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ATR—X syndrome

X-linked a-thalassemia/mental retardation syndrome

Male patients

Severe mental retardation
HbH (a-thalassemia)
Characteristic facies
Genital abnormalities
Skeletal abnormalities
Characteristic behavior

Mutation of ATRX gene on
Xq13.3

More than 200 patients in the
world, including 40 Japanese
patients [Gibbons RJ, Wada T, et al.
Hum Mut, 2008]

68




ATRX gene mutation causes
both Syndromic and non-specific
X-linked mental retardation

* Syndromic X-linked MR
— ATR-X
* ATR-X in female
[Badens C, Am J Med Genet, 2006]

X-linked MR with spastic legia
Juberg-Marsidi syndrome
Carpenter-Waziri syndrome
Holmes-Gang syndrome
Smith-Fineman-Myers syndrom
Chudley-Lowry syndrome

=> ATR-X syndrome

* Non-specific MR in male
[Guerrini R. Ann Neurol, 2000; Yntema HG. Am J Med Genet, 2002]

* Non-specific MR in female [Wada T. Am J Med Genet.,
2005)

Pathophysiology of ATR-X

X chromosome(Xq13) Chromosome 16 Chromosome 11
ATRX gene | o-globin gene | | B-globin gene
mutation
Reduced

ATRX protein | =g X expression

Chromatin remodeling protein ) ) Y .
a-globin chain | B-globin chain

Abnormal expression of gene(s)

regulated by ATRX HbA(a2p2) | HbH(B4) T

Mental retardation
Genital abnormalities

Skeletal abnormalities
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ATRX protein is a chromatin remodeling protein, which share
the domain with de novo DNA Methyltransferase (DNMT3a/b)

DNA Methyltransforase

Heguiatory chatars catalytic domain

FET

Damti

Unmt2

Dnmt3a de novo DNA Methyltransferase
_— (DNMT3a/b)

Drnt3L

Atrx

ATRX-DNMT 3-DNMT 3L domain chromatin remodeling domain

ATRX is involved in the establishment or maintenance of DNA methylation
[Gibbons RJ, 2000]

4 steps in Inactive Gene Expression 1. HERRelasn i)
2. Histone deacetylation
Folic Acid 3. H3K9 Methylation (Me)
‘. 4. Closed chromatin structure

B, tep 2
\ Elndlnl to methylated CpG | tap 4 I

Methloni stablishment of Inactive pattern
onine
Rt Syndrome (MECP2) Prader-Willl Syndrome (SNRPN)
Angelman Syndrome (UBE3A)
SAM SAH
inactive gene Expression DNA

Core Histone
Step 1

Addition of -~CH3 by DNMT Histone tail

ICF Syndrome (DNMT3B)

tep 3
istone tail modification and
hromatin remodeli

ATR-X Syndrome (ATRX)
in-Taybl Syndrome{(CBP)
Coffin-Lowry Syndrome (RST2)
R s (modified from a figure by Kubota T, 2005)
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arxmsssansssorsoit ATR-XERE v -2 Uity Only in Jananese

QVndrome Network Japan

| *For patients & families, and all involved in ATR-X syndrome

| *To provide clinical information to patients and families
1 *To exchange information between families

4 *To make ATR-X syndrome known to doctors

d *To register patients, and collect clinical information

| *To offer molecular genetic testing ,

| *To do clinical and basic study for ATR-X syndrome

http://kemc.jp/ATR-X/index.html

Network Japan. Al nght .

Regional Distribution of B
70 ATR-X patients from 55 families ) \
in JAPAN _,/ \\
(Population 130 million; 1 million newborns/ Yr) e %4/} s

® Genetically diagnosed (64 patients)

® Clinically diagnosed (6 patients)

Tokyo
Yokohama (our Center)
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Estimation of the prevalence of
ATR-X syndrome

Down syndrome ATR-X syndrome

V.S. 11 patients from
1599 patients for 25 years pat

9 families for 25years

Down syndrome : ATR-X syndrome=145:1

Down syndrome ATR-X syndrame

10-12 patients /10,000 newborns s 1 patients / 60,000-70,000
newborn boys

1 million Newborn in JAPAN = > 7 — 9 New ATR-X Patients every year

Considering the probability of substantial under-ascertainment,
the prevalence can be much higher; 1 patients / 30,000—40,000 newborn boys ?

