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Abstract

Glycogen storage disease type 1b (GSD1b) is a rare genetic disorder, resulting from mutations in

the SLC37A4 gene located on chromosome 11q23.3. Although the SLC37A4 gene has been

identified as the pathogenic gene for GSD1b, the complete variant spectrum of this gene remains

to be fully elucidated. In this study, we present three patients diagnosed with GSD1b through

genetic testing. We detected five variants of the SLC37A4 gene in these three patients, with three

of these mutations (p. L382Pfs*15, p. G117fs*28, and p. T312Sfs*13) being novel variants not

previously reported in the literature. We also present a literature review and general overview of

the currently reported SLC37A4 gene variants. Our study expands the mutation spectrum of

SLC37A4, which may help enable genetic testing to facilitate prompt diagnosis, appropriate

intervention, and genetic counseling for affected families.
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Introduction

Glycogen storage disease 1b (GSD1b

OMIM 232220) is an autosomal recessive

metabolic disorder distinguished by a defi-

ciency of glucose 6-phosphate translocase

(G6PT). The incidence rate of GSD1b is

approximately 1 in 500,000 live births.1

The SLC37A4 gene, which encodes G6PT,
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is found on chromosome 11 at 11q23.3.
This gene spans 4.5 kb, comprises nine
exons, and codes for a predominantly
hydrophobic protein with 10 transmem-
brane domains.2 G6PT plays a pivotal role
in the translocation of glucose-6-phosphate
(G6P) from the cytoplasm into the endoplas-
mic reticulum (ER) lumen. Subsequently,
G6P undergoes hydrolysis to convert into
glucose in the ER membrane. Additionally,
G6PT expression is crucial for maintaining
energy homeostasis in neutrophils.3

The absence of G6PT activity leads to
the buildup of glycogen and other metabol-
ic intermediates in the liver, kidney, and
intestines. This accumulation results in a
variety of clinical manifestations.4 The pre-
dominant clinical symptoms of GSD1b
include hepatomegaly, hypoglycemia,
lactic acidemia, hyperlipidemia, hyperurice-
mia, and growth retardation. Notably,
G6PT is abundantly expressed in hemato-
poietic progenitor cells5 and has a pivotal
role in neutrophil homeostasis and its func-
tional dynamics.6 Defective G6PT can
cause reduced glucose absorption that
leads to a drop in the intracellular levels
of G6P, ATP, lactate, and NADPH.3

Thus, GSD1b in G6PT brings about neu-
tropenia and neutrophil dysfunction and a
higher susceptibility to various infectious
diseases, including recurrent bacterial infec-
tions and inflammatory bowel disease
(IBD).7

Since the SLC37A4 gene was first iden-
tified, more than 100 variants have been
reported, with the missense mutation
being the most common variant.8 Further
analysis of the SLC37A4 gene may provide
an important clinical strategy for patients
with GSD1b. Despite the identification of
SLC37A4 as the pathogenic gene for
GSD1b, a comprehensive understanding
of the complete spectrum of its genetic var-
iants remains to be fully elucidated. In this
study, we have identified three novel
SLC37A4 variants. We then systematically

review the literature pertaining to reported
variants to further clarify the full variant
spectrum of SLC37A4.

