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F1 BEFE
VNTR variable number of tandem repeat
SNP single nucleotide polymorphism
AUTS1 a susceptibility gene locus for autism on chromosome 15q (7q?)
AUTS2 a susceptibility gene locus for autism on chromosome 7q
AUTS3 a susceptibility gene locus for autism on chromosome 3q
GABA ¥ aminobutyric acid A
5-HTT serotonin transporter
MKRN3/ZNF127 makorin ring finger protein 3
SNRPN small nuclear ribonucleoprotein polypeptide N
UBE3A ubiqutin protein ligase E3A
‘GABRB3 y-aminobutyric acid A receptor 43
GABRAS v-aminobutyric acid A receptor a5
GABRG3 ¥-aminobutyric acid A receptor ¥3
OCA2 - oculo cutaneous albinism
HERC2 hect domain and RLD2
APBA2 amyroid £ (A4) precursor protein-binding family A member 2
PTPN9 protein-tyrosine phosphatase nonreceptor-type 9
HOXALI homeo box Al
RELN reelin
TMMP2L, inner mitochondrial membrane peptidase 2-like
WNT2 wingless-type MMTYV integration site family member 2
FOXP2 forkhead box P2
SPCH1 speech and language disorder 1
5-HT2AR serotonin 2A receptor
MECP2 methyl CpG-binding protein
AGTR2 angiotensin I receptor
ARHGEF6 rho guanine nucleotide exchange factor 6
ARX aristaless-related homeobox gene
FACLA fatty acid-CoA ligase 4
FMR2 fragile-X mental retardation 2
GDI1 guanine dissociation inhibitor 1
ILIRAPI interleukin-1 receptor accessory proteinlike 1
OPHNI1 oligophrenin 1
PAK3 p2l-activated kinase
TM4SF2 transmembrane 3 superfamily member 2
VCX-A variable charged
DYX2 dyslexia specific 2
DYX3 dyslexia specific 3
DATI dopamine transpoter
DRD4 dopaine receptor D4
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Patient Report

Congenital form of glycogen storage disease type IV: A case report

and a review of the literature
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Glycogen storage discase (GSD) type IV is a very rare
autosomal recessive disorder, which is caused by deficiency
of alpha-1,4-glucan:alpha-1,4-glucan 6-glycosyl transferase,
also known as the branching enzyme, The most common
clinical feature is hepatosplenomegaly in the infantile period,
and progressive liver cirrhosis results in death by 5 years of
age. The disease, however, has been revealed to include three
other clinical subtypes: congenital subtype, which is charac-
terized by severe neonatal hypotonia or fetal death; childhood
subtype, which starts between 2 and 7 years of age with
cardiomyopathy; and adult subtype, in which adult onset
myopathy is predominant.! Among the four clinical subtypes,
the congenital one is the most severe variant of the disease
and only a few cases have been reported.'® Here we report
additional cases, in whom the clinical and pathological
findings were consistent with the congenital form of GSD
type IV and the diagnosis was made enzymologically.

Case reports

Case 1

A boy was delivered to a 36-year-old GIPl mother by
cesarean section at 37 weeks and 4 days’ gestation because
she had a history of cesarean section. His birthweight was
2616 g and the Apgar scores were 2 and 3 at | and 5 min
after birth. The family history was unremarkable. Since about
2 weeks before the delivery, the mother had had reduced fetal
movement and polyhydramnios. Shortly after birth he was

Cormrespondence: Kenichi Maruyama, Department of Neonatology,
Gunma Children’s Medical Center, 779 Shimohakoda, Hokkitsu,
Gunma 377-8577, Japan, Email: maruken@ geme.pref.gunma,jp

Received 22 July 2003; revised 17 November 2003; accepted
22 December 2003.

glycogen storage disease type IV, hydrops fetalis, respiratory distress.

