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Abstract 

Background Primary hypertriglyceridemia (HTG) is a very rare autosomal recessive disorder caused by the muta-
tions of the genes related with triglyceride metabolism, including apolipoproteins and lipoprotein lipase (LPL) among 
others. Germline mutations in the LPL gene cause familial LPL deficiency with an incidence of about 1:1,000,000. It is 
often diagnosed in childhood and consanguinity is common.

Case presentation We present here a LPL nonsense variant in an infant with heterozygous carriers (parents) of one 
of each variation detected in the infant. The infant presented with recurrent vomiting, diarrhoea, and haematochezia 
at 1 month of age. A diagnosis of familial HTG in the infant was made from the clinical manifestations and observation 
of a lipemic blood sample. Next-generation sequencing identified two pairs of variants in the LPL gene in the patient: 
chr8:g.19961024G>A; c.1263G>A; p.Trp421Ter and chr8:g.19962221T>G; c.1427+2T>G which were confirmed and val-
idated by Sanger sequencing. The nonsense variant in exon 8 (chr8:g.19961024G>A (HET); c.1263G>AC; p.Trp421Ter) 
of the LPL gene was detected only in the father, while the 5ʹ splice site variant in intron 9 (chr8:g.19962221T>G (HET); 
c.1427+2T>G) was detected only in the mother. Thus, the infant manifesting HTG inherited one recessive gene from 
each of the carrier parents. There were no de novo mutations in the index patient. Based on the clinical findings and 
genetic test results, it was concluded that the infant suffers from compound heterozygous familial HTG.

Conclusions The current case of the infant with germline mutations in the LPL gene resulting in very severe HTG 
highlights the importance of genetic counseling. Genetic identification of the pathogenic variants is essential to 
strategize genetic therapy whenever feasible. The consanguineous nature of the parents is the most probable identi-
fied risk factor for the germline mutation in the LPL gene.
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Background
Primary hypertriglyceridemia (HTG) is a very rare auto-
somal recessive disorder caused by the mutations of 
the genes related with triglyceride (TG) metabolism, 
including apolipoprotein C-II (APOC2), apolipoprotein 

A-V (APOA5), glycosylphosphatidylinositol-anchored 
high density lipoprotein-binding protein 1 (GPIHBP1) 
and lipase maturation factor 1 (LMF1) and lipopro-
tein lipase (LPL) (Shah and Wilson 2020; Li et  al. 2020; 
Oh et  al. 2020) (Table  1). Germline mutations in the 
LPL gene cause an enormously rare autosomal reces-
sive familial lipoprotein lipase deficiency (LPLD) often 
diagnosed in childhood and has an incidence of about 
1:1,000,000. (Wu 2021) Familial LPLD has an autosomal 
recessive mode of inheritance, and consanguinity is com-
mon (Babirak et  al. 1989). Patients with LPLD manifest 
as severe (serum TG level > 1000 mg/dL) and very severe 
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(serum TG > 2000 mg/dL) HTG and develop hepatosple-
nomegaly, abdominal pain, lipaemia retinalis with a pro-
gressive risk of pancreatitis (Oh et al. 2020).

The LPL gene has 10 exons and encodes the lipoprotein 
lipase enzyme, which consists of 448 amino acids besides 
a signal peptide comprising 27 amino acids (Al-Serri 
et al. 2021).

Several missenses, nonsense, and silent mutations of 
LPL have been identified for the coding region besides 
the splice donor and acceptor variants in the introns, 
which are the non-coding regions (Li et al. 2020). Muta-
tions within the introns create alternative splice sites 
leading to aberrant protein synthesis (Li et al. 2020).

Case presentation
In this article, we report a LPL nonsense variant in an 
infant with heterozygous carriers (parents) of one of each 
variation detected in the infant. Hence, these are com-
pound heterozygous pathogenic variations detected in 
the infant.

The infant at term was born to consanguineous parents 
and his anthropometric parameters were normal at birth 
and presentation (Fig. 1). The patient was referred to our 
hospital by a local paediatrician when the infant suffered 
recurrent vomiting, diarrhoea, and haematochezia at 
1 month of age (Fig. 2).

The initial laboratory investigations revealed the pres-
ence of anemia with hemoglobin of 7.2  g%. Whole 
blood when allowed to stand at 4 °C overnight led to the 

development of the Lipemic plasma and the correspond-
ing TG concentration was 36,400 mg/dL. The USG dem-
onstrated mild hepatosplenomegaly and pancreatitis with 
unremarkable kidneys.

