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Ciinieat and Molecular genetic study of ATR-X syndroms Patients in JAPAN and proposat of clinical diagnostic eriteria
of ATR-X syndrome. 7. Wada', . Stimbo”, 7. Mitani®, H. Osaka®, K. Kurosawa®, p. Okamoto® 1) Division of Neurology,
Kanagawa Children's Med Cenler, Yokohama, Kanagawa, Japan; 2} Division of Genelics, Kanagawa Children's Med Center,
Yokohama, Kanagawa, Japan; 3) Department of Medical Genelics, Osaka Medical Center and Research institute for Maternat
and Chid Health, Osaka, Japan,

X-Hinked a-thalassemia/ mental retardation (ATR-X) syndrome (OMIM301040) is among X-linked mental retardation syndromes,
which Is due to sutalions of ATRX gene More than 200 patieats in the world, including more than 80 Japanese cases, have
been diagnosed as ATR-X syndrome. ATR-X syndrame seems a rare disease, however, more patients should remain to be
diagnosed. In 7010, we have eslablished ATR-X syndrome Japan Network for patients and fheir families, and we have surveyed
ATR-X syndrome patients in Japan. Molecutar genetically, we have found ATRX gene mutations in 56 patients from 45 famities
I JAPAN, which include 35 missense mutalinons, one nonsense imuation, 2 splicing mutations, one nonsense mutations, 4
frame shift mutations, one exonic deletion, and one Jarge inserion. As reported previousty, most mulations reside i two
funclionaily important regions, ADD domains and chiromatin remodeling domain, but some mustations are out of these domains. A
nucieotide, IVS34+45>G, leating 10 skipping of exon 34. interestingly the patient with this mutation showed no severe genital
abnormalities, whereas previously reported patients with mutations around this C-ferminal region showed severe genital
abnormalities. Glintoally, from the medicat information of more than 50 Japanese ATR-X patients registered in our database, we
propose a diagnastic criteria of ATR-X syndromes 1o assist the clinician i raking  imely and accurate diagnosis. This criteria
consists of four cliveal Teatures; congistent (»90%), frequent >50%), associated {(<B0%), and olber supporting fealures. The
consisfient feature includes male patient, severe mental retardation, hypotonic facies, gastorvintesting! abnormalities
{gasiroesophageal refiux, asrophagia, feus, constipatition, etc), and characteristic behavior {autistic behavior, self-vomiting,
avviding eve contact, slereotype movement, etc), We hope that this criteria will faciitate Turther chinical study of individuals with
proven ATR-X moleculary, and assist in the evaluation of those who appear to have clinicat features of ATR-X with no ATRX
mutations, We should svaluate validity of this citeria, and update the consensus for it in the near fulure.
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Clinical and Molecular Genetic Study of
ATR-X syndrome Patients in JAPAN
and
Proposal of Clinical Diagnostic Criteria of
ATR-X syndrome

Wada T?, Shimbe T, Mitani HY, Osaka HY, Kurasawa N, Okamoto N2

1. Kanagews Childron’s Muedicd Center, Yokehume, JAPSN
2 Usaka Madical Canter and Ressirch tretitute for Materaal ans Orild Health, Osaka, JAPAN

80™ Annual Meeting of American Society of Human Genetics,
Washington DT, 2010 Nov. 5th

ATRX gene mutation causes
both Syndromic and non-specific
X-linked mental retardation
= Syndromic X-linked MR
- ATR-X
* ATRX infermale
{Badens £, Am J Med Geaet, 20061
. Xdinked MR with spastic legia
£ Juberg-Marsidi syndrome
i Carpenter-Wazir syndrome
~ Holmes-Gang syadrome

= ATR-E spadrome

Spith-F Niyers syndrame
k Chudley-Lowry syndrome )

» Non-specific MR in male
{Guarrint . Ano Mewrof, 2000; ¥ntema HG, Am J Med Gener, 2002}

* Non-specific MR in female [Wada Y. Am i Med Genet.,
2008}

ATR-X syndrome

K-linked c-thalassemia/mental retardation syndrome

Mate gatients

Sewere memtal retardution
HbH {us-thatassemia)
Charactertatic fagies
Bentol shinarmafities
Skedetal abnormalities
Chisracteristic behiviar

Ihitation uf ATRX gene on
Xq133

Wore thar 200 parients i the
world, including 40 Jopsorse
patients (Gibbons RE, Wada ¥, et st
e Mat, 2908}

Pathophysiology of ATR-X

X chromosome(iq 13}
|ATRX gwm}

Chromaosome 18 Cheamagome 11

X {oeglobin gere | Beglakin gone
patating
I Heoduped
KEFIX PTGty § wrmsmmmniye . RREIDRGIIE
Lhromsatie rempdeling progein . o Y .
w-ginbin chgin.d f-globin chain

