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Case of glycogen storage disease type VI (phosphorylase deficiency)
complicated by focal nodular hyperplasia

Atsushi Ogawa,' Emi Ogawa,' Shigenori Yamamoto,' Tokiko Fukuda,” Hideo Sugie® and Yoichi Kohno'

'\Department of Pediatrics, Chiba University Graduate School of Medicine, Chiba-shi, Chiba and *Department of Pediatrics,
Jichi Children’s Medical Center Tochigi, Shimotsuke-shi, Tochigi, Japan

Key words focal nodular hyperplasia, glycogen phosphorylase, glycogen storage disease.

Although it is well known that hepatic tumors often develop in
patients with glycogen storage disease (GSD) types la and 111, the
formation of these tumors has not been reported in other forms of
hepatic GSD. In this report, a patient with GSD type VI (phos-
phorylase deficiency; OMIM 232700) complicated with a hepatic
benign tumor, focal nodular hyperplasia (FNH), is presented.
This case indicates that regular check-ups for hepatic tumors are
necessary, not only in patients with GSD types la or 111, but also
in patients with other forms of hepatic GSD.

Case Report

A female patient was referred to our hospital when she was 5
years of age for further investigation of hepatomegaly, which had
been detected when she had visited a clinic when she was 5 years
old. She was born to healthy non-consanguineous parents and
had no history of hypoglycemia or nasal bleeding. On physical
examination, her height was 101 cm (—1.5 SD) and her body-
weight was 16 kg (~1.0 SD). The liver was firm and palpable
7 ¢cm below the right costal margin, whereas the spleen was not
palpable. The results of a fasting blood test collected at that time
were as follows: aspartate aminotransferase 37U/L, alanine ami-
notransferase 24U/L, blood glucose 85 mg/dL, lactate 6.2 mg/
dL, uric acid 5.9 mg/dL, total cholesterol 229 mg/dL. and
triglyceride 88 mg/dL. A plain abdominal computed tomography
(CT) scan showed an enlarged liver with a density considerably
higher than that of the spleen (CT values: liver, 80; spleen, 42)
(Fig. 1). Glucose and galactose loading tests were performed.
The serum lactate level was not elevated when glucose was
loaded, although it increased to a maximum of 56 mg/dL one
hour after loading (normal <35 mg/dL}. A glucagon leading test
was performed after a 15-h fast, with the serum glucose level
increasing from 71 to 128 mg/dL one hour after loading. On the
basis of these data, GSD was suspected and accordingly the
enzyme activities of hepatic GSD, that is, debranching enzyme,
phosphorylase and phosphorylase b kinase, were measured in
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peripheral blood. The results of all these tests were normal
(Table 1). Informed consent for a liver needle biopsy for mea-
surement of enzyme activity was not obtained. Although the
enzyme activity of phosphorylase b kinase measured in periph-
eral blood was normal, a tentative diagnosis of GSD type IX
(phosphorylase b kinase deficiency) was made based on the
physical, laboratory and radiological findings and the results of
the loading tests. Regular check-ups including abdominal CT
scans for potential formation of hepatic tumor were performed
every year. The patient’s growth curve showed that she attained
mean values around the time of puberty. The results of blood tests
obtained between 5 and 14 years of age were as follows (mean £
SD): wric acid 5.9 * 0.6 mg/dL, total cholesterol 208 +
21.0 mg/dL and triglyceride 198 + 111 mg/dL..

When the patient was 15 years of age, the early phase of a
contrast-enhanced abdominal CT scan revealed an enhanced
lesion in the liver (Fig. 1). After obtaining informed consent,
specimens were obtained by needle biopsy from the tumor and
non-tumor part of the liver. Histological findings of the non-
tumor specimen showed strong periodic acid-Schiff (PAS) stain-
ing in hepatocytes that disappeared following diastase treatment,
findings compatible with GSD. Histology of the tumor specimen
demonstrated pericellular fibrosis, compatible with the diagnosis
of FNH (Fig. 2). Fibrous bands containing bile ductules were not
observed in the specimens. Enzyme activities of hepatic GSD
were measured using liver tissue from the non-tumor section,
which revealed that phosphorylase enzyme activity was
2.3 nmol/min/mg protein, a value corresponding to 24% of
normal. The enzyme activity of both debranching enzyme and
phosphorylase b kinase was normal (Table 1). Informed consent
for gene analysis of phosphorylase (PGYL) could not be
obtained. We concluded that the patient’s diagnosis was GSD VI
(phosphorylase deficiency) complicated by FNH. We elected to
forego surgical treatment in favor of long-term observation. The
size of the tumor has been monitored regularly with ultrasonog-
raphy. As of now, the tumor does not appear to be enlarging.

