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Glycogen storage disease (GSD) Ib is a rare genetic metabolic disorder caused by gene

mutation in the glucose 6-phosphate transport gene SLC37A4 (OMIM# 602671). This

study aimed to explore the association between a novel lipoprotein lipase (LPL) mutation

and severe hypertriglyceridemia in a GSD Ib infant with severe hypertriglyceridemia. A

5-month-old girl was admitted to our hospital because of repeated episodes of low-grade

fever over the past month and because of neutropenia. The patient was diagnosed with

GSD Ib and severe hypertriglyceridemia based on clinical manifestations and laboratory

test results. Next-generation sequencing and Sanger sequencing were then applied to

DNA from the peripheral blood of the patient and her parents to analyze gene mutations.

Pathogenicity prediction analysis was performed using Sorting Intolerant From Tolerant

(SIFT) and PolyPhen-2 platforms. The results revealed that this infant carried a compound

heterozygous variation in the SLC37A4 gene, a c.1043T > C (p.L348P) mutation derived

from her mother and a c.572C> T (p.P191L) mutation derived from her father. In addition,

a novel c.483delA (p. A162Pfs∗10) frameshift mutation was found in the patient’s LPL

gene exon 4, which was derived from the heterozygous carrier of her father. The SIFT

and PolyPhen-2 prediction programs indicated that these mutations were likely harmful.

Medium-chain triglyceride milk and granulocyte colony-stimulating factor subcutaneous

injection alleviated the symptoms. Our findings identified a novel LPL gene frameshift

mutation combined with SLC37A4 gene compound heterozygous mutations in a GSD

Ib infant with severe hypertriglyceridemia.

Keywords: glycogen storage disease, hypertriglyceridemia, lipoprotein lipase, compound heterozygote, glucose

6-phosphate transport

INTRODUCTION

Glycogen storage disease (GSD) I is a rare congenital metabolic abnormality caused by deficiencies
in the glucose 6-phosphatase enzyme (resulting in GSD Ia) or in proteins for glucose 6-phosphate
microsomal transport (G6PT) (1). GSD Ib is caused by a gene mutation in the G6PT gene SLC37A4
(OMIM# 602671), which manifests as excessive glycogen and fat accumulation in the liver, kidney,
and intestinal mucosa and as neutropenia, neutrophil dysfunction, and other symptoms (2). In
addition, deleteriousmutations in the sameG6PT gene SLC37A4 have also been observed in clinical
cases of GSD Ic (OMIM# 232240), which were identified to have a deficiency in the P(i) transporter
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(3). The analysis of the SLC37A4 gene may provide an important
clinical strategy for patients with GSD Ib (4).

Clinically, patients are diagnosed with hypertriglyceridemia
based on the upregulated fasting plasma triglyceride (TG)
level; TG levels exceeding 885 mg/dl are categorized as severe
hypertriglyceridemia (5). Recently, the role of molecular genetic
determinants of severe hypertriglyceridemia has been extensively
recognized (6). As a rate-limiting enzyme of TG degradation,
lipoprotein lipase (LPL) plays a critical role in lipid metabolism.
At the genetic level, severely increased TG levels resulting from
type I hyperlipoproteinemia was shown to be caused by LPL
deficiency (OMIM#238600) (7, 8). Though LPL mutation in
patients with hypertriglyceridemia has been reported (9), a
combination of an LPL gene frameshift mutation with compound
heterozygous mutations of the SLC37A4 gene is rare.

Medium-chain TG (MCT) milk has been proven to
significantly decrease serum TG levels and has been applied

FIGURE 1 | Heterozygous mutation c.1043T>C (p.L348P) in the SLC37A4 gene of the patient and her mother.

as treatment in children with profound hypertriglyceridemia
(10). Nevertheless, the efficacy of MCT milk for patients
with GSD Ib has always been controversial (11). In
this article, we reported a Chinese infant with GSD Ib
who presented with severe hypertriglyceridemia with a
novel frameshift mutation found in her LPL gene. When
the patient was treated with MCT milk, her TG levels
dramatically decreased.

CASE REPORT

A 5-month-old girl was admitted to our hospital because of
repeated episodes of low-grade fever over the past month and
because of neutropenia. She was a full-term infant of a gravida
1 para 1 mother, and her parents were not closely related. The
patient had a history of hypoglycemia, hyperlactic acidosis, and
sepsis in the neonatal period.
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FIGURE 2 | Heterozygous mutation c.572C>T (p.P191L) in the SLC37A4 gene of the patient and her father.

The physical examination showed that she was a well-thriving
child but had hepatomegaly. Laboratory tests showed normal
fasting blood sugar, an absolute neutrophil count of 400/mm3,
significant hyperlipidemia (serum cholesterol level, 266 mg/dl;
TG level, 2,526 mg/dl), and elevated lactate levels (3.44 mmol/L).
Transaminase levels, including aspartate aminotransferase (175
IU/L) and alanine aminotransferase (53 IU/L), were both slightly
elevated. The abdominal ultrasound revealed an enlarged liver
(subcostal 5.1 cm; subcostal length was measured above the
midline of the right clavicle, Supplementary Figure 1) and
kidneys (left, 7.3 cm × 3.1 cm; right, 7 cm × 2.6 cm). The
patient was diagnosed with GSD Ib and lipid metabolism disease
according to the manifestations and laboratory test results.

