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therapy; this patient also showed no serious long-term
neurological sequelae. The aberrant lymphocyte subsets
correlated well with the neurological symptoms.

2. Case report

A previously healthy 11-month-old boy with normal
developmental milestone achievements presented with
ataxia and abnormal eye movement. Episodes of
upward eye deviation lasting about one second started
3 weeks before admission; thereafter, myoclonic move-
ment of the extremities and trunk ataxia appeared.
These symptoms worsened gradually.

On admission, he was awake and alert but irritable.
He exhibited rapid and random eye movement and
myoclonus of the extremities characterized by irregular
flickering muscle contractions; these contractions
occurred spontaneously and were easily provoked by
rapid passive body movement. He showed trunk ataxia
and sat without support with difficulty. His muscle
tonus was hypotonic and his deep tendon reflex was nor-
mal. MRI brain scans found no abnormalities. His uri-
nary vanillylmandelic acid and homovanillic acid levels
were elevated (16.6 pg/mg Cr [normal range: 1.2-4.9]
and 26.3 pg/mg Cr [normal range: 1.6-5.5], respec-
tively). Abdominal computed tomographic scanning
revealed a 3-cm diameter mass in the paraaortic area
on the left renal hilus (Fig. 1). Iodine-123-metaiodoben-
zylguanidine scintigraphy showed this region accumu-
lated isotopes. Immunophenotype analyses revealed
total lymphocyte count of 10,600/ul with high B-cell fre-
quency (25.3% [normal range: 9.5-18.9)), low T-cell fre-
quency (38.8% [normal range: 65.0-81.4]), and a normal
CD4/CD8 ratio (1.74 [normal range: 1.0-2.2]) in the
peripheral blood (PB), and total cell count of 3/ul with
high B-cell frequency (9.1% [normal range: 0.4-1.3]) in
the cerebrospinal fluid (CSF). The CSF/PB B-cell ratio
was also high (0.36 [normal range: 0.02-0.06]).

Stage I NBoma-associated OMS was diagnosed. The
total neurological score (calculated by the assessment

Fig. 1. Abdominal computed tomographic scan of the patients. A
mass that was 3 cm in diameter was observed in the paraaortic area on
the left renal hilus (arrowhead).
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scale of Sugie et al. [9]), was six before OMS onset
and 19 at diagnosis (Table 1).

Four weeks after OMS onset, the patient received
2 mg/kg/day PSL orally. One week later, the opsoclonus
and ataxia were partially improved, he could stand with
support, and the total neurological score improved to 11
(Table 1). The PSL was tapered and the tumor was
removed surgically. Pathology confirmed MYCN non-
amplified NBoma. No chemotherapy was provided.
After tumor resection, the myoclonus disappeared, and
the total neurological score improved to six. However,
7 weeks later, an episode of upper respiratory tract
infection aggravated all OMS symptoms, and the PB
CD4-positive cell (19.4%) frequency dropped further
resulted in reductions of T cell frequency (31.0%) and
CD4/CD8 ratio (0.92).

Oral DEX pulse therapy (three consecutive days of
20 mg/m?/day DEX every 28 days) was commenced
and continued for 6 months. Three weeks after the first
course, all OMS symptoms improved, and the patient
could walk with support. After four courses, the myoc-
lonus disappeared almost completely, he could stand
without support, walk a few steps alone. After complet-
ing six courses, all OMS symptoms had subsided, he
could walk alone. No adverse effects of treatment were
observed. Babbling started at 15 months (after the first
course) and he could speak several words at two years
of age. The PB T-cell and CD4-positive cell frequencies
and CD4/CDS8 ratios rose with every DEX pulse ther-
apy cycle.

At 2 years and 8 months of age, on the occasion of
recurrence of mild OMS symptoms followed by respira-
tory infection, the patient received three courses of DEX
pulse therapy. At the age of 3 years and 8 months, his
development was evaluated a using Kyoto Scale of Psy-
chological Development (KSPD) which is a standard-
ized developmental test for Japanese children [10]. His
total developmental quotient (DQ) was 76, and the
details showed postural-motor 83, cognitive-adaptive
79, and language-social 76. Although it cannot be
defined as distinct development retardation, his DQ
level was regarded as borderline development, especially
showing minor decline in language development.

At present he shows no typical presentation suggest-
ing autism or attention deficit hyperactivity disorder
(AD/HD). NBoma remission has been maintained. PB
lymphocyte markers returned to almost normal.

3. Discussion

Here, a patient with NBoma-associated OMS was
treated by six courses of oral high-dose DEX pulse ther-
apy that completely resolved all OMS symptoms and
prevented long-term serious neurological impairments
with no adverse treatment effects. In two previous
reports on NBoma-associated OMS treated with the
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Table 1

Effect of DEX pulse therapy on neurological score” and peripheral blood lymphocyte immunophenotype.

Age 10m 11m II'm 1yOm ly2m ly3m ly5m 2y0m 3y3m

Status Before onset Before PSL 1 week after PSL 4 weeks after Before After 1st After 4th course 4 months 1.5 years after
surgery DEX pulse course of of DEX pulse after 6th course six courses of

DEX pulse of DEX pulse DEX pulse

Neurological signs (0, none; 1, mild; 2, moderate; 3, severe)

Opsoclonus 0 3 1 0 1 0 0 0 0

Ataxia 0 3 2 1 2 1 1 0 0

Myoclonus 0 3 3 0 2 1 0 0 0

Irritability 0 1 0 0 0 0 0 0 0

Motor functions (0, possible; 1, possible with difficulties; 2, impossible)

Rolling 0 0 0 0 0 0 0 0 0

Sitting 0 1 0 0 0 0 0 0 0

Crawling 0 1 0 0 0 0 0 0 0

Standing with support 0 1 0 0 0 0 0 0 0

Walk with support 2 2 1 1 1 0 0 0 0

Standing without support 2 2 2 2 2 2 0 0 0

Walk alone 2 2 2 2 2 2 1 0 0

Total (0-36) 6 19 11 6 10 6 2 0 0

Immunophenotype (normal range)

CD20 (9.5-18.9%) ND 25.3 ND ND 243 244 30.4 28.5 24.6

CD3 (65.0-81.4%) ND 38.8 ND ND 31.0 38.3 46.9 42.8 57.6

CD4 (32.6-44.2%) ND 29.5 ND ND 19.4 24.8 28.8 25.9 35.7

CDS8 (20.0-33.4%) ND 174 ND ND 21.0 19.7 20.2 13.0 16.2

CD4/CDS8 (1.0-2.2) ND 1.74 ND ND 0.92 1.26 1.43 1.99 2.20

" Calculated by the assessment scales of Sugie et al. [9]; ND: not determined.
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same high dose DEX pulse regimen as our patient’s
[7,8], half of patients attained complete, sustained
OMS remission and one fifth had no neurological seque-
lae, without serious adverse reactions despite treatments
exceeding 1 year. Thus, DEX pulse therapy has several
advantages over other treatment regimens for OMS:
DEX is cheap, only minor side effects (e.g., dysphoria,
weight gain, and reversible glucosuria) have been
reported [7,8], and out-patient treatment is possible.

