon & [£.390_391 ins A; E1314s])

rain MBI shows rapld and progressive brain cortical strophy, resulting in volume
55 of white matter and ventricistar eniargement, The patient has savere
d cisiay amﬁ sk folf g West synd , BUt no

 Diffuse braln cortical atrophy and ventricular enlargement due to x
Joss of white matter volume, which are not progressive. i

Pattern 5: Delayed Myelination o s o A s s iy
s e ior il o M o S
M
N o N uee
* : HEC
N
N
- . PR
H
N
N . .
TIW- fleft] and TIW- {righn} MRE 3t four manths okd . s
Case #29: R‘{RX mmam}n n exon 35 [ F156CHT, pﬁrgzasssmp} . N
Mysziinaticm appases drly st p\ﬁﬁtmm’ fimb of mem:d wpauie {oyony weighmd MRL iy N i ’ * e
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Result & Discussion
The brain CT/MR of 30 out of 33 patients (91%) showed some abnormalities.
17 out of 30 patients (57%) showed nonspecific brain atrophy (Patlern 3).
FLAIR/T2 MRI of 11 p (37%) sh d high intensity of the white matter
especially around the trigones with/without multiple small spherical foci
(Pattern 1), We cannot conclude that these findings does not correlate with
their clinical severity of the patients, because many patients are still too
young for us to evaluate thelr development, Compared to Pattern 3, Pattern
1 may be more frequent in patients with mutations in chromatin remodeling
domain. In general, the peritrigonal area do not complete myelination (high
signal in FLAIR/T2) until 4 years old, but these findings shown in ATR-X
patients are different from normal variant in its distribution and signal
intensity.
One patient showed interesting pattern of white matter abnormality {Pattern
2). His mutation is a nucleotide substitution in 5-UTR, and ATRX expression
may be suppressed severely, although ATRX protein is normal. His red cell
has more HbH Inclusions (5%} than other patients and hypospadias, but her
development is much better, or he can walk and talk a few words. This
suggest that quantity of ATRX protein can affect aipha globin expression,
genital development, and myelination, but quality of ATRX protein is more
important for intellectual ability. Another possibility is that the site of the

12/05/25

Delayed Myelination (Pattern 5) are showed in 4 (13%).

The patient (#30) showed severe and rapidly progressive cortical brain
atrophy {Paitern 4). His clinical condition is much severe, and West
syndrome (infantile Spasm) in ATR-X patients have not been reported
yet. So he may have some pathological conditions other than ATR-X.
His mutation is in int 35, or the last intron, resuiting in exon skipping
of exon 35, which consist of 126 bp, and introducing 43 amino acids
deleted ATRX protein. This truncated protein may be related to his
severe Intellectual disability or epileptic condition.

ATRX protein looks Important for myelin formation, We should
consider ATR-X syndrome as differential diagnosis in patients with
intellectual disabilities, whose T2 or FL.AIR MRI shows high intensity
reglons in white matter, especially around the tri . ATR-X may be
categorized into white matter disease or leucodystrophy.

We propose these findi as lated (<50%) feats or
supporting features of the diagnostic criteria of ATR-X syndrome or
ATRX gene positive p with atypical ATR-X synd
features.

We should evaluate brain MR of more patients to validate these

mutation is less important for ATRX exp ion in neuron, pared to findings and update the consensus for it in the near future.
oligodendroglia or hematopoietic cell.
Ack led t Proposal of Diagnostic criteria of ATR-X syndrome
cknowledgemen (extracts)

1 thank patients & their families, and their doctors.

Consistent agnost
ATR-X Research Group in JAPAN _ ) 1. Male patients
+  Kanagawa Children’s Medical Center, * Shinshu University, Matsumoto,

igns and symptoms{>380%

2. Severe mental retardation

Yokohama, Japan Japan
- I K Osaka H — Fukushlma Y no meaningful words
W . i iversit 3. hypotonic facies
+ Nagoya City University Graduate School of Yokohama City University,
Mock an.y N Yokohama, Japan Microcephaly, Upsweet of of the frontal halr, hypertelorism, depressed nasal
Saltoh §  Negoy — Matsumoto N bridge, small trtangutar nose, tented upper lip, prominet lower lip, open mouth,

Osaka Medical Center and Research ~ * The Graduate University for 4. Gastrointestinal abnormalities

Institute for Maternal and Child Health, Advanced Studies, Hayama, Japan feeding y (need gavage ) gi retlux,
Osaka, Japan — Tanabe H tleus, Ive drooling
— Okamoto N + National Center of Neurology and 5. Characteristic behavior and/or posture
Psychiatry, Kodaira, Japan Autistic g eye contact, yp it
- GotoY Emotlonally lablle; bouts of prolonged crying or taughing
Looking up obliguely with his chin up, Tiiting his head
The h grant for i ble Di from the Ministry Self Injury or self-vomiting; pushing up hls Jaw or throttling his neck with hls palm

of Health, Labour and Welfare of Japan supports this work. upward

Frequent signs and symptoms (>50%)

Neonate; general hypotonia

Abnormal External genitaila;small or undescended testes.
micropenis, hypospadias

Skeletal anomalies ;tapered digits, joint contracture, kyphosis or
scoliosis

Growth;short stature

Testing; HbH inclusions in erythrocyte by Brilliant cresyl biue
staining (80%)

Associated signs and symptoms (<50%)

CNS; epliepsy. abnormal brain MRI{cerebral atrophy, abnormat
signal of white matter, hypoplasia of corpus callosum)

Congenital Hear disease;

Kidney; anomaly

Eye; strablsmus, cataract

Miscellaneous; periodic attack of poor activity and/or feeding for
several days, apnea or cyanosis attack