Discussion

In this report we present a patient with GSD type VI complicated
by FNH. This is the first report of a hepatic tumor complication
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Fig. 1
phy (CT) scan at S years of age. The CT value of the liver
was markedly elevated compared with that of the spleen and
kidneys. (b) The findings of the early phase of a contrast-enhanced
abdominal CT scan at 15 years of age showing an enhanced lesion.
(c) The findings of the same section as (b), without contrast
enhancement.

(a) The findings of a plain abdominal computed tomogra-

in a patient with GSD type VI, a different hepatic form of GSD
than types Ia or I11. As hepatic tumors are often found in patients
with GSD types Ia and 111, regular check-ups for these tumors are
performed routinely in these patients. However, this report indi-
cates that regular check-ups for hepatic tumor are also necessary
in patients with hepatic forms of GSD other than types Ia or IIL

Case of GSD VI complicated by FNH ¢e151

In patients with GSD type Ia, hepatic adenoma is the
most common tumor described; however other tumors,
including hepatocellular carcinoma (HCC),! described in
patients with GSD III? hepatoblastomas,’ and FNH* have also
been reported.

Hepatic adenomas are a benign tumor, consisting of a
nodular proliferation of hepatocytes arranged in cords having
no relationship to portal tracts. They often have a pushing
border abutting against the surrounding liver. The hepatic
adenoma has, on rare occasions, been known to progress to
HCC,' and this is one of the most important reasons why
regular check-ups and follow up after the discovery of an
adenoma are necessary in a patient with GSD la. FNH
is typically a single mass in an otherwise healthy liver
characterized by central scarring that radiates between multiple
nodules of regenerating parenchyma. Like the hepatic adenoma,
it is also a benign tumor parenchyma but the potential for
malignant transformation of FNH into HCC has not been
demonstrated. However, a case of HCC arising within FNH
has been reported recently’ and this report emphasizes the
importance of detecting FNH, even though the FNH itself is
benign.

The mechanism of tumor formation in GSD type la is con-
sidered to occur by the following sequence.® Increased amounts
of free fatty acids are released from adipose tissue, taken up by
the liver and channeled into triglyceride formation. Malonyl-
CoA is a key lipogenic intermediate in this process, which, in
turn, causes inhibition of carnitine palmitoyltransferase I and
limitation of mitochondrial beta-oxidation. This results in fatty
acids being more likely to be channeled into extramitochondrial
pathways, such as within peroxisomes, leading to an increase in
hydrogen peroxide generation. This results in increased genera-
tion of free radicals that are capable of inflicting direct DNA
damage, which may initiate the development of hepatic tumors.
Although the patient reported here was diagnosed with GSD
type VI, hypertriglyceridemia was almost always observed
during the clinical course of the disease, similar to that seen in
cases with type 1 GSD. We anticipate this would have resulted
in increased generation of free radicals by the mechanism
described above and could possibly have caused the formation
of FNH we observed in the patient.

In our patient we observed a difference in phosphorylase
activity between peripheral blood and liver tissue. Three isoforms
of phosphorylase exist, that is, liver, brain and muscle. As the
liver isoform is expressed in peripheral blood,”® phosphorylase
activity in peripheral blood and the liver should be the same. The
reason why phosphorylase activity in peripheral blood and liver
was different in our patient is not clear, although similar findings
have been reported elsewhere.” Mutation analysis of the liver
glycogen phosphorylase gene (PYGL) is necessary for further
confirmation of this diagnosis.

In summary, we report a patient with GSD VI complicated
with FNH. This case indicates that regular check-ups for
hepatic tumors are necessary, not only in patients with GSD
types la or 11, but also in patients with other forms of hepatic
GSD.