As with other OMS patients [3,6], the OMS in our
patient was associated with low PB CD4-positive T-cell
frequencies, low PB CD4/CD8 ratios, higher CSF B-cell
frequency, and high CSF/PB B-cell ratio, and DEX
pulse therapy gradually reversed these aberrant values
and improved the neurological symptoms. The analyzed
cell number in CSF for immunophenotyping in our case
was more than thousand, which was a reasonable
amount as in previous reports [4,11]. It is reported that
glucocorticoid treatment restores the impaired suppres-
sive function of regulatory T cells (both CD4 and
CD25-positive cells) in patients with multiple sclerosis
[12] that is autoimmune central nervous system (CNS)
disease as well as OMS. In our patient immune dysreg-
ulation attributed to underlying reduced CD4-positive
T-cell frequency might be ameliorated by the DEX pulse
therapy. The evidences supporting an important role of
CSF B-cell expansion in the pathogenesis of OMS have
been accumulated, such as intrathecal autoantibody
production, neurological severity correlating with the
degree of CSF B-cell expansion and promising therapeu-
tic effects of B-cell depletion with rituximab [11]. The
expanding B lineage cells can survive in the inflamma-
tory CNS environment for many years [13], which might
be associated with remitting relapsing manner of OMS.
Our patient who showed greater B-cell expansion than
has been reported previously [11] may have had severe
OMS. The alterations of lymphocyte subsets observed
in our patient may be responsible for the development
of OMS and these could serve as DEX pulse treatment
markers.

He has a considerably good prognosis in the motor
development; however, we need further careful follow-
up for his verbal development to determine the efficacy
of this promising treatment.
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ENDHDON5~10%, BE—RIzTHREDHHT
HL005 %KL INTWAEY, CNVOFRR
WKHREIIR-> TWwE 00, FEFTRAFHE
THRWHBETOCNVE SO REARETERE
DREDHENE I EDH Y, SHEBY LRED
ENBELEZOEFTEML TV D EHER
Ehs. £LT, BHEICESLT, F{DHE—~
BIETFHRBECBWT, BETFEEOWMMLOSE
HWEFERICHIEV ) RO LN, BETFEEDN
ROLNTHEERTHALIEIBLIRN
ELHBLTETWE, ZoZersbd, HE
HEEDARIIREL TERLLDIE, AT}
T b, BB VIIIEEVFEHE (broad phenotype)
EER LT LEREL I ZTITHDTH S,
ASDICEI 5+ 2 EEFI31000 EH Y, S5
B 2 #5017 T\ % & Betancuri3 B L T 29, fE
BEHOEBPERIICE V., FO—D—DDEK
BB 2EBERY RTEEN, #LTEL
BWLDBEINTHWE, FOFT, DASDA
hallmarks (BEZ 25580 & 2 25 E, @ASDH—
ik CROLNBER, QASDIFHEETIIZ
VAR D K LEE SN BEED 3 EITHIT T
b, FORTHESEZIILT, FRFNOESR
BT ABEMRERDOZED LNAEE, ASDER
Wi SNERIC BT 5 ZORED HD 5E4,
FORBOFEREELRI1ICE LD,

ASDE L FTIDEE

ASDDOEROHT, HENFZ VL SNAERE
IRESS X RERERE, REETERE{LEE, AngelmanfEfE
#f, SHANKS3/22q deletion syndrome, Prader-
WIlliFE RS T oD, IO DEEFHI—
F3565 X7 ORICH@EL TnwbsZ LT,
TFTRICBIT BB DD o TWE LN
ZEThHS. |

58 X EEEIIBHEFORR L L TRLHE
DB (2.6~8.7%", HARANTIZ0.8~24%Y)
RERELTHONTWS, ZOXHLETHEH
FER(E BATEREE30%, pervasive developmental
disorder-not otherwise specified (PDD-NOS)
30%) %R L, ASD® 1~3 % IZARFEDFLD b
5. FRKTIZEM4,000 N1 1 A (ZE8,0000) 12
TAEENEH, BEATREFNLIDVALRLA
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DFEDEDIEZ ORI Z DRSS D 5.
Z DHERBIZFMRIBZTOCGGN ) ¥'— MfhR00
PDEE%2 EEETFORERAIIHISINL Z LI
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MIEBTET, 7A) D TIHREEEICA-T
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737 @ 1 2lZmatrix metalloproteinase 9 (MMP-
NAHBH. I/<4 Y IZMMCODBEIENE%
HH$ AERSH D, FRRICHBERI N TWAY,
ZFDEPITYT T ADTE LIS Db o
T\ 5 BRI Eneuroligin 3/neuroligin 4,
neurexin 1, CNTNAP2, PAK2/PAK3, MeCP27: &
BHITHNA.
ZeftfR15q11-qI3FEBUI RE R EHE IR ) %
TWERALTH Y, AngelmanfEiERE, Prader-Willi
EEHEZEATVWS. ZOMEBIZE TN 5cyto
plasmic FMR1-interacting protein 1(Cyfipl) i&
FMRP& A LTV F 7 A TmRNADEIR % FHES
LTwa,
22qI3RHEBREIEFEORUSTEOEN, B
EORIRT, HPVEMRTEIRE, SRE, BEOD
BREFEZHEMET S, LoeL, BETHETA
TV S TRARBKE NG T —AbH N0,
NEFHNZ L S SWREDOBIDFAET 5 W HE
WD AH. OEBIEFE N AHSHANKIEZT
DEEFREEEZONTVE, £LT, 20
SHANK3EBIZTFZV FTAD I NS I VEESE
KM ERORB % o% CRIBY V87 % TO—
FLTwW5,
& B PR L (R R O — e T

HEE, TADA, BHERSICEEHEOBERE,

BEEHRE TR E T 5. BEIIIPDDLTSCI
BT L TSC2EETFIE Y T TR BIT A 1EHE
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FEE £19% $15

