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1  | INTRODUC TION

Lipoprotein lipase (LPL), a member of the serine esterase family, 
was discovered in 1943 and is mainly produced and secreted by 
myocardial, skeletal muscle, and adipose tissue.1After synthesis, it 
is secreted and transported to the luminal surfaces of vascular en-
dothelial cells and embedded in the inner walls of vessels by ion 

reaction with heparan sulfate proteoglycan or glycosylphospha-
tidylinositol.2 The main physiological function of LPL in humans is 
to hydrolyze chitos an particles in plasma and triglycerides in very 
low-density lipoproteins, resulting in free fatty acids entering the 
myocardium and skeletal muscle to undergo oxygenolysis, release 
energy, or re-synthesize triglycerides stored in adipose tissue.3 LPL 
is a rate-limiting enzyme in triglyceride degradation, which plays im-
portant roles in lipid metabolism, insulin resistance, and adipocyte 
differentiation.1

The human LPL gene is located on chromosome 8 short arm 8p22 
and comprises ten exons and nine introns, including 30 kp bases, 
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Background: Severe hypertriglyceridemia usually results from a combination of ge-
netic and environmental factors and is most often attributable to mutations in the 
lipoprotein lipase (LPL) gene.
Objectives: The aim of this study was to identify rare mutations in the LPL gene caus-
ing severe hypertriglyceridemia.
Methods: A Chinese infant who presented classical features of severe hypertriglyc-
eridemia recruited for DNA sequencing of the LPL gene. The pathogenicity grade of 
the variants was defined based on the prediction of pathogenicity using in silico pre-
diction tools. Review some studies to understand the molecular mechanisms under-
lying the severe hypertriglyceridemia.
Results: We identified a rare mutation in the LPL gene causing severe hypertriglyceri-
demia: a nucleotide substitution (c.836T>G) resulting in a leucine to arginine substitu-
tion at position 279 of the protein (p.Leu279Arg).The pathogenicity of the variant 
was predicted by in silico analysis using PolyPhen2 and SIFT prediction programs, 
which indicated that mutation p.Leu279Arg is probably harmful. We have also re-
viewed published studies concerning the molecular mechanisms underlying severe 
hypertriglyceridemia. A missense mutation in the 6 exon of the LPL gene is report-
edly associated with LPL deficiency.
Conclusions: We have here identified a rare pathogenic mutation in the LPL gene in 
a Chinese infant with severe hypertriglyceridemia.

K E Y W O R D S

heterozygous, Hypertriglyceridemia, LPL gene, missense

www.wileyonlinelibrary.com/journal/jcla
http://orcid.org/0000-0002-8631-4339
mailto:fqlin1998@163.com


2 of 7  |     QIN et al.

that encode a 475 amino acid lipoprotein.4,5 Thus far, 114 mutations 
have been reported in the LPL gene, most of which are missense 
mutations in the highly conserved 4, 5, and 6 exons,6 throughout the 
regulatory region, introns, and exons. This protein is among those 
with the most abundant gene mutations.

Mutations in lipoprotein lipase may affect its catalytic function 
and even cause chylomicronemia. Chylomicronemia syndrome, 
which presents in childhood, is a rare recessive genetic disorder 
characterized by severe hypertriglyceridemia (sHTG, >12 mmol/L), 
fasting chylomicronemia, eruptive xanthomas, and lipemia retinalis 
and occasionally also manifesting hepatosplenomegaly, abdominal 
pain, and/or recurrent acute pancreatitis.7 In newborns and very 
young children (1 year of age), chylomicronemia is often diagnosed 
after the incidental finding of milky plasma during routine blood 
tests or laboratory investigations performed for unrelated condi-
tions.8In most cases, it is attributable to mutations in the lipoprotein 
lipase (LPL) gene.

In this article, we report a case of heterozygous LPL mutation in 
an infant with severe hypertriglyceridemia and convulsions.