© 2010 Japan Pediatric Society
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Fig. 2 Histological findings of the liver from (a-d) non-tumor and (e~h) tumor specimens. (a and ) Hematoxylin—eosin (HE) stain, (b and
f) silver staining, (c and g) periodic acid-Schiff (PAS) staining and (d and h) PAS staining after diastase treatment, In the non-tumor specimen,
the hepatocytes had (a) clear cytoplasm with (b) no fibrosis observed. (¢ and d) All the hepatocytes were stained strongly by PAS, which
disappeared following diastase treatment. (e and f) In tumor specimens, pericellular fibrosis was observed, whereas fibrous bands in which bile
ductules were proliferating were not. On the basis of the finding of pericellular fibrosis, a diagnosis of focal nodular hyperplasia was made. The
oAriginaI magnification was x20.

e

Table 1 Results of enzyme activity measurements in the patient and controls

Peripheral blood Patient Control 1 Control 2

Debranching enzyme 14.8 24.9 19.1 Nmole glucose/hour/mg
Phosphorylase 6.3 6.1 7.2 Nmole/min/mg
Phosphorylase b kinase 45.8 445 42.0 Nmole/min/g Hb

Liver Patient Controls

Debranching enzyme 2434 197.4 + 328 (n = 10) Nmole glucose/hour/mg
Phosphorylase 2.3 9.6+ 1.7 (n=10) Nmole/min/mg
Phosphorylase b kinase 49.6 627+ 118 (n=9) Nmole/min/mg
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Letter to the Editor

Liver biopsy is an important procedure in the diagnosis of glycogen

storage disease type IV
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Glycogen storage disease type IV (GSD 1V) is a rare autosomal
recessive metabolic disorder characterized by deficient glycogen
branching enzyme (GBE) activity. This severe metabolic disease
results in abnormal deposition of amylopectin-like glycogen in
multiple organs, such as the liver, muscle, heart, and the nervous
system.'? This disease most frequently presents in the first few
months of life, with hepatosplenomegaly and failure to thrive.
This is followed by progressive liver cirrhosis with portal hyper-
tension, ascites, esophageal varices, and death by 5 years of age.’
Generally, diagnosis of GSD does not require liver biopsy.
However it is difficult to diagnose GSD IV when symptoms
extend to multiple organs. No specific treatment for this disease
exists. Liver transplantation has been proposed as a treatment;**
however, this may not improve extrahepatic manifestations in the
same patients.”

We experienced a case of GSD IV in a 5-month-old boy
who was born without complications after 38 weeks of gesta-
tion. He had no significant family history and developed nor-
mally until the age of 4 months, at which time he experienced
high fever, tachypnea, and poor feeding. On admission to our
hospital, he had hepatosplenomegaly with elevation of serum
transaminases (aspartate aminotransferase [AST], 312 IU/l and
alanine aminotransferase [ALT], 108 IU/l); hypotonia; cardi-
omegaly (cardiothoracic ratio, 67%); elevated white blood
count (27 570/ul) and C-reactive protein (9.1 mg/dl). Ultra-
sonography revealed pericardial effusion and increased myocar-
dial thickness. After admission, the patient rapidly developed
signs of cardiomyopathy and respiratory distress accompanied
by high fever and petechiae. However, serum creatine phospho-
kinase concentration was normal. Therefore, his cardiac
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findings may have been due to a respiratory problem, such as
infection, or to a combination of abnormal deposition of
amylopectin-like glycogen and infection. He was treated with
respiratory therapy, antibiotics, y-globulin, and a diuretic.
However, his condition did not improve, and his liver function
sharply deteriorated: AST, 729 IU/I; ALT, 146 1U/l; total biliru-
bin, 2.6 mg/dl; and prothrombin, 54% (normal range: >60%).
At that time we were still unable to make a diagnosis so we
carried out an open liver biopsy. We did not evaluate leuko-
cytes.®> The biopsy specimen showed periodic acid-Schiff-
positive cytoplasmic inclusions, largely resistant to diastase
digestion (Fig. 1). GBE activity in a sample from the specimen
was very low (0.09 pumol Pi/min/mg protein; control, 1.2 £ 0.3),
as measured in the laboratory of Dr H. Sugie.

From the above results, especially the histological findings
from the biopsy, the patient was diagnosed as having GSD IV.
He received a living-donor liver transplant from his mother at
Kumamoto University Hospital. After transplantation, his
symptoms, including abnormal liver function, cardiomyopathy,
dyspnea, hypotonia, and petechiae, rapidly improved except for
fever. Histological findings from the liver biopsy specimen, par-
ticularly the faintly stained basophilic inclusions in hepatocytes,
were very useful and ultimately led to the diagnosis of GSD 1V,
We therefore consider liver biopsy very important for the diag-
nosis of this disease. However, it should be kept in mind that
enzyme assay in the liver can be very tricky when the liver is
cirrhotic.