F1 ASDOEERBEESE, MO BEEIR %S E BB (syndromic ASD)
; - FOEBRD  ASDICBH A BOEE
ok wF P fopioms (o)
- ASDHELBHRERD—D L 2 BRE
H—@&EF Weds X EER FMRI 860%, %20% 1~3% 25N/8, 125N/
i, WOAN/HAEA
H—®&EF Ly MERE MECP2 ZFD13% 7T~10A
H--BRF SEHERE TSC1, TSC2 16~60% 11~13%  10A
H—&nF TimothyfE i CACNAIC 60~80% #
H—@& T ADSL ~50% 5
H—#%{5F Smith-Lemli-OpitzfEfEE DHCR7 50~75% 25~5 A, AEAF
H—#5T CNTNAP2
B—&fEF SHANK3/22q/R & fEER: SHANK3 4%~ LiIFLiIE 1.0~1.3%
B—&{EF  AngelmanfEEit UBE3A 50~63% 1~3% 5~10A
-ASDOIERS L (IO LB ESR
H—R&ET B2 V7 F Uy REBIE SLC6A8IZ 7 LigLig
B—@&{ZF Cornelia de LangefE A NIPBL, SMCIA  47~67% 10A
B—#{5+ CHARGEEREE CHD7 68% 12A
H—#{EF CohenfEfEEt VPS13B 49% 1A
B-—E{ET Joubertfe Rt & M EEE AHILE 13~36%
H—#&{EF  Myotonic dystrophy typel DMPK 35~50%
HB—#%{EF Potocki-LupskiEEE RAII i
H—&EF  Smith-MagenisfE B RAII LiIELI1290% 4~6 A
H—&{=F Xlinked female-limited epilepsy and ID PCDH19 22~38%
H—&ETF Xq28K&ERE MECP2
BEEE(EF  5pE/ Y 3 —(Cridu Chat syndrome) 5p/R sk 39%
B E(E T Williamsfe B 7q11.23% % 50%
BeERETF 7qQL23EHEREE 7q11.238%8 40%
BEBR{ET 8p23.1k%k 8g23. 1R % 57%
BHE{n T WAGRIERHE 11pI3R% 52%
BiE#{ET  PraderWillifE 15q11-q13 23% 4~6 A
BBEIEF  16pll2B/VRE L BUNEYR 16p11.2R% - B 1%
BBz F 17q12R%k 17q12/% % 66%
BEHEB{ET  22qUIRSRIEMER (velocardiofacial/ 22q11/K 5k 14~50%
DiGeorge syndrome)
- ASDAEHEE TR VWAL CRESN TV LIRS
B-E{=ZF Duchenne®! & Becker®lfY 2 b u DMD 19%
7 4 —4E
H—@&frF PTENBEERER PTEN 15% KEFEDLT% 05N 2
H—®{rF Cardiofacio-cutaneousy REE KARS, BRAFIZH  23%
H—&fZF NoonanfEEEE PTPN11 8% 40~100A, 10A
(HAEAN)
BHGEET 1L EE R ~10% FEER+ID+ 5%
K#HF0.2%
BT 2037TREIEER 24%
BEEETF  3q2of/NVR 26%
BERET 9q 770 A T RAEEEE
BEEETF LoREERE 13%
BRI T 15q2480/ R S SE BBt 22%
~ASDD ) A7 DEW b REEERE
R RRY 5 UERR 20h V3 = 5~15% 126 A
S kBEE 57— IR 45,X #3.3% CFT50~100 A
PBERRE 7543725 —fEREE 47, XXY 11~48% BT TI66A
i RREE XYVEREE 47, XYY 19%
RBREE 45 X/46, XYEH A 7 fE 45,X/46, XY 7%
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EFER 112 H 5 mammalian target of rapamycin
(mTOR) DIEHEETEH L T 5.

PTEN (the phosphatase and tensin homologue
gene) hamartoma tumor syndrome® 7% 7> T %
Bannayan-Rikey-RuvalcabafiE & (BRRS) 14 K88
fiE, BEMGRE, MEME, RBREERNE, HILEOD
WEREMEAR Y K- 2% E#E L, ASDRHED
ZEVHRESINTYA, KEELE) HEED
4.7% \CPTENBZFOEEFHRIH SN THE DO,
3SD=DKIEDBMETIEAZ ) == 7 Dd
ENHDLTHH). gwkmwéﬁ%yma%
TSC2EHIZmMTORDFEHFREI A o T %

FNENOERIH Eﬁfk HOLE IS <
THOENENH 1L BRE L2V, 7 N
INAT 2 APOEZ DL ESE L IEERENES
HENLTREENH L. HEDBENDOILHZ

RELEFRHEEHIZVWEEDRLY, TD
L) CHEIEFOREVCHHATL L, ZO&ET
DHEREE T2 L LTHREBENLBRESETY
CTEDHREMEDIHTL 5.

ASD & VB R HIE

ASDDJFER & L THHEEEILFEFIIHRTH
5. LaL, <mshTnsd ki, 7=
Vo b YRR, ERBICAZ ) —=v S
NCTRENGESIET Y, BERGBLURICALN
THERIE, BRERE & THRERGRICIEE
ELEDORE RoTWwE, 20X, &
BT THIEEFEEIN TV AT, L
REIGERT2EMEZRR LS TAZ 1
THREEZDEEETHD. BRERERIIE
BlshE Db o B EFIEL ZOBEIER, N
AF <=7 —, BREZR2IIRLT.

IO DHEFEOFTHAR DIEE ST
HOW, W7 V7 FrRIBETH S (FR3). BN
7 VT F VRN OATPORTE, & BAICERE 2%
FEHH- TS, fiNs L7 F V/RIBSEMRERE (cerebral
creatine deficiency syndrome ; CCDSs) (213 3R1E
JODEEFOERFEVPHONTVE, ZLTF
AR EE L LT, Oguanidinoacetate methyl-
transferase (GAMT) K$8fE, (Darginine . glycine
aminotransferase deficiency (AGAT) RIBFED 2 &
¥, 7L T7F Y OuptakeDBEETH 5, Qcreatine
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transporter (SLC6A8) RIBIE (X D 7 L 7 F
VIEBER) CTh A, ERICIZERD Y, FEEREY
HMWEE, CTADA, SEEIEER, BEERE
SFSETHAH. —RIIIZCCDSsDIERIL, 18y
BEENEERTH 525, GAMTXIBETIX, TADR
AD93%, TTENEE (BRATTEICB18) 2%80%, $
AR/ SERANBEIRAS45 % IZFAD b A . FEIR
SHADL3IMETHA. AGATRIBIEOHE T T
72072 { S BIDHTH VITENRE L7V, SLC6AS
KIBFE(ZEE D O EE @%DB’JWE’?’%T?%@E*L
TADA(L10%) &, ERFEROITEIRE LD
bNs. FIE 2 D5 665% & IRAAV. ?C?*
DT HDFI50% I FELATRIORTEN A LA,
GAMTRI&HE & AGAT/KIEJE Tld #F [Icreatine
monohydrate TRMA 7 L 7 F » & HEHN X & 5 1558
WEINTWAE, 25|12, GAMTRIBETIIAESE
DTNFZVHIREAN=F 2 OF 7 ) A ¥ M
R &5, SLC6ASKIEIE T b #Ecreatine
monohydrate A SN TWAPEED & Z A%
IO LN TR, L7 VF= U fFEOR)
BOHETIIRIRELR L E3IED 5 & THPNT W
512, BHENGE 2 FIR L7258 OREDE N
DWTRILARHATH Y, SHEFAOERIFLE
Thh., DWOFHEDY &2 ARARIZDOWTIE,
GAA (guanidinoacetate) {2 B | GAMT/RBE T
<, AGATRIESE T <, SLCOASKRIBSECIEH
Thb. 77T ViEEIZGAMTXIESE £ AGAT
KIEHE TR <, SLC6ASKIBIECHE W (7272 LT
TREEDAVEEE) 7 LT F /2 LTF=
ISGAMTRIESE & AGAT/RIEFECIEH, SLC6ASK
BENBRTEV (KT TRIEED 2\ WIEHE) T
H5. MEDGAAIZGAMTXRIESE CTIEH M20~30
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Abstract

