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A neonatal form of glycogen storage
disease type IV

M. Nambu, MD, PhD; K. Kawabe, MD; T. Fukuda, MD, PhDD; T.B. Okuno, MD; S. Ohta, MD;
I. Nonaka, MD, PhD; H. Sugie, MD, PhD; and I. Nishino, MD, PhD

Abstract—We report of an infant with neonatal glycogen storage disease type IV (GSD IV) who was examined for severe
hypotonia and cardiomyopathy. On the muscle biopsy there were many fibers with diastase-resistant polyglucosan bodies.
Glycogen branching enzyme (GBE1) activity in the muscle was markedly reduced. The infant had a homozygous single

nucleotide deletion in the open reading frame of GBEI gene.

NEUROLOGY 2003;61:392-394

Glycogen storage disease type IV (GSD IV, Andersen
disease)} is an autosomal recessive disorder caused by
a deficiency of the glycogen branching enzyme
(GBEL,; 1,4-glucan: 1,4-glucan 6-glycosyl transferase).!
The classic form of GSD IV is characterized by progres-
sive liver cirrhosis. Less frequently, there are patients
with liver disease without apparent progression. In ad-
dition to the hepatic form, some patients with the rare
neuromuscular form presenting at birth with severe
hypotonia have been reported.*® Some mutations in
the same GBEI gene have been found in patients with
various presentations of GSD IV.%® We report a new-
born infant with GSD IV with a homozygous deletion
of a single nucleotide in GBEI gene, who had profound
hypotonia and dilated cardiomyopathy.

Clinical course of this patient. A female neo-
nate was born at 36 weeks of gestation. Her mother
noted decreasing fetal movements at 34 weeks. Poly-
hydramnios was shown by ultrasonic tomography at
35 weeks of gestation, but no anomalies were de-
tected. Fluid was seen in the stomach, excluding the
possibility of esophageal atresia.

At birth, the infant weighed 2,220 g, head circum-
ference was 33 cm, and body length was 48.5 cm.
There was more than 2,000 mL of amniotic fluid. The
infant was not able to breathe adequately on her own
and was intubated immediately after birth. She had
severe hypotonia. Her deep tendon reflexes were ab-
sent, and her bowel sounds were barely audible. She
required continuous mechanical ventilation and tube
feeding.

The parents and other family members had no
neurcmuscular disorders. The mother’s previous
pregnancy had resulted in a first trimester fetal de-
mise. There was no consanguinity.

EMG showed diffuse fibrillations and very small

motor unit potentials with dorsiflexion of the ankle.
There was no waxing and waning phenomenon. EEG
showed no abnormality and no repetitive local spike
or sharp wave discharges. Median nerve conduction
velocities were normal. An echocardiogram showed
cardiomyopathy with left ventricular dilatation and
hypokinesis of both ventricles. Ejection fraction was
52% at age 2 months and 25% at age 3 months.

Serum creatine kinase (CK) and CK-MB levels
were 597 IU/L (normal, 20 to 180) and 225 IU/L
(normal, 5 to 20} at birth, 4,616 and 227 IU/L at age
1 day, 500 to 1000 and 80 to 120 IU/L from age 5 to
20 days, and 300 to 500 and 50 to 80 IU/L after age
20 days. a-Glucosidase activity in her leukocytes was
normal. Urine organic acid analysis was normal. In
the right biceps, biopsy done at age 3 months showed
many muscle fibers with polyglucosan bodies resis-
tant to diastase digestion.

Her clinical condition deteriorated as cardiomyop-
athy worsened. Hypoglycemia was not severe, but at
age 4 months it became difficult to control her blood
glucose levels. Her liver gradually became larger and
firmer at age 4 months, but alanine aminotransfer-
ase (ALT) levels were <100 IU/L (normal, 3 to 30)
and total bilirubin levels were normal. She died of a
cardiomyopathy at age 4 months, but permission for
autopsy was not obtained.

Histochemical examination of skeletal mus-
cle. Serial 10-pm transverse sections of frozen
muscle were stained with hematoxylin and eosin (H-
E), modified Gomori trichrome, and various histo-
chemical methods.