We carried out living-donor liver transplant with the
patient’s mother as the donor. After liver transplantation, all
disease manifestations except for fever abated. Resorption of
extrahepatic deposits of abnormal glycogen has been demon-
strated after liver transplantation;®” the mechanism for resorp-
tion of deposits in organs apart from the liver remains
unknown.

In conclusion, we report a S-month-old boy with GSD 1V,
including fever of unknown origin both before and after liver
transplantation, and emphasize the importance of liver biopsy in
the diagnosis of GSD IV.
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Fig.1 Liver biopsy specimen from our patient with GSD IV. (a) Hepatocytes are enlarged and contain faintly stained basophilic cytoplasmic
inclusions (hematoxylin—eosin stain, x100). (b) The inclusions are periodic acid-Schiff-positive and diastase-resistant (x400). (¢) Ultrastruc-
turally, hepatocytes are occupied by large aggregates consistent with amylopectin (x10 000). N, nucleus; Amy, amylopectin.
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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 (6030 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

McAardle 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
anmonia 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
Bs 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; McArdle
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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-year-old 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 80 mg/day (1.6 mg/kg/day). Plasma ammonia concentra-
tions were only measured before treatment with vitamin B,
Time = 0: before exercise. Normal vailues (at rest): lactate
5.0-20.0 mg/dl; ammonia 9-45 pg/dl.

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 8.8
nmol/min/mg protein [control: 589 = 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 1U/L) (Fig. 3). In November
2008, we increased the dosage of vitamin By from
60 to 90 mg/day (1.6 mg/kg/day) because serum

Efficacy of Vitamin Bg for McArdle Disease

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 Bg. Subsequently, his muscle weakness gradu-
ally improved.

In July 2009, 1 year after starting treatment, the
patent’s lactate levels markedly increased on the
forearm exercise test (Fig. 1). In October 2009, a
tollow-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-
lation 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 treaument.

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 11q13. 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 By 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

438 Efficacy of Vitamin B for McArdle Disease

of vitamin Bg from 90 to 60 mg/day in April 2009,
because we believed that the toxicity of vitamin By
(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 Bs may depend on the dosage.
Many trial weatments other than oral vitamin
By 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 April 2009 to May 2009, and 80 mg/day from May 2009 onward. Squares: CK; triangles: MMT. Normal

value of CK: 55-290 U/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 By supplementa-
ton 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 By 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 $
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 Bg,
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,'*'3
The decreased phosphorylase in McArdle disease
substantally 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.''*1°

Efficacy of Vitamin B for McArdie Disease

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 By 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 By
supplementation.

The authors thank Hiromi Koda at the Department of Pathology
in Kurashiki Central Hospital for her technical assistance and his-
tological analysis.

REFERENCES

L. DiMauro 8. Phosphorylase deficiency, Vol. 2. In: Engel AG, Franzini-
Armsuwong C, editors. Myology,  Srd ed. New York: McGraw-Hill;
2004. p 1537-1542.

2. Kazemi-Estarjani P, Skomorowska E, Jensen TD, Haller RG, Vissing J.
A nonischemic forearm exercise test for McArdle discase. Aun New-
ol 2002;52:158-159.

3. Quinlivan R, Beynon R, Martinuzzi A. Pharmacological and nuwi-
tional treatment trials for MeArdle disease (glycogen storage discase
type V). Cochrane Database Syst Rev 2008;16:1-18,

MUSCLE & NERVE March 2012 439

—150—



. Sugie H, Sugic ¥, o M, Fukida T, Nonaka I, lgarashi Y. Genetic
analysis of Jupanese patients with myophosphorylase  deficiency
(McArdle’s discase): single-codon deletion in exon 17 is the predom-
inant mutation. Clin Chim Acta 1995;236:81--86.

5. Schanmburg I, Kaplan J, Windebank A, Vick N, Rasmus 8, Pleasure

D, Brown M]J. Sensory newropathy from pyridexine abuse. A new

megavitamin syndrome. N Engl | Med 1983;309:445-448.

Albin RL, Albers JW, Greenberg HS, Townsend JB, Lynn RB, Burke

JM Jr, et al. Acute sensory neuropathy-neuronopathy from pyridox-

ine overdose. Neavology 1987:87:1729-1732.