Others; X-linked suspected family history (de novo -30%)
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EAEFZ B EMTRMEIE (MR BRI EE)

ATRX (X oW T 27 - FhiER) JERBEODER OV D E 2 5 HE I B3 252

DENC I D ATR-X SEBEHE D FABE OB 5758
STERTEE BiE @% MRINRIZECLEREVY— EGEREE

MEEE

HRZR)IRZ 3T B/ N R BRI e D e R B - FIHEGERE G DOZ 2RI X o 783
TS REEERTE (ATR-X) OF A EEHEE L, BB OB ER L 2 — 2R AME— /N R
BMERBETHY, BE CEMNRERY LB TIERESRGHIEGNE T TS, 82250
1983—2008 4D 25 4ERICH AL 9 F% 11 HlD ATR-X FEFIZRBRL ., ORI 1599 F10 Down JiE
EREFTBIEBROZ B2 DT, HE)RIZBIT5Z0HB @ Down FEFERERAMEE NI —ECHB L.
Down JEMREEDBEMCARZZRIUIMHEN R —BRERICRBIAE T ERETHEERBL TV,

Down SES2 2 & ATR-X JEGIDFAEBE DL —F LRETHE, FO L 1:145 720 ZOH B O
FHINBRIZBITDHEE D Down SEMRBER A (10—12,710,000 HHAE) ZEE T 2L, HEEDW I OIAE
iﬁﬁ* (37 &b B IR 58,000—73,0000 HAEIZ 1 FlEHEESNTz, RABELHEE 5 BT, X B

LSHEBEOERITIAFRNERL., £MBIZ vulnerable THAZ L ZUFO LS BE 1z LA R TEEH
DEEREDFREMDE R TOMLERHHEE X BN,

HEHRE TE&ND ATRX T, ATRX IZIERNEZ L 72 LT,
FE B (FRNNBRLZESEREC Yk EEEEEST DNA AF /UbicBEbaru<F
WAL DOFABEICEE L TND, L7223 > TR D
BA B R #s58 ) BERIIMEOHLTHENI D —BRAS &7
A HE( R EER ) v F e LR BRI TON A LI
ma BE( B &E#8 ) LT3, ZHEARIEE Ci skewed /35— D72

W2, RIEFEZETEL T BCB Yt iEx AV 55841
A HIEREM HEEET D, HERETA7H0, JEEERMERE

X K o T EIT - FEFREREGEL (X-linked  MERO ATRX EEFOHELHD, BKRAIZIE
o —thalassemia/mental retardation syndrome: ZDEIHEEFL, RBEZHMLU-EREEN
ATR-X MIM.#301040) /&, fHR REESR, BE D  HELIND,

HbH ¥/, B ECREPRIERT, SMERR R FE e O R s —IRIZ ERMZREWIEFEREOLINERET
15 X HEHEEETHDL, BEHICE, REZRERLLTEY, BRARBRIIRETHD, =
Weatherall 5 (1981) 28 o VT 2T 2 LD K 1 B T LT MR B THDHFIEREED B R % B
3FEBRERELIBIT, Wilkie 5(1990) B a VTt SOCTAILIIBO TEETHS, BARBELZHS
I7 (HbH 5 # 232 MEBEEBREL, aZut NI TAZEICEY, EREVAROEMERESN., &
VBT EE T 16p13.3 SRR OB K LT PHEBEHICERERD, SHICERBICET51%
ATR-16 (MIM. 141750) & X @@ﬁ@-ﬁ%{nﬁ»&%&é BIL, FERIC T OB DR LA IR Z & & T HE
ATR-X LiZs LTz, [RRBEFIT Xql3 iovwy ELLRERELTEHN TR OWERGFTEA)
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b THD, FIFIC, ZHUI R T IEFERE DR AE
BHEZHALNICTIIELEECHS, Thid, £
OERMELEAT-BEBLOCBREREEZ YR
—h9 5 LT, ARERBESICHE DWW ER MR
DIERT —HEUTUELIRD, SHIT, #IKZTED
REBRIEEMRE DB A IED AT AL
DD THH LR THIENTELNLTH
Do

S Bl 2/ NRRBEIC BT % BB IO
AN—ZADEREEE=FVTREDOT — 5%
ZEIZLDD, ATR-X EBEREOFEEMEEIZ OV
THREI LT, ATR-X JEMREED BT R A HBE I
B4 A& I372<, BETHLREHEIL/ ) (Gibbons,
2005) , B FL UL TREIAHELZOI R
BRI 200 SEFIFEEE LS TWBM, ZDARIC

IRl AT AR KRELS, BEHEOHEICITE

oﬂv:m\ OB BT B IE R D
MRZEEEMETHEEREMORZENCLDLE

RBRELCOREBREEZMRE)NRICBITH5ER
REIWCHETOERRREZRBLUTRTLZ, 584
BEZHEE TS LT, XEEESEREOERIC
LHFEFZHEFER, A MBIV vulnerable THHZE
bERETOILENRDD, ZTNETOWEINANLOHR
HLB Lo OBREENAT,

B. IR A&

MERIT, MENBSLZELERE ¥ —BER
~XBREDHD 9 R 11 HlD ATR-X ﬂ%ﬁﬂ“
BITHD, ARERZ W EEEILT I E TR
HAOMZS TR, LTz T, 21 &;‘rﬁ%ﬁiﬁz
WOMAELENPOCHRKRBEHEME TLHLRE
ERE-H>72 Dysmorphology DEFAZE  HDHVMI/NE
MREBEMEIZL>Thail, 26 CTEREBET
ATRX DV —7x ZfFM 3728 ERE O
WXV OEER LRI TS, Zb 11D H
HERFERITEITEED | HARITEOZ R HDH
RETUTz, BB SR E LT, ZNDRSRAEFI D H 4
FERICEBHRENZ Lo Te B0 ARG %
B BT, U R RS HE O R G
BERREETHY, —REMICBITAHAERE X
# 800 AT 1 BT, ATEZEIT2V, TN
HH —E T, WA S ChaX vV ERRE L
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DEBESTHILICLY FEAEBEELHE L,
Flo FUUREERED R AR EAICRBWT—
ETHDHIEEMER T DI0IZ, ) BIZBiT5
ERERFEe=FITHEDT —EbEELLE,