There was moderate variation in fiber size, rang-
ing from 5 to 40 pm in diameter. There were no
necrotic or regenerating fibers. Many fibers con-
tained polyglucosan bodies (figure 1A). Tiny baso-
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Figure 1. Histochemical staining of skeletal muscle. (A)
Hematoxylin and eosin. In addition to marked variation
in fiber size, many fibers have pale crystalloid polyglu-
cosan bodies in the cytoplasm (arrows). Purple-colored
granules are seen in many fibers {arrowheads). (B) Modi-
fied Gomori trichrome. Polyglucosan bodies are not
stained (arrows). Purple-colored granules sometimes re-
semble rimmed vacuoles (arrowheads). (C) Acid phospha-
tase. Enzymatic activity is markedly increased in almost
all fibers, indicating activation of lysosomal system. Some
polyglucosan bodies have markedly increased enzyme ac-
tivity (arrowheeds), whereas others do not (errows). (D)
Periodic acid Schiff (PAS) after diastase treatment. Crys-
talloid structure retains PAS positivity even after diastase
treatment (arrows), demonstrating that the inclusions are
polyglucosan bodies. Bars indicate 10 pm.

philic granules were scattered in the cytoplasm,
especially in small fibers, and sometimes resembled
rimmed vacucles (figure 1B). There was no cellular
infiltration or increase in fibrous tissue. IM nerve
bundles were well myelinated. Acid phosphatase ac-
tivity was markedly increased in virtually all fibers
(figure 1C). Some polyglucosan bodies, particularly
in small fibers, had markedly increased acid phos-
phatase activity, whereas others did not. Intracyto-
plasmic polyglucosan bodies were highlighted with
periodic acid Schiff (PAS) stain but were only par-
tially sensitive to diastase digestion (figure 1D). Im-
munohistochemical analyses with antibodies to
sarcolemmal proteins, including dystrophin, sarco-
glycans, p-dystroglycan, and laminin-«2 chain (mer-
osin), were normal (data not shown).

Electron microscopic examination. Many myo-
fibers had intracytoplasmic amorphous inclusions of
various sizes (figure 2). Myofibrils had degenerated
in most of the fibers and were sometimes completely
replaced by amorphous inclusions, particularly in
small fibers. There were a variable number of auto-
phagic vacuoles and myeloid bodies in the degener-
ated fibers.

Glycogen branching enzyme activity. We de-
termined branching enzyme activity of cultured myo-

Figure 2. Electron micrograph of skeletal muscle. Two
muscle fibers have amorphous intracytoplasmic inclusions
(asterisks). Most fibers have degenerated myofibrils with a
variahle number of autophagic vacuoles (arrows). Bar rep-
resents 5 pm.

blasts using the method previously described.® The
activity of this enzyme was markedly reduced in our
patient (0.01 pmole Pifmin/mg) compared with three
control samples (0.25, 0.26, and 0.53 pmole Pi/min/
mg), showing that our patient had branching enzyme
deficiency.

Genetic analysis. For genetic analysis, we ex-
tracted total RNA from skeletal muscle following stan-
dard procedure. We reverse-transcribed the mENA
with oligo 4T primer and amplified the ¢cDNA fragment
with primers 44F, 5-CTCTCGGGCCTCGGCTACTT-3'
and 2258R, 5-AAGCTGTGTGACAGTGATA-3', which
encompass the entire open reading frame. We se-
quenced the amplified fragment directly using 12 inter-
nal primers, which cover both strands completely. To
confirm the mutation at the genomic DNA level, we am-
plified exon 2 and its flanking intronic sequence of
genomic DNA extracted from skeletal muscle with prim-
ers 2F, 5-ACTAAAGCAGTTACTTAATTACAGTAGC-3'
and 2R, 5“AATTCTAAGGCTCTATCTGAAAAGTCTG-
3. We sequenced the amplified fragment directly, and
we also sequenced genomic DNA fragments from 50
healthy subjects.

Our patient had a homozygous deletion of adenine
at nucleotide 288 in the open reading frame of GBE1
gene (figure 3), which is predicted to truncate the
protein at the 142nd residue, We also confirmed the
mutation at the genomic DNA level. One hundred
normal chromosomes had no such deletion. Genetic
analyses were not performed in the infant’s parents.