. Pernry TA, Weerasuriya A, Mouton PR, Holloway HW, Greig NH. Pyri-
doxine-induced toxicity in rats: a stereological quantification of the
sensoty nearopathy. Exp Neurol 2004;190:133-144.

8. Dimauro S, Arnold 8, Miranda A, Rowland LP. McArdie discase: the
mystery of reappering phosphorylase activity in muscle culture—a fe-
tal tsoenzyme. Ann Neurol 1978;3:60-606.

9. Mitsumoto H. McArdle discase:r phosphorylase activity in regenevat-

ing muscle fibers. Neurology 1979;29:258-262.

[

~1

10.

Phoenix J, Hopkins P, Bartram C, Beynon R], Quinlivan R, Edwards
R. Effect of vitamain B6 supplementation in McArdle's diseaser a stra-
tegic case study. Neuromuscul Disord 1998:8:210~-212.

11 Teumi R, Suzuki N, Kato K, Warita 11, Tweyama M. Nakashima 1,
et al. A case of McArdle discase: efficacy of vitamin B6 on fatigability
and impaired glycogenolysis. Intern Med 2010:49:1623~1625.

12, Haller RG, Dempsey WB, Feit H, Cook JD, Knochel JP. Low muscle
fevels of pyridoxine in McArdle’s syndrome. Am | Med 198574
217-220.

13. Beynon R}, Barcam C, Hopkins P, Toescu V, Gibson H, Phoenix L
et al. McArdle’s discase: molecular genetics and metabolic conse-
quences of the phenotype. Muscle Nerve 1995:26(suppl 3):518-522,

14. Tsujino 8. Shanske S, DiMauro S. Molecular genetic heterogeneity of
myophosphorvlase deficiency (McArdle's discase). N Engl ] Med
1993;329:241-245.

15, Quinlivan R, Buckley J. James M, Twist A, Ball 8, Duno M, et o,

McArdie discase: a clinical review. ] Newrol Neurosurg Psychiamy

2010:81:1 182-1188.

RELAPSED ACUTE MYELOGENOUS LEUKEMIA OF BRACHIAL PLEXUS

AFTER MARROW TRANSPLANT
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ABSTRACT: We present a detailed description of brachial
plexus infiliration 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 infilirate of the PNS must be considered.

. Muscle Nerve 45: 440-444, 2012

Metastatic 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-
tion 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 systern; 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)/ ],
and  thrombocytopenia (121,000  platelets/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 boune marrow trans-
plant. His chemotherapeutic regimen for the
transplant consisted of "1 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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FIGURE 1. MRI of brachial plexus with and without contrast. (a) Axial, T1-weighted MRI without contrast, and (b) axial, T1 -weighted
MRI with contrast demonstrate enhancement of the right brachial plexus on the post-contrast image. {¢) Coronal T1-weighted MRI
without contrast, and (d) coronal T1-weighted MRI with contrast show enhancement of the right exiting nerve roots (small arrow) in
addition to gross enlargement of the scalene muscles surrounding the affected brachial piexus (circle). [Color figure can be viewed in

the online issue, which is available at wileyonlinelibrary.com.]

(GVHD), for which he was treated with prednisone
50 mg/day for 3 months, and then 50 mg every
other day for nearly 1 year. This resulted in aseptic
necrosis of the hip, requiring multple joint
replacements. He also experienced treatment-
induced hypothyroidism and transfusion-related
hemochromatosis.

Six years after his initial diagnosis of AML, he
was found once more to have leukemic meningitis.
His cerebrospinal fluid (CSF) analysis revealed
2100 WBC/ul with 96% blasts. Flow cytometric
analysis revealed an immunophenotype similar to
the original presentation with the added finding of
CD2 expressed on the blasts. A bone marrow bi-
opsy at this time did not reveal the presence of
relapsed leukemia, and cytogenetic analysis was
normal, with a female donor karyotype (XX). He
then underwent multiple treatments of intrathecal
chemotherapy, consisting of methotrexate (12 mg)
in three cycles over 1 week, followed by liposomal
cytarabine (50 mg) in five cycles over 2 months.
There was no evidence of leukemic presence in

Leukemia of Brachial Plexus

the CSF analysis on three separate occasions within
a 2-month period.