endotracheally intubated. When he was admitted to Gunma
Children’s Medical Center, Gunma, Japan, at 1 h after birth,
severe hypotonia was seen, and X-ray exarination revealed
cardiomegaly. The serum aspartate aminotransferase (ASAT)
was 120 [U/L; alanine aminotransferase (ALAT) was 25 [U/L;
lactic acid dehydrogenase (LDH) was 1617 IU/L; alkaline
phosphatase (ALP) was 782 IU/L; and creatine phospho-
kinase (CPK) was 2154 1U/L. Blood gas analysis revealed
pH, 7.39; PaO,, 421.1 mmHg; PaCO,, 22.3 mmHg; and base
excess, —11.0 mmol/L. Although he was treated with mechanical
ventilation and inotropic drugs, he had had bradycardia since
7 h after birth and he died at 14 h after birth. Pathological
findings showed that the hepatocytes, cardiomyocytes and
skeletal muscle cells contained slightly basophilic masses
which were periodic acid-Schiff (PAS)-positive and diastase-
resistant, In addition, the heart included cardiomyocytes with
vacuoles. In the vacuoles, there were PAS-positive granules,
which were also observed in the hepatocytes, hepatic histio-
cytes and nerve cells of the brain stem nuclei, thalamus
and cerebellum (Fig. 1). As accompanying lesions, he had
multiple thrombosis in the lungs and hemorrhagic lesions in
the subdural and subarachnoidal space, lungs, gastrointestinal
tract, heart, kidneys and testes, and these findings suggested
that he had disseminated intravascular coagulation. Biochem-
ical analysis of branching enzyme with a frozen and preserved
autopsy specimen of the liver revealed that activity of the
enzyme was 0.1 Pi mg/min per mg (normal controls, 14.7
and 11.6 Pi mg/min per mg).

Case 2

Two years after the birth of Case 1, his younger sister was
born by cesarean section at 34 weeks and 6 days’ gestation,
weighing 2544 g. The Apgar scores were 2 and 4 at | and
5 min after birth. The mother had had polyhydramnios since
29 weeks' gestation, and ultrasonography revealed fetal
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Fig.1 Medulla oblongata of Case 1, Periodic acid Schiff
(PAS)-positive granular deposits are seen in the cytoplasm of
neuronal cells (PAS, x400).

hydrothorax at 34 weeks' gestation. At birth, the patient had
subcutaneous edema, hypotonia, poor spontaneous respiration
and response to very painful stimuli. An X-ray showed
decreased aeration in both lungs and right-sided hydrothorax.
The serum ASAT was 70IU/L; ALAT, 191U/L; LDH,
1298 IU/L; ALP, 600 IU/L; and CPK, 1474 IU/L. Mechanical
ventilation and continuous chest drainage were commenced.
Cells in the pleural fluid consisted of mononuclear cells.
Because the effusion was reduced, enteral feeding started at
3 days of age. At 7 days of age, chylous effusion appeared in
the right thoracic cavity again, and an X-ray showed both-
sided pleural effusion at 10 days of age. She needed chest
drainage until 23 days of age. Although her patent ductus
arteriosus became symptomatic at 36 days of age, it was
successfully treated with indomethacin, Joint contracture of
the extremities had been apparent since the second week
of life. Since Case 1 was diagnosed as having GSD type IV,
we analyzed her red blood cells yielded at 38 days of age,
and very low activity of the branching enzyme was seen (the
patient, 0.05 pmole Pi/min per gHb; and controls, 0.9-1.8
umole Pi/min per gHb). At 82 days of age, serum C-reactive
protein turned to positive, and bleod culture at 87 days of age
revealed S, epidermidis. She died at 89 days of age. Patho-
logical examination revealed PAS-positive deposits in the
heart, liver, skeletal muscle, and central nervous system,
including the brain, brain stem and cerebellum (Fig. 2).
Additionally, fibrously thickened endocardium, and hyper-
trophied cardiomyocytes in the middle layer of the myo-
cardium were found, Myofibers of the skeletal muscles were
degenerated and reduced. She also had findings suggesting
infection, such as hyperplasia of the granulocytes in the bone
marrow. Branching enzyme activity in the quadriceps
muscle, liver and brain, which were harvested at autopsy,
was all 0 nmole Pi/min per mg (control muscles, 55.9-80.2
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Fig. 2 Iliopsoas muscle of Case 2. Various sizes and shapes of
Periodic acid Schiff (PAS)-positive substances are observed in
the myocytes (PAS, x200).

nmole Pifmin/mg; control livers, 107.2-150.3 nmole Pi/min
per mg; and control brains, 1.2-3.1 nmole Pi/min per mg).

