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Abstract
Glycogen storage disease type Ib (GSDIb) is an autosomal recessive disorder caused by mutations of SLC37A4 gene, which 
encodes glucose 6-phosphate translocase (G6PT). Malfunction of G6PT leads to excessive fat and glycogen in liver, kidney, 
and intestinal mucosa. The clinical manifestations of GSD1b include hepatomegaly, renomegaly, neutropenia, hypoglyce-
mia, and lactic acidosis. Furthermore, the disorder may result in severe complications in long-term including inflammatory 
bowel disease (IBD), hepatocellular adenomas (HCA), short stature, and autoimmune disorders, which stem from neutro-
penia and neutrophil dysfunction. Here, we represent a novel mutation of SLC37A4 in a 5-month girl who has a history of 
hospitalizations several times due to recurrent infection and her early presentations were failure to thrive and tachypnea. 
Further investigations revealed mild atrial septal defect, mild arteriovenous malformation from left lung, esophageal reflux, 
Horseshoe kidney, and urinary reflux in this patient. Moreover, the lab tests showed neutropenia, immunoglobulin (Ig) G and 
IgA deficiency, as well as thrombocytosis. Whole exome sequencing revealed c.1245G > A P.W415 homozygous mutation 
in SLC37A4 gene and c.580G > A p.V1941 heterozygous mutation in PIK3CD gene. This study shows that manifestations 
of GSD1b may not be limited to what was previously known and it should be considered in a wider range of patients.
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Introduction

Glycogen storage disease type I (GSDI) is considered an 
autosomal recessive inherited condition due to glucose-
6phospahatase system defect. The incidence of GSDI has 
been estimated to be around 1 in 100,000 live birth each 
year. GSDI comprises two main types; glycogen stor-
age disease type Ia (GSDIa) and glycogen storage disease 
type Ib (GSDIb). GSDIb accounts for approximately 20% 
of total cases of GSDI and GSDIa 80% of total cases [1]. 
GSDIa stems from G6PC gene mutations, which results in 
deficiency of enzyme glucose-6-phosphatase (G6Pase) that 
turns glycogen into glucose. GSDIb is caused by SLC37A4 
gene mutation, which is located on chromosome 11q23.3 
and encodes glucose 6-phosphate translocase [2]. The pro-
tein has an important role in glucose homeostasis by trans-
porting glucose 6-phosphate to the endoplasmic reticulum 
to be broken down and turn into glucose [3]. Disruption of 
glucose 6-phosphate translocase and G6Pase leads to con-
verting glucose 6-phosphate to fat and glycogen instead of 
breaking down to glucose [4]. In GSDI, accumulation of 
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glycogen and fat in cells happens specifically in liver and 
kidney, resulting in hepatomegaly and renomegaly and also 
malfunction of these organs.

Immune responses are considered to be weaker in GSD1b 
patients than others. Moreover, the number of T cells is 
lower in GSD1b patients. Neutropenia is also found in 
90% of patients and it predisposes them to recurrent infec-
tion. There are several mechanisms relating neutropenia to 
SLC37A4 mutation. It is previously reported that disrup-
tion of G6PT activity may cause oxidative stress and cell 
apoptosis and finally neutropenia [5]. Moreover, G6PT acts 
on dephosphorylation of 1,5-anhydroglucitol-6-phosphat. 
As a result of G6PT deficiency in these patients, the accu-
mulation of 1,5AG6P takes place and inhibits the first step 
of glycolysis. Neutrophils are dependent on glycolysis for 
energy metabolism and the lack of glycolysis results in 
their dysfunction [6]. Regarding the importance of G6PT 
for energy homeostasis, G6PT defect leads to reduced intra-
cellular levels of G6P, lactate, NADPH, and ATP and also 
diminished glucose uptake in neutrophils [7]. According 
to previous studies, prevalence of autoimmune disorders is 
higher in GSDIb patients, and lack of G6P in endoplasmic 
reticulum and impairment of Regulatory T cells are the sug-
gested causes [8]. Inflammatory bowel disease (IBD) is also 
seen in these patients and it seems to be related causally to 
neutropenia [9].