Concomitantly, while the patient was receiving
his intrathecal chemotherapy, he developed weak-
ness of the proximal right upper extremity associ-
ated with dysethesias and allodynia. This pro-
gressed over the 2-month course of his intrathecal
liposomal cytarabine, to the point of proximal
paralysis of the right upper extremity and severe
distal weakness of the right-hand intrinsic muscles
and wrist. Electromyography (EMG) was per-
formed and showed evidence of severe upper
trunk brachial plexopathy on the right with moder-
ate involvement of the middle and lower trunks.
Nerve conduction studies suggested an underlying
peripheral neuropathy as well.

Given the temporal relationship between the
patient’s symptoms and his treatment with intra-
thecal liposomal cytarabine, the decision was made
to stop the treatment in the event that this was
the etiology of his weakness. This was further
supported by the results of CSF analysis, which
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Case report

Acid phosphatase-positive globular inclusions is a good
diagnostic marker for two patients with adult-onset Pompe
disease lacking disease specific pathology
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Abstract

Diagnosis of adult-onset Pompe disease is sometimes challenging because of its clinical similarities to muscular dystrophy and the paucity
of disease-specific vacuolated fibers in the skeletal muscle pathology. We describe two patients with adult-onset Pompe disease whose muscle
pathology showed no typical vacuolated fibers but did show unique globular inclusions with acid phosphatase activity. The acid
phosphatase-positive globular inclusions may be a useful diagnostic marker for adult-onset Pompe disease even when typical vacuolated

fibers are absent.
© 2011 Elsevier B.V. All rights reserved.
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1. Introduction

Pompe disease (glycogen storage disease type 2; acid
maltase deficiency; OMIM #232300) is an autosomal
recessive disease caused by mutations in the gene encod-
ing acid a-glucosidase (GAA, OMIM #606800), a lyso-
somal enzyme involved in glycogen degradation [1].
Based on age of onset and clinical severity, which depends
on residual GAA activity, the disease can be classified
into infantile, childhood-onset, and adult-onset forms.

* Corresponding author. Address: National Institute of Neuroscience,
National Center of Neurology and Psychiatry, 4-1-1 Ogawahigashi-cho,
Kodaira, Tokyo 187-8502, Japan. Tel.: +81 42 341 2711; fax: +81 42 346
1742.

E-mail address: nishino@ncnp.go.jp (1. Nishino).

0960-8966/$ - see front matter © 2011 Elsevier B.V. All rights reserved.
doi:10.1016/j.nmd.2011.11.003

Most of the infantile and childhood-onset forms exhibit
disease-specific skeletal muscle pathology, which shows
fibers occupied by huge vacuoles that contain basophilic
amorphous materials. However, diagnosis of the adult-
onset form is sometimes challenging due to clinical similar-
ities to muscular dystrophy and the paucity of typical vacu-
olated myofibers. We diagnosed 37 patients with Pompe
disease including 11 infantile, 16 childhood-onset, and 10
adult-onset forms in the muscle repository of the National
Center of Neurology and Psychiatry (NCNP), Japan, based
on a deficiency of GAA enzyme activity assayed using biop-
sied muscles, as previously described [2]. Among these 37
patients, two unrelated Japanese patients did not have dis-
ease-specific vacuolated muscle fibers but did have unique
cytoplasmic inclusions. Here, we report the diagnostic util-
ity of acid phosphatase (ACP)-positive globular inclusions
for adult-onset Pompe disease.
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2. Case report
2.1. Clinical summary

Patient 1: A 44-year-old man had been well until the age
of 41 years when he started having difficulty in running.
He was admitted to the hospital because of progressive mus-
cle weakness. His parents were first cousins, but there was no
family history of neuromuscular disorders. He was clinically
suspected to suffer from muscular dystrophy because of
slowly progressive muscle weakness and elevated creatine
kinase levels of around 800 TU/L (normal, <171 IU/L). On
examination, he had grade 4-muscle weakness on medical
research council (MRC) scale and marked atrophy in his
thighs. He did not have apparent respiratory impairment.
Electromyography (EMG) showed myopathic changes with
fibrillation and increased polyphasic motor unit potentials
(MUPs).

Patient 2: A 62-year-old woman first noticed difficulty in
climbing stairs at the age of 35 years, and needed a stick to walk
at 45 years. Muscle weakness gradually worsened predomi-
nanily in her proximal limbs, and she became wheelchair-
bound at 55 years. A muscle biopsy was performed at the age
of 61 years. On examination, she had muscle weakness and
atrophy predominantly in the proximal upper and lower limbs
at the grade 3-4 on MRC scale. Serum CK level was 70 TU/L
(normal, <142 [U/L). An EMG showed myopathic changes
with increased polyphasic MUPs and myotonic-like repetitive
discharges. She had been on non-invasive positive-pressure
ventilation since the age of 62 years when the respiratory insuf-
ficiency appeared.