Discussion

The congenital form of GSD type IV develops with severe
symptoms during the fetal or neonatal period. In a literature
search, we could find 12 cases of the disease’® and the
characteristics of the cases are shown in Table 1. Four previous
cases had polyhydramnios during the fetal period.!5#
Diminished fetal movement was documented in two cases.®?
Hydrops fetalis was seen in four cases, of which three had
artificial termination of pregnancy®? Two of the reported
cases died in urero.! Both our cases had polyhydramnios.
Case 2 also presented hydrops fetalis, which had been
suspected due to fetal cardiac failure caused by the metabolic
discase before birth, but the cause of the fetal abnormality
was postnatally elucidated to be due to chylothorax.

In the live born cases, the main clinical features are
respiratory or circulatory distress and hypotonia.'-4- Four of
the cases had arthrogryposis'->’# and three patients had
hypoplastic lungs,"5® which could cause respiratory distress.
These two abnormalities were thought to be secondary to the
neuromuscular disorder. Four of the six patients whose
outcome was described, died within 1 year after birth.\468
Case 1, who had hypotonia and severe neonatal asphyxia,
died at i4 h after birth. In Case 2, mechanical ventilation was
needed for life because of severe respiratory insufficiency
due to severe hypotonia. She also had joint contracture, and
her autopsy showed cardiac wall thickening, which was seen
in one previously reported case.®

Although the prenatal or postnatal findings, such as hydrops
fetalis, respiratory distress and hypotonia, were common to
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several cases, they were not specific to the disease. Therefore
pathological or enzymological examination is necessary for a
diagnosis. Characteristic pathological findings of GSD type
IV are deposition of basophilic substances in the organs
involved. These substances are PAS-positive, but they are not
digested by diastase. All of the reported cases in whom
pathological findings were documented had these deposits in
muscle.'-*%% Abnormality in the central nervous system, liver
or heart was proven in more than half of the pathologically
examined cases.'*-% In our two cases, PAS-positive deposits
were found in the muscle, central nervous system, liver and
heart.

Measurement of the branching enzyme activity was
performed in six reported cases: fibroblasts were used for the
measurement in three cases; fibroblasts, liver and white
blood cells in one; fibroblasts and muscle in one; and red
blood cells in one*%® In Case 1, we harvested a liver
specimen on postmortem examiration and proved lowered
branching enzyme activity. Case 2 had low activity of the
enzyme in the red blood cells, liver, muscle and brain.

The etiology of heterogeneity of clinical features in GSD
type IV is unclear. Van Noort et al. attemnpted to explain it by
pathological and enzymological findings.! Difference in the
distribution of the organs involved due to the clinical
subtypes was found pathologically, But the difference could
not be proven enzymologically because in most cases limited
organs were used for measurement of the branching enzyme
activity. In Case 2, we could examine the main organs
involved and found cormrespondence between pathological
and enzymological findings. Another approach to the eticlogy
is genetical analysis. According to a report on the genetical
analysis of the branching enzyme in GSD type IV, 3 and 2

point mutations were detected in two patients with the -

classical form and one with the non-progressive hepatic
form, respectively, and a patient with the congenital form had
a large defect representing the loss of one full exon.'® In our
cases, the parents did not want to have genetic counseling,
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and we could not obtain parental consent to the genetical
analysis. In order to elucidate the mechanism causing the
clinical vartation in GSD type IV, the relationship between
pathological, enzymological and genetical findings should be
investigated in further cases.
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Abstract

We report a 19-year-old woman who had a history of type 1 diabetes with recurrent glycogen accumulation in the liver.
During her infantile period she presented with no hepatomegaly nor growth retardation. On admission she was diagnosed with
diabetic ketoacidosis (DKA). She also had hepatomegaly and elevated transaminase levels, but these abnormalities had resolved
after administration of insulin. However, 4 weeks after DKA marked hepatomegaly and elevated transaminases were reappeared
with simultanecus hypoglycemia which suggested an impaired glycogenolysis in the extraordinary conditions. We supposed the
partial deficiency of liver glycogen phosphorylase activity in this patient and analyzed the liver glycogen phosphorylase gene
(PYGL). Deduced amino acid sequence of the PYGL in this patient was completely identical to that reported by Burwinkel et al.
(Y15233), however, the nucleotide sequence of PYGL cDNA was heterozygous for substitutions at positions Asp339 (GAT to
GAC) on exon 9 and Ala703 (GCT to GCC on exon 17, respectively. These SNPs were also screened in 51 Japanese normal
subjects by PCR-based direct sequencing or PCR-RFLP method. The same genotype observed in this patient was detected in
2 of 51(3.9%) normal subjects. These results suggest that the structure of PYGL coding sequence in this patient is unlikely to
account for her excessive liver glycogen accumulation. Further studies including genetic analysis on the promoter region of the
gene are necessary to clarify the etiology of susceptibility to excessive liver glycogen storage in patients with type 1 diabetes,
© 2004 Elsevier Ireland Ltd. All rights reserved.