2  | MATERIAL S AND METHODS

2.1 | Subjects

A 5-month-old baby boy of Chinese Zhuang ethnicity was admit-
ted to the First Affiliated Hospital of Guangxi Medical University, 
China, for repeated convulsions and dyslipidemia. On admis-
sion, no abnormalities were detected on routine clinical exami-
nation. His laboratory tests were as follows. (i) Routine blood 
analysis: white blood cell (WBC) count, 14.06 × 109/L; platelet 
count, 617.2 × 109/L; hemoglobin (Hb), 111.90 g/L; neutrophil-to-
lymphocyte ratio, 0.423; and platelet-to-lymphocyte ratio, 0.501.
(ii) Biochemical tests showed no abnormalities in liver or kidney 
function or electrolytes. Total cholesterol (TC) concentration was 
4.69 mmol/L, triglycerides (TG) 24.9 mmol/L, high-density lipopro-
tein cholesterol (HDL-C) 0.44 mmol/L, low-density lipoprotein cho-
lesterol (LDL-C) 2.44 mmol/L, apolipoprotein AI (apoAI) 0.63 g/L, 
apolipoprotein B (apoB) 0.93 g/L, apolipoprotein AI/B (apoAI/B) 
0.7, and lipoprotein (a) (Lp[a]) 0.020 g/L. Abdominal color Doppler 
ultrasonography showed hepatosplenomegaly. Cranial magnetic 
resonance and electroencephalogram were normal. Considering 
these manifestations and laboratory test results, the infant was di-
agnosed as having chylomicronemia. The proband’s sister was also 
found to have hypertriglyceridemia but without any clinical signs. 
The child’s parents gave informed consent for the tests on the 
proband and family members, which were approved by the Ethics 
Committee of our institution.

2.2 | DNA isolation and sequencing

With informed consent, 2-mL blood samples were extracted 
from the proband and his family members and ethylenediami-
netetraacetic acid added. A Qiagen FlexiGene DNA Kit (Qiagen, 

Hilden, Germany) was used to extract genomic DNA from 
these samples according to the manufacturer’s instructions. 
All LPL exons and their flanking intronic regions were ampli-
fied by a primer set design based on the sequence of the LPL 
gene (NC_000008.11) in GenBank. The primers were diluted, 
after which ABI PCR amplification was performed according 
to primer conditions. The PCR products were electrophoresed 
by 1% agarose gel electrophoresis to identify, purify, and re-
cover the products, which were then sequenced. The sequenc-
ing products were run on a Genetic Analyzer 3730 (Applied 
Biosystems).

2.3 | Plasma lipid analysis

A morning fasting blood sample was taken, and serum concentra-
tions of TC (cholesterol oxidase method), TG (glycerol phosphate 
oxidase method), HDL-C (phosphotungstic acid-magnesium pre-
cipitation method), LDL-C (polyethylene sulfuric acid precipitation 
method), and apoA I, apoB, and Lp (a) (immunoturbidimetry method) 
were measured using a 7600 Automatic Biochemical Analyzer 
(Hitachi High-Technologies, Tokyo, Japan).

2.4 | Bioinformatic analysis

The conserved amino acid sequences of LPL were partially analyzed 
by multiple sequence alignment. The pathogenicity of the variants 
was predicted using in silico prediction tools, namely PolyPhen2 
(http://genetics.bwh.harvard.edu/pph2/index.shtml) and SIFT 
(http://sift.jcvi.org).

3  | RESULT

3.1 | Clinical data analysis

As shown in Table 1, the lipid profiles of the proband and his fam-
ily were compared. Triglycerides were very high and high-density 
lipoprotein was low in the proband and his sister showed moder-
ate hypertriglyceridemia, whereas his parents had normal lipid 
profiles (Figure 1). When he first diagnosed chylomicronemia, 
the doctor suggested weaning. The TG concentration after wean-
ing was 22.07 mmol/L. The proband’s parents were of Zhuang 
ethnicity from Nanning, Guangxi Zhuang Autonomous Region in 
China, and denied both in-law marriage and any relevant family 
history.

3.2 | Analysis of mutations in the LPL gene

PCR sequencing revealed a c.836T>G heterozygous missense 
mutation in exon 6 of the LPL gene in the proband, and this mu-
tation resulted in the conversion of amino acid 279 from Leu to 
Arg (p.Leu279Arg). His father and sister were found to be hete-
rozygous carriers of c.836T>G missense mutations, as shown in 
Figure 2.

http://genetics.bwh.harvard.edu/pph2/index.shtml
http://sift.jcvi.org
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3.3 | Bioinformatic analysis

Partial amino acid sequences of LPL in 11 species were obtained and 
found to have highly conserved p.L279 leucine sequences (Figure 3). 
In silico analysis using PolyPhen2 and SIFT prediction programs indi-
cated that mutation p.Leu279Arg is probably harmful.

4  | DISCUSSION

Familial lipoprotein lipase deficiency is rare and caused by muta-
tions in the LPL gene that have an autosomal-recessive pattern of 
inheritance.9 In this study, we report a Chinese infant with hypertri-
glyceridemia and convulsions who we found to have a heterozygous 
missense mutation in the LPL gene.