(fREE~DEE)

FRAT I Te > TIE 2 TOEANBERITEE LS
Iz, B FHITIE+ 5740 74— ARargrh
DRI LEIC LV AEE LR /T,

C, D. ARfERLER

9 %% 11 > ATR-X SEEREAE B % H AR
FLwiz, 1980 FLIATO HAFEFNI WA HE
EINTZN, YEEOZWIRE  EEOMAL EDOE
BEERL, FRELRD o7z, Lii- T, 1983
—2008 EETDHK 25 FFMTHAELZ 9 HR 11
Bl DFEAERMNOHETE §2Z & LT, M RFEEH
AR (1983 —2008 4F) IZ B LIZFE & 72, 25
(2 11 IO HAEDHD | FREILH DD DR
TR, 02 BIOHAT, B 1 4,23
BEEOHANRRD LN, ZOHR O Down JE
EHEF OBERIZHEELE 2 I0ELDTz,
1990 FERFTFITEFORTHEmMEZRDDILDD,
% 60 B2 THERL L. 2005 4ELAMEIT 70 BiT7% CHE
BLTWS, ZOMOMBNRERREE=F)
72 (KAMP) T Down JEMEEE 3 A B 5 2 HE TR
THE, [AIERIZ 1990 FARFTHITIE TEME R T
WD, £ DT 10,000 HAEDHZY 5—6 THERL .
2003 FELIE 7T—8 THTEDICHEBL WA,
KAMP CTOHE T 1980 4E181C 67% (IR 5%
ABREDR 1L1BEFHHESN TV 2 Y IR EHEES T
TW5, Mo TZDOEARD Down SEMBRESS A SEEE
1£10—12,710,000 HAEEE 2 HND) , ZOMEME
DA E AR E R BT 5L AN
—ADET=F) T REOBEMAR ., NNRIFRES
S DBIE ST LRSI TNAZER 0D,
A EIRRELT- 1983—2008 4E (25 4Ef) 122UV T,
Down SEERE 1699 #izxfL T 11 #lD ATR-X JiE
BEREER D H A (SEY 145 61D Down FEFNZRTL
T 1 #lD ATR-X JEH) ThHD, Down FEBEFEHIAE
N ERDOE=F) T T — 2D ATR-X FEME
REDISAMEE I, 116,000— 145,000 HAIZ 1

N



DEREELT2D, X BEELEBRBBOTZDIZH RO I
WRELRETHE, D2l Eb B R 58,000 —

73,000 (HAEIC 1 FIOFEAEBEE DB HEE SNLD, 7277
L. ATR-X JEBEFEOZWIL, 47 Lb Down fE&
FOINREFRICEDLAL DO THLLHETD
DR ARR THDIOT TR, EXICHEEEME
THORMIZIEE TAZ LN HY, Rl AT AEE
BI2UNERDD, o, BAERERHE TS L
T, XEEME LR EOERICLDR R NEFES.
A 91T vulnerable Téh D& (Gibbons 2005) 1%
B3 AUENRDHD, TEbHEH IR 30,000—40,000
HAIZ 1 BIZ MR ERAEEE B LR,

E. #5if

PRER)IRIC BT B/ R E A R D e R B
W EIEBEEES OZ 2 RIMNL, ATR-X fE
BEREORAEMEELHE LI, BN 1983 —
2008 FD 25 FRICHAELE 9 FR 11 EFMO
ATR-X JEREREARBRL . ~ORIZ 1599 #0 Down
TEWEEEHT BIEGI OZ R H -7, Down FEMEEED
BN RZ DRI R — R EFIC BT 53
A B AE R TV, ATR-X FEF 11 Floo H4E
iX 25 £ TR R 172<, Down JEZ2HIE
ATR-X JEF DI LM E DN —ELRETHE,
FOHIE 1:145 £720 ZOEAOIRZS N BRI
DHEFED Down AEEHERS A SRR (10—12,,10,000
HAE)EBETDE, HeEZ WP OREBE D
72K LB IR 58,000—73,000 A 1 BlEHEES
iz, X EEELS R EOB UL DT RNER
X2, AT vulnerable THATZE, IHITIZEZHT
DS I L DM R E FINEEL QWO D FEE
MEAEEETHEB IR 30,000—40,000 HAE 14F]E
HERIS AL LR,

HiEE

AR OE B0 —EE, #h &) R ERE AR
% 2 O ST LA R A V2 AR Bl o o
FEIZLSoTWD, ERAFEE=FIIRAEICE
HHFFRO—EIL, EAE T BHE B EH LR &
(FEHBFEREWRERE) [RTICBITHIERE
BTV T OBELNG - RERF—_ATF
VAT AW (ERAFSEE SRS ) (H19
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JEARFH R MBS (HHAMER BRI 7 %)
ATR-X (XK o ¥ 78 X7 - BRI ERETEOBEKIR OVEEIFIED
2 DRI T A%