Keywords: Type | diabetes; Mauriac syndrome; Liver glycogen storage; PYGL; Polymorphisms
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1. Introduction

Marked hepatomegaly due to liver glycogen stor-
age and liver dysfunction in the patients with poorly
controlled type 1 diabetes mellitus was reported by
Mauriac in 1930 and referred to as Mauriac syndrome
[1]. The classical features of Mauriac syndrome
were hepatomegaly, cushingoid facies, dwarfism,
delayed sexual maturation, and hyperlipidemia.
Glycogen-induced hepatomagaly in type 1 diabetes
mellitus was well recognized and reported [2-9]. Hep-
atic glycogen metabolism is regulated by complicated
mechanisms and glycogen accumulation is promoted
by hyperglycemia and insulin effect [10-12]. It is sup-
posed that in such cases excessive glycogen storage
is caused by extraordinary hyperglycemia and fol-
lowing acute therapeutic insulin effect, Hepatomegaly
occurred characteristically in the cases with diabetic
ketosis or ketoacidosis, unstable blood glucose levels
from hyperglycemia to hypoglycemia and regressed
when stable glucose levels were maintained. The fre-
quency of excessive liver glycogen storage in patients
with type 1 diabetes mellitus is not so often or rel-
atively rare. Chatila et al. reviewed the clinical and
pathological features of 11 cases with hepatocellu-
lar glycogenesis confirmed by liver biopsy at Yale
University for the peried from 1954 to 1995 {13]). In
Japan we reviewed seven cases with hepatic glycogen
storage after diabetic ketoacidosis confirmed by liver
biopsy for the period from 1975 to 199§ [14].

On the other hand, several basic deficiencies of
enzymes for glycogen metabolism cause glycogen
storage in the liver. Deficiency of liver glycogen phos-
phorylase typically causes glycogen storage disease
type VI (Hers disease) [15]. The clinical features
of this disease are hepatomegaly in infantile period,
early fasting hypoglycemia, elevated transaminase,
hyperlipidemia and ketosis [16]. It takes a benign
course. Hepatomegaly and growth retardation usually
improve with age and disappear. With regard to the
clinical features, glycogen-induced hepatomagaly in
type 1 diabetes and hepatic phosphorylase deficiency
have several similarities.

We experienced a case of type | diabetes with
excessive glycogen accumulation in the liver and si-
multaneous hypoglycemia which suggested impaired
glycogenolysis in the extraordinary conditions. In ad-
dition, based on the several similarities with clinical

features of glycogen storage disease type VI, we sup-
posed that partial inhibition of liver glycogen phos-
phorylase occurred in our case. Not all the patients
with type | diabetes with or without ketoacidosis
exhibit abnormal glycogen accumulation during in-
sulinization. Therefore, it should be clarified whether
any functional abnormality in the liver glycogen
phosphorylase accounts for such a phenomenon. The
present study aimed to clarify the relation between
the genetic abnormalities of PYGL gene and the ten-
dency to glycogen accurmulation during the clinical
course of extraordinary hyperglycemia and rapidly
increasing insulin action such as release of glucose
toxicity in a patient with type 1 diabetes.

2. Case report

A 19-year-old Japanese woman, who had a his-
tory of type 1 diabetes since 15 years of age, was
admitted to our hospital due to diabetic ketoacidosis
(DKA). During her infantile period she presented
with no hepatomegaly nor growth retardation and
her development had been normal. The parents and
siblings were healthy. On admission her height was
162cm with a weight of 45kg. She had drowsy
consciousness level, hyperglycemia (492 mg/d!) and
acidemia (pH 6.980). She was confirmed as having
type 1 diabetes based on a low level of fasting serum
C-peptide (0.1 ng/ml) and positive for GAD autoan-
tibodies (11.4U/ml). She also had hepatomegaly
extending 5cm below the right costal margin and
transaminase levels were elevated (AST 387U/, ALT
234 U/1), but these abnormalities had resolved after
administration of insulin, i.e. continuous venous in-
fusion of regular insulin (total 41 U/30 hours) during
DKA and subcutaneous insulin injection four times
a day (regular 30U and NPH 10U} after recov-
ery from DKA (Fig. 1}. However, four weeks after
DKA marked hepatomegaly extending 10cm below
the right costal margin and elevated transaminases
(AST 1228 U/I, ALT 649 U/1} reappeared with hypo-
glycemia {FPG 47 mg/dl), hypokalemia {2.89 mEqg/l)
and leucocytopenia (WBC/1480 mm?). The values of
plasma glucagon, adrenalin, noradrenalin and cortisol
were within normal ranges. Serological examinations
of wviral hepatitis and autoimmune hepatitis were
negative and the examination of bone marrow aspira-
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Fig. 1. Clinical course of hepatomegaly and liver function related to plasma glucose, serum K and WBC,