(From data of Dr. Kurosawa, Div. of Genetics, Kanagawa Children’s Medical Center, Yokohama, JAPAN)

ATRX gene mutations of
64 Japanese ATR-X syndrome Patients

Missense mutation
Nonsense mutation
Splicing mutation

Frame shift

Insertion of pseudogene

deletion

©)

®

®

]

® Mutations in UTR
M
®

[ ] ! [ ] E .§ Ooga
5'—%IJJI OO OO T ||i” o §

v T I‘i]II [L_Tlc

ADD (50%)
(ATRX, DNMT3a/b, DNMT3L)

Chromatin remodeling domain (32%)

Other regions (18%)
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= [lI-2; 1Yr4Mo, boy
= Clinical course
= At birth
« G.A. 39w3d, Wt3025g, HC31.7
= Asphyxia (-)
= Neonate
« Poor feeding, poor weight gain
= [Infant

= Monthly attack of poor feeding and
dehydration

= Delayed development
= Head control, 9mo; Sitting, not yet
= No meaningful words

= Physical features
= General hypotonia

= Characteristic facies; hypotonic facies

= Genital abnormalities

= Small and andescended testis
= Skeletal abnormalies

= Contracture of fingers
= Eye contactis rare
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Diagnostic criteria of ATR-X syndrome (extracts)

Consistent & Diagnostic signs and symptoms (>90%)
1. Male patients
2. Severe mental retardation

no meaningful words
3. hypotonic facies
Microcephaly, Upsweet of of the frontal hair, hypertelorism, depressed nasal
bridge, small triangular nose, tented upper lip, prominet lower lip, open mouth,
4. Gastrointestinal abnormalities

feeding difficulty (need gavage feeding), vomiting. gastroesophageal reflux,
aerophagia, ileus, constipation, excessive drooling
5. Characteristic behavior and/or posture
Autistic behavior : avoiding eye contact, stereotype movement
Emotionally labile; bouts of prolonged crying or laughing
Looking up obliquely with his chin up, Tilting his head

Self injury or self-vomiting; pushing up his jaw or throttling his neck with his palm
upward
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Frequent signs and symptoms (>50%)

Neonate ; general hypotonia

Abnormal External genitalia ; 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 blue
staining (80%)

Associated signs and symptoms (<50%)
CNS; epilepsy. abnormal brain MRI (cerebral atrophy, abnormal
signal of white matter, agenesis of corpus callosum)

Congenital Hear disease;
Kidney; anomaly
Eye; strabismus, 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%)

. { ) ATRX mutation
moderate MR family p. Ala1622Val
(chromatin remodeling domain)

19Yr 8Yr

-l O

HbH(-); DQ 49 HbH(-); DQ 50 HbH(-); DQ 20

Walking; 2- Yr Walking; 2- Yr Walking; not yet
Language; combine words  Language; no words Language; no words
e , =

Thr1621Met in Mild to moderate MR
(Yntema HG, 2002)
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Discussion (1/2)

« We should evaluate the validity of this criteria

— We have analyzed patients, whose phenotypes are relatively
typical (selection bias).

— ATRX mutation can cause wider clinical spectrum.

— We should do ATRX mutation analysis for mental retardation
patients, and re-evaluate their clinical phenotype as ATRX
gene mutation “positive”.

« The prevalence of ATR-X syndrome may be
much higher than expected.

— 1 patients / 30,000-40,000 newborn boys?

— Many patients remains to be diagnosed.

Discussion (2/2)
* No apparent genotype-phenotype correlations

— Mutations in chromatin remodeling may cause
milder phenotypes.

« We should analyze ATR-X-LIKE patients who

have no ATRX mutations.

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

— Do they have ATRX mutations, which cannot be detected
by our method?

— Are they ATR-X patients, whose mutated gene product
work with ATRX protein?

« All patient should be registered and further
and long-term study needed.
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