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A B S T R A C T

Glycogen storage disease type IV (GSD IV) is a rare inborn metabolic disorder characterized by the accumulation
of amylopectin-like glycogen in the liver or other organs. The hepatic subtype may appear normal at birth but
rapidly develops to liver cirrhosis in infancy. Liver pathological findings help diagnose the hepatic form of the
disease, supported by analyses of enzyme activity and GBE1 gene variants. Pathology usually shows periodic
acid-Schiff (PAS) positive hepatocytes resistant to diastase. We report two cases of hepatic GSD IV with pa-
thology showing PAS positive hepatocytes that were mostly digested by diastase, which differ from past cases.
Gene analysis was critical for the diagnosis. Both cases were found to have the same variants c.288delA
(p.Gly97GlufsTer46) and c.1825G > A (p.Glu609Lys). These findings suggest that c.1825G > A variant might
be a common variant in the non-progressive hepatic form of GSD IV.

1. Introduction

Glycogen storage disease type IV (GSD IV; Andersen disease; OMIM
#232500) is a clinically heterogeneous disorder caused by homozygous
or compound heterozygous variants in the GBE1 gene, located on
chromosome 3p12, which encodes glycogen-branching enzyme (GBE).
The classic hepatic form of GSD IV, first reported by Andersen in 1956
[1], starts in early childhood and progresses to lethal cirrhosis by five
years of age, while the non-progressive hepatic form does not progress
to liver cirrhosis [2]. The neuromuscular form of GSD IV is classified by
age at onset [3]. GBE is responsible for adding short glucosyl chains to
the growing glycogen molecule to form its branched polymeric struc-
ture. GBE deficiency leads to the accumulation of abnormal glycogen
molecules with fewer branch points and longer outer branches with an
amylopectin-like structure. This abnormal glycogen accumulates in the
liver, muscle, heart, and central and peripheral nervous systems [4].
Light microscopy revealed liver pathology with enlarged hepatocytes

containing centrally placed glycogen deposits that stained strongly
positive with PAS and typically showed resistance to diastase [2].

Because GSD IV is rare glycogen storage disease, it is difficult to
investigate its liver pathology. We report two cases of non-progressive
hepatic GSD IV with liver pathology showing PAS positive deposits that
were mostly digested by diastase. Gene analysis was important for the
diagnosis and prognosis prediction. We also reviewed the long-term
clinical courses of previously reported patients with non-progressive
hepatic GSD IV.

2. Case report

2.1. Case 1

A Japanese male infant was born at 39 weeks gestation, with a birth
weight of 3277 g. He was the second child of non-consanguineous
parents. He had mild speech delay and was receiving speech therapy.
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Liver dysfunction was detected at 3 years of age and he was referred to
a pediatric hepatologist. He weighed 17.2 kg (+1.8 standard deviation
(SD)) and was 96.2 cm (+0.1 SD) tall. He showed no motor develop-
ment delay. His liver and spleen were not palpable below the costal
margin, and there were no neuromuscular symptoms or signs.
Laboratory studies showed elevated transaminases: aspartate transa-
minase (AST), 204 IU/L; alanine aminotransferase (ALT), 153 IU/L; and
gamma-glutamyltransferase (γ-GTP) 84 IU/L). Total bile acid was
normal (7.9 μmol/L). Abdominal ultrasound showed a slightly bright
liver. Liver biopsy was performed at 3 years and 5 months (Fig. 1a, b),
and pathological analysis showed enlarged hepatocytes with an accu-
mulation of PAS positive eosinophilic materials surrounded by a halo.
Whole-exome sequencing was performed and GBE1 variants were re-
vealed. Direct sequencing of the GBE1 gene revealed c.288delA
(p.Gly97GlufsTer46) and c.1825G > A (p.Glu609Lys) missense var-
iant. The c.288delA variant was also present in the patient's sister and
mother, and the c.1825G > A mutation was also present in his father
(Fig. 2, Family 1). Erythrocyte GBE activity was 0.2 μmol Pi/min/g Hb,
approximately 5% of that in two healthy adult controls
(4.0 ± 0.2 μmol Pi/min/g Hb).