Case presentations

Patient 1

Patient 1 (male) was admitted to the hospi-
tal at the age of 17 months from the pres-
ence of abdominal distension. He had a
medical history characterized by recurrent
episodes of pneumonia, bronchitis, and
hypoglycemic attacks since the age of
3 months. Additionally, he experienced
chronic diarrhea from birth until the age
of 1 year. Upon admission, the patient’s
height measured 69 cm, corresponding to a
height-for-age z-score of �4.9 (0.1st percen-
tile). His weight was 9 kg, resulting in a
weight-for-age z-score of �1.8 (4th percen-
tile). A physical analysis revealed the pres-
ence of hepatomegaly. Notably, the fasting
glucose, lactic acid, and blood triglyceride
(TG) levels were found to be abnormal
(measuring 1.6mmol/L, 12.35mmol/L,
and 12.35mmol/L, respectively).
Moreover, urine ketone bodies tested posi-
tive. An abdominal ultrasound analysis
confirmed the presence of hepatosplenome-
galy. Subsequent genetic analysis identified
a compound heterozygous variant on the
SLC37A4 gene, consisting of a c.1145_116
3del TGGGAGGTGCCACACAAGT
(p. L382Pfs*15) variant in exon 11 and a
c.572C>T (p. Pro191Leu) variant in exon
6. The former variant was inherited from
the patient’s mother, while the latter variant
was inherited from the patient’s father.
Importantly, the c.1145_1163del variant
has not been previously reported.
According to the American College of
Medical Genetics and Genomics (ACMG),
this variant is classified as a “variant of
uncertain significance” (PVS1_moderate,
PM2_Supporting). Additional analysis
using Sanger sequencing confirmed that
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the patient’s mother was heterozygous for this
variant, while the patient’s father did not
exhibit any variant at this site (Figure 1a).
The Sorting Intolerant From Tolerant
(SIFT) and PolyPhen-2 prediction pro-
grams indicated that the variant is likely
harmful, as the L382Pfs*15 variant repre-
sents a frameshift mutation that may affect
the structure and function of the SLC37A4
protein. Subsequently, the patient’s treat-
ment plan involved the administration of
lactose-free milk powder and four daily
doses of oral uncooked cornstarch at a
dosage of 1.5 g/kg, as well as adhering to a
sucrose and fructose-free diet. Despite this
therapeutic regimen, the patient continued
to experience recurrent infections, averaging
five to eight episodes per year between the
ages of 1 and 2 years. Moreover, the
patient’s peripheral blood neutrophil count
exhibited fluctuations (0.48–0.85� 109/L)
and he frequently experienced poorly healing
oral ulcers. Notably, the patient did
not receive granulocyte colony-stimulating
factor (G-CSF) injections or adhere to the
prescribed cornstarch regimen. At the age
of 9 years, the patient was readmitted to
the hospital because of recurrent diarrhea
and abdominal pain. Laboratory test results
revealed abnormalities in blood routine
parameters (white blood cell (WBC)
2.8� 109/L, neutrophil (NE) 0.99� 109/L),
liver function (alanine aminotransferase
(ALT) 6U/L, aspartate aminotransferase
(AST) 12U/L, total bile acid (TBA)
3.6lmol/L, y-glutamyl transpeptidase
(GGT) 11U/L, direct bilirubin (DBil)
1.4lmol/L, total bilirubin (TBil) 2.7lmol/L,
albumin (Alb) 38.5 g/L, total protein (TP)
74.6 g/L), and blood lipid levels
(TG 1.79mmol/L, total cholesterol (TC)
2.59mmol/L). Stool analysis did not detect
the presence of red blood cells or leukocytes.
Colonoscopy revealed the presence of an
ulcer in the ileocecal region, accompanied by
a swollen surrounding mucosa. Additionally,
mucosal congestion was observed in the

rectum, sigmoid colon, descending colon,
transverse colon, and ascending colon
(Figure 2a, b). Following regular treatment
with uncooked cornstarch and G-CSF
(3.5 lg/kg/day), the patient’s condition
improved, leading to his subsequent
discharge.