SAEELT I S

Ji

ATR-X JEMREF OF L7 FRIZERZ W TR BT 25158

mIEatEE NN =

e g

B -

ELEREF—

DX EBEHMEaY T I T HRER (ATR-X) EEMARRMICEDNBENCET 5, &

D ZhERW 2 FIBEENBE T EORRBELZ B E LI ATRX EREEIZ I/ a~vF L V2T Y V2%
B&a— NT25 ATRYX BTN EREEGRTFTHDH, AFETIE, BEFRMMIK S EE RNA %
H L. cDNA Z&8E L, PCR#%, A4V i —F AL D ATRX BT RIEZBER L
Too THUTKY | Z7 A DNA ZRWEZHEREICHES, L 0RMET, REN O FESEETERS
FETDZERFREE eol, —F T, RIETIIMT CXRVIUINRE S DVITEENERK & HE
SNDEMSFET D20, TR BT BB FEDBERENES B OEETH B,

A. BERBER

X EgEtat T & I THMWER (ATR-X) fEE
HIXEMDOHRICHIE L, EEOBHEE., oY
T I 7 (HbH JR).  FEEIEESR, SRR R
EHRE, RO RE - [TEIRF 2 WK AR
ET5, TOBRMEEBT X XqI3 WRET S
RFLUETY VI ERAEa— T 5 ATRX
BERTFTHY. Gibbonsetal. 1995), X EEHKE
FEFERED—D2THh 5,

ATRX BIEF1X 36 =27 ¥, 300kb O genomic
DNA 225720 10.5kb @ mRNA DEREEY %
g — F 94 5, #eEmicEER
ADD(ATRX-DNMT3a/b-DNMT3L) K # A » &
ra<wFUoVEFTY S RAL D2 DOEN
PRL, BEDIZLEAENZO 2 DOEKICE
BEESTWE,

TER., ATR-XEEHENRESEDLN ZEEICRTLT
D5 T EBFN BT, BEmK S L
722" 2 DNA 2 FHWT, ADD FAA =->7
a<vFUYVETV T RAL V=->FDMOE
WONEIZ, A > b oy VU ERER & T
BTY YU E 39D PCRIETHIEL., 414 L
7 M= Z U RBICL VT L O, BB
VNI, BREMES S AmEKE 5B L. EBV %
AW TGRS D% | RNA ZHiHH L cDNA
ZEML,PCR i, RONF A L ho—T
AEW XV BREFERE BT Ui,
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AIE O FHETIL, PCR T NS W=D, B
NELH 2, AT TA VU ITEROMEE Rk
THERME DD, —FH, BEOFEZ, 774
=D TR T DY, FERERR ST I BRI 2
DY BRI, BB EFE DN VEA LS
A

T T, ARWSE TR, XV EMIT, holaEsk
BEFEREITEORBEEER L Lz,

B. W

1. RREEIMm#EH D D RNA OFH (8 1 BR)
BERMIMAR SmI(EDTA H210E)D 5 b, 3ml &
77/ I DNA OHiH., 2ml % total RNA HiHIZ
W5, 47 2 DNA OfHIIREskEIz L 3,

A1 2ml 235 2~10 4 g @ total RNA & HhHH,
RNA Ok, Isogen (WAKO #) Z -,

2. RNA 225 ¢cDNA &R (8 0.5 BERE)

PrimeSecript” RT reagent Kit (Perfect Real Time)
(Takara #1) % AT, #H L7z total RNA 2
pgZRAWT, ¢cDNA & LT,



total RNA(2 2 g H¥9) ul
5 X Prime script Buffer 44l
Oligo dT 1ul
Prime seript RT-Enzyme Mix  1ul
RNaseDNase Free dH20 ol
Total 201

37C  1Bmin->85C Bsec—>4C

B 20 411 v

4 1% RT-PCR = fis i
=0 10 p VIRAF,

3. RT-PCR (i 3 B

ATRX BIR-FORa—TF o o 7R /3 —
TLTTA v —XT 12 8B G PCR
FEMTE. 600~1009 HIExf o S %o,
PCR BU&i#

cDNA 1.0
ul

10 X Ex Buffer (Takara) 3.0
nl

Primer forward (10pmol/ 1 2.0
ul

Primer reverse (10pmol/ u 1 2.0
wl

2.5mM dNTP mix 3.0
ul

Ex Taq (Takara) 0.2l
I Y QUK 18.8u1
Total 30.0u1

BIS 8% 8

94°C 2min

94°C 15sec

60°C 30sec 30~40cvcle
72°C J0sec (500b)

60sec (1kb)

!

72°C Zmin

g

4C

() 1248® RT-PCR EW 3 1 1 OF VA

5

RT-PCR W)= R KENIC L O IERRE, 17 4

HRLL, o—s = ARSI,

4. Lo A

ite

A T AT H

Formamide (2VED L BT

Big Dyeo 4pl
Buffer 2ul
Primer (3.2pmol/ 1 D) Tul
PCR product % 1ul
dH20 wl
Total 20l
PCR prodﬁm g ®Y 1 B
100~200bp I~3ng
200~500bp ' 3~10ng
500~1000bp 5~20ng

- 1000~2000bp 10~40ng
>2000bp 20~b0ng
95C Q 2min
95C 30sec
50°C 10sec 25¢ycle
60°C 4min

L Mtk HI ODi
Fom TN ANFL,



I ADERBIZE Y B,

5. ¥ —J T U AT — R DT
6. cODNAEF TR O o= R% % 7/ L DNA
THERT 5,

C. %%

BRIREIC ATR-X JEMRERENEEONMEERZH & L
T, HAWVITREHEROERNZK & LT ATRX
BETEROMTEHREI N, 2B L0 THEN
SINTFHROBE 15 EFNZHT LT, ATRX Bis
FEROEN Z#IT o7z,

EES

15 SEGI 10 FER] (67%) T ATRX BinFAER%
BRH L7z, WRRIBLITOEY Th 2,

D.