Muscle glycogen storage disease 0 (GSDO) is caused by glycogen depletion in skeletal and cardiac muscles due to deficiency of
glycogen synthase 1 (GYS1), which is encoded by the GYSI gene. Only two families with this disease have been identified. We report
a new muscle GSDO patient, a Japanese girl, who had been suffering from recurrent attacks of exertional syncope accompanied by muscle
weakness and pain since age 5 years until she died of cardiac arrest at age 12. Muscle biopsy at age 11 years showed glycogen depletion in
all muscle fibers. Her loss of consciousness was gradual and lasted for hours, suggesting that the syncope may not be simply caused by

cardiac event but probably also contributed by metabolic distress.

© 2011 Elsevier B.V. All rights reserved.

Keywords: Glycogen storage disease; Glycogen synthase; Glycogen; Syncope; Sudden death

1. Introduction

Glycogen is a high molecular mass polysaccharide that
serves as a repository of glucose for use in times of meta-
bolic need. It is stored in liver, cardiac and skeletal muscles,
and broken down to glucose to produce ATP as energy as
needed. For the synthesis of glycogen, at least two proteins,
glycogenin (GYG) and glycogen synthase (GYS), are
known to be essential. GYG is involved in the initiation
reactions of glycogen synthesis: the covalent attachment
of a glucose residue to GYG is followed by elongation to
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Research, National Institute of Neuroscience, NCNP, 4-1-1, Ogawahig-
ashi-cho, Kodaira, Tokyo 187 8551, Japan. Tel.: +81 42 3412711; fax: +81
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form an oligosaccharide chain [1]. GYS catalyzes the
addition of glucose monomers to the growing glycogen
molecule through the formation of alpha-1,4-glycoside
linkages [2].

Defect in either GYG or GYS can cause glycogen
depletion. Recently, muscle glycogen deficiency due to a
mutation in a gene encoding muscle GYG, GYGI, was
reported [3] and named as glycogen storage disease type
XV. In contrast, glycogen depletion caused by the GYS
gene mutation is called glycogen storage disease type 0
(GSDO0). GSDO was first reported in 1990 in patients with
type 2 diabetes who had a defect in glycogen synthesis in
liver, which was caused by a defect in liver GYS, GYS2,
and the disease was named as liver GSDO (or also called
GSDO0a) [4,5].

The disease of muscle GYS, GYSI1, was first described in
2007 in three siblings and named muscle GSDO, which is
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also called GSDOb [6]. One of the patients initially mani-
fested exercise intolerance, epilepsy and long QT syndrome
since the age of 4 years, then died of sudden cardiac arrest
after exertion when he was 10.5-year-old. The other two
siblings were then genetically confirmed as muscle GSDO
with mutations in GYSI and cardiac involvement was also
found in both. The second muscle GSDO family was
reported in 2009 [7]. The 8-year-old boy had been healthy
before collapsing during a bout of exercise, resulting in
death. Post-mortem examinations and studies verified the
diagnosis of muscle GSDO0. He had a female sibling who
died at 6 days of age of undetermined cause. Here we
report the first muscle GSDO patient in Asia with some dis-
tinct clinical manifestations from other reported cases.

2. Case report

An 1l-year-old Japanese girl with repeated episodes of
post-exercise loss of consciousness, weakness, and myalgia
since age 5 years, was admitted to the hospital. She was the
first child of unrelated healthy parents. She was born
uneventfully and was normal in psychomotor development.
At age 2 years, she developed the first episode of generalized
tonic-clonic seizure while she was sleeping. At age 4 years,
she had the second episode of generalized tonic-clonic sei-
zure when she was under general anesthesia for tonsillec-
tomy, whose cause was thought to be hypoglycemia due to
prolonged fasting. In both episodes, seizure was followed
by strong limb pain. Atage 5 years, she suffered from the first
episode of syncope while climbing up stairs. She recovered
after a few hours. One year later, she had the second synco-
pal attack after running 50 m, which was accompanied by
subsequent limb muscle weakness and myalgia. Since then,
similar episodes were repeated several times a year. For each
bout, she first developed leg muscle weakness immediately
after exercise, making her squat down, and gradually lost
the consciousness. She recovered her consciousness after a
few hours but always experienced strong myalgia in legs
which lasted for several hours. Blood glucose level was not
decreased during these attacks.

On admission, general physical examination revealed no
abnormal finding. On neurological examination, she had
mild proximal dominant muscle weakness and mildly limited
dorsiflexsion of both ankle joints. T1-weighted images of
skeletal muscle MRI showed high signal intensities in gluteal
and flexor muscles of the thigh, which were assessed to be
fatty degeneration (Fig. 1). Systemic investigations includ-
ing electrocardiography, echocardiography, stress cardiac
catheterization, stress myocardial scintigraphy, brain imag-
ing, electroencephalography, and screening tests for meta-
bolic diseases revealed no abnormality except for a mild
ischemic finding on exercise electrocardiography. Ischemic
and non-ischemic forearm exercise tests [8] showed the lack
of lactate elevation, raising a possibility of glycogen storage
disease. A few months later, resting electrocardiography, 24-
h holter monitoring and resting echocardiography were re-
evaluated and again revealed normal findings.
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Fig. 1. Muscle MRI, T2WI, axial. It shows high intensity in gluteus
maximus and biceps femoris muscles.