tion showed no malignant findings. The liver biopsy
showed extensive glycogen deposition and mild
steatosis by both light microscopy and electron mi-
croscopy. The evidence of glycogen deposition in the
cytoplasm of hepatocytes was obtained in a PAS stain
and diastase digestion (Fig. 2). Her hepatomegaly
disappeared in accordance with the maintenance of
stable blood glucose levels 10 weeks after DKA.
However, she presented with recurrent hepatomegaly
3cm below the right costal margin 5 months later
during the repeated poor diabetic control periods.

3. Materials and methods
3.1. PYGL gene analysis

To analyze the coding region of PYGL gene, to-
tal RNA was prepared from the patient’s peripheral

blood lymphocytes. The first-strand cDNA was syn-
thesized and PYGL ¢DNA was amplified by reverse-

transcription PCR method. The sequence-specific
primers used were taken from the sequence for human
PYGL as previously reported (GenBank accession
number M14636) (19). The amplified ¢cDNA frag-
ments were subcloned into the pCR2.1 vector, Multi-
ple clones for each PCR fragment were sequenced by
ABI Prism 310 DNA Sequencer,

Genomic DNA were obtained from peripheral
bloed lymphocytes from the patient and 51 indepen-
dent Japanese healthy subjects. Exons 9 and 17 of the
PYGL gene were amplified by PCR using genomic
DNA and sequence-specific primers for each exon.

Exon9 — 95 < 5'-GTGGGCATATCAGTGCTTTC-
TCCAG-3',

Exon 9 + 151 > 5-AGTCTTTCAACTGCAGCAT-
TCTGG-¥,

Exon 17 4 52 < 5'CTCGGGGACAGGCAATATG-
AAGTT-3,

Exon 17 + 282 > 5-GGAAGCCCTCTGAGGTC-
ACATACC-%',
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Fig. 2. Histological findings of the liver. The evidence of glycogen deposition in cytoplasm of hepatocytes with a PAS stain and diastase

digestion. (PAS stain, x200).

The nucleotide sequences were analyzed by direct
sequencing and were confirmed by cloning the PCR
product into pGEM-T vector,

3.2, Enzyme assay

Total phosphorylase activity in the presence of AMP
was determined by the method of DiMauro et al. [17].
Phosphorylase b kinase in erythrocytes was measured
in the presence of exogenous phosphorylase b as de-
scribed by Lederer et al. [18].

3.3. Statistical analysis

Allele or haplotype frequencies were calculated on
control subjects by direct counting. The estimate hap-
lotype frequencies (EH) program was used to deter-
mine maximum-likelihood estimates of disequilibrium
(Dij) between two SNPs, where Dy = hj; — pig; and
pi and g; are the frequencies for allele i at locus | and
for allele j at locus 2, respectively [20].

4. Results

The PYGL cDNA sequence of the patient obtained
was compared with that published (GenBank acces-

sion number Y15233) [21]. The deduced amino acid
sequence of the PYGL in this patient was completely
identical to that reported by Burwinkel et al. How-
ever, the nucleotide sequence of PYGL cDNA was het-
crozygous for substitutions at two positions, Asp339
(GAT to GAC) on exon 9 and Ala703 (GCT to GCC)
on exon 17, respectively, (Fig. 3A and B). These nu-
cleotide substitutions were confirmed by direct se-
quencing of genomic DNA or PCR-RFLP method.
We have also screened 51 unrelated Japanese nor-
mal subjects. In all 102 chromosomes screened, 37
(36.3%) and 65 (63.7%) were GAT and GAC at codon
339, respectively, 94 (92.2%) and 8 (7.8%) were GCT
and GCC at codon 703 (Table ). Genotypic frequen-
cies of these two SNPs were statistically consistent in
Hardy-Weinberg equilibrium. As shown in Table 2,
the genotype observed in this patient, GAT/GAC at
codon 339 and GCT/GCC at codon 703, was detected
in 2 of 51 (3.9%) normal subjects. To examine the
linkage disequilibrium between these SNPs, haplotype
frequencies were estimated by maximum likelihood
methods based on the EH program [20). The linkage
disequilibrium found all of the four possible haplo-
types defined by these SNPs. The most common hap-
lotype is codon 33% GAC/codon 703 GCT which ac-
counts for about 60% of the possible haplotypes. The
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Fig. 3. The elcctropherograms of PYGL gene in the patient. (A) Asp339 (GAT/GAC) on exon 9. (B} Ala703 (GCI/GCC) on exon 17.