Discussion. A human GBE c¢DNA has been
cloned,’® and some mutations in the same GBEI
gene have been identified in patients with various
presentations of GSD IV.%® However, there has been
only one report of a genetically confirmed patient
with the fatal neonatal form.5¥ Qur patient is the
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Figure 3. Electropherogram of the mutation, A homozy-
gous deletion of adenine at nucleotide position 288 is
found in the patient.

second patient with genetically confirmed neonatal
GSD IV, Qur patient had a single nucleotide deletion
in exon 2 of the GBE1 gene, whereas the first patient
had a 210-base pair deletion in ¢cDNA resulting from
a splice-site mutation.® The mutation in our patient
shifts the frame of codon at the 96th amino acid and
is predicted to terminate the translation at the
142nd amino acid. Because the GBE1I gene encodes
702 amino acids, the mutant protein, if present,
makes up only 20% of the polypeptide in length. This
apparently deleterious mutation may explain the se-
verity of the phenotype in our patient.

Many muscle fibers in our biopsy sample had
diastase-resistant polyglucosan bedies. Of note, acid
phosphatase activity was markedly increased in
most fibers. Polyglucosan bodies showed variable
acid phosphatase activity, suggesting that lysosomes
may be secondarily activated to scavenge polyglu-
cosan bodies. Large numbers of autophagic vacuoles
in the myofibers seen in our electron micrographs
appear to support this notion.

894 NEUROLOGY 61 August (1 of 2) 2003

Our patient’s clinical course was similar to that of
the first patient.’ Although the severe infantile neu-
romuscular form of GSD IV is very rare, this disease
should be included in the differential diagnosis of the
floppy infant with a history of polyhydramnios and
decreased fetal movements in the later stages of

pregnancy.
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Abstract

A 14-month-old girl was hospitalized due to repeated hyper-creatine kinase (CK)-emia during pyrexia. Mild hypotonia was observed, but
other physical and neurological findings were unremarkable. The serum CK level was normal at rest or normothermia. Open muscle biopsy
was performed on the rectus femoris, and showed glycogen storage and complete lack of phosphorylase activity histochemically and
biochemically, establishing the diagnosis of McArdle disease. The diagnosis of McArdle disease in early infancy is uncommon. Until this
study there have been no reports of clinical symptoms of muscle biopsy findings for McArdle disease in early childhood. This disease must be
considered when transient hyper-CKemia is observed i in infants, even if glycogen storage is unremarkable as compared with adult cases.

© 2003 Elsevier Science B.V. All rights reserved. -

Keywords: McArdle disease; Early infant case; Pyrexia; Hyper-creatine kinase (CK)-emia

1. Introduction

McArdle disease is a congenital metabolic myopathy
caused by a phosphorylase deficiency in skeletal muscle
[1-3]. This disease is glycogenosis type V, and is a typical
muscular glycogen storage disease. The normal supply of
energy to muscle cells is impaired by exercise or pyrexia,
resulting in muscle necrosis, and followed by hyper-creatine
kinase (CK)-emia and other muscular symptoms. Typical
cases are diagnosed during adolescence or af a later age [4].
There have been no documented reports of infants as
probands since 1965, We present a female infant case of
McArdle disease, and review literature in this field.

2. Case presentation

The patient is a 14-month-old Japanese girl. There is no
family history of consanguinity, neuromuscular disorder, or
abnormal reaction to anesthesia.

The patient was born at term after an uneventful

* Corresponding author. Tel.: +81-3-3353-8111; fax; +81-3-5269-7338.
E-mail address: ymitoh@cf6.s0-net.ne.jp (Y. Ito).

pregnancy. She measured 49 cm in height and weighed
2970 g at birth. There was no neonatal asphyxia or difficulty
in sucking or crying. She was capable of visual tracking and
social smiling within 2 months of birth, head control at 4
months, sitting unsupported at 6 months, rolling at 6-7
months, walking with support by 12 months, and walking
unaided at 13 months. At 14 months, she could speak more
than five words.