S‘;} , s
{ RN / \
Abnprmat expression of genals) i \\' -
requiated by ATHX | HbAf2R) ¢ HbH(B4) T
Mentad retardation
Genital abnormalities

Skeletal abnormalitios

ATRX protein is 3 chromatin remodeling protein, which share
the domain with de nove DNA Methyitransferase (DNMT3a/b}

O Bt e ave
avaiyns domi

Dot
e
i 1 de navo DNA Methyltransferase
o WE {DNMT3a/h)
forenti
R
STRS RT3 GNRT XL sohinn SRTEIRRTIN CrTRERlG Homan
ATRX is involved inthe estutdl or mat of LA

{Gibbars Rd, 2000}
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ATFCRERENE 5 BT o Bt Oy in lanznese

% synadrome Network fapar

“Far patients & families, and all lnvolved in ATR-X syntrome

P

“To provide clinical Information to pasient:

“To sxchange information between famil
| Fo make ATR-X syndrome known to doetg
patients, and rollect
lecular genetic tusting
asic stady for ATR

A AR A

‘ f hitp/f kcmcljp,’ATR*x/inéex‘htm!3

Estimation of the prevalence of
ATR-X syndrome

Down syndrome ATR-X syndroms
§ V5. 11 patients from
1533 patients for 25 years S tamifies tor 25years

| Down syndrome : ATR-X syndrome=145:1 |

Down syndrome ATR-X syndrome

112 patients /10,000 newbams 3 patienss / BOGR-70,000
newborn boys

1.miltion Newborn in JAPAN 52> 7~ 8 New ATR-X Patients every year

Considering the probability of | vk 53

¢ the prawvalence can be much higher, 3 patients £ JE805-0,000 newbont boys 7
]

{Fromdats of Br, Burosawa, Div, of Groetics, Kanagawes Childreres Medics Cooter, Yohatsima, JARAN}

» H-2; t¥rdMo, boy
» Clinieal course
= Atbirth
» GA 30w 3d, WRIDISY, HOA1?
« Asphyxia -}
» Nepnate
» Poos fenging, poor weight guin
» infant

v Bhsthly atsok of pogr fesding avd
dehydration

» Delayed development
« Head control, 9mo; Sitling, not yet
» Mo mesmingful words
Physical features
» General hypotonia
» Characteristic facies; hypotonic tacies
« Genital abnormalities
« Smal snd andescanted tustis
= Skeletal sbnormaties
« Coptracture of fingers
» Eye comiasd is sve
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Regiaéai Distribution of
70 ATR-X patients from 55 families
in JAPAN
{?opuiaﬁon 130 miflian; 1 milllon newhorns/ Yo |

) H
% ® Genetcally diagnosed {64 patients) |
1 ® Clinfeally dizgnosed (6 patiems) |

.
~ Tokye

Yolubaes e enter}

ATRX gene mutations of
64 Japanese ATR-X syndrome Patients

O Meissonse mogation
B Mapsense musition
B Sphicioy pataiion
B Frame shiit

B Mewnoss mUTR

H

H

#
——

Brvartson of paomdogens

8% g . divietion
8 0oy eow
au g A e by
I N .
Q

ALY (50%)

Shromatin remodeling temain g
{ATRY, SRMT3afb, ONMT3L)

Sither regians {1}
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Diagnostic criteria of ATR-X syndrome {extracis)

Congistont & Rlaunostic slong and symptoms {80361
1. Male patients
2. Severs mental retardation
no meaningful words
3. hypotonic facies

Microcephaly, Upsweet of of the froutal halr, hypertelorisny, depressad nassf
bridige, smati languiar nose, funted upper ip, proiines fower ip, spes mouth,

4. Gastrointestinal abnormalities

Teading ditficutty (nesd gavags feeding), 3 1 i o,
phagia, leus, g tee dracting
& Characteristic behiavior and/or posture
Autistis behavior, avoiding

ty fablie: bouts of protonged erying o §

Looking up stdipaehy with His ohiv af, Titing bis head

Seit injury or self ingg: pushing up his jaw or thrattiing his neck with his paim
upaward
% i "

9 g . o g §-»~ ATRX mautation
Pronuent g aod swnpiuns ENG ‘ [ .
Ereguent shuns and sunetama S0 moderate MR family i ./ p. Ala1522vat
Neonate:general hypotonia ’ {ch 4 g d )
Abnormal Externat genitalia; small or undescended testes,

micropenis, hypospadias v * ot ‘ (j\
Skeletal anomalies ;tapered digits, joint contrachure, kyphosis or - b
scolinsis