3. Histological analysis of skeletal muscle

Muscle biopsy was performed from biceps brachii.
Serial frozen sections were stained with hematoxylin and
eosin, modified Gomori trichrome, and a battery of histo-
chemical methods. The most striking finding was depletion
of glycogen in all muscle fibers but not in the interstitium
on periodic acid-schiff (PAS) staining (Fig. 2A). Phosphor-
ylase activity was also deficient in all fibers (Fig. 2B). Mito-
chondria especially at the periphery of muscle fibers were
prominent on modified Gomori trichrome (Fig. 2D). ATP-
ase staining revealed type 2 fiber atrophy. Electron micro-
scopic analysis showed mitochondrial proliferation at the
periphery of muscle fibers with no notable intramitochon-
drial inclusions (Fig. 2E).

4. Biochemical and molecular analysis

Both the activity of GYS1 and the amount of glycogen
in the skeletal muscle were markedly reduced (Table 1). On
western blotting, GYS1 in the patient’s skeletal muscle was
undetectable (Fig. 2F). The GYSI gene sequence
analysis revealed compound heterozygous mutation of
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Fig. 2. Histological, genetic and protein analyses. Periodic acid-schiff (PAS) staining shows marked depletion of glycogen in muscle fibers but not in the
interstitium (A). Phosphorylase activity is also deficient in all fibers (B). Hematoxylin and eosin staining shows mild fiber size variation (C). On modified
Gomori trichrome, mitochondria are prominent especially at the margin of each muscle fiber (D). On electron microscopy (EM), mitochondria are
increased in number at the periphery of muscle fibers (E). Bars represent 100 pm for histochemistry and 7 pm for EM. On western blotting using anti-
GYSI antibody (Abcam), GYSI protein is absent in skeletal muscle from the patient (F). Sequence analysis for the GYSI gene reveals a compound
heterozygous mutation of ¢.1230-2A > G and ¢.1810-2A > G (G). cDNA analysis showed insertion of intron 9 between exon 9 and 10 and 36-bp deletion
from the beginning of exon 15 (H).

Table 1
Analyses of enzymatic activity and glycogen content. The activity of GYS and glycogen content in skeletal muscle were markedly reduced.
Glycogen synthase (mol/min/mg) UDPG-pyrophosphorylase (nmol/min/mg) Glycogen contents (% of wet weight)
Patient 0.9 30.5 0.03
Control 420+112 31.2+3.5 0.94 +0.55

Italicized values: lower than control range.

¢.1230-2A > G in intron 9 and ¢.1810-2A > G in intron 14 5. Clinical course after diagnosis

(Fig. 2G). ¢cDNA analysis confirmed the insertion of the

full-length intron 9 between exons 9 and 10 and a 36-bp Upon the diagnosis of GSDJ, exercise was strictly lim-
deletion in the beginning of exon 15 (Fig. 2H). ited to avoid syncope resulted from glucose depletion. In
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addition, oral intake of cornstarch (2 g/kg, every 6 h) was
started to maintain blood sugar level. Her condition had
been stable for 1year after diagnosis. However, at age
12 years, she was found lying unconsciously on the stairs
at her school. She had persistent asystole despite ambu-
lance resuscitation. The blood glucose level in the emer-
gency room was above 100 mg/dl.

6. Discussion

We identified the first Asian patient with muscle GSDO,
who manifested recurrent episodes of syncope with subse-
quent muscle weakness and myalgia, and eventually devel-
oped cardiac arrest.

Findings in our patient seem to be similar to previous
reports, but some differences indicated the possibility of
another pathogenesis of the disease. Our patient repeatedly
suffered from episodes of syncope. In contrast to two ear-
lier reports, those patients never had syncope, although
the last attack led to sudden death [6,7] In support of this
notion, most muscle glycogen synthase knock-out mice
died soon after birth due to impaired cardiac function [8].
However, the pattern of loss of consciousness in our
patient cannot be explained by simple cardiac dysfunction,
as she lost her consciousness gradually after exercise and
took hours to regain, which is different from typical cardiac
syncope, usually showing sudden loss of consciousness and
rapid recovery. Alternatively, defective glycogen synthesis
in brain may be related to syncope, as GYSI is also
expressed in brain, albeit not so much as in cardiac and
skeletal muscles. Another possibility may be intermittent
arrhythmia. However, electrocardiogram during the epi-
sode was never obtained. Further studies are necessary to
answer this question.

On muscle pathology and electron microscopy, we found
profound deficiency of glycogen in all muscle fibers accom-
panied by mitochondrial proliferation, which is similar to
previous reports. The mitochondrial proliferation may
reflect a compensatory mechanism for supplying ATP to gly-
cogen-depleted muscles. Interestingly, phosphorylase activ-
ity on histochemistry seemed deficient. This is consistent
with the fact that endogenous glycogen is used as a substrate
of phosphorylase on histochemistry. Previous reports
described the reduced number of type 2 fibers. In our patient,
type 2 fiber atrophy, but not type 2 fiber deficiency, was seen.
Although type 2 fiber atrophy is a nonspecific finding, this
picture might also reflect the dysfunction of glycogen-depen-
dent muscle fibers.

7. Conclusion

We identified the first Asian patient with muscle GSDO.
In our patient, recurrent episodes of syncope and eventual
sudden death may not be simply explained by cardiac dys-
function. Further studies are necessary to elucidate the
mechanism of syncope in muscle GSDO and to establish
appropriate guideline of management for these patients
to prevent sudden death.
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ABSTRACT: No effective treatment for McArdle disease
exists. We report a Japanese patient with McArdle disease who
was treated with vitamin Bg supplementation (60-90 mg/day).
After treatment, increased muscle phosphorylase activity was
confirmed by follow-up muscle biopsy (3.8 times higher than
pretreatment levels). Increased lactate levels were seen on the
forearm exercise test, and regular work activities could be
resumed. Vitamin Bg supplementation can enhance residual
phosphorylase activity and improve insufficient anaerobic glycol-
ysis of skeletal muscle.

Muscle Nerve 45: 436—440, 2012

McArdle disease is a rare metabolic myopathy
caused by a deficiency in muscle phosphorylase,
which has an important role in anaerobic glycolysis
of skeletal muscle. Clinical features of McArdle dis-
ease include muscle cramps, myalgia, exercise
intolerance, fatigue, and slowly progressive weak-
ness, although the type and amount of exercise
needed to precipitate these symptoms varies from
patient to patient and from day to day. Muscle ne-
crosis and myoglobinuria caused by an inadequate
energy supply to skeletal muscle during exercise
occur in about half of patients, and half of
them develop acute renal failure.! A diagnosis of
McArdle disease is suspected based on patient
history and elevation of serum creatine kinase
(CK) levels.!

The forearm exercise test, during which serum
ammonia and lactate levels are measured, is a sim-
ple, sensitive, and specific test for disorders of mus-
cle glycolysis. In McArdle disease, patients fail to
produce lactate during this test.”