At 9 months, she appeared lethargic, despite only a low-
grade fever of 37°C. A biochemical test conducted by her
family doctor revealed a seum CK level of 400 TU/L. Three
days later she was admitted to another hospital for persistent
fever and hyper-CKemia. Laboratory studies provided the
following values: WBC, 19,100/w.1; CRP, 5.4 mg/dl; AST,
155 IU/L; ALT, 79 IU/, and LDH, 1061 TUAL. The CK level
was 5240 IU/1, She was in an ill humor and lethargic, but no
muscular symptoms were observed. The next day the CK
level increased to 17,700 IU/l, and aldolase and myoglobin
levels were 159.5 IU/l (normal range, 1.7-5.7) and 310
ng/m! (normal range, below 60), respectively. Blood
chemistry values improved during the second week. At 11
months, her CK level was 1017 IU/1 when she was
hospitalized with acute bronchitis. The attending physician
referred her to our hospital. At 12 months, after catching a

(0387-7604/03/% - see front matter © 2003 Elsevier Science B.V. All rights reserved.
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common cold, her CK level increased to 800 JU/. At 14
months, she was admitted to our hospital for a comprehen-
sive examination of repeated hyper-CKemia.

Her physical growth was standard for her age. She did
not have a myopathic face. Mild hypotonia was illustrated
by a double folding posture, hyperextended elbows and
knees, and positive heel-ear and scarf signs. No muscle
weakness or atrophy was recognized. Deep tendon reflexes
were normal, Babinski reflexes were positive bilaterally,
and other neurological findings were unremarkable.

The following hematological and biochemical findings
on admission were within normal ranges at rest or
normothermia: myogenic enzymes (CK, 192; AST, 39;
ALT, 17, LDH, 673; aldolase, 11.7 IU/], and myoglobin, 46
ng/ml); electrolytes; and metabolites, including blood sugar,
ammonia, urate, lactate, pyruvate, ketones. Hormonal
functions were normal. Results of blood gas analyzes
were normal, The anti-Jo-1 antibody was negative, and
results of plasma amino acids assays and urinary amino
acids and organic acids assays were unremarkable. Brain
magnetic resonance imaging, muscle computed tomogra-
phy, echocardiography, electroencephalography, motor

nerve conduction study, and electrocardiography were not
abnormal. Tsumori’s test of psychological development
showed her developmental age to be 16 months with a
developmental quotient of 114. Semi-ischemic forearm
exercise testing and electromyography were not performed.

3. Muscular biopsy findings

An open muscle biopsy of the left femoral rectus muscle
was performed. The preoperative serum CK level was
normal.

Histochemical findings. Hematoxylin-eosin (H-E) stain-
ing revealed a low level of internal nuclei and a difference in
muscle fiber size, but no necrosis, regeneration, or
inflammatory cell infiltration. H-E and Gomori-trichrome
stains demonstrated the presence of minute vacuoles in
muscle cells, which stained strongly with Periodic acid
Schiff (PAS) (stippling), suggesting glycogen accumulation
{Fig. 1a). Some muscle fibers showed slight subsarcolem-
mal accumulation of glycogen. Acid phosphatase staining
was negative and phosphorylase activity was completely

Fig. 1. (a) Periodic acid Schif (PAS) staining { % 200). Very small vacuoles in muscle cells demonstrated by Hematoxylin-eosin and Gomori-trichrome staining
were strongly stained with PAS (stippling), suggesting glycogen accumulation (). Some muscle fibers showed slight subsarcolemmal accumulation of
glycogen ( — ). (b) Phosphorylase staining ( % 200). Left: control. Right: the present case: phosphorylase activity was completely absent.
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absent (Fig. 1b). Muscle fiber subtypes were normally
distributed, but modified ATPase staining showed an
increase in type 2C fibers. There was no increase or
accumulation of mitochondria, and cytochrome ¢ oxidase
activity was normal.

Electron microscopic findings (Fig. 2). Muscle fibers
were scattered, showing a moderate accumulation of
‘glycogen in the subsarcolemmal region. Mild to intermedi-
ate glycogen accumulation was also noted ameng
myofibrils.

Biochemical findings. There was no lactate production in
anaercbic glycolysis in vitro when glycogen was used as a
substrate. However, lactate was produced when glucose-1-
phosphate, a glycogen decomposition preduct generated by
phosphorylase, was used as an alternative substrate. Several
anaerobic glycolytic enzymes were analyzed. A deficiency
in phosphorylase activity was detected (0.1 n mole/minu-
te/mg protein; reference standard, 58.9 *+ 17.5).