HBR(S; 50 50 HbH{-}; 5Q 20

Growth; short stature "
Testing: Hid inclustony in erythrocyte by Brilliant cresyt blue

staining (8046}
Assouiated slans angd sympioms (<8036
CNS; epilepsy. sbnormal brain MRI(cerebral atrophy, abnormal : * . i .

signat of white matter, agenesis of corpus callosum) Walking: 2~ ¥r Walking: 2- ¢ Walkings wot yet
Congenital Hear disease; ) combing words L ng words Language; na wards
Kidney; snomaly - ThrI6TERIGE in MK ta madeate MR

{¥ntems WG, 2002}

Eye; strabismus, cataract e T
Hisonttansdus; periodic atiack of poor aciivily sndfor feeding tor JLILAE

several days, apiea or oyanosis attack :
Qibers: Xolinked suspected family history (de novo -30%)

i ;m;(xmzmy

Discussion {1/2) Discussion (2/2)
« We should evaluate the validity of this criteria * No apparent genotype-phenotype correlations
- We have analyzed patients, whose phenotypes are relatively - Mutations in Chmmatm remodeling may cause
typical {salectian bas). milder phenotypes.
- ATRX mutation can cause wider clinical spectrum. « We should analyze ATROGLIKE g}é&ﬁ%ﬁmﬁ% who
~ We should do ATARX mutation analysis for mental retardation have no ATRX mulations.

patients, and re-evaluate their clinical phenotype as ATHRX
gene mutation “positive”,

» The prevalence of ATR-X syndrome may be

- Are their diagnosis other syndromes, just similar to ATR-X
syndrome, with other gene mutations 7

~ Do they have ATRX mutations, which cannot be detected

much higher than expected. by our method?
- 1 patients / 30,000-40,000 newhorn boys? - Are they ATR-X patients, whose mutated gene product
~ Many patients remains to be diagnosed. work with ATRX protein?

+ All patient should be registered and further
and long-term study needed.
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549W
White Matter Lesion on Brain MRI can be Diagnostic for ATR-X syn-
drome: The Study of Brain MRI/CT findings in ATR-X syndrome Patients
in JAPAN. T. Wada’, H. Ban?, K. Enomoto®, K. Kurosawa®, N. Aida®, ATR-
X Syndrome Network Japan. 1) Pediatric Neurology, Kanagawa Children’s
Med Center, Yokohama, Japan; 2) Pediatrics, Himeji Red Cross Hospital,
Himeji, Hyogo, Japan; 3) Pediatrics, Tokyo Medical and Dental University,
Tokyo, Japan; 4) Genetics, Kanagawa Children’s Med Center, Yokohama,
Japan; 5) Radiology, Kanagawa Children’s Med Center, Yokohama, Japan.
X-linked a-thalassemia/ mental retardation (ATR-X) syndrome
(MIM#301040) is among X-linked mental retardation syndromes, which is
due to mutations of ATRX gene, and is characterized by boy/male patients,
central hypotonic facies, severe cognitive dysfunction, HbH disease (a-
thalassemia), genital abnormality, skeletal abnormality, and autistic and/or
peculiar behavior. More than 200 patients in the world, including more than
70 Japanese cases, have been diagnosed as ATR-X syndrome. ATR-X
syndrome seems a rare disease, however, we estimated that the prevalence
of ATR-X syndrome is 1/ 30,000-40,000 newborn boys, which is much higher
than that have been reported formerly. So more patients should remain to
be diagnosed. Since 2010, we have established ATR-X syndrome Japan
Network for patients and their families, and we have surveyed ATR-X syn-
drome patients in Japan. In this study, we investigate the brain MRI and/or
CT findings of 25 Japanese ATR-X patients who had ATRX gene mutations.
The MRI/CTs of all other than five patients showed nonspecific brain atrophy.
Interestingly, the T2 and FLAIR MRI of seven patients, which we could
analyze precisely, showed high intensity of the white matter around the
trigones with/without multiple small spherical foci that parallel CSF intensity,
and some patients were misdiagnosed as a leukodystrophy or white matter
disease. These findings did not seem to correlate with their clinical severity
of the patients. The sequential MRIs of another patient, who had infantile
spasm at 1 year old, showed progressive brain atrophy and ventricular
enlargement. We should consider ATR-X syndrome as differential diagnosis
in patients with inteliectual disabilities, whose T2 or FLAIR MRI shows high
intensity regions in white matter, especially around the trigones. And we
propose these findings as associated (<50) features or supporting features
of the diagnostic criteria of ATR-X syndrome or ATRX gene mutation positive
patients with atypical ATR-X syndrome features. We are now establishing
the diagnostic criteria, 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. We
should evaluate brain MRI of more patients to validate these findings and
update the consensus for it in the near future.
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