The patient was healthy at 5 years of age, with AST 42 IU/L and ALT

30 IU/L. Serum Mac-2 binding protein glycosylation isomer (M2BPGi),
a novel serum diagnostic marker for liver fibrosis, had a cut-off index
(COI) of 1.13 at 3 years and remained high at 1.34 at 5 years.

2.2. Case 2

A Japanese male infant was born at 38 weeks and 4 days gestation,
with a birth weight of 3100 g. He was the first child of non-con-
sanguineous parents. His growth and development were normal, but
abdominal distension was noted at 1 year 8 months of age. Elevated
liver transaminase levels were observed (AST, 644 IU/L; ALT, 360 IU/
L), and he was referred to our hospital at 2 years of age. He weighed
12.1 kg (+0.4 SD) and was 84.1 cm (−0.4 SD) tall. The liver was
palpable eight fingers below the right costal margin and the edge was
slightly hard. The spleen was palpable four fingers below the left costal
margin. There were no neuromuscular symptoms or signs. Laboratory
analyses showed elevated transaminases (AST, 479 IU/L; ALT, 217 IU/
L, and γ-GTP, 163 IU/L), total bile acid (47.3 μmol/L), and a slightly
decreased platelet count (152,000/μL). The prothrombin time was
normal (12 s). Abdominal ultrasound revealed hepatosplenomegaly and
high intensity in the liver. Liver biopsy was performed at 2 years

Fig. 1. Light microscopic liver pathology. a: Case 1, periodic acid-Schiff (PAS) staining. b: Case 1, periodic acid-Schiff-diastase (PAS-D) staining. Hepatocytes were
stained with PAS and were mostly digested by PAS-D. c: Case 2, hematoxylin and eosin staining. Eosinophilic materials surrounded by a halo (indicated by arrows). d:
Case 2, Masson staining. Bridging fibrosis was observed. e: Case 2, PAS staining. f: Case 2, PAS-D staining. Hepatocytes were stained with PAS and were mostly
digested by PAS-D.

Fig. 2. Pedigrees of the two families. Both cases had a compound heterozygous variant. The probands are indicated by arrows. Sanger sequencing revealed each
parent, and elder sister in case 1, had a heterozygous GBE1 varinat [NM_000158.4].
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3 months of age. Pathological analysis showed half of the hepatocytes
were enlarged with an accumulation of eosinophilic materials sur-
rounded by a halo, and moderate inflammatory infiltration in the portal
area (Fig. 1c–f). Because of the bridging fibrosis, the classic hepatic
form of GSD IV was suspected. The erythrocyte GBE activity was
0.2 μmol Pi/min/g Hb, approximately 7% of the mean activity in two
healthy adult controls (2.85 ± 0.45 μmol Pi/min/g Hb). Next-gen-
eration sequencing of the GBE1 gene revealed two heterozygous var-
iants c.288delA (p.Gly97GlufsTer46) and c.1825G > A (p.Glu609Lys)
which was also present in his mother and father, respectively (Fig. 2,
Family 2).

Hypoglycemia was not observed after fasting or on sick days. At
2 years 4 months of age, the serum zinc level was 49 μg/dL
(normal> 80 μg/dL); therefore, oral zinc was prescribed. He started a
high-protein diet with carbohydrate restriction, and his liver stiffness
softened after a few months. Furthermore, his serum M2BPGi level
decreased rapidly from 2.14 and 2.57 COI at 2 years 3 months and
2 years 5 months, respectively, to a normal level of 0.99 COI at 2 years
10 months. His hepatic condition remained stable at 1 year after di-
agnosis and his growth was normal.

3. Discussion

Here, we report two cases of non-progressive hepatic GSD IV, in
which liver pathology showed PAS-stained hepatocytes that were
mostly digested by periodic acid-Schiff-diastase (PAS-D). This finding is
not usual in GSD IV, and partial digestion previously reported in the
non-progressive hepatic form of disease (Table 1, Cases 3–7) might be
associated with residual enzyme activity. The PAS positive material
digested by PAS-D resembled Lafora bodies. Furthermore, Case 1 had a
mild speech delay, which could be a symptom used for the differential
diagnosis of Lafora disease, a neurological disorder with onset in school
aged children to teenagers. It is characterized by progressively wor-
sening seizures, dementia, and myoclonic attacks, and morphologically
by the presence of large PAS-positive intraneural inclusions known as
Lafora bodies, which are typically found in the brain, liver, skeletal and
cardiac myocytes, eccrine duct, and apocrine myoepithelial cells of
sweat glands [5]. However, GSD IV and Lafora disease can be dis-
tinguished from each other by their clinical features, with confirmation
by enzyme activity and genetic analysis.