4. Discussion
Transient, repetitive hyper-CKemia associated with

pyrexia may be caused by several myopathies. Clinical
entities that should be considered in the differential

diagnosis include: metabolic myopathies such as mitochon-
drial myopathy, glycogen storage myopathy, and impaired
fatty acid and organic acid metabolism; endocrine myo-
pathies such as thyroid myopathy; preclinical stage or
carrier for muscular dystrophy; congenital myopathies;
inflammatory myopathies; and malignant hyperthermia. On
the basis of histochemical findings and analysis of muscle
enzyme activities, a diagnosis of McArdle disease was
made. Gene analysis revealed the absence of the common
Japanese McArdle disease mutation (F 708 [709] del) [5].

McArdle disease is an autosomal recessive glycogen
storage disease, characterized clinically by recurrent and
reversible exercise-induced symptoms of exercise intoler-
ance including ready fatigue, myalgia, cramps, weakness,
second wind phenomenon, myoglobinuria, and hyper-
CKemia {4,6,7]. Generally, these symptoms develop in
association with intense or sustained exercise, though later
in life progressive (fixed) muscle weakness may occur. The
diagnosis is usually established in a proband during
adolescence or after, although muscular symptoms like
exercise intolerance and ready fatigue become apparent in
early childhood. Roubertie et al. compiled the clinical
symptoms of eight patients detected during the pre-
adolescent period, and noted negative clinical manifes-
tations such as clumsiness, disinclination, lethargy, slow

Fig. 2. Electron microscopic observation (X 3500). Muscle fibers were scattered, showing a moderate accumulation of glycogen particle in the
subsarcolemmal region (%). Mild to intermediate glycogen accumulation was also observed among myofibrils (4).
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movement, or laziness, other than usual muscular symptoms
(6).

Glycogen is an essential source of energy during intense
muscular exercise and in the early stages of intertnediate
exercise. Although glycogenolysis in skeletal muscles is
impaired in McArdles disease, intermediate muscular
exercise usually generates no symptoms. Intense exercise
often results in muscular symptoms as a manifestation of
insufficient energy supply. It is possible that symptoms of
McArdle disease are not obvious during childhood, as most
children are unlikely to engage in heavy exertion in the pre-
adolescent stage, and children with the disease consciously
or unconsciously avoid intense and sustained exertion as it
results in an unpleasant experience. Consequently, these
children are often regarded as quiet and placid. Exercise
intolerance and ready fatigue are non-specific symptoms,
and may be overlocked as psychogenic reactions in the pre-
adolescent period. Bartram et al. noted that the greater the
mitochondrial oxidative capacity, the less dependent an
individual is on glycogenolysis. Children are more active
than adults with a higher aerobic capacity per kilogram body
weight, which may also explain why McArdle disease is not
usually diagnosed in young children [7].

Hyper-CKemia was unexpectedly discovered in our
patient when she was being examined for lethargy, despite
having only a low-grade fever of around 37°C. No abnormal
muscular symptoms were observed. This case is highly
significant because it is rare for McArdle disease to be
discovered at such a young age. A search of the literature
published since 1965 yielded no records of clinical
symptoms or muscle biopsy findings related to this disease
in infants. The development of hyper-CKemia and exercise

intolerance, in association with pyrexia but not intense
exercise, is uncommon in adult cases, and may be a feature
specific to young cases. Another feature specific to young
cases is the histological absence of the lace-like vacuoles
typically observed in adults as a result of glycogen
accumulation. Therefore, we cannot exclude the possibility
of McArdle disease when confronted with transient hyper-
CKemia in infants even if glycogen accumulation is only
slight.
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Table 1 Classification of muscle glycogen storage diseases and samples for diagnostic enzyme assay
; . Tissues available for
G]yclogen storage disease Deficient enzyme diagnostic enzyme assay
I Pompe Disease Acid maltase Muscle, lymphocyte, fibroblast
It Forbes-Cori Disease Debranching enzyme Liver, WBC. RBC. muscle
v Andersen Disease Branching enzyme Liver, WBC, muscle, RBC, fibroblast
Vv McArdle's Disease Myophosphorylase Muscle
il Tarui Disease Phoesphofructokinase Muscle
kil Phosohorylase b kinase Muscle
K Phosphoglycerate kinase Muscle, RBC, WBC, fibroblast
X Phosphoglycerate mutase Muscle
X1 Lactate dehydrogenase-A Muscle
Xo Aldolase-A Muscle
X 8 -enolase Muscle
WBC., white blood cell; RBC, red blood cell
Table 2 Number of the patients with muscle glycogen stor-
age diseases (MGSDs) nation-wide survey and our experi-
ences at Hamamatsu City Medical Center for Developmen-
tal Medicine
Glycogen Storage Nation-wide survey Our experiences
Disease {1991 ~ 2001) {1989 ~ 2001)
I 37 31
o - 20 19
I3 5 3
\ 22 38
1 7 3
I o] 5
X 6 5
X 2 0
X 0 0
X0 Q0 1}
Am 0 4]
PGM Def 2 2
total 101 106
PGM Def: phosphoglucomutase deficiency
7= ETLHBT, L ABARICT McArdle BERETL 8BRS