Patient 2

At the age of 2 months, a male patient was
admitted to the hospital from pneumonia
and poor spirit. During his hospitalization,
the patient presented with a hypoglycemic
state, with low blood glucose levels of
2.0mmol/L and high blood lactic acid
levels of 7.7mmol/L. Considering the clini-
cal symptoms, it was suspected that the
patient harbored inborn errors of metabo-
lism. We then performed genetic testing,
which confirmed that the patient had a
compound heterozygous variation of
c.1042_1043delCT (p.L348Vfs*53) in exon
10 and c.351delC (p. G117fs*28) in exon 4
of the SLC37A4 gene. The former variation
was inherited from the father, while the latter
was inherited from the mother (Figure 1b).
The c.351delC variant was a previously unre-
ported mutation. Using the ACMG criteria,
the variant was categorized as “likely patho-
genic” (PVS1þ PM2_supporting). Sanger
sequencing revealed that the mother carried
this variant in a heterozygous state at this
site, while the father did not exhibit any vari-
ant at this site (Figure 1b). The SIFT and
PolyPhen-2 prediction programs indicated
that the variant was likely harmful, with
p.G117fs*28 representing a frameshift var-
iant that could potentially impact the struc-
ture and function of the SLC37A4 protein.
To manage this condition, the patient was
administered lactose-free milk powder and
his feeding frequency was augmented. At
the age of 16 months, he commenced oral
intake of uncooked cornstarch at a dosage
of 2 g/kg/day every 6 hours. However,
despite these interventions, his blood
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Figure 1. Sanger sequencing results and sequence conservation analysis. (a) The novel variant
c.1145_1163del TGGGAGGTGCCACACAAGTwas detected in Patient 1, which was derived from his
mother. Patient 1 also carried the c.572C>T variant, with the Sanger sequencing results indicating that it
was inherited from his father. (b) The c.1042_1043delCT in Patient 2 was from his father, while the novel
variant c.351delC was confirmed by Sanger sequencing to be from his mother and (c) Patient 3 and his father
both had the heterozygous deletion mutation of c.935_936delCTG, while his mother was normal. Patient 3
was a carrier of c.572C>T, which was derived from his mother
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glucose levels remained unstable, plummet-

ing to 3.1mmol/L. Additionally, the patient
experienced recurrent oral ulcers and gingi-

vitis approximately three to five times per
year, starting at the age of 2.5 years. These
oral lesions persisted for a month and

exhibited a protracted healing process.
The patient also suffered from respiratory
tract infections three to five times per year,

which exhibited improvement upon antibi-
otic therapy. At the age of 3 years and
5 months, the patient presented with muco-

purulent bloody stool and an increased fre-
quency of defecation. During his subsequent

hospitalization, laboratory test results
revealed normal liver function but an abnor-
mal blood routine (WBC 5.2� 109/L, NE

0.61� 109/L, platelet (PLT) 438� 109/L).
However, colonoscopy unveiled edema of
the ileocecal valve and appendicular

ostium, accompanied by mucosal erosion
and a sizable ulceration, as well as erosions
in the transverse colon (Figure 2c, d).

After G-CSF treatment, the patient’s

WBC count increased and the ANC

returned to normal. Two months later, his

appetite improved, the daily stool frequency
reduced to once per day, and the mucopur-

ulent bloody stool disappeared. His weight
increased by 3 kg. The medication was self-
discontinued. At 2 years and 6 months old,

abnormal bowel movements occurred six to
seven times daily, without blood or mucus.
Recurrent oral aphthous ulcers with slow

healing were also present.
At the age of 6 years, the patient pre-

sented with recurring episodes of vomiting,
chronic diarrhea, and oral ulcerations. In
addition, he displayed an inability to main-

tain neutrophil levels in the normal range.
Therefore, the patient was prescribed empa-

gliflozin at a dosage of 10mg/day (0.4mg/
kg/day) and administered uncooked corn-
starch at a dosage of 48mg (2mg/kg/day)

every 4 hours. Following a 2-month course
of treatment, the neutrophil levels gradually
trended towards normalcy. Concurrently,

his symptoms of diarrhea and vomiting
significantly abated and the occurrence

of recurrent oral ulcerations ceased.

Figure 2. Endoscopy images of Patient 1 (a, b) and Patient 2 (c, d). (a) An ileocecal ulcer in the ileocecal
area. (b) Hyperemia and edema of the ascending colon. (c) A large ulcer in the ileocecal area and (d) Mucosal
erosion in the transverse colon
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The patient’s height measured 115 cm, cor-
responding to a height-for-age z-score of
�1.17. Additionally, the patient’s weight
was recorded as 24 kg, yielding a weight-
for-age z-score of 0.32.