Surprisingly, both current unrelated cases had the same variants.
The GBE1 gene was first isolated in 1993 [6]. The non-progressive
hepatic form of GSD IV is rare and few genetic studies have been re-
ported. The GBE1 variants c.288delA and c.1825G > A were detected
in the current cases. The c.288delA homozygous variant was reported
previously in a newborn female infant with severe hypotonia and di-
lated cardiomyopathy [7]. Hypoglycemia worsened at 4 months of age
and hepatomegaly was observed. Her ALT levels were < 100 IU/L and
total bilirubin levels were normal. She died of cardiomyopathy at
4 months of age. Liver pathology was not performed. Two cases of the
congenital neuromuscular form of GSD IV with the c.288delA variant in
one allele were also reported [8].

The c.1825G > A variant was recently reported in a Japanese
patient with non-progressive hepatic GSD IV, who had compound het-
erozygous GBE1 variants c.137A > C (p.Gln46Pro)/c.1825G > A
(p.Glu609Lys) [9]. His clinical features are presented in Tables 1 and 2
(Case 3). In this report [9], the functional analysis of mutant GBE
proteins was performed using Escherichia coli BL21 (DE3) cells, and the
branching activity of each protein was measured using the amylo-
se‑iodine absorbance spectrum as described previously [10]. The en-
zyme activities of c.137A > C and c.1825G > A were 1.21 U/mg and
1.15 U/mg, respectively, which were both lower than that of wild-type
GBE (2.18 U/mg). The activity of the c.1825G > A variant was almost
half that of the normal activity, and this level was reported to be im-
portant for the clinical features of non-progressive hepatic GSD IV. The
variant c.986A>C allele, resulting in half-normal activity, was also Ta
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associated with non-progressive hepatic GSD IV [11]. Although GBE
activity remains low, most cases of the non-progressive hepatic form of
disease develop normal liver transaminase levels or liver size in later
years [12]. However, the mechanism responsible for this reversible
course is unclear. Both of our cases and one previous Japanese case [9]
with the same c.1825G > A GBE1 gene variant were diagnosed as the
non-progressive hepatic form. Initially, it is difficult to distinguish be-
tween the non-progressive hepatic form or classic hepatic form of GSD
IV using GBE activity alone. Under these circumstances, the most ef-
fective treatment for the classic hepatic form is liver transplantation
[13]. The long-term course of non-progressive hepatic GSD IV was
previously reported (Tables 1 and 2) [2,9,11,12] and showed onset ages
of around 1 year to 3 years, and hepatopathy had recovered by school
age in most cases. Therefore, the c.1825G > A variant has a poten-
tially good prognosis and cases with this variant might avoid un-
necessary liver transplantation.

Nutritional management strategies for GSD IV have not been es-
tablished, but a few cases have been reported [12,14–16]. A patient
with moderate fibrosis at 26 months of age was treated with a high-
protein diet with a restriction of non-utilizable sugars and regular food
intake. His liver function became normal and he was healthy at 17 years
of age [16]. Conversely, four patients with non-progressive hepatic GSD
IV were all maintained with normal nutrition and subsequently re-
covered normal liver function [12]. In Case 2, a high-protein diet with
carbohydrate restriction was initiated and liver stiffness improved after
a few months. Furthermore, M2BPGi decreased rapidly. Whether
M2BPGi is a good marker for liver fibrosis in glycogen storage diseases
is unknown. Case 2 suggests that a carbohydrate restricted diet may be
effective in some cases with no side effects. Further studies are expected
to explore this issue.

4. Conclusion

We report two cases of non-progressive hepatic GSD IV with aty-
pical liver pathology. They showed PAS-stained hepatocytes that were
mostly digested by PAS-D. Genetic analyses played an important role in
the diagnosis. We suggest that the c.1825G > A GBE1 variant may be a
causative factor in the non-progressive hepatic form of GSD IV and
might avoid unnecessary liver transplantation in the early stage of
disease.
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