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Abstract

phenotype basis of dual variants in GSD-IXb.

Background: Glycogen storage disease (GSD) type IXb is one of the rare variants of GSDs. It is a genetically
heterogeneous metabolic disorder due to deficient hepatic phosphorylase kinase activity. Diagnosis of GSD can be
difficult because of overlapping manifestations. Mutation analysis of the genes related to each type of GSD is supposed
to be problem-solving, however, the presence of novel mutations can be confusing. In this case report, we will
describe our experience with a young girl with the diagnosis of GSD and two novel mutations related to GSD type IXb.

Case presentation: A 3-year- old girl presented with short stature, hepatomegaly, and liver cirrhosis. No specific
diagnosis was made based on laboratory data, so liver biopsy and targeted-gene sequencing (TGS) were performed to
find out the specific molecular basis of her disease. It was confirmed that the patient carries two novel variants in the
PHKB gene. The variant in the PHKB gene was classified as pathogenic.

Conclusions: This is the first reported case of a dual molecular mutation of glycogen storage disease type IXb in the
same patient. Two novel variants in PHKB were identified and one of them was a pathogenic split-site mutation. In
conclusion, for the first time, identification of the novel variants in this patient expands the molecular and the
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Background

Glycogen storage disease (GSD) type IX is caused by
phosphorylase b kinase (PhK) deficiency (EC 2.7.1.38), a
key enzyme in glycogen degradation [1, 2]. This enzyme
is expressed in the liver and muscle tissue, though liver
PhK deficiency is more common than muscle [3]. PhK is
a complex enzyme including four different subunits. The
a subunit is encoded by the PHKA2 gene (MIM 306,000),
namely GSD IXa, which is liver-specific with X-linked
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inheritance. The PHKB gene (MIM 261,750) indicating
GSD IXb encodes the B subunit, and the PHKG2 gene
(MIM 613,027) indicating GSD IXc encodes the y subunit
[4]. Both of these subunits are autosomal recessive.
Reports on the PHKB gene mutations resulting in
deficient phosphorylase kinase in both liver and muscle
are very infrequent [5, 6]. GSD IXb is characterized by
hepatomegaly, hypoglycemia, growth retardation, as well
as motor developmental delays [7]. Unlike other hepatic
GSDs, symptoms of GSD IXb are often mild, and patients
may even become asymptomatic as they grow up [8-10].
So far, there has not been any case report of GSD type
IXb from Iran. We present the first case diagnosed in
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our center, i.e. a child with GSD IXb, whose specific
symptoms are related to a dual mutation in the PHKB
gene.

Case presentation

A 3-year-old girl was referred to the pediatrician with
hepatomegaly and developmental delay. The girl was the
first child of consanguineous marriage in an Iranian
family. She was delivered following a normal and term
pregnancy with a birth weight of 2.95 kg, and height of
47 cm. No hypoglycemia was noted in the perinatal
period and the postnatal transition.

At the age of 1, she developed abdominal distension.
However, abdominal ultrasound has been reported as
unremarkable. During childhood, she frequently experi-
enced morning nausea, vomiting, and lethargy.

At the age of 2, she was referred to our center because
of developmental delay. Biochemical lab tests revealed
high hepatic transaminases (ALT 375 U/L, AST 495 U/
L), mild neutropenia (750 per microliter), microcytic
hypochromic anemia (hemoglobin of 10.3 g/dl and
hematocrit of 34.1%, mean corpuscular volume of
73.81 fl., and low mean corpuscular hemoglobin 25.54
pg), as well as high triglyceride (498 mg/dl), and choles-
terol (268 mg/dl).

A abdominal ultrasound revealed hepatomegaly with
mild diffuse heterogeneous echogenicity of the liver par-
enchyma. A liver biopsy was performed, which revealed
cirrhosis with severe swelling of the hepatocytes with
clear cytoplasm. Portal tracts showed very mild lympho-
cytic infiltration (Fig. 1). According to clinical findings
and liver biopsy, a hepatic form of GSD was suspected,
so treatment with frequent feeds was initiated. Neverthe-
less, hepatic transaminase elevation persisted and ketosis
with hyperlactatemia were developed. Therefore, at the
age of 3, an aggressive regimen with uncooked cornstarch

Fig. 1 Sections from liver needle biopsy show distorted architecture
with steatosis in the liver parenchyma (very similar to GSD type I)
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(5 times per day) and protein (2.5 g/kg/day) was initiated.
After the diet therapy, her morning vomiting, and lethargy
improved, and hepatic enzyme (ALT 80 U/L, AST 86 U/
L) were decreased, but her cholesterol level increased
(313 mg/dl).