Several groups have reported the use of vitamin
Bg treatment in McArdle disease. However, a
repeat muscle biopsy in the same patient after
treatment has not been performed; thus, the effi-
cacy of this treatment is not well documented. To

Abbreviations: CK, creatine kinase; H&E, hematoxylin and eosin; MMT,
manual muscle testing; PAS, periodic acid-Schiff, PLP, pyridoxal
&'-phosphate

Key words: anaerobic glycolysis; follow-up muscle biopsy; McArdie
disease; muscle phosphorylase; vitamin Bg supplementation
Correspondence to: S. Sato; e-mail: sato_s@neuro.med.kyusha-u.ac.jp

© 2011 Wiley Periodicals, inc.
Published online in Wiley Online Library (wileyoniinelibrary.com).
DOl 10.1002/mus.22290

436 Efficacy of Vitamin Bg for McArdle Disease

113

date, there is no conclusive evidence of significant
benefits from nutritional or pharmacological treat-
ments in McArdle disease.?

We report an adult Japanese patient who was
treated with oral vitamin Bg supplements (60-90
mg/day) for >2 years. Efficacy of treatment was
evaluated using manual muscle testing (MMT: —4
= paralysis; —3.5 = paralysis—severe weakness; —3
= severe weakness; —2.5 = severe—moderate weak-
ness; —2 = moderate weakness; —1.5 = moderate-
mild weakness; —1 = mild weakness; —0.5 = mild
weakness—normal power; 0 = normal power), the
forearm exercise test, and a follow-up muscle bi-
opsy; we also measured serum CK levels.

CASE REPORT

In March 2008, a 4l-yearold Japanese man was
brought to our emergency room with severe myal-
gia and brown urine after being injured in a fight
with his brother. He indicated that, since child-
hood, he had experienced muscle cramps and my-
algia after exercising. His parents were consanguin-
eous, and he had a history of hypertension and
subarachnoid hemorrhage. Blood chemistry
showed markedly elevated serum CK level (420,950
IU/L), but vitamin Bg levels were within the nor-
mal range (pyridoxine <0.3 ng/ml, pyridoxamine
<0.2 ng/ml, pyridoxal 6.5 ng/ml). He developed
severe rhabdomyolysis and acute renal failure, but
hemodialysis in the intensive care unit greatly
improved his renal function.

In April 2008, his height and body weight were
167 cm and 54 kg, respectively, and neurological
examination showed moderate weakness of proxi-
mal muscles in the upper and lower limbs (MMT
= —2). The forearm exercise test revealed virtually
no increase in serum lactate level, although
increases in lactate levels after the forearm exercise
test were five- or sixfold higher than baseline levels
in healthy subjects (Fig. 1).* An electromyogram
was normal. Computed tomography scans of all his
extremities indicated slight atrophy of the proxi-
mal muscles. Muscle biopsy of his left biceps
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FIGURE 1. Forearm exercise test. For this test, rhythmic (1-Hz)
handgrip exercise at maximal voluntary contraction was per-
formed for 2 minutes. Results showed no increase in serum lac-
tate levels before treatment with vitamin Bg was started. An
increase in serum lactate levels was seen 1 month after starting
oral vitamin Bg supplementation at 60 mg/day (1.1 mg/kg/day).
Moreover, lactate markedly increased 1 year after treatment
with 90 mg/day (1.6 mg/kg/day). Plasma ammonia concentra-
tions were only measured before treatment with vitamin Bg.
Time = 0: before exercise. Normal values (at rest): lactate
5.0-20.0 mg/dl; ammonia 945 pg/dl.
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brachii, which was performed 40 days after the
severe rhabdomyolysis, showed variation of muscle
fiber size and frequent internal nuclei on hematox-
ylin and eosin (H&E) staining (Fig. 2A). When
muscle phosphorylase activity is preserved, muscle
fibers are stained brown or violet with phosphoryl-
ase because of their reaction to the iodine-potas-
sium iodide solution used for phosphorylase stain-
ing. The higher the activity of phosphorylase, the
deeper violet the muscle fibers are stained. How-
ever, his muscle fibers did not show phosphorylase
staining (Fig. 2B). Periodic acid-Schiff (PAS) stain-
ing revealed many glycogen deposits under the sar-
colemma of muscle fibers. Under histochemical
staining for ATPase activity at pH 4.4, the propor-
tion of type 1 and type 2 fibers was 44% and 56%,
respectively. Muscle phosphorylase activity was 3.8
nmol/min/mg protein [control: 58.9 * 175
nmol/min/mg protein (mean * SD)]. He was
found to be homozygous for a single-codon dele-
tion at codon 708/709 in exon 17, which is the
most common mutation of muscle phosphorylase
among Japanese patients with McArdle disease.*

In August 2008, treatment with oral vitamin Bg
supplements (60 mg/day, 1.1 mg/kg/day) was
started and, 1 month later, the forearm exercise
test showed an increase in lactate levels (Fig. 1).
Neurological examination revealed muscle strength
improvement (MMT —0.5). Serum CK levels
were normal (146 IU/L) (Fig. 3). In November
2008, we increased the dosage of vitamin Bg from
60 to 90 mg/day (1.6 mg/kg/day) because serum
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CK had increased due to more severe physical stress
associated with his job. Serum CK levels normalized
1 month after administration of 90 mg/day of vita-
min Bs. Subsequently, his muscle weakness gradu-
ally improved.

In July 2009, 1 year after starting treatment, the
patient’s lactate levels markedly increased on the
forearm exercise test (Fig. 1). In October 2009, a
follow-up muscle biopsy of his right biceps brachii
was performed with his informed consent. The
fiber size variation was minimized, and 70-80% of
the muscle fibers were stained brown with phos-
phorylase (Fig. 2C and D). The proportions of
type 1 and type 2 fibers in the posttreatment sam-
ple were 31% and 69%, respectively. Little accumu-
laton of glycogen was observed in the muscle
fibers by PAS staining. Muscle phosphorylase activ-
ity was 14.4 nmol/min/mg protein, which was 3.8
times higher than before treatment.

The patient’s serum CK levels ranged from 120
to 2,093 1U/L (mean 576 IU/L), depending on his
physical activities (Fig. 3). However, his clinical
condition was stable regardless of the heavy labor he
performed during his daily work as a fish dealer. Fur-
thermore, there had been no adverse effects caused
by vitamin Bg, including sensory neuropathy.>™’

DISCUSSION

Oral vitamin Bg supplementation (60-90 mg/day)
in this patient led to improvements in both muscle
weakness and inadequate anaerobic glycolysis; a
follow-up muscle biopsy confirmed the presence of
increased muscle phosphorylase activity after treat-
ment. Our patient has continued to be engaged in
his work for 2 years and 2 months. Although the
phosphorylase activity after vitamin Bg treatment is
not completely normal, it is sufficient for him to
maintain his regular work activities.

