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Pattern 1: White matter abnormalities
especially around trigones

Case #23: 4Yrdmo (MRI FLAIR) Case #22:2Yr1tmo (MR! FLAIR)

ATRX mutation of chromatin remodeling ~ ATRX mutation of chromatin remodeling
domain in exon 19 [p.Vi624M) domain in exon 19 [p.A1622V]

(Courtesy of Dr. Matsufuji, Yanagawa, JAPAN}

Increased signal intensity on T2/FLAIR MRi in periventricular, especially around
. the peritrigonal area {-»); enlargement of perivascular space is seen (>}

Pattern 2: Widespread and Scattered
White Matter Abnormalities

FLAIR MRI at 12 months old
Case #1: ATRX mutation of a nucleotide substitution in 5-UTR.

High signal intensity on FLAIR/T2 MRI in white matter, especially in the
peritrigonal area and deep white matter, not in diffuse, but in widespread and
scattered pattern. He can walk at three years old, and talk a few words.
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Pattern 3: Nonspecific Brain Atrophy

T1W- {left) and T2W- (right) MRI at nine years old
Case #5: ATRX mutation in exon 6 [¢.380_391 ins A; E131fs]

Diffuse brain cortical atrophy and ventricular enlargement due to
loss of white matter volume, which are not progressive.

Pattern 4: Progressive Brain Atrophy

6 mo {MRI; T1) 14 mo (MR} T1} 34 mo {MRI; FLAIR)

Sequential change of brain MRI
Case #30: ATRX mutation in int 35 [¢.7200+4A>G, p.L2401fs]

Brain MRI shows rapid and progressive brain cortical atrophy, resulting in volume e
toss of white matter and ventricular enlargement. The patient has severe
developmental delay and intractable epilepsy following West syndrome, but no
episodes of hypoxic encephalopathy.
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Pattern 5: Delayed Myelination

TIW- {left) and T2W- {right} MRI at four months old
Case #29: ATRX mutation in exon 35 [¢.71560>T, p.Arg2386Stop]

Myelination appears only at posterior limb of internal capsule {->) on T1-weighted MR
At nermat four months old, high intensity should extend from the junction of the
anterior limb of the internal capsule at the callosal genu {->) ali the way back to visual
cortex {~»} along the internal capsule and optic radiations.

Summary of Abnormal Brain CT/MRI findings in 30 ATR-X patients
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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 (Pattern 8).

FLAIR/TZ MR! of 11 patients (37%) showed 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 their 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 vears 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 §-UTR, and ATRX expression
may be suppressed severely, aithough 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 alpha globin expression,
genital development, and myelination, but guality of ATRX protein is more
important for intellectual ability. Another possibility is that the site of the
mutation is less important for ATRX expression in neuron, compared to
oligodendroglia or hematopoietic cell.

»  Delayed Myelination (Patlern 5) are showed in 4 {13%).

« The patient {#30) showed severe and rapidly progressive cortical brain
atrophy (Pattern 4). His clinical condition is much severe, and West
syndrome (Infantile Spasm) in ATR-X patients have not been reported
yet. 8o he may have some pathological conditions other than ATR-X.
His mutation is in int 35, or the last intron, resulting 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 fooks important for myelin formation. We should
consider ATR-X syndrome as differential diagnosis in patients with
intellectual disabilities, whose T2 or FLAIR MRI shows high intensity
regions in white matter, especially around the trigones, ATR-X may be
categorized nlo while matier disease or leucodystrophw

+  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 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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Proposal of Diagnostic criteria of ATR-X syndrdme
(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, smail triangular nose, tented upper fip, prominet lower lip, open mouth,
4. Gastrointestinal abnormalities

feeding difficully (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 throtiling his neck with his palm
upward
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Freguent sions and symptoms (>509%)
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 cresy! blue
staining (80%)

Associated signs and symptoms {<50%)

CNS; epilepsy. abnormal brain MRI(cerebral atrophy, abnormal
signal of white matter, hypoplasia of corpus caliosum)

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%)
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ATR-X Syndrome Protein Targets Tandem
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Reduced Expression of the ATRX Gene, a Chromatin-Remodeling
Factor, Causes Hippocampal Dysfunction in Mice
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"Greetings from the UK.

I'm so pleased that you are having this ATR-X
meeting - I know from meeting groups of patients in
Holland and Sicily how important it is for the families
to meet each other and share information and
support.

I'm sad that it was not possible to for me to attend
your meeting, nevertheless I was delighted to meet 2
ATR-X families in Yokohama as well as Japanese
scientists involved in ATR-X research.

ATR-X research Is now very active throughout the
world and important advances have been made and
Japan is one of the leaders in both clinical and
scientific research.

Best wishes from Richard Gibbons” (2011.9.16)
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