Targeted gene sequencing (TGS) with a custom-
targeted Ion AmpliSeq panel was performed. The panel
included 7219 amplicons covering 450 genes associated
with Inborn Metabolic Diseases consisting of glycogen
storage disorders genes with hepatic involvement. Sanger
sequencing validated identified the variants, using an
ABI Prism 3500 Genetic Analyzer (Applied Biosystems,
Foster City, CA, USA). Analyses were done using an Ion
Torrent 540 chip (Life Technologies, Guilford, CT,
South San Francisco, CA). The human genome 19 was
used as the reference. Polyphen2, SIFT, and Mutation
Taster were used for in silico analysis, GERP and Phast-
cons scores were used to evaluate the conservation of
the variants. The population frequency of each variation
was evaluated, using data from the gnomAD database.
ACMG guidelines were used for variant interpretation
[11]. The sequence variants were described according to
the Human Genome Variation Society Nomenclature
[12]. Interestingly, TGS findings showed that the patient
carried two novel variants, which consisted of a homozy-
gous variant ¢.1127-2 A > G (p.?) in exon 12, a homozy-
gous missense variant ¢.2840 A >G (p.GIn947Arg) in
exon 28 of the PHKB gene. In silico analysis revealed
that the novel variant, ¢.1127-2 A > G (p.?) is pathogenic,
which would have possibly damaged the splice site, and
two other ones are variants of uncertain significance
(VUS). However, samples from the parents were not
available for the zygosity determination of these novel
variants. It should be mentioned that both parents were
asymptomatic.

Discussion and conclusions

Herein we are reporting novel homozygous variants in
the PHKB gene, leading to loss of function, in a 3-year-
old girl born to a consanguineous family of Iranian
descent.

To the best of our knowledge, our patient is the only
and the first case of dual homozygote variants in GSD-
IXb, with severe liver involvement. Compared with other
GSD-IXb patients with a single mutation in PHKB, our
patient who has dual variants showed a more severe
short stature and liver dysfunction. To find and carefully
evaluate all reported mutations and effects on the
presentation of GSD IXb, we did a literature search in
August 2020. To date, 23 variants were identified in
PHKB gene in 18 patients with GSD-IXb (Table 1). A
comparison of the literature showed that manifestation
of GSD-IXb was highly variable, ranging from benign
mild to moderate, and sometimes aggressive [2, 3, 6-10].
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The age of GSD-IXb onset can be in young children
with a mean age of 3.8 years. It is noteworthy that the
majority of patients shown in Table 1 presented with
hepatomegaly (92.85 %) and elevated hepatic transamin-
ase (35.71 %). However, less than half of the 18 patients
showed signs of hypoglycemia (27.7 %), hyperlipidemia
(21.42 %), and short stature (14.28 %). Just in our case,
liver cirrhosis (5.6 %) is reported.

Molecular method confirmed a dual mutation in GSD-
IXb. Co-occurrence of two different mutations in GSD
subtype in one patient is exceedingly rare and has never
been reported so far. Posey et al. [13] reported that out
of 7374 patients only 101 (4.9 %) were diagnosed with
more than one locus for the disease by performing next-
generation sequencing (NGS). So, NGS is an efficient,
accurate, and cost-effective method for identifying dis-
ease genes. For clinically and genetically heterogeneous
diseases caused by a group of genes involving a common
metabolic pathway, TGS can also be used for simultan-
eous sequencing of the group of candidate genes [14].
Our case demonstrates that molecular analysis especially
using TGS is an essential method in the diagnosis of
GSD subtypes. An early genetic diagnosis by TGS has
many benefits including time and cost-effectiveness,
right treatment, accurate recurrence risk advice, and
where appropriate, screening of patients [15].

In conclusion, our study describes an Iranian patient
who suffered from GSD-IXb. Two novel variants in the
PHKB gene were identified, one of which is pathogen.
The report of these variants could expand the mutation
spectrum of GSD-IXb. Dual mutations in the GSD sub-
type in one patient is rare; however, with the progress in
molecular diagnostic methods, we may be able to iden-
tify more patients with multiple mutations in different
genes, and because of that, our knowledge about inher-
ited human diseases will be improved.
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