Recent studies have shown that missense mutations in the LPL 
gene are associated with hypertriglyceridemia. LPL is a key enzyme 
in lipid metabolism and, when abnormal, the underlying cause of 
hyperlipidemia.10 Missense mutations in the LPL gene play an im-
portant role in patients with severe hypertriglyceridemia.11 Chan 
et al12 reported a patient with hypertriglyceridemia, two mutations 
in the LPL gene(Leu252Val and Leu252Arg), and decreased LPL ac-
tivity and quantity in their postheparin plasma. Extracellular culture 
showed that the Leu252Val and Leu252Arg mutations affected the 
release of LPL and damaged the catalytic activity of LPL. Hoffmann 
et al13 showed that a C266W mutation in the 6 exon of the LPL gene 
prevents formation of the second disulfide bridge of LPL, which is an 
essential part of the lid covering the catalytic center. Consequently, 
misfolded LPL is rapidly degraded within the cells, resulting in the ab-
sence of LPL immunoreactive protein in this patient’s plasma. Saika 
et al14 reported a patient with L303F mutation in the 6 exon of the 
LPL gene who had approximately 6% of normal LPL activity and 40% 
of LPL quantity in their postheparin plasma. An in vitro expression 
study demonstrated that COS7 cells transfected with L303F mutant 
cDNA produced 40% of LPL protein in cell lysates compared with 
normal cDNA. No protein was detected in the media and lipopro-
tein lipase activity was completely absent in both lysates and media 
of the cells transfected with the mutant cDNA, suggesting that this 
mutation in the LPL gene results in production of a functionally 
inactive protein. Takagi et al15 have systematically investigated an 
F297L mutation in exon 6 resulting in a primary lipoprotein lipase TA
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F IGURE  1 Pedigree of the reported family. The proband 
is indicated by an arrow. Half-filled symbols denote affected 
individuals, carriers of the mutation p.Leu279Arg of the LPL gene, 
and empty symbols denote noncarriers
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(LPL) deficiency in a Japanese male infant. They failed to detect LPL 
activity or any immunoreactive LPL in thus infant’s pre- or posthep-
arin plasma. In vitro expression experiments on the mutant F297L 
LPL cDNA in COS-1 cells demonstrated that the mutant LPL protein 
was synthesized as a catalytically inactive form and its total amount 
being almost equal to that of normal LPL. Moreover, the synthesized 
mutant LPL was impaired because the structure of the mutant LPL 
protein was abnormal. Most studies have shown that a missense mu-
tation in the 6 exon of the LPL gene is associated with LPL deficiency 
and consequently hypertriglyceridemia (Table 2).

Recently, Weerapan et al16 resequenced the LPL gene in 101 in-
dividuals with hypertriglyceridemia and 111 normotriglyceridemic 
controls and found six rare variants in the coding region of LPL. All 
these known variants, p.Ala98Thr, p.Leu279Val, and p.Leu279Arg, 

have been associated with severe hypertriglyceridemia. Three differ-
ent in silico prediction programs consistently predicted that the novel 
variant p.Arg270Gly and the known variant p.Arg432Thr would im-
pair the relevant protein (p.Asp308Glyfs*3). The rare variant (p.Ar-
g270Gly) was predicted to result in a truncated LPL protein lacking 
the C-terminus, which is important for interaction with lipoproteins 
and lipoprotein receptors. None of these rare variants were found 
in 111 control subjects with normal triglyceride concentrations. 
Unfortunately, the severity of the hypertriglyceridemia-associated 
phenotype was not reported. The patient we here describe has a 
heterozygous nonsense mutation (c.836T>G–p.Leu279Arg) of LPL 
that is associated with a severe hypertriglyceridemia phenotype. In 
silico PolyPhen2 and SIFT prediction programs have indicated that 
mutation p.Leu279Arg is probably harmful.

F IGURE  2 Sequence analysis 
of the LPL mutations. Upper panel: 
segments of genomic DNA sequences 
of the proband showing a nucleotide 
substitution (c.836T>G) in the region 
indicated by the red arrows. Lower panel: 
segments of genomic DNA sequences 
of the control individual (the proband’s 
mother); his father and sister were found 
to be heterozygous carriers of c.836T>G 
missense mutations