Delayed puberty, hypoglycemia, hyperlipidemia, lactic 
acidosis, seizures, anemia, oral health problems, doll-like 
faces, and short stature are other characteristics of these 
patients. The manifestations of the disorder usually begin 
to show up at age 3 to 4 months, but some neonates are 
presenting [10] (more details of GSDIb characteristics are 
available in Table 1).

G-CSF therapy has been reported to have some benefits 
in these patients by increasing bone marrow (BM) cellu-
larity [11]. Furthermore, empagliflozin, an inhibitor of the 
renal glucose cotransporter sodium glucose cotransporter 
2, has been shown to induce rise of neutrophil number and 
improvement of neutrophil function and regarding clinical 
symptoms, resolved frequent infections, mucosal lesions, 

and IBD remission were seen in GSDIb patients who did 
not respond completely to G-CSF [12, 13].

In the present study, we represent a case of GSDIb with 
a novel mutation of SLC37A4. The presentations included 
horseshoe kidney, arteriovenous malformation, atrial septal 
defect (ASD), hepatomegaly, neutropenia, and respiratory 
distress.

Case presentation

The proband was a 5-month girl born as the first child in a 
consanguine family after a normal pregnancy through vagi-
nal delivery at 38 weeks with a birth weight of 2400 g. The 
parents were relatives (first cousins) and they had no his-
tory of drug abuse during pregnancy and beforehand. The 
patient was 3 months and 20 days weighing 4700 g when 
she was first referred to the immunodeficiency clinic of the 
children’s medical center in Tehran with the symptoms of 
failure to thrive (FTT) and tachypnea and potential diagno-
sis of immunodeficiency based on her recurrent respiratory 
infections and hospital admission due to pneumonia. She 
expired at 7 months due to acute respiratory distress syn-
drome (ARDS). Other characteristics of the patient included 
tachypnea, respiratory distress, sudation during nursing, in 
the first visit. In the clinical examination, hepatomegaly was 
beheld, all the other examinations were unremarkable. She 
had a history of urinary tract infection (UTI) and hyperten-
sion. She was hospitalized for 1 week at the age of 5 months 
in the pulmonary ward for pneumonia. The first cousin 
(female-father side) of the patient was a case of GSD who 
died due to pneumonia at the age of three. The diagnosis of 
GSD in the patient’s cousin was based on clinical manifesta-
tions, hepatomegaly in ultrasound sonography, liver biopsy, 
and lab data including hypoglycemia, hypercholesterolemia, 
and hypertriglyceridemia.

Echography showed mild atrial septal defect (ASD) and 
the contrast ecography revealed mild arteriovenous mal-
formation (AVM) from the left lung (left upper pulmonary 
vein). The upper gastrointestinal series showed esophageal 

Table 1   Manifestations of GSDIb from previous known cases

Growth Short stature, Delayed puberty
Head and neck Doll-like facies, Lipemia Retinalis, Oral ulcers, Xanthelasma
Cardiovascular Hypertension
Abdomen
Gastrointestinal

Protuberant abdomen, Hepatomegaly, Liver adenoma, Hepatocellular carcinoma, Pancreatitis, 
Chronic inflammatory bowel disease (IBD), Intestinal mucosal ulceration

Kidneys Reduced creatinine clearance, Focal segmental glomerulosclerosis, Renal stones, Renal enlargement
Skeletal Osteoporosis, Gouty arthritis
Skin Xanthoma
Immunology Neutropenia, Abnormal leukocyte function, Reduced T cells
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reflux. Horseshoe kidney and urinary reflux of grade II–III 
was diagnosed in the first ultrasound sonography after birth.