2.2. Skeletal muscle pathology

The skeletal muscle pathology from the vastus lateralis
of patient 1 and from the biceps brachi of patient 2 showed
nonspecific myopathic changes with moderate fiber size
variation, mild endomysial fibrosis, and some fiber splitting
(Fig. 1A). No necrotic or regenerating fibers were seen. No
vacuoles containing amorphous materials were observed.
Importantly, both muscles contained red-purple globular
inclusions on modified Gomori-trichrome (mGT) stain
(Fig. 1A and B). The average percentages of fibers with
globular inclusions in the whole mGT-stained section were
0.5% in patient 1 and 2% in patient 2. These inclusions were
invariably highlighted by ACP stain but not stained by
periodic acid Schiff (PAS) (Fig. 1C). Inclusions were
stained only faintly on menadione-linked o-glycerophos-
phate dehydrogenase (MAG) without substrate (Fig. 3A).
Fibers with ACP-positive globular inclusions were also
found in 15 of 16 childhood-onset and seven of eight
adult-onset patients with disease-specific pathology in
varying proportions (0.1-10%). The rate of fibers with
inclusions was not significantly different between the child-
hood-onset and adult-onset forms. Fibers carrying inclu-
sions did not have typical vacuoles with amorphous
materials inside. In the infantile cases, more than 90% of

the fibers were vacuolated, whereas non-vacuolated fibers
with inclusions were hardly recognizable.

Double immunostaining was performed using primary
antibodies against a lysosomal marker, lysosomal associ-
ated membrane protein-2 (LAMP-2; Developmental Stud-
ies Hybridoma Bank (DSHB), lowa City, IA, USA) and an
autophagosomal marker, microtubule-associated protein 1
light chain 3 (LC3; Novus Biologicals, Littleton, CO,
USA). In fibers with ACP-positive inclusions, immunore-
activity for LAMP-2 and LC3 were accumulated focally
in inclusions and surrounding area (Fig. 1D). We also
examined another samples from adult-onset patients with
typical vacuoles. Fibers with typical vacuoles were entirely
positive for LAMP-2 and LC3 (data not shown).

On PAS staining, performed on epon-embedded sec-
tions (Epon-PAS) to detect glycogen more sensitively,
PAS was negative in globular inclusions but positive in
the surrounding area (Fig. 1E).

Electron micrography was performed as previously described
using a Tecnai spirit transmission electron microscope (FEL Hills-
boro, OR, USA} [3] The inclusions consisted of homogeneous
electron-dense globules surrounded by increased glycogen parti-
cles and autophagic vacuoles (Fig. 1F). The globules contained
neither dotted glycogen particles nor a filamentous structure.

2.3. GAA enzymatic analysis and genetic analysis

Presence of globular inclusions led us to suspect Pompe
disease, and GAA enzymatic activity analyses revealed
7.5% of normal control activity in patient 1 and 12.3% in
patient 2.

Genomic DNA was extracted from peripheral lympho-
cytes or biopsied muscle using a standard protocol for
mutational analysis of GAA4. All exons and their flanking
intronic regions of GAA were amplified by PCR and
directly sequenced with an ABI PRISM 3100 Automated
Sequencer (Applied Biosystems, Foster City, CA, USA).
Both patients carried the homozygous GAA mutation at
the last codon of exon 2 (¢. 546G > T). RT-PCR and direct
sequencing were performed using RNA extracted from
biopsied muscles. This novel mutation causes aberrant
splicing by skipping exon 2 (Fig. 2). This homozygous c.
546G > T mutation was also found in another patient with
the adult-onset form, whose muscle pathology showed typ-
ical skeletal muscle pathology with vacuolated fibers.

3. Discussion

ACP-positive globular inclusions were a good diagnostic
marker for the two patients with adult-onset Pompe disease
lacking typical vacuolated fibers. Among 12,103 muscle
biopsies in the NCNP repository from 1979 to 2010,
ACP-positive globular inclusions were not reported, except
for Pompe disease.

The globular inclusions are most likely the same as “reduc-
ing body-like globular inclusions in late-onset Pompe disease”
reported by Sharma et al., as the pathological features are
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