haplotypes comprising codon 703 GCC were relatively
rare among them (Table 3),

We could not obtain the liver glycogen phospho-
rylase activity in liver biopsy specimens, however,
the leucocyte phosphorylase activity and erythro-
cyte phosphorylase kinase activity were measured.
The total leucocyte phospholylase activity in this

Table 1
Allele and genotype frequencies of PYGL gene polymorphisms in
healthy controls

Polymorphism Frequency
(n =51)
Allele Codon 339 GAT 37/102 (36.3)
GAC 65/102 (63.7)
Codon 703 GCT 94/102 (92.2)
GCC 8/102 (7.8)
Genotype Codon 339 GAT/GAT B/51 (15.7)
GAC/GAT 21/51 (41.2)
GAC/GAC 22/51 (43.1)
Codon 703 GCTI/GCT 44/51 (86.3)
GCC/GCT 6/51 (11.8)
GCC/GCC 1751 (1.9)

Data are n (%).

Table 2
Pairwise genotype distribution of PYGL gene SNPs in 51 healthy
controls

Codon 339 genotype

Codon 703 genotype

GCI/GCT  GCT/GCC  GCC/GEC
GAT/GAT 760.14) 1 {000 00
GAT/GAC 18 (0.35) 2 (0.04) 1 (0.02)
GAC/GAC 19 (0.37) 3 (0.06) 0 (0)

Percentage in parentheses refers to observed haplotype frequencies,

Table 3
Estimated haplotype frequencies of the SNPs in the PYGL gene
in 51 healthy controls

Haplotype Estimated HF
Codon 339 Codon 703

GAT GCT 0.333

GAT GCC 0.030

GAC GCT 0.589

GAC GCC 0.04%

Data are n (%). The haplotype frequencies were estimated based
on the EH program. HF, haplotype fiequency.
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patient was 18.4 nmol/min/mg, which was not de-
creased compared to that in normal control sub-
jects (19.3 £ 3.9nmol/min/mg, mean + SD; n =
4). Phosphorylase kinase activity in erythrocytes
was 47.9nmol/min/gHb and within normal range
(53.3 £ 7.9 nmol/min/gHb, mean £ SD; n = 4).

5. Discussion

Glycogen induced hepatomegaly in type 1 diabetes
and glycogen storage disease type VI have some sim-
ilar clinical features such as liver dysfunction, fasting
hypoglycemia and ketosis. The differences between
them are the age-at-onset of disease; i.e. youth peried
versus infantile period, and the background of disease;
i.e. the state of type | diabetes versus the hereditary
enzyme deficiency. Glycogen-induced hepatomagaly
in type | diabetes mellitus had been reported and the
features common to all reported cases were the state
of type 1 diabetes and the lability of the diabetic con-
trol. Vallance-Owen et al. pointed out the normal or
increased amounts of liver glycogen in patients dying
in diabetic coma without insulin therapy and that such
high blood glucose levels alone could cause the liver
glycogen accumulation on a basis of circulating in-
sulin [6]. In addition, they found that the patients dy-
ing in diabetic coma, having recelved insulin, showed
a uniformly increased deposition in the liver over the
controls. In our patient, on the first admission due to
diabetic ketoacidosis she already had hepatomegaly.
On the second admission during adequate insulin.
ization marked hepatomegaly reappeared 4 weeks
after recovering from DKA with the improvement
of insulin sensitivity due to the release of glucose
toxicity. Manderson et al. reported two cases with
liver glycogen accumulation in unstable diabetes and
analyzed the glycogen contents and phosphorylase
activity in the liver [9]. The liver glycogen content
was high and the phosphorylase activity appeared to
be lower than normal but did not approach the levels
associated with glycogen storage disorder. At that
time the other enzymes related to liver glycogen stor-
age, such as glucose-6-phosphatase, acid maltase and
amylo-1,6-glucosidase were assayed and these values
were normal. Therefore they suggested that the ele-
vated liver glycogen levels seen in some patients with
brittle diabetes mellitus are not the result of enzyme