(a) IAxBURER (54)

c.736 C>T, p.Arg246Cys

c.832 A>C, p.The278Pro

c. 668 G>T, p.Cys223Phe
c.6511A>G, p.Met2171Val (2 #i)
(b) F ot AR (1 )
c.7156C>T, p.Arg2386X
(YATTA v TEER(1 )
1VS34+4A>G

(d) et CEFEAAD D VI ; 3 6))
Ay hay DB
Avhm 17T —HEER 3

3" UTR O —Hg B & #a

E.
B

k. ATRX B FEROBREIT, TOBET
YA AMKREL, =7 Y U BELE T, G
W AU LD £, T ERL 1 AD
720 5~10 FM»d o7, SE, FHIZICHIEL
CRMNEIC LD MRATRERNL 1~2 R & K
RS, £, MATEAD S T
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ZBTENTREE lpoT, Fio. WSROI S
EERWEAZ ) —= o FIETIIHE CHE
RPDTC AT TA v TRBE S, il FiET
IR TTEECTH D | TR RIEICm L LT
LEZB,

—J. ATR-X EBEMENRELNABRET, L
WHETHLEEFERERBE IR WVES
FELTWA, Zhid, BERZEIBR- TV
AHEDL B DM, FEARAIICIT ATR-X EFERETH
505, JRAD ATRX B FEE TIERWalgerE
N D, TH, ATRX BRT % & etk O M
EERREINTWER, SEERL-HET
&, TOREEZRNT B Z KRN,

AE], BRERAYIC ATR-X 2886 B 6] 15 FEH)
H10 B (67%) T ATRX BRFLEENFEE X
Nic, TOHRTYH, RO ITIEE AV - X
7)==V E TR CHER o= X
TA T TER (IVS34+4 ADG) HTEIZZ W
TERZEE, BMADBF UIBEHRBE LEFENRS
ATHHZ EERLTNS,

—J5, ATR-X ERENGEONTZEED S L3
T, BETEEPIBRHIN 2o, TOR
KL, BRIRZWAE - TWAHREDL 5 A8,
Fx DHETEIHRHTE RV ATRY BIEFER
ThAHHEERD B,

SHOMEE LT, ATRX BT &2 & tefEED
MR EDHDVILIEE LR TE DT 5IE
EREILCWSBERD D, £/, ATRX &6
FORME SN o FEFNCK LT, 7/ L
U4 FTCHARELDIWVITEEYHRHET 3
CGH vA a7 VAEEAWEBRFNLHLET
Hb,

9

E. &

BERMMIE G Lz RNA 2Bz,
ATRX BEFEROH L\ F B2 5
EZBRZE U, B UVWVEEITIR IR, fESkE:E &t
RIS HRRE IS bAS BRI B M E L, £
o, BWIREG LR Lm, AEIZLY, ATR-X
SEMEREER O 1S FEGITF 10 Bl CEREZBE LT,
KET, 2774 TREORBICLERT
HHIEWRENT,

i
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BRlZZ L,

G. BiFRE

1. MCHE

1. Osaka H, Koizume S, Aoyama H, Iwamoto

H, Kimura S, Nagai , Kurosawa K, Yamashita
S. Mild phenotype in Pelizaeus—Merzbacher
disease caused by a PLP1-specific mutation,
Brain Dev. 2010 32; 703-707

2. Osaka H, Hamanoue H, Yamamoto R, Nezu
A, Sasaki M, Saitsu H, Kurosawa K, Shimbo H,
N, K. Disrupted SO0X10
regulation of GJC2 transcription causes

Matsumoto Inoue

Pelizaeus— Merzbacher-Like Disease . Ann
Neurol, 2010; 68: 250-4.
3. Saitsu H, Kato M, Okada I, Orii KE,

Higuchi T, Hoshino H, Kubota M, Arai H, Tagawa
T, Kimura S, Sudo A, Miyama S, Takami Y,
Watanabe T, Nishimura A, Nishiyama K, Miyake
N, Wada T, Osaka H, Kondo N, Hayasaka K,
STXBP1 mutations
epileptic
suppression—burstpattern.
51:2397-2405, 2010

Matsumoto N. in early

infantile encephalopathy with

Epilepsia,

Tsuji M, Aida N, Obata T, Tomiyasu M, Furuya
N, Kurosawa K, Errami A, Gibson KM, Salomons
GS, Jakobs C, Osaka H. A new case of GABA
transaminase facilitated by
proton MR spectroscopy. J Inherit Metab Dis.
2010:33; 85-90.

deficiency

5. Tsuyusaki Y, Yoshihashi H, Furuya N,
Adachi M, Osaka H, Yamamoto K, Kurosawa K.
1p36 deletion syndrome
Prader-Willi-like phenotype.
2010; b52: 547-550

associated with
Pediatr Int.

6. Sato I, Onuma A, Goto N, Sakai F,
Fujiwara I, Uematsu M, Osaka H, Okahashi S,
Nonaka I, Tanaka S, Haginoya K. A case with
central and peripheral hypomyelination

with hypogonadotropic hypogonadism and

hypodontia (4H syndrome) plus cataract. J

Neurol Sci. 2011; 300;179-181
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7. Tsuji M, Takagi A, Sameshima K, Iai
M, Yamashita S, Shinbo H, Furuya N,
Kurosawa K, Osaka H.

5, 10-Methylenetetrahydrofolate
deficiency withprogressive polyneuropathy
in an infant. Brain Dev. 2010 [Epub]

reductase

8. Natsuga K, Nishie W, Shinkuma S,
Arita K, Nakamura H, Ohyama M, Osaka H,
Kambara T, Hirako Y, Shimizu H. Plectin
deficiency leads to both muscular dystrophy
and pyloric atresia in epidermolysis bullosa
simplex. Hum Mutat. 2010: 31; E1687-98.