Patient 3

A 5-month-old boy was admitted to the
hospital with pneumonia and diarrhea.
The patient had experienced diarrhea since
the age of 2 months, with six to seven loose
stool episodes per day, but received no med-
ication. Prior to admission, the patient had
a fever and cough for 10 days. He had a
height of 63 cm and weight of 7.5 kg, with
a weight-for-length z-score of 1.2 (88th per-
centile). The patient presented with a fever
exceeding 39�C, tachycardia of 200 beats
per minute, tachypnea of 64 breaths per
minute, bilateral wheezing and rhonchi in
the lungs, hepatomegaly measuring 8 cm
below the right costal margin, and spleno-
megaly measuring 2 cm below the left costal
margin.

The blood tests revealed a base excess of
�20.4 and a cHCO3- level of 0.5mmol/L.
His fasting blood glucose measured
2.52mmol/L, lactate was recorded at
5.33mmol/L, and urine ketone test yielded
a positive result. The AST and ALT levels
were elevated, with values of 266U/L and
240U/L, respectively. Pneumonia-related indi-
cations were observed in the chest X-ray.
Throughout the hospitalization period,
the lowest recorded blood glucose level was
1.8mmol/L. Sanger sequencing of all the
exons and exon-intron boundaries of the
SLC37A4 gene (NM_001164277) in the pro-
band detected a compound heterozygous
variant, including c.935_936delCTG (p.
T312Sfs*13) in exon 9 inherited from the
father and c.572C>T (p.Pro191Leu) in
exon 6 inherited from the mother. The
c.935_936delCTG has not previously been
reported. Using the ACMG guidelines, the
present variation was initially classified as a

suspected pathogenic variant (PVS1þ
PM2_Supporting). Sanger sequencing
revealed that the father was heterozygous
for this site, while the mother did not possess
any variant at this site (Figure 1c). The SIFT
and PolyPhen-2 prediction programs indi-
cated that the variant was likely harmful,
with the p.T312sfs*13 mutation representing
a frameshift mutation that may affect the
structure and function of the SLC37A4 pro-
tein. Subsequent treatment for the patient
involved the administration of antibiotics
and oral uncooked cornstarch. This inter-
vention led to an improvement in clinical
symptoms, thus resulting in the patient’s
discharge.

Table 1 presents the analysis results of all
three patients during their initial hospitali-
zation. Verbal informed consent and treat-
ment consent were obtained from the
parents of all patients. The reporting of
this study adheres to the CARE guidelines.9

Literature review

A literature review was conducted to
retrieve all previously published SLC37A4
variants in GSD1b from 1978 to 2023 from
the MEDLINE, PubMed, and Web of
Science databases. Upon reviewing the liter-
ature, a total of 134 mutations were identified
for the SLC37A4 gene (Table 2). Among
these variants, the most prevalent one was
the c.1042_1043delCT (p. Leu348Vfs*53)
mutation (Table 2). Additionally, 25 variants
have been reported in the Chinese popula-
tion, with the c.572C>T (p. Pro191Leu) var-
iant being the most frequent. The overall
spectrum of SLC37A4 variants is summa-
rized in Table 2, which includes references
not cited in the main text.