The lab tests revealed lower levels of polymorphonuclear 
leukocytes (3.5 cells/cmm3) and specifically neutropenia 
(160 cells/cmm3) when she was a 4-month child. Reduced 
levels of natural killer cells alongside with IgG and IgA 
deficiency were also observed. Furthermore, thrombocy-
tosis was detected (more details are available in Table 2). 
The nitroblue-tetrazolium (NBT) (PMA-stimulated) and 
dihydrorhodamine (DHR) flow cytometry tests show the 
functional capacity of neutrophils by measuring their acti-
vation after stimulating with phorbol myristate acetate [14]. 
Despite neutropenia, the indices for neutrophils’ activity 
were normal in the patient.

Whole exome sequencing was conducted at 5 months and 
revealed homozygous nonsense mutation in SLC37A4 gene, 
variant of c.1245G > A p.Trp415Ter located on exon 12 and 
transcript ID of ENST00000357590.5,NM_001164278, 
and heterozygous mutation in PIK3CD gene, variant of 
c.580G > A p.Val194Ile located on exon 5 and transcript ID 

of ENST00000377346.4,NM_005026. No chromosomal 
rearrangement was distinguished through chromosome kar-
yotype analysis by fluorescence in situ hybridization.

Genomic DNA was extracted from peripheral blood leu-
kocytes after performing the standard phenol/chloroform 
method. Human whole exome enrichment was conducted 
utilizing Twist Human Core Exome Kit and sequencing and 
the library was sequenced on Illumina platform with a raw 
coverage of 264X and mean on-target coverage of 83X, per-
formed by CeGaT GmbH, Germany. Almost all exons and 
flanking 10 bp were detected and analyzed. Next-generation 
sequencing method was used to detect variations that include 
single point mutations and small indels (within 20 bp). The 
analytical sensitivity and specificity of next-generation 
sequencing method are assumed to be higher than 95%. 
PCR amplification was followed by Sanger sequencing to 
determine her genotype for c.1245G > A in SLC37A4 gene; 
however, it was not conducted for PIK3CD gene.

Discussion

GSDIb is a type of GSD1 with distinctive features of neu-
tropenia and recurrent infection. Here, we represent a novel 
mutation of SLC37A4 gene in the case of GSDIb. Henry-
Gery Hers reported the first case of GSDIb in 1959 at IX. 
International Congress of Pediatrics in Montreal, and Lowe 
et al. published the first report of the combination of glyco-
gen storage disease type I with the normal activity of glu-
cose-6 phosphatase in the frozen liver [15]. In the present 
case, the consanguinity of parents and history of GSD in 
the cousin of the patient approves the autosomal recessive 
pattern of the disorder.

It has been investigated that GSDIb has all the charac-
teristics of GSDIa patients plus neutropenia and failure at 
maintaining blood glucose level consistent after glycerol 
intravenous administration. Hepatomegaly, a key finding of 
GSDIb, was present in this case. Horseshoe kidney is a con-
dition of fusion defect in the kidney, which occurs as a result 
of disruption in the development and migration of the kid-
neys. The condition predisposes the patient to infection, ure-
teropelvic junction obstruction, and kidney stones. Till now, 
horseshoe kidney has been reported in one case of Glycogen 
Storage Disease Type 1a, but none in Glycogen Storage Dis-
ease Type 1b, which was present in the studied case [16]. 
The patient had vesicoureteral reflux, which was previously 
only reported in Glycogen Storage Disease Type 1a patients 
[17]. The history of recurrent UTI and vesicoureteral reflux 
in the patient can be explained by the horseshoe kidney. The 
relationship between horseshoe kidney and the present muta-
tions of the patient is not known to date.