McArdle disease is transmitted as an autosomal
recessive trait. The gene for muscle phosphorylase
is localized on chromosome 11ql3. Deficiency of
this enzyme results in inability to metabolize skele-
tal muscle glycogen during anaerobic metabolism,
followed by clinical symptoms such as muscle weak-
ness. There is almost no detectable muscle phos-
phorylase activity in the majority of affected indi-
viduals,"* but some residual activity (i.e., up to
10% of normal values) has been observed in some
cases." Our patient had 6.5% of normal muscle
phosphorylase activity before treatment, 40 days af-
ter the severe rhabdomyolysis in March 2008. The
residual activity may have been caused by several
regenerating muscle fibers expressing the fetal
isoform of muscle phosphorylase®® In addition,
the difference in the proportion of muscle fiber
types before and after vitamin Bg treatment might
have been caused by regeneration of skeletal
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FIGURE 2. Muscle biopsy samples from the patient and a control subject. (A, B) Before treatment with vitamin Bg: (A) a sample
stained with H&E; and (B) a sample stained with phosphorylase. Samples showed variation in muscle fiber size and frequent internal
nuclei. No muscle fibers were stained with phosphorylase. (C, D) After treatment with vitamin Bg: (C) a sample stained with H&E; and
(D) a sample stained with phosphorylase. The muscle fibers stained with phosphorylase increased markedly and muscle fiber size
was almost uniform. (E, F) Control: (E) a sample stained with H&E; and (F) a sample stained with phosphorylase. Muscle biopsy sam-
ples before and after treatment were stained at the same time as the control sample. Bars = 100 um.

muscle fibers, especially type 2C fibers., However,
we believe that the increased muscle phosphorylase
activity of the follow-up muscle biopsy at 1 year
and 3 months after treatment was due to treatment
with vitamin Bg because enough time had passed
since the episode of severe rhabdomyolysis, and
there had been only mildly increased CK levels
during treatment.

Lactate increased more dramatically on the
forearm exercise test after treatment with higher
doses of vitamin Bg (90 mg/day, 1.6 mg/kg/day)
than with lower doses (60 mg/day, 1.1 mg/kg/
day). On the other hand, we decreased the dosage
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of vitamin Bg from 90 to 60 mg/day in April 2009,
because we believed that the toxicity of vitamin Bg
(90 mg/day) resulted in transient exacerbation of
muscle weakness and a reduction in regular work
activities in this period. However, we determined
that the worsening was due to more severe physical
work, and we returned the dosage to 90 mg/day in
May 2009. Except for this episode, he has been in
good condition under treatment with 90 mg/day
of vitamin Bg. Thus, these results suggest that the
effects of vitamin B¢ may depend on the dosage.
Many trial treatments other than oral vitamin
B¢ supplementation have been used for McArdle
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FIGURE 3. Clinical course of the patient. Muscle strength was evaluated by mean MMT of the neck flexors, deltoid muscles, and iliop-
soas muscles. The dosage of vitamin Bg was 60 mg/day from August 2008 to November 2008, 90 mg/day from November 2008 to
April 2009, 60 mg/day from Aprii 2009 to May 2009, and 90 mg/day from May 20089 onward. Squares: CK; triangles: MMT. Normal

value of CK: 55-290 IU/L.

disease, such as high oral doses of ribose, a fatrich
diet, glucagon, verapamil, a high-protein diet,
branched-chain amino acid supplementation, dan-
trolene sodium, low- or high-dose creatine, oral su-
crose, intravenous gentamicin, a ketogenic diet, a
high-carbohydrate diet, and ramipril. However,
there has been no definitive evidence of any signif-
icant benefit from these treatments.® On the other
hand, the withdrawal of vitamin Bg supplementa-
tion from a patient after 2 years of daily adminis-
tration resulted in decreased exercise tolerance
and increased muscle cramps,'® which suggested
the efficacy of therapy with vitamin Bg supple-
ments. In addition, a Japanese patient with a very
mild case of McArdle disease was treated with
vitamin Bg supplementation (90 mg/day) for 3
months, and the forearm exercise test showed
improved glycogenolysis, as in our patient.!!

In normal individuals, skeletal muscle contains
at least 80% of the total body pool of vitamin Be,
bound as pyridoxal 5'-phosphate (PLP) to muscle
phosphorylase. One molecule of PLP covalently
bound to a lysine residue of each muscle phospho-
rylase subunit is essential for enzyme activity.'*'?
The decreased phosphorylase in McArdle disease
substantially diminishes PLP in skeletal muscle.'*"?
The action of vitamin Bg supplementation may
require the presence of some residual muscle
phosphorylase, as in our patient, and probably
would not be seen in patients with null mutations,
including the R50X mutation, which is most com-
mon among Caucasians.'"'*'5
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As noted earlier, most patients lack detectable
muscle phosphorylase, as detected by sodium
dodecylsulfate—polyacrylamide gel electrophoresis,
immunoblot, and enzyme-linked immunosorbent
assay."”* This may result from rapid decay of unsta-
ble proteins. Thus, we hypothesize that vitamin Bg
supplementation can restore some stability to the
mutant enzyme and enhance the residual phos-
phorylase activity in skeletal muscle of patients, fol-
lowed by improvement in insufficient anaerobic
glycolysis of skeletal muscle. However, other mech-
anisms are also possible.

Our study suggests that supplementation of
vitamin Bg may be an effective therapy for McArdle
disease, especially for patients who have some re-
sidual muscle phosphorylase activity, although
further studies, including a double-blind, placebo-
controlled study, are necessary to draw firm
conclusions about the effects of vitamin Bg
supplementation.

The authors thank Hiromi Koda at the Department of Pathology
in Kurashiki Central Hospital for her technical assistance and his-
tological analysis.
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ABSTRACT: We present a detailed description of brachial
plexus infiltration by acute myelogenous leukemia (AML) in the
setting of a remission bone marrow biopsy, without evidence of
leukemia by flow cytometric analysis. This case illustrates the
possibility of dormant leukemic cells in the peripheral nervous
system (PNS) in a patient in apparent clinical remission. In
patients with an unexplained brachial plexopathy and a history of
AML, leukemic infiltrate of the PNS must be considered.