Discussion and conclusions

GSD1 comprises a group of rare hereditary
disorders resulting from an insufficiency in
the glucose-6-phosphatase (G6Pase)
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system. This system plays a crucial role in
maintaining glucose homeostasis by facili-
tating the hydrolysis of G6P into glucose
and inorganic phosphate (Pi).10 Of the two
types of GSD1, glycogen storage disease
type 1a (GSD1a) is the most prevalent,
accounting for approximately 80% of
GSD1 patients. It is caused by variants in
the G6Pase gene, while the remaining 20%
of GSD1 cases are diagnosed as GSD1b.11

GSD1b arises from a deficiency in
G6PT.12 The SLC37A4 gene encodes
G6PT, which facilitates the transport of
G6P from the cytoplasm to the ER lumen
and subsequently delivers it to the catalytic
site of G6Pase. Situated on human chromo-
some 11q23.3, the SLC37A4 gene com-
prises nine exons, spans approximately
5.3 kb of genomic DNA, and exhibits high
expression in the liver, kidney, intestines,
and skeletal muscle. Firstly, Gerin et al.
identified the p.W118R variant in the puta-
tive G6P transporter in two patients,13 a
finding later corroborated by Kure et al.14

To date, a total of 132 pathogenic variants

have been characterized in the SLC37A4
gene, all of which are associated with
GSD1b. The most prevalent variant,
c.1042_1043delCT (p. Leu348Valfs*53),
has been frequently observed in mixed
Caucasian (27% to 31%) and German
(32%) populations. Consistent with previ-
ous reports, Patient 1 in our study also
had this variant. The literature has indicat-
ed that the type and proportion of variants
in GSD1b may vary across different ethnic
groups. In the Korean population, the most
common variant is c.443C>T (p.
Ala148Val), present in 55.6% of GSD1b
patients and 38.9% of alleles.15 In the
Japanese population, the predominant var-
iant is c.352 T>C (p. Trp118Arg), detected
in 37% to 50% of GSD1b patients.7

Among the Chinese population, 25 variants
have been identified, with c.572C>T (p.
Pro191Leu) being the most frequent,
accounting for 18.8% of alleles. Notably,
this variant has not been reported in other
ethnic groups with GSD1b, suggesting its
potential significance as a diagnostic

Table 1. Examination results of the patients at first hospitalization.

Patient 1 Patient 2 Patient 3

Onset age (months) 3 2 5

WBC (�109) 8.28 5.70 6.0

ANC (�109) 0.82 2.8 2.54

PLT (�109) 417 409 844

AST (U/L) 53 65 240

ALT (U/L) 39 53 266

TG (mmol/L) 12.35 3.21 1.70

TC (mmol/L) 2.59 5.3 1.94

Fasting glucose (mmol/L) 1.6 2.8 2.52

Lactic acid (mmol/L) 12.35 7.26 5.33

Uric acid (lmol/L) 428 189 150

Abdominal ultrasound findings

Liver size (cm) 8 3 8

Kidney Normal Normal Normal

WBC, white blood cell; ANC, absolute neutrophil count; PLT, platelet; AST, aspartate aminotransferase; ALT, alanine

aminotransferase; TG, triglyceride; TC, total cholesterol.

Normal range: WBC, 4.0–10.0� 109/L; ANC> 1.5� 109/L; PLT, 150–400� 109/L; ALT, 4–41U/L; AST, 4–40U/L; TG,

0.05–1.7mmol/L; TC, 2.9–5.68mmol/L; fasting glucose, 3.61–6.61mmol/L; lactic acid, 0.50–2.20mmol/L; uric acid,

202.3–416.5 lmol/L.
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Table 2. The spectrum of SLC37A4 variants

Nucleotide change Amino acid change Ethnicity Reference(s)