2) MR B AR REEMEN ORE | LiE%T
1986 4E 226 2001 4 % TIT, SHAUEERA D b h2E D
LREDKENDH o7 B B0 S LT RR LS L E
FlOMRBSRE L EESHORBL 2o LBHE, Hw
iR nfEEIc D W TR L,

3) Pompe W 2 REBEWE (BRKRBIZOWT 11
KEEREOEE, 104ERMIZ Pompe 76 & 2T LB 8BS
ZEEENLH - SR EREH ST V- BES
H#fL, PompeBEZEEShIEMORIUATFERL L.
M5 27 26 DA OBRAERBERN R BETL 22, wE
i, AIRE (EEES BLAORE, LXK, FAELHRRE
T, HET ET240), MR (&K 6 2 HUBERORE,
BEETHOGHETE2ET200), RAREALENR
iE, BIRETHEOBHET2ET5400) 2oL,

4) McArdle 3845 2 REFEHZE * McArdle O EHKER T

BLMEEND -7 22 MR, HHBMERMA L fiEkn
Bix, RIEE, mMIESOHE, BEER, SSEMROENR, FE
DFELR, BMIFER, REFR (g CK A, M T #kEn)
HER), HESHOLDIZERLAREREIIDWTTHS,
EEAL 6N 1 Flil2wTa L.

¥ OB

1) 51 REEARELTE (Table2) | 35 1 X2EREICTH
BATE Hh 1425 il (HIRZK 62%) 12BWT, 104M
IAREMEI S LT SN EMIL 101 M Thodz. WEMRIO
BAth ok b% < (367%), INH (21%), VEI (20%) ¢
BT, BESIL UL VEO BT, #1.K8EcR
LR FREERRRERO 78% 2 DT

2) SHFIIBIT S HENERZ A OS

—410—



HUREROLSEAES & CRETRIREMRES ¥ ¥ ¥ —I1 84 5 5 T B A B EE R O SR

Table 3 Diagnostic methods and samples of specimens using for diagnosis of muscle glycogen storage disease

43 :245

Glycogen Enzymatic Assay A(I;liei?;sis
S]‘)t?sgaaii biopsied WEC RBC autopsied o Total
muscle muscle roblast DNA
I 28 3 ¢ 0 0 0 .
m 15 4 0 0 0 0 19
)i'§ 0 0 1 1 1 0 3
v 34 0 0 o 0 4 8
Vi 3 0 0 0 0 o 3
! 5 0 0 0 o 0 5
X 5 0 0 0 0 0 5
PGM dif 2 0 o . 5 - -
Total 92 7 1 1 1 4 106

PGM dif, phosphoglucomutase deficiency: WBC. white blood cell; RBC, red blood cell
*, isolated lymphocyte

Table 4 Clinical symptoms of the patients with McArdle's disease (Nation-wide survey)