Muscle Nerve 45: 440-444, 2012

Meastatic tumors to the brachial plexus are a rel-
atively rare disease entity. Involvement of the
brachial plexus by metastatic tumors occurs in
most instances via direct extension of the tumor or
by means of lymphatic or hematogenous spread.
Primary tumors with reported metastases to this
region of the peripheral nervous system most fre-
quently include carcinomas of the breast and lung,
lymphomas, and melanoma.® Although involve-
ment of peripheral nerves by a leukemic infiltrate
has been reported rarely, this is a detailed descrip-
tdon of brachial plexus pathology by a leukemic
infiltrate based on immunohistochemical studies.
We describe a patient who had a peripheral nerv-
ous system (PNS) relapse of acute myelogenous
leukemia (AML) manifested by brachial plexop-
athy. Of particular interest is that the patient had
received a gender-mismatched bone marrow trans-
plant 6 years earlier. The relapse occurred in the

Abbreviations: ALL, acute lymphoblastic leukemia; AML, acute myeloge-
nous leukemia; CBC, complete blood count; CLL, chronic lymphocytic
leukemia; CNS, central nervous system; CSF, cerebral spinal fluid; EMG,
Key words: brachial plexus, myelogenous leukemia, peripheral nerve
metastasis, transplant
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setting of a remission bone marrow biopsy with a
normal female donor karyotype and with no evi-
dence of leukemia by flow cytometric analysis. A
normal complete blood count (CBC) had been
present on multiple tests over 6 years.

CASE REPORT

History and Neurological Examination. A 33-year-old
man was diagnosed with AML when he presented
with a hemoglobin of 8.9 g/dl, hematocrit of 26%,
leukocytosis [55,000 white blood cells (WBC)/ul],
and thrombocytopenia (121,000 piatelets/ul).
Peripheral blood smear evaluation revealed an
abnormal white cell differential with 91% blasts. A
bone marrow aspirate and biopsy showed AML
with maturation, based on the World Health Orga-
nization (WHO) classification.® Flow cytometric
analysis of the blasts revealed immunophenotypic
features indicative of myeloblasts (CD34, CD117,
CD33, HLA-DR, CD15, and CD13 positive). Cytoge-
netic analysis of the bone marrow revealed a tris-
omy 8 karyotype.

The patient went into remission after chemo-
therapy, which consisted of daunorubicin and
cytarabine (Ara-C), but 1 year later he had a
relapse followed by leukemic meningitis. He
received intrathecal Ara-C and high-dose intrave-
nous Ara-C (2 g/ m?) and later underwent a gen-
der-mismatched "allogeneic bone marrow trans-
plant. His chemotherapeutic regimen for the
transplant consisted of '*'I monoclonal antibody
and fludarabine in addition to low-dose total body
radiation. He again went into remission, but his
course was complicated by graftversus-host disease
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Concomitant microduplications of MECP2 and ATRX in
male patients with severe mental retardation

Shozo Honda!, Shigeko Satomura?, Shin Hayashil?, Issei Imoto'%, Eiji Nakagawa®®, Yu-ichi Goto™®

and Johji Inazawal*’

, and the Japanese Mental Retardation Consortium?®

Investigations of chromosomal rearrangements in patients with mental retardation (MR) are particularly informative in the search
for genes involved in MR. Here we report a family with concomitant duplications of methyl CpG binding protein 2 (MECP2) at
Xq28 and ATRX (the causative gene for X-linked alpha thalassemia/mental retardation) at Xq21.1 detected by array-comparative
genomic hybridization. The alterations were observed in a 25-year-old man who inherited them from his mother, who showed a
normal phenotype and completely skewed X-chromosome inactivation, and also in his cousin, a 32-year-old man. The proband
and his cousin showed severe MR, muscular hypotonia, recurrent respiratory infections and various other features characteristic
of MECPZ2 duplication syndrome. However, the proband also had cerebellar atrophy never reported before in MECP2 duplication
syndrome, suggesting that his phenotypes were modified through the ATRX duplication in an additive or epistatic manner.
Journal of Human Genetics advance online publication, 1 December 2011; doi:10.1038/jhg.2011.131

Keywords: array CGH; ATRX; duplication; MECP2; X-linked mental retardation

Duplication at Xq28 involving methyl CpG binding protein 2
(MECP2) has been detected at high frequency (1-2%) in males with
unexplained X-linked mental retardation (XLMR)."> MECP2 duplica-
tion syndrome is now recognized as a clinical entity showing severe
MR, muscular hypotonia, absence of speech, a history of recurrent
infection and mild dysmorphic features.’ In the course of a program
to screen possible patients with XLMR for copy-number aberrations
by array-comparative genomic hybridization (aCGH) using a bacterial
artificial chromosome (BAC)-based X-tiling array (MCG X-tiling
array),>* we detected an ~0.4-Mb duplication at Xq28 involving
MECP2 together with an ~0.3-Mb duplication at Xq21.1 that
included ATRX, the causative gene for ATR-X (X-linked alpha
thalassemia/mental retardation) syndrome, in a 25-year-old man
and his cousin, a 32-year-old man (Figure la).

The proband (III-1, Figure 1b) was born at 41 weeks after an
uneventful pregnancy as the first child of non-consanguineous healthy
parents. At birth, his weight and occipital-frontal circumference
(OFC) were 3280g (0 s.d.) and 33.5cm (0.3 s.d.), respectively.
He was developmentally retarded: first smiling at 3 months, holding
up his head at 5 months, rolling over at 7 months, sitting by himself at
12 months and crawling at 13 months. At 25 years, his height, weight
and OFC were 160.8cm (—1.7 s.d.), 50kg (—1.2 s.d.) and 56.3cm

(—0.9 s.d.), respectively. The proband exhibited hypertelorism, micro-
cephaly and synophrys (Figure 1c). At 28 years, magnetic resonance
imaging (MRI) showed cerebral atrophy, cerebellar atrophy and a thin
corpus callosum (Figure 1d). He could walk and communicate until
he was 14 years old, but became unable to do either of this after
developing epilepsy. At the age of 4 years and 10 months, his total
Developmental Quotient was 22, calculated by using the Kyoto Scale
of Psychological Development. A blood investigation showed that his
IgA level was low. The HbH inclusion body that is detected frequently
in patients with ATRX mutation was not found by brilliant cresyl
staining. His younger brother (III-2) had intrapartum asphyxia and
two maternal uncles (II-3, II-4) died immediately after birth.

The cousin of the proband (III-3) was born in 41 weeks after an
uneventful pregnancy to non-consanguineous healthy parents by
normal delivery. At birth, his weight and OFC were 2850g (—1.2
s.d.) and 37cm (+2.4 s.d.), respectively. He was characterized by
macrocephaly. He had started smiling at 2-3 months, holding up his
head at 4 months, sitting by himself at 12 months and walking at 40
months. At 32 years of age, his height, weight and OFC were in the
normal range (164.5cm, —1.1 s.d.; 57 kg, —0.5 s.d.; 59.4 cm, +1.8 5.d.).
Information on his Developmental Quotient was unavailable. A blood
investigation showed that his IgA level was low. He had been affected
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