c.1042_1043delCT p.Leu348Valfs*53 China, South Korea,

Hungary, NM, Serbia,

Brazil, Iran

22–28

c.343G>A p.Gly115Arg China 22,29–31

c.572C>T p.Pro191Leu China 22,29,32–34

c.870þ 5G>A p.Arg291fs*34 China 22,29,35

c.1043T>C p.Leu348Pro NM, China 23,34

c.446G>A p.Gly149Glu China, Brazil 22,25,29

c.68T>G p.Leu23Arg China 22,31

c.784þ 1G>A – China 22

c.842G>A p.Gly281Val China 22

c.1014_1120del107 p.Phe338Leufs*30 China 22

c.1243C>T p.Arg415* China 22

c.1243C>G p.Arg415Gly China 22

c.959_960insT p.Val320fs*104 China 29

c.365C>T p.Pro119Leu China, Iran 27,36

c.1016G>A p.Gly339Asp China 34

c.310insT p.Ala104fs* China 37

c.359C>T p.Pro120Leu China 32,38

IVS8þ 1_4delGTAA – China 28

c.680G>A p.Trp227* China 35

c.1014_1120del107 – China 38

c.70C>T p.Tyr24His Hong Kong 39

g.1689C>T p.Pro191Leu Hong Kong 40

g.1563G>A p.Gly149Glu Hong Kong 40

c.354_355insC p.Trp118fs*12 Taiwan, China 41

c.736T>C p.Trp246Arg Taiwan, China 41

c.521T>A p.Trp118Arg Japan, France 14,33,42,43

IVS1þ 1G>A – Japan 43

IVS7þ 1G>T – Japan 43

c.del1094GGTG/ins TC – Japan 43

c.72C>T p.Gln73* Japan 42

c.1013_1029del p.Gly281Arg Japan 42

c.1412C>T p.Arg415* Japan 42,44

c.202delT – Japan 42

c.679delCCTA – Japan 42

c.166G>T p.Arg116Leu Japan 42

c.1211_1212delCT – Japan, Turkey, Italy, France, NM 31,33,42,45,46

c.1185G>A p.Gly339Asp Japan, France 15,47

c.794G>A – Japan 44

c.354G>T p.Trp118Cys Japan 48

c.1179G>A p.Trp393* Japan, Korea 15,42

703_705delGTG delV235 Japan, Brazil 49

c.149_2A>C – Japan 3

c.149G>A p.Gly50Glu Korea 15,50

c.83G>A p.Arg28His Korea, NM 15,51

(continued)
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Table 2. Continued.

Nucleotide change Amino acid change Ethnicity Reference(s)

c.320G>A p.Trp107* Korea 15

c.818G>A p.Gly273Asp Korea 15

c.412T>C P.Trp138Arg Korea 15

c.148G>A p.Gly50Arg Korea 15

c.443C>T p.Ala148Val Korea 15,52

c.381þ 1G>C – Turkey 47

c.1004G>A p.Gly335Glu Turkey 53

c.752T>C p.Leu251pro Oman 54

c.365G>A p.Gly122Glu Iran 27

c.985_1G>C – Argentina 55

g.118895235_11891 p.946del Iran, Argentina 27,55

c.24T>G p.Tyr8* Iran 56

c.785-3_786del5 – NM 23

c.817G>A p.Gly273Ser NM 23

c.595delC p.Leu199Trpfs*13 NM 23

c.572C>G p.Pro191Arg NM 23

c.1024T>C p.Ser342Pro NM 23

NM00164279.1delC – India 57

c.467C>T p.Ala156Val NM 23

– p.Gly50Glu Sri Lanka 58

c.81T>A p.Asn27Lys Serbia 24

c.162C>A p.Ser54Arg Serbia 24

c.785G>A p.Ser263Glyfs*33 Serbia 24

c.654G>A p.Gly149Glu Brazil 50

c.1076_28C>T – Brazil 50

c.1287G>A – Brazil 50

c.92_94delTCT p.Phe31_Ser32del Brazil 25

c.547T>C p.Cys183Arg Brazil, Hungary 25,26

c.59G>A p.Gly20Asp Brazil 25

c.344_345dupGG p.Leu116Glyfs Brazil 25

c.899G>A p.Arg300His Brazil 25

c.557T>C p.Leu186Pro Brazil 59

c.260_262delTT p.Phe31Del Brazil 45

c.795_1G>A – Italy 11

c.1154_2A>G – Italy 11

c.911C>T – Italy 45

c.1338_1339insT – Italy 50

c.1124_2del – Italy 60

c.202G>A p.Gly68Arg Italy 61

c.1393G>A silent Italy 61

c.524del4 p.201* Italy 61

c.625G>A Exon3 skipping Italy 61

c.550þ 1G>T – America 11

T695C p.Cys176Arg America 11

A170G p.Met1Val America, England 11

T716C p.Cys183Arg America, France 11

(continued)
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Table 2. Continued.