) First visiting Present symptoms
Pi Sex/age FH/cic:lr_:tsan
guinity Symptoms Age Symptoms Age at onset
1 F/3 —-/- no symptom except for high CK 1 exercise intolerance 2
rabdomyolysis with fever 1
2 M/19 =/= exercise intolerance 15 exercise intolerance 11
muscle pain on exercise muscle pain on exercise 11
myoglobinuria muscle cramp on exercise 11
myoglobinuria 11
3 M2t +/+ no symptom except for high CK 11
4 Fr3l -7+ muscle pain on exercise 29 muscle pain on exercise 27
’ muscle weakness muscle weakness 27
5 F/35 —f= exercise intolerance 27 muscle pain on exercise 26
myoglobinuria 19
muscle weakness 25
muscle atrophy unclear
6 M/47 -/= muscle pain on exercise 13 muscle pain on exercise 13
7 M/51 +/- no symptom except for high CK 39 exercise intolerance 11
muscle pain on exercise 11
muscle ¢ramp on exercise i1
myoglobinuria 11
8 Ms61 +/- exercise intolerance 54 exercise intolerance child
muscle pain on exercise muscle pain on exercise child
muscle cramp on exercise muscle cramp on exercis child
muscle weakness muscle weakness child
muscle atrophy muscle atrophy child
9 F/66 -/ muscle pain on exercise 65 muscle pain on exercise unclear
10 F/69 -/= muscle weakness 62 muscle weakness 62
11 M/79 -/= exercise intolerance 79 exercise intolerance 6
muscle eramp on exercise muscle cramp on exercise adult
muscle weakness myoglobinuriz 79
muscle atrophy muscle weakness adult
muscle atrophy unclear

F. female: M. male: FH. family history
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Table 5 Laboratory data and diagnostic methods of the patients with McArdle's *

disease (Nation-wide survey)

Ageon Serum CK (IU/L) Ischemic
Pt diagnosis forearm test Diagnostic methods
8! minimum max (Lactate) :

1 1 o4 17.700 ND enzyme assay
i histochemistry
2 15 561 11,633 Not elevated enzZyme assay
3 12 o127 5.280 ND enzyme assay
4 29 202 9,260 Not elevated enzyme assay

3 27 1534 53604 N.D €nzZyme assay -
histochemistry

6 41 100 1.704 Not elevated enzyme assay
7 39 407 16,510 Not elevated histochemistry
gene analysis
8 55 1265 18990 ND enzyme assay
9 65 242 2500 Not elevated enzyme assay
10 64 45 22000 Not elevated enzyme assay
. : histochemistry
11 79 421 6207 ND enzyme assay
histochemistry
gene analysis

N.D: not determined, enzyme assay: measurement of myophosphory]ase using blopsxed

muscle; histochemistry: phosphorylase stain.

Exercise intolerance,
cramps/myalgia.and
myoblobinuria

v

Fixed weakness

v

| ) Non-ischemic/ischemic-forearm exercise test l

¥

No rise of venous lactate Normal rise of venous lactate

+ Assay of-PGK using
RBC

+ Analysis of 708 ‘709del
TTC using DNA

GSD X, \f/l

Muscle biopsy
v

Muscle biopsy
4

Assay ol-PhK
using biopsied muscle

Assay of anaergbje glycolytic]
enzyme (Ph FFK. Phk.
PGLM. LBH, f-enclase)
using biopsied muscle

GSD X1
GSD V.VIL X, ‘ CRT I. VLCAD
X1, X others others

Normal rise of venous lactate

No rise of venous lactate

- Assav of acid maltase
using Iym;_:hocyte

Assay of debranching-
enzvme using WBC

+ Assay of‘branching enzyme
using RBC

GSD I
Muscle biopsy GSD I, IV
: Muscle biopsy

Assay of Aldolase
using biopsied musctle

GSD XII/\

others

others .

Fig. 1

Proposal diagnostic flow chart of muscle glycogen storage diseases

PGK. phosphoglycerate kinase ; Ph, phosphorylase : PFK, phosphofructokinase ;: PhK ; phosphorylase
b kinase ; PGLM ; phosphoglycerate kinase ; VLCAD : vary long chain acyl-CoA dehydrogenase

D) MRRIBNEHL (Table2) @ SR BWTHEERRE
B L iR RBEF % Table 2 12T, 106 Fl 5 b, HIR
WVEDD - &b 5L (36%), I (29%), O & (1ITa/d")
(18%) e ¢ . MBI, I, VEOSHTYERIZBNT
EREVEE RS & 25 0F L 250 83% % ST