Peripheral blood samples (2ml per person) were obtained
from the patient and her parents. Written informed consent
to participate in this study was attained from the participants’
legal guardian or next of kin, and this study was approved

by the Medical Ethics Committee of Zibo Central Hospital,
Shandong First Medical University. The TIANamp Blood DNA
Extraction Kit (TIANGEN Biotech Co., Ltd., Beijing, China)
was utilized to extract genomic DNA. Genomic libraries were
constructed, and enriched targeted genes were sequenced using
next-generation sequencing. All of the mutations that might have
caused the disease were verified by Sanger sequencing. Results
from sequencing revealed mutations in the SLC37A4 and LPL
genes. In the SLC37A4 gene, a compound heterozygous variation
was observed: her mother carried a c.1043T>C (p.L348P)
mutation in exon 10 (chromosomal location: chr11:118895981;
transcript: NM_001164277) (Figure 1), and her father carried a
c.572C>T (p.P191L) mutation in exon 6 (chromosomal location:
chr11:118898391; transcript: NM_001164277) (Figure 2). In
addition, there was a novel c.483delA (p.A162Pfs∗10) frameshift
mutation in exon 4 of the patient’s LPL gene (chromosomal
location: chr8:19810873-19810874; transcript: NM_000237),
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FIGURE 3 | A novel c.483delA (p.A162Pfs*10) frameshift mutation in exon 4 of the LPL gene of the patient and her father.

which came from her father’s heterozygous carrier (Figure 3).
Her father had mild-to-moderate TG concentrations (355
mg/dl). These results were confirmed by Sanger sequencing.

Pathogenicity prediction analysis was performed
using the Sorting Intolerant From Tolerant (SIFT;
http://provean.jcvi.org/protein_batch_submit.php?species¼
human), which sorts intolerant from tolerant amino acid
substitutions, and PolyPhen-2 (http://genetics.bwh.harvard.
edu/pph2/) platforms. The SIFT and PolyPhen-2 prediction
programs indicated that these mutations were likely harmful.

The patient was switched from breastfeeding to lactose-
free and MCT-enriched formula milk, followed by a
subcutaneous injection of granulocyte colony-stimulating
factor (G-CSF). In follow-up appointments, there was a
dramatic decrease in hypertriglyceridemia within 5 days, as
well as an increase in the neutrophil count after MCT and
G-CSF therapy.

DISCUSSION

In this study, we reported a case of an infant who presented
with typical features of GSD Ib, along with neutropenia, recurrent
infections, and severe hypertriglyceridemia. Genomic sequencing
revealed that the infant carried a novel c.483delA (p. A162Pfs∗10)
frameshift mutation in exon 4 of her LPL gene and compound
heterozygous mutations [a c.1043T>C (p.L348P) mutation and a
c.572C>T (p.P191L) mutation] in the SLC37A4 gene. MCT milk
application successfully treated her severe hypertriglyceridemia.

Previous studies have identified a c.572C>T (p.P191L)
mutation in the SLC37A4 gene. In a Chinese family with GSD Ib,
the G6PT1 gene was analyzed, and the results indicated that the
family members carried maternal c.572C>T (p.P191L) mutation
and paternal c.446G>A (p.G149E) mutation. Recently, a Chinese
patient with GSD Ib was found compoundly heterozygous for
the c.572C>T (p.P191L) (maternal source) mutation and a
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novel paternal c.359C>T (p.P120L) mutation (9). However,
the heterozygous mutation of c.1043T>C (p.L348P) from the
paternal source has not been reported before. In this study,
the patient carried a c.1043T>C (p.L348P) mutation (maternal
source) and a c.572C>T (p.P191L) mutation (paternal source).

Hypertriglyceridemia is defined by fasting serum TG levels

of 150 mg/dl or more, which is a common lipid abnormality

in clinical practice and is correlated with an elevated risk
of cardiovascular disease (12). Single-nucleotide variants and

large-scale copy number variants can both result in mild

to moderate or severe hypertriglyceridemia, and different

monogenic variants resulting in severe hypertriglyceridemia have

been reported (7). LPL deficiency is a rare disorder caused by a

loss of function of the LPL gene, and patients with LPL deficiency

usually have marked hypertriglyceridemia. It was demonstrated
that homozygous missense mutations (L252V) were found in
the LPL gene of a newborn with hypertriglyceridemia in China
(13). A recent study by Qin et al. (14) supported that a mutation
of the LPL gene (c.836T>G) (p.Leu279Arg) contributed to
severe hypertriglyceridemia in a Chinese infant. In addition,
L279V mutation in the LPL gene and a reported mutation
(A98T) compound heterozygote were proven to inhibit LPL
enzymatic activity and lead to severe hypertriglyceridemia and
acute pancreatitis (15). In the present study, a novel c.483delA
(p.A162Pfs∗10) frameshift mutation was found in LPL gene
exon 4 of the infant with severe hypertriglyceridemia. The
variant was novel but caused a stop in the reading frame. This
was likely to be very pathogenic even though the LPL activity
was not tested. Pedigree analysis suggested that the father had
heterozygous variation in this locus, while the mother had no
variation in this locus. In addition, the father with the same
heterozygous mutation has mild to moderate TG concentrations.
These findings suggested that the mutation in the LPL gene in
GSD Ib patients might be directly correlated with the severe
hypertriglyceridemia phenotype.

The efficacy of MCT milk for patients with GSD Ib has
always been controversial (11). It was reported that patients
with GSD Ib had hypertriglyceridemia that is often resistant to
MCT (16). Das et al. (17) investigated the effects of an MCT-
enriched diet on metabolic control or growth in patients with

GSD 1 and suggested that MCT supplementation decreased TG
levels in young cases and had a beneficial effect on the metabolic
management of GSD 1 patients. In the current study, MCT milk
application successfully treated severe hypertriglyceridemia of
the patient.

CONCLUSIONS

In conclusion, we found a novel frameshift mutation in the LPL
gene that led to severe hypertriglyceridemia in a Chinese infant
with GSD Ib, who was successfully treated with MCT milk.
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