Nucleotide change Amino acid change Ethnicity Reference(s)

G1393A – America, Australian,

German, England

11

c.359_360insC p.Cys121fs*10 France 62

c.1099G>A p.Ala367Thr France 62

c.352T>C p.Trp118Arg France 62

c.686T>C p.Leu229Pro France 62

c.263G>A p.Gly88Asp France 62

G339C – France, Australian, England 11

c.228G>A p.Gly20Asp France 33

c.250T>A p.N27K France 33

c.251C>T p.Arg28Cys France 33

c.855T>C p.Leu229Pro France 33

c.1068G>A p.Arg300His France 33

c.1184G>T p.Gly339Cys France 33

c.1268G>A p.Ala367Thr France 33

c.514_515insGC – France 33

c.528insC – France 33

c.550þ 2T>G – France 11

c.1063G>A p.Glu355* France, NM 11,13

c.1245G>A p.Trp415* Germany 30

c.81T>A p.Asn27Lys Serbia 33

c.162C>A p.Ser54Arg Serbia 33

c.248G>A p.Gly83Glu Serbia 33

c.404G>A p.Gly135Asp Serbia 33

p.785G>A p.Ser263Glyfs*33 Serbia 33

c.742delC p.Gln248fs* England 63

c.1123þ 1G>T – England 63

c.1051G>A p.Gly339Cys England 63

c.1051G>T p.Gly339Cys England 63

c.285del p.Trp96fs* England 63

c.1155C>T p.Ser385Arg England 63

c.381þ 5G>C – England 63

c.1175del p.Ser392fs* England 63

c.92_94delTCT p.Phe31del England 25,63

c.936dupA p.Val313Serfs*13 England 63

c.1105_1106insA p.Val369Aspfs*33 England 63

c.1123þ 3_1123þ 6del England 63

c.169_175del p.Ser57fs* England 63

c.55G>A p.Gly19Arg England 63

c.1123þ 2dup – England 63

c.214G>A p.Asp72Asn England 63

c.514insG p.Ser130fs* England 63

c.923_934dup12 p.Met308_Met311dup England 63

c.248G>A p.Gly83Glu Serbia 24

c.404G>A p.Gly135Asp Serbia 24

c.1145_1163del p.382_388del China Patient 1

c.351delC p.G117fs*28 China Patient 2

c.935_936delCTG P.T312Sfs*13 China Patient 3

Patient 1, Patient 2, and Patient 3 are included in our article.
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marker specifically for GSD1b in the
Chinese population.

The clinical features of GSD1 include
hypoglycemia, growth retardation, hyperlip-
idemia, and lactic acidemia.7 Additionally,
individuals with GSD1b may exhibit neutro-
penia, neutrophil dysfunction, recurrent
bacterial infections, and IBD.15 According
to reports from various geographical
regions, neutropenia affects over 94% of
GSD1b patients.3 In these cases, neutrope-
nia was observed in all three patients.
Among GSD1b patients, IBD is regarded
as one of the most severe complications.
The incidence of IBD is on the rise, with
the mean age at initial diagnosis being
8.7 years.16 Nearly all patients experienced
abdominal pain or symptoms indicative of
intestinal obstruction, with 60% of them
presenting with ileal or colonic strictures,
necessitating surgical resection or endoscop-
ic dilatation in 50% of cases.16 Research by
Mikami et al. revealed that 28% of patients
had confirmed IBD, while an additional
22% exhibited symptoms highly suggestive
of IBD, which significantly impacted their
quality of life and overall well-being.17