Ophthalmic examination revealed bilateral lipemia 
retinalis which is an unusual retinal manifestation of chy-
lomicronemia or HTG. Hence, lipoprotein electropho-
resis was performed which showed increased pre-beta 
lipoprotein, lipoprotein below the detection limit (< 2.0), 
and the presence of chylomicrons (Fig. 3).

Subsequently, over almost 4  years, the infant recur-
rently suffered abdominal pain with hematochezia, 
hepatosplenomegaly, ascites, vomiting, and pancreatitis 
with severely elevated triglyceride (> 2000  mg/dL) and 
abnormal lipase enzyme levels.

Thus, the presentation of familial HTG in the infant 
was made from the observation of a lipemic blood sam-
ple, recurrent abdominal pain, and acute pancreatitis 
which are typical of familial HTG (Fig. 4).

Required dietary modifications were recommended 
along with pharmacotherapy which included Doco-
sahexaenoic acid (DHA) Eicosapentaenoic acid (EPA) 
and fenofibrate to regulate levels of cholesterol and 
triglycerides.

Genetic findings
The next-generation sequencing (NGS) data analysis of 
our patient identified variants in the LPL gene. The same 
variation was validated by Sanger sequencing to confirm 
the likely pathogenic variants. Likely compound het-
erozygous variants causative of the reported Phenotype 
were identified.

Exon 8 and intron 9 of the LPL gene were polymer-
ase chain reaction (PCR)-amplified and the prod-
ucts were sequenced using Sanger sequencing. The 
sequences were aligned to available reference sequences 
ENST00000650287.1 to detect variations using variant 
analysis software programs.

NGS identified two pairs of variants in the LPL gene in 
our patient.

Table 1 Mediators of triglyceride metabolism

Gene defects targets Physiology

Lipoprotein lipase (LPL) Catabolizes TG in non-hepatic tissues

Apolipoprotein C-II (APOC2) Essential LPL activator

Apolipoprotein A-V (APOA5) Essential LPL activator

Glycosylphosphatidylinositol-Anchored High-Density Lipoprotein-Binding Protein 1 (Gpihbp1) Mediates the transmembrane transport 
and binding of LPL

Lipase Maturation Factor 1 (LMF1) Involved in folding and expression of LPL

Fig. 1 Family pedigree of Index patient
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chr8:g.19961024G>A; c.1263G>A; p.Trp421Ter and 
chr8:g.19962221T>G; c.1427+2T>G which were con-
firmed and validated by Sanger sequencing. The variant 
analysis in Sanger sequencing was based on the reference 
sequence ENST00000650287.1 of LPL.

A heterozygous nonsense variant in exon 8 of the LPL 
gene (chr8:g.19961024G>A; c.1263G>A) led to a stop 
codon and premature truncation of the protein at codon 

421 (p.Trp421Ter). The single base alteration of guanine 
in exon 8 by adenine transversion occurred at position 
243. The substitution (c.1263G>A) led to the replacement 
of tryptophan (TGG) at codon 421with a termination 
codon (TGA) p.Trp421Ter (Fig. 5a).

Additionally, a heterozygous 5ʹ splice site variant 
in intron 9 of the LPL gene (chr8:g.19962221T>G) 
was also detected. Thymine was substituted by 

Fig. 2 Patient’s clinical presentation, laboratory findings, and triglyceride levels across 44 months of age

Fig. 3 Lipoprotein electrophoresis Fig. 4 Lipemic sample of the index patient
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guanine in intron 9 at position 258. The substitution 
(chr8:g.19962221T>G) affects the invariant GT donor 
splice site of exon 9 (c.1427+2T>G) (Fig. 5b). This led 
to the loss of wild‐type donor splice site tailed by the 
anomalous splicing of LPL mRNA resulting in the for-
mation of substitute transcripts.

On evaluation, the father’s lipid profile was found to 
be normal; however the mother displayed mild eleva-
tions of triglycerides, non-HDL and VLDL (Table  2). 
They underwent genetic evaluation for these variants. 
The nonsense variant in exon 8 (chr8:g.19961024G>A 
(HET); c.1263G>AC; p.Trp421Ter) of the LPL gene was 
detected