deficiency but are secondary to wide fluctuations in
blood sugar and frequent doses of soluble insulin.
However, the doses of regular insulin (8-35 U per day)
administrated in our patient were not so high. In addi-
tion, she presented with recurrent mild hepatomegaly
thereafter during the repeated poor diabetic control
periods. Therefore, it is suggested that her liver glyco-
gen phophorylase systems were latently impaired and
inhibited transiently in the extraordinary conditions.

Glycogen storage disease type VI (Hers disease)
is caused by the deficiency of liver glycogen phos-
phorylase and suspected as an autosomal recessive
inheritance. The mutations of PYGL gene in glycogen
storage disease type VI were identified and reported
previously [21,22]. Burwinkel reported the mutations
of PYGL of three patients with glycogen storage dis-
ease type VI and these are two splicing-site mutations
and two missense mutations [21]. Chang determined
that Mennonite glycogen storage disease type VI was
caused by a single base pair change in a splice donor
site of intron 13 in the PYGL gene, which showed het-
erogeneous PYGL mRNA lacking all or part of exon
13 in affected persons [22]. Liver glycogen phospho-
rylase is regulated by multiple allosteric effectors and
hormonal controls, therefore it is relatively difficult
to assess the enzyme activities in various conditions
[9,21,23]. In addition, phosphrylase kinase deficiency
also causes deficiency of glycogen phosporylase in
liver glycogen metabolism [24,25]. Therefore it is
suggested that genetic analysis of related enzymes
contribute to the diagnosis of liver glycogen storage
disease type VI and the detection of the susceptibil-
ity to such liver glycogen storage in extraordinary
conditions.

The sequences of human PYGL mRNA have been
reported previously [19,21,22]. The nucleotide se-
quence of PYGL ¢DNA in this patient was identical
to that reported by Burwinkel et al. (GenBank acces-
sion number Y15233), except for the two heterozy-
gous positions, Asp339 (GAT/GAC) and Ala703
(GCT/GCC). This is the first report on the SNP at
codon 703 (GCT/GCC). These nucleotide substitu-
tions were also found in Japanese healthy controls,
indicating that they are SNPs of PYGL. Burwinkel
et al. found polymorphisms in the PYGL coding se-
quence at Asp50 (GAC/GAT), Asp339 (GAT/GAQ),
Thr671 (ACC/ACT) and Val221/11e221 (GTC/ATC)
[21]. Considering the clinical course of our patient
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that marked hepatomegaly and elevated transaminases
reappeared with the tendency of hypoglycemia and
hypokalemia 4 weeks after DKA, it is suggested that
liver glycogen phosphorylase activity was transiently
inhibited. At this point, we could not obtain the value
of her liver glycogen phosphorylase activity. However,
the sequence analysis of PYGL ¢ DNA in this patient
suggests that there are no structural defects in her
amino acid sequence. Later the leucocyte phospho-
rylase activity and erythrocyte phosphorylase kinase
activity were measured and these values were within
normal range. The enzyme activities of these blood
cells seemed to parallel that of liver and be useful in
the diagnosis of glycogen storage disease type VI [26].

Single nucleotide polymorphisms are the most com-
mon type of genetic variations. Most SNPs are neutral
but a proportion of SNPs contribute to disease suscep-
tibility and resistance. In this study we screened 51 un-
related Japanese normal subjects at the heterozygous
sites on exons 9 and 17 of PYGL by direct sequencing
or PCR-RFLP. The same genotype observed in this
patient was detected in 2 of 51 (3.9%) normal subjects.
The association of these SNPs and liver glycogen ac-
cumulation in type 1 diabetes is unknown and further
genetic analysis including the promoter region is nec-
essary to reveal the susceptibility to this phenomenon
in our patient.

We were also interested in the transient appearance
of marked leucocytopenia accompanied by the peak of
hepatomegaly. The mechanism of such leucocytopenia
is unknown and analysis of glycogen contents and
enzyme assays on glycogen metabolism in WBC at
this point may reveal the mechanism,
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