Many GSD1b patients with IBD manifest
chronic gastrointestinal inflammation, char-
acterized by recurrent abdominal pain,
emesis, frequent or persistent diarrhea, or
the presence of draining fistulas. In our
cases, all three patients presented with gas-
trointestinal symptoms, and two of them
were diagnosed with IBD. At the age of
ten, Patient 1 experienced recurrent diarrhea
and abdominal pain 8 years after his GSD1b
diagnosis. Patient 2, at 3 years and 5 months
old, exhibited mucopurulent bloody stool
with an increased frequency of defecation
three years after his GSD1b diagnosis.
Patient 3 sought medical attention at our
hospital following a 3-month history of diar-
rhea. Colonoscopy and pathological analysis
confirmed the diagnosis of IBD in Patient 1
and Patient 2. The underlying cause of IBD
in GSD1b patients may be attributed to

neutrophil dysfunction and reduced neutro-
phil count. The absence of neutrophils in the
intestinal mucosa renders the gastrointesti-
nal tract susceptible to pathogenic and com-
mensal bacteria, thus leading to IBD
development.18

For therapy, the metabolic abnormalities
in GSD1b can be managed through dietary
interventions aimed at maintaining normo-
glycemia and alleviating symptoms.
However, these interventions have limited
efficacy in preventing long-term complica-
tions such as renal disease and hepatocellular
adenoma/carcinoma. Traditional treatment
involving subcutaneous injections of G-CSF
has been shown to enhance neutrophil num-
bers but not their functions, and may even
elevate the risk of developing monoclonal
malignancies, including myelodysplasia and
acute myeloid leukemia.19 Recent studies
have indicated that empagliflozin, a sodium
glucose co-transporter 2 inhibitor, represents
a safe and promising alternative for treating
neutropenia in individuals with GSD1b, IBD,
and neutropenia.20 In this study, empagliflo-
zin was prescribed to Patient 2 at the age of
6 years, leading to a gradual discontinuation
of G-CSF. Subsequently, the patient experi-
enced an improvement in gastrointestinal
symptoms, with a normal ANC observed
during the last follow-up and no reported
adverse effects. Notably, no severe adverse
events (AE) were documented throughout
the treatment period. A retrospective analysis
involving 112 patients from 24 countries dem-
onstrated the efficacy of empagliflozin in
ameliorating neutropenia and its favorable
outcomes in relation to various symptoms
associated with neutropenia and neutrophil
dysfunction. These symptoms encompassed
oral and urogenital mucosal lesions, recurrent
infections, skin abscesses, IBD, and anemia.
Among the participants, hypoglycemia was
the most commonly reported AE, with a
prevalence of 18%.21 In addition, glycolysis
serves as the sole energy source for mature
neutrophils. The precursor of toxic
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1,5-AG6P, which is the structural analog of

G6P, is 1,5-anhydroglucitol (1,5-AG). Its

dephosphorylation is facilitated by G6PT.

Because of the deficiency of G6PT, the initial

step of glycolysis is inhibited, resulting in

1,5-AG6P accumulation in the cytoplasm.6

Wortmann et al. observed a four- to five-

fold decrease in plasma 1,5-AG levels follow-

ing daily empagliflozin intake in all patients.

This was subsequently followed by the estab-

lishment of a new stable 1,5-AG concentra-

tion after 2 to 3 weeks. Prior to treatment,

only 34% of neutrophils exhibited an oxida-

tive burst response similar to that of the

healthy control sample. Surprisingly, after

treatment, 96% of neutrophils displayed

oxidative bursts, accompanied by a subsi-

dence of IBD symptoms, thereby enabling

the gradual discontinuation of G-CSF treat-

ment. Therefore, neutrophil counts were

significantly elevated and gradually

approached the normal range.18

In this study, three novel SLC37A4

genetic variants in GSD1b patients were

reported, expanding the variant spectrum

of this gene and enhancing our understand-

ing of the disease. Genetic analyses may

facilitate the diagnostic process for

GSD1b, potentially leading to early diagno-

sis and therapeutic intervention that could

possibly improve patient quality of life.
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