M REZHO:-HOBREFEB IUKREOEE (Table
3) : EBEEEANR 102 B, M= T EBUT 4 Bl (BESERBMNIC X 5 B0HHE

Tk, :ﬂfx?i)%?%%ij&Lf'ﬁﬂlﬂ?fﬂ-l..f_)‘féo71. BESE
DU b BW RO, B 03 0, O/ 10FT
Hot MEFRIIE 4FL bAMEL HHAM LA DNA
bk 0 ARYCY B Al :

3} Pompe #% 2 XeERE FERRAD 1385003 b, 1
BE0E (BsE, K56, ARBITH (BoH, &8
), AR LA (B, X3H) Thod:.
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4) McArdle % 2 XeEPRE (Tabled,5 11 EFHDS
WHTE, BERORIIBNIZIIZ»OTOBLENTH-
P SRS ERE O, 3 YOV L RIEL VOB 2T
e F/1Il FTchE DR, BCKNEDATHZHEERD
RS A, B, HMET, L LoREROBHE
REHZEDLEMISATH. 6P TCHFCKORDS
A1 10.000IU/L B ECdh o 12,

z B

SHO—REERE, BLUFSLry—CBiF A0SR
FREWESORNC, HEL AN, HESRTRIERE
IO, I, VErEET, Zo3ReHRSEROH80% 5
HT 7,

R BTHHRBFEMBER R, SRBELERE
FHEALABENEND o & bS5/ (Table 3). R
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ROE, IME, IVE, IXEIIBW TR HEIEMEL %
LHEWABKSTRETH D (Tablel). #HEM IR, VIO
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DBETERIL heterogeneity 2L 2L DHE Y, LiL
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70% T, 3% 65V TOBEITETHS.
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HIZRIEREE 22035 ", 720—F v — MILZdn,
MfEEDBWTERMEEL2VIESWIZE, HREHEL
HORBOENL L DT, BERMLETHLLELNS,

HEREENE - BRR IR, VEICOWTIEEIIE
2RAETEML. Pompe M TINERIAL o B £ ¢
5% T vz, McArdle 78 Cix, Mi% CK & ¥ 8 At
10000 L LD #F#A155% 0, McArdle B CIXEBICH R
WAL U AERENS A LTSN, MBS
N-EFITHL T 27% Th b, EAMICERFRREL O
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LEREETHTAIENEETHLERbNL, 2/, 88
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Abstract

Nation-wide survey on muscle glycogen storage disease (MGSDs) and
comparison with our experiences in diagnosis of MGSDs

Tokiko Fukuda, M.D.”, Hideo Sugie, M.D.", Masataka Ito, M.D.", Yoko Sugie, M.D*, Kayoko Saito, MD*,
Ichizo Nishino, M.D." and Teruo Shimizu, M.D*
"Department of Pediatric Neurology. Hamamatsu City Medical Center for Developmental Medicine
?Department of Pediatrics, Hamarnatsu University School of Medicine
*Department of Pediatrics, Tokyo Women' s Medical University -
*Department of Neuromuscular Research National Institute of Neuroscience,
National Center of Neurology and Psychiatry (NCNP)
“Department of Neurology, Teikyo University School of Medicine

To clarify the actual frequency of each type of muscle glycogen storage diseases (MGSDs) in Japan, we per-
formed nation-wide survey in 2001. We compared the results with our diagnostic experiences at Hamamatu City
Medical Center for Developmental Medicine. The majority (approximately 80%) of the MGSDs consisted of type
IL V and [II in Japan. In our experiences, most of the patients were diagnosed by the assays of glycolytic enzyme
activities using biopsied skeletal muscles. However, the biochemical diagnoses of MGSDs type II, IIL IV, and IX
¢an be made using blood samples. Additionally, common genetic mutation (708/709 delT TC) of myophosphorylase
gene has been found approximately in 50% of the Japanese patients with MGSDs type V. Therefore, approxi-
mately 70% of the MGSDs may be diagnosed by biochemical and genetic analysis using blood samples. Additional
survey on McArdle' s disease showed that the onset of muscle symptoms in McArdle’ s disease were variable,
however, fixed muscular symptoms such as muscle weakness and muscle atrophy were present in 45% of pa-
tients.

{Clinica Neurol, 43 : 243—248, 2003)
Key words : muscle glycogen storage disease, McArdle’ s disease, Nation-wide survey, Pompe disease, myoglobinuria
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