9. Muto A, Oguni H, Takahashi Y,
Shirasaka Y, Sawaishi Y, Yano T, Hoshida T,
Osaka H, Nakasu S, Akasaka N, Sugai K,
Miyamoto A, Takahashi S, Suzuki M, Ohmori
I, Nabatame S, Osawa M. Nationwide survey
(incidence, clinical course, prognosis) of
Rasmussen’ s Brain Dev.

2010;32:445-53

Encephalitis.

10. Saitsu H, Tohyama J, Kumada T, Egawa
K, Hamada K, Okada I, Mizuguchi T, Osaka H,
Miyata R, Furukawa T, Haginoya K, Hoshino H,
Goto T, Hachiya Y, Yamagata T, Saitoh S, Nagai
T, Nishiyama K, Nishimura A, Miyake N, Komada
M, Hayashi K, HiraiS, Ogata K, Kato M, Fukuda
A, Matsumoto N. Dominant-negative mutations
inalpha-I1I spectrin cause West syndrome with
severe cerebral hypomyelination, spastic
quadriplegia, and developmental delay. Am J

Hum Genet. 2010;86:881-91.

B. a3 FE
1. T+ B, ZAEZE. BORE, BB

RF. FAEB, FAET., IWTHIE, MRE,
BHEMEZRELEFEEARIA I n=—TA
NAD 1 Fl, 5 65 EIFE)I|TANARES
2010. 1. 16 4

2. b HOWDER. BERAT. E
BT, AT, WTHIE. MK, KM
B % 4 5 SRR TE I KGR RS - 07
WAL R A B LI LRHIS 15 EBEE 3T —
2010. 2. 20-21 LU

3. D, BRRANG. BT, DR



. MR, BEEA 7L o FRABICEES
B AZED Delirium Rating Scale 12 & BHEE
113 [B] B AN RB SRS 2010. 4. 24 BE[H

4, TR, mAREE, EadFr, it
BT, B, HFE8mT, LTHIE,
BEREOA, AR & B FHEET DRI, MRS
DB2WIZHH Toh o7= Creatine transporter
deficiency (CTD) >—15I%5 52 [E]BY MU/ B H#E
24293, 20 HE

5. MR, BNz, EE. fiEg
=, FEEIT, WTFHMIE, EC, LFIEE.
HIIGER. FINMDAZEEBMED 16 % 46
B AN B iR S 4 . 2010. 7. 10 Rk

6. IWFAEIE, DA, . BT,
RSB, FEEIT, AR, FRBBEF, Rk
1E. /WNEEIZEIE Charcot-Marie-Tooth J& D i
PRIFER IS K OB BRI 52 [ A A/h
IRABIRE4 5 H 20 B~22 A&

7. FHEGC, FHREF. DR, BEE
WREIRNT L7 LTF=vRMPRFORS
V—= ZH0OR% 56 52 BB A/NRpRE
£5 8 20 HERM

8. Tt A, EAGE, BEHNT. Tl
WA, FFEEIL, WTHIE, MR S, KNS
EAMEZ 4 5 22 MR GRIE I RSR[5 - F
W AR 2% A L7z MTHFR R A4BJE O —45, % 52 [
BA/NRARSES 5 A 20 BiEH

9. B R, REERE, BRIE, T8,
BN, MERC, HFEEL, MR, 1
THIIE, HiElA 7 VP K B APENE O
ERARROMREY 5 52 [B] 0 A/NEMRFESR 5 A 20
H & fif]

10. . SABZE, RIFEEW, RS-, &
B, EUEZE, FEWIT. WTHIE, MRE,
YA oI+ A7 74 NEEREDLER
NMDA S B HURINA D 1 FI%E 53 (Bl B8 B/ 2 44
B2 022,911 BT

G. FEIETH HE D BRI

¥FliE 2010-25346 HIERMERE A A RS T A
ERWEEERT I 0B,
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BASIRETISRM G (AR BARIEE)
WIS

ATR-X fEMRHEDTH L 2R A BHEIZ B4 2 A4S

WFEorEE RSB RMER S ER & — DR MApE

WREE

ATR-XEBHHIFFBAVETR, BEHOHN, EELESNEENR, SRR & 2 BN & 3 5 XHEE D SE R B
HIERRETh D, Weatherall 573 o 78 X 7 & & 72D IEHEER 3 5REME U715, Wilkie 5 (1990)73XiH 44D

o & D 1 DOfEER: & UCHESL L7z, Gibbons »2SATRXE G TFOLEBRBEECH B 2 & 2SN LI,
BARFIHEALITXqI3 T, BLEET13Zine fingeIDNAKES KA A >, DNANY H—F KA 1 L b foln B iR+

Th o, DHRETHINGRBE L e LCEFRREIMTHITE Y . 6 0FILL LSRN Lo T, ATR-X

JEMRTRF IR RDOEIHENE < . EFNEEOT CEERRE TH D, KL FHRMERSERE ¥ —

TORERBIE F & =,

FATLHISEE
FZSNRSE = &b ER v & — 1R E Fimas
F1  ATR-XEREEHEOMLESRIER - A60HE

A FFRE R

oV T I T HEGIEEMEEGEE (BFRATR-X) MR
i ABRE LR OMEERET., FHEAESR, 1R EROUSES
EOah 717 (~NESub Ul hagm, B Eet:
FOERITE RN SMERRRE R E AR L 75, Mk BAEWR (GER)
BROBHENLZ NI EDMFEOOE S TH D, ATR- SN - ZRWEMERTZ
XEFBEOWHLERROBIHEONFIILZE THD, I ZEEWET
IR DIEIEEEN DL, Fa—TREENE LT NS
DEDEN, MERSIWHE, B RIEYFE (GERD) (7
OSEERE < | BUIECRAMEMEIF AR 2R = Loy, 1B A LR AR
M5 REIC DD TER LIZAINHRE SN TWA, [ AEEAL~L =T
BMOBIS LV, ATR-XEFEHOMEIFREIHEOEE  EXEH
IRERER T Tl EMTPRICHRESEETD, BEERE
Bl a R <BETE TV D BERHI8FllcOWTEL BT
PRRABPHEEPINCE L DT, -