F IGURE  3 Partial amino acid sequences of LPL in 11 species were compared. A highly conserved p.L279 leucine sequence is present in 
these 11 species (black)
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Leucine 279, located in the loop structure covering the cat-
alytic triad, is conserved in the LPL gene in various mammalian 
species(Figure 3) and may play a significant role in the catalytic 
function of LPL.12 Ma et al17 assessed postheparin and in vitro 
expression of LPL activity and mass and showed that Leu279Arg 
abolishes both the catalytic function and secretion of LPL. 
Replacement of the nonpolar leucine by the positively charged 
arginine at codon 279 may result in loss of catalytic activity by 
disrupting the folding of LPL. Arginine substitution may lead to 
unstable dimers and thus rapid dissociation resulting in the ab-
sence of secretion of the mutant protein.12 Chan et al12 reported 
that after transfection with Leu279Arg cDNA in COS-1 cells, LPL 
activity was undetectable in both the cell medium and lysate. It 
has become evident that normal LPL is required to bind to heparin 
in order for it to separate from parenchymal cells and be released 
into the extracellular fluid from which LPL is transported across 
the capillary endothelial cells in the presence of GPIHBP1.18 
Heparin-binding sites for LPL are located at residues 279–282 
and 292–304 in the N-terminal region.19 The present newly iden-
tified mutation Leu279Arg is in the heparin-binding sites in the 
N-terminal region. Taken together, the evidence points to the 
possibility that electrical charge transfer in the vicinity of the 
heparin-binding sites compromises the conformational stability 
of LPL, resulting in a marked reduction in the affinity of LPL to 
heparin.20

This finding is interesting in that our proband has severe hy-
pertriglyceridemia, whereas his sister, a carrier of the mutation, has 
mild-to-moderate hypertriglyceridemia, and the father’s triglyceride 
concentrations are normal. These findings raise the question of why 
the presence of LPL mutations does not consistently correlate with 
total triglyceride concentrations in individuals with identical muta-
tions in the same family. There are only a few published data that 
partially answer this question. Apolipoprotein E2 isoform is another 
factor that may influence plasma triglyceride concentrations. Bennet 
et al21 reported that carriers of the APOE2 allele have higher tri-
glyceride concentrations than carriers of the more common APOE3 
allele, which may partially explain why family members carrying the 
same heterozygous missense mutation, and have differing triglycer-
ide concentrations. We did not assess this possibility, which is a 
limitation of our study. Other factors likely also contribute to these 
discrepancies in triglyceride concentrations: phenotypic expression 
is a result of interactions between LPL deficiency caused by LPL gene 
mutations and secondary environmental factors such as age, lifestyle, 
diet, and drugs.22

In conclusion, we here identified a rare missense mutation of 
LPL gene, c.836T>G–p.Leu279Arg, that is associated with a severe 
hypertriglyceridemia phenotype and has variable penetrance. Our 
findings and those reported by others indicate that searching for LPL 
gene mutations should be part of the genetic work-up in individuals 
with primary hypertriglyceridemia.

TABLE  2 Missense mutations of LPL gene in exon 6 identified in individuals with hypertriglyceridemia

Reference
Effect on LPL 
Protein Description

(13) C266W In LPL deficiency; prevents the formation of the second disulfide bridge of LPL; the absence of LPL 
immunoreactive protein in the plasma of this patient

(23,24) R270C and 
S271C

In LPL deficiency

(25) D277N In LPL deficiency; 5% of full activity

(26) L279R and 
L279V

In LPL deficiency; decreases the specific activity of the enzyme; the total LPL mass is reduced compared to 
that of the wild-type construct.

(27) S286G No detectable LpL mass or activity in postheparin plasma

(28) S286R A clear 50% reduction in LPL activity

(29) A288T In LPL deficiency; the LPL mass level is approximately 67% of the normal; the activity is 32% of the normal

(30) Y289H Undetectable pre- and postheparin plasma LPL mass and activity

(15) F297L In LPL deficiency and hyperlipidemia; synthesized as a catalytically inactive form; total amount is almost 
equal to that of the normal enzyme; nonreleasable by heparin due to the abnormal structure of the mutant 
protein. 

(14) L303F In LPL deficiency; approximately 6% of normal LPL activity and 40% of LPL mass are detected in the patient’s 
postheparin plasma; results in the production of a functionally inactive enzyme, produced a 40% amount of 
LPL protein in cell lysates compared with normal cDNA, but no protein was detected in the media

(31) N318S In LPL deficiency; loss of activity

(26) S325R In LPL deficiency; has no effect on the specific activity of the enzyme; has a mild effect on the secretion of 
the mutant enzyme; the total LPL mass is reduced compared to that of the wild-type construct

(32) M328R and 
M328T

In LPL deficiency

(29) L 330F and 
L330P

In LPL deficiency
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