The presence of hypertension in this patient can be 
explained by pyeloureteral stenosis in horseshoe kidney. The 

Table 2   Laboratory test results

WBC, white blood cell; PMN, polymorphonuclear leukocytes; NBT, 
Nitroblue tetrazolium test, DHR, Dihydrorhodamine; PMA, Phorbol-
myristate-acetate; NOI, neutrophil oxidative index
Footnote: The patient’s age was 4 months when the lab tests were per-
formed. Numbers marked by bold font are out of indicated normal range

Measure (unit) Result Normal range

WBC (mm3) 8.54 *10^3 6–17.5 *10^3
Lymphocyte (mm3) 6.46 *10^3 4–10.5 *10^3
PMN (mm3) 3.5 300–875
Platelet (μL) 745 *10^3 250–450 *10^3
Hemoglobin (g/dL) 11.5 11.3–14.1
CD3 (%lymph)
Count(mm3)

65.22%
(4.21 *10^3)

30–70

CD4 (%lymph)
Count(mm3)

44.43%
(2.87 *10^3)

22–58

CD8 (%lymph)
Count(mm3)

14.15%
(0.91 *10^3)

10–37

CD14 (%lymph)
Count(mm3)

9.41%
(0.61 *10^3)

4–10

CD16 (%lymph)
Count(mm3)

12.12%
(0.78 *10^3)

5–19

CD20 (%lymph)
Count(mm3)

18.92%
(1.22 *10^3)

34–37

CD56 (%lymph)
Count(mm3)

1.43%
(0.09 *10^3)

5–19

IgG (mg/dL) 371 800–1600
IgA (mg/dL) 58 70–400
IgM (mg/dL) 56 40–230
NBT (PMA-stimulated) (mg/dL) 95% 90–100
Neutrophil Count (cells/cmm3) 160 1700–7000
DHR + PMA
(NOI)

215  > 100
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renin-aldosterone system’s activation may result in vasocon-
striction of the afferent arteriole which leads to reduction of 
renal blood flow and arterial hypertension consequently [18]. 
Pulmonary AVM is a rare condition in which a pulmonary vein 
is connected to a pulmonary artery through an abnormal vas-
cular structure. Hypoxemia, fatigue, cyanosis, and dyspnea can 
be the symptoms of this state, and sometimes the patients are 
asymptomatic [19]. ASD and AVM have never been reported 
in type b of GSDI patients previously; however, there are some 
studies indicating presence of pulmonary arterial hypertension 
and ASD in GSDI patients as a result of abnormal production 
of vasoconstrictive amines including serotonin [20]. The case 
of our study had ASD and mild AVM, which is a novel finding 
in a case of GSDIb.

PIK3CD gene encodes p110 delta (p110δ) protein, a 
subunit of phosphatidylinositol 3-kinase, which is primar-
ily found in leukocytes. It is vital for activation, migration, 
maturation, and cytokine production in NK cells. Intermittent 
neutropenia and recurrent respiratory infections have been 
reported in patients with heterozygous mutation of PIK3CD 
[21]. Decreased serum levels of IgA and IgG which have 
been reported in patients with PIK3CD [22, 23], predispose 
the patient to frequent sinopulmonary infections. Thus, it may 
also have a role in neutropenia and IgA and IgG deficiency of 
this patient alongside SLC37A4 gene. Neutropenia and IgA 
and IgG deficiency can be the underlying cause of recurrent 
pneumonia in this case.

Neutropenia and recurrent infections need therapy in GSDIb 
patients, granulocyte colony-stimulating factor (G-CSF) has 
been used in these patients and has shown promising results 
with having normal neutrophil count and reducing infections 
[24]. Liver transplant and allogeneic hematopoietic stem cells 
are also among the suggested treatments for the disorder [25].

In conclusion, cardiovascular and renal workup can be sug-
gested in GSDIb patients. Moreover, since recurrent infections 
due to immune deficiency is a major cause of death in these 
patients, immunotherapy options such as G-CSF and empagli-
flozin should be considered with more emphasis. Notably, it is 
vital to keep in mind to investigate other genes related to func-
tion of neutrophils including PIK3CD in patients with GSDIb.
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