BIETHOENGOBEEETOENTORYD  £2 GERRIZKDER
WP ERIHET 5, Bids T2 b+ HEH 1) TE{LESRER
~OFNDNEEDBELH D, FEHDHE & IEEHMNE g, mhf, Fifn, FEELARR. XBEE

L. NEESRE(LT A, 2) MEREREER
3 2 |ZIXGERDDSEIR % 50k L7z, SandiferfEfEht & AR iR, SR PP FRRkd
FXGERDIZ W C BN T 2 R 2 R 5720 ALTE (apparent life—threatening events)
(CHRER AR D REEBTH D, ATR-XEBRRT S
HIENRH B, 3) Fofth KofE- R 2, AEEINAR, RHEE

WEEESRE. SandiferfEfRREE
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e !\'fR X SEBHE AR

1k

A H\?Ffi‘.:ié‘% [

C. WFoEkE R
TEGOBEERIT LoD U, &0 ATR R R
75,’%’& FEAROI TR R Cdh o T, &R
FLITH OB FAHBEII TR DR AEA LT
L\f%
74854 4 5% GERD ¢ L%:aﬂz%?%fkt e TN
7oo 1L GERD {38 B AL Lindna T, 2
PUEEEZ BT, 200 1 Fldaro
TR T
,3»{ lé’&é; fréﬁ’f‘é* ,f”b

B TR, BT
-Q’{%ﬁj%‘{ ‘ im’é’d &.;;{f\

Ry N
Bt &aiiEs LT, (BEIESOREH S
o, RO IPICHERCE T, 2 HELE

TR, A S elid %} m:u
{ZEvdhot, %wu}”ﬁ@iﬁi i
SRR PR D ‘f:.u
L AN a;,“;} “i‘é:%ﬁ»}ig
PRAEAT L TNE D 2R f”
FEARERCH A,

”/**%& R ilf/fmw’zze%
AT, ORI

BU1 ATR-X SERERECA LN W~ L7

D. BH
Martucciello S id ATR-X HEGERE 128 DT
{LRRADBREAE L &7, 36% CMERE B2 232 &
o, T2 CHMEM I VT, ABRLA 30% T
H i, 1 %?ﬁaﬁi R A D vF, RN HEER
iz D, 10 CHEMEE HORRD LN, ¢
7 é’;fg‘ifirfszf)n,wa—fﬁ“é”{”éff LW, BRI e
LA O LA T L o, AL
AN LA 2 X C AR T 500 -7,
IO L EEL ARG BB TE AR,
ABRB R END T — 1 éx&%&“&mxw B,
ATR-X SEME TR R INE S . Tk, R
FELEE N, BIBRGIC L 7 100 41743 GERD THARA &
R Ul BN 5 BT Dz, GERD Ro{#
B TR R L?’L@ﬁs et s aa A
T D, GERD J>/\f3§'?ﬂny\« ‘eSf) f FERMEEER
A, pHE= 5’»*7; é: DR @ .,,_&;gx**ggo
GERD /Pm;?mi
o

Jﬁé‘ 4 kaniﬁmfxéfétig&%%‘%é‘m‘; v%ﬁ&ﬁ% By
7 3 FIMRE BRI A 3R 2 T,

FRHOBBUBEA BB CR U A h Y. 231

b A HRARTE ﬁ*ﬁf?\ffiﬁ“‘f BHT & BT, GERD 1R

ICHRkEEL TRy, IERAERIE R TH S,

ATR-X FERREE 7SR L, LB ABHEL L
WCE S, WEEOWITE, e, B AEEE,
&%ﬁ‘zi*%% \?*-‘?%T?é*{f Bom, ATR-X FEREEECILIME
BUERE . B F R NRET
i fmié&?;p NLETH D,

SR

Martucciello G, Lombardi L, Savasta S, Gibbons RJ.
Gastrointestinal phenotype of ATR-X syndrome.
Martuceiello G, Lombardi L, Savasta S, Gibbons RJ.
Am [ Med Genet A, 2006;140:1172-6.
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#3 ATR-XJERBEDOE L O

G TR Hibas fi & OFE B AETH
SD f&
16 B IR | FEALRTE] GERD MR BRER{ L AE Ht 140cm 4. 98D
38 BohARTw M PR R AR % ThAdA Wt 3lkg -2.7SD
2838¢ SERL HiE (X He 48cm —4.1SD
HEAT% {554
FEROKAND MEHR 25\ IR R A~ B
e PR P 5 OB E 2T
DT eBH T
EHBD
15 B | BEALR T GERD DB ER R Ht 126cm —4. 6SD
40 38 BBV G FH 72 R AT 1% TADA Wt 20.4kg -3SD
2600g EEAL i {EBR s He 47.2cm —4.5SD
B
IEHR 26 \ IRGE FEH R R
78 M T E
4EER | BT HE GERD TAMA Ht 132cm —4.2SD
40 38 EERL W P T % Wt 27kg -2.5SD
2700g D R AT IRRUERFSE BN R | He 53cm -0.7SD
MR 250
1LMBIR | BT HE GERD 8 it 115em ~SD
38 | e {58 ik Wt 19kg -2. 28D
2300g e B HE DB R AT He 47cm ~4.1SD
2WmABR | BIKY ET —BFEgIZ TAMA Ht 82.6cm 0. 7SD
F o — TR PERRHE AR T Wt 8.8kg -2.2SD
EFEA eSS TS He 44cm 2. 6SD
RE~NV=T
3 IR LGV GERD R Ht 9lcm ~1.3SD
EIRY £ T M PR BT 14 DR E Wt 11.8kg -1.6SD
He 43.6cm 3. 7SD
5mBIR | RITAEE fEFR kit WNL
MR R AT PRIE T &
P2
EMET VW ILA
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JEARZE R MBS (EHATER BRI EE)
ATR-X (XE#H o ¥ 7E8I7 - F#PJ_{%) TERRE ORBWT R OBRFE T IED
IR DHEEICEE T D450
DR RS E

ATR-X JEREEIZ BT A WEEE - KSR+ A58
seotE  RBERT MRIIEBENZCLERtUY—BER HE

HRER »
XEHEa ¥ FEI7 - FEHPEMEER (X-linked a-thalassemia/mental retardation syndrome:
ATR-X MIM.#301040) (&, XOESEMEEMEREGER T, 2 OAMELZE URELEMR LIZER
BEPEELIND, SEFHL T, BR4EFAOHEE - KEBEICONTE LD, 441F 2 filic
FRTREZRD, EMTHIEERTE LTOLER., TADLARE, HRICLIRE - B8l K
ERGe e L LW AT, WEEE - KEWLERBEELRAIED—oLEL b, LVELOREFTO

BHREBIEE T, TRHERTE LTCOZNENOATHEOEL ST LHATE LTHLELEL S
i,

MRHHE TREREZRE L LT, BRABRIIE#ETH
BRARER MRNRLZ EHERE V&) Bo TO LIEEIBYERE TH D HHEERERFED B
BB MRNRLZ EbEEE 4 ) REZWAONCT D LITBOTEETH S,

BRBEEZRAONMITEIEICLY, BEREYAF
DHEMERF O, AOIHETIRICERERD, &
A. BIREM DIZ BRI 2B HRIL, kT AE D
XEH a7 I7 « FEREmE AEEMOBRSZEEHEEEL, BRELTE
(X-linked a-thalassemia/mental retardation H TR OUEBNHTEENLTHD, BIE
syndrome: ATR-X MIM #301040) . #7224 FET, R TL100 FILL EOWERDH Y, FHHRE
REF, BEO HbH 7/, BEERBHER. sME WZRBWTHETFILL EDEF DFEENHER SN
SRR ERREE T 0 XEFEERECTH D, TD, kol TREARER Y &0 2
JREBEFIEXqL3 I~y 7END ATRX T,  HEHNLT% & OBEITERE RER D &2
ATRX BN Z 87 L LT, BEREFE-T £,
DNA A FNVALIZBE D 5 7 a~F o OB SEF 4L, BRE 4 FEFIOMEEE - KERE
BELTn5, KHEREE T skewed 784 — ICDOWTE LD, HEBE, LEROAGHEEN
YOIDIT REFEZEH E LTBCBREEEZA BUVECEERO R, ot TREEET
WOHBEITEEAET 5, HIREV A 7 F0, DEMELLEZXONEZNLTHD, HEE - &
FEIEBRFIEREMEN O ATRXERGIOBE G FORMET. S0HERKE L TORITRO MR
2. MRREIZIZ, Z<DEEELZA L. KE% FHANOEEL RTTHREERD 5, BEEH
HELEEREHENEE L SN 3, FRATHESR & L bizE L Tz,
—MRIZ, ERUZREREEROL P iEx
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B. HIRA%E

SRIL, MRARER» OZH L, ATRX BRT
FRMTIC KV FEE Uiz 4 EGIC, ERFHEREE
BELLUTRKRRRE E DT,
(fREE~DEE)

FENTIZ B 7 - CTid 2 T OB AERITBE(L &
Wiz, BRI A T+ —b Ray
T MORBRICXEFEIZLVRELEL, £BE
FHATIEIER N R EEE L RO TH D,

C. HEHKR

SiE 51 R 5

EF 1. 2B R

FIRRE : Ffa 2 BIRON, 1 BN ATRXER
FREATIZ L D ATR-X & ZWifEE (c.4870G>A,
p.V1624M) T35, BloFEE 1 5B 7F .
BMIREDOE E 4 BFHORBEREE OBMEIC X
DIT, M KMERME (TGA) %2, F
aE (B-T v v M) %07z, HERSH
WM T HZE e S, [ENEEIFRGE
AT, BUREE : 7686 3638 4 BITHIEIED
FRT2RD, BAFTUFCHAE, HAERKRE
2148g, 7 H—5/7 /2 C. 10 B FH DMK E B
25 Te, ATRX BETFHAT TR & BEROE
Bail Ulc, HiARME (RETRERILE)
ZER . Bin 29 (BT, BETE. MERMER A B
ML, WEEE - [RETILIC & 2R 202
Wriz k0 6 0 HRpICEREREZIT o 12, T D%,
kO Y — FBIUOFEMTHREL Y, 17 2
HABICREYRICL2EE L ko T,

FEG 2 13 EBIR

fEM 3638 3 B, HAKE 2712g TRIEZR S H
£, FIRBIOREBHRBEINICIE2 DA
FRIZ2 %2, S MBEERELZBI L,
ANTRERAES 9 B EETT, UL TAPAIC T
WM E leoTe, RERIELLEBICRIDTFT
J—EBREE/RVEL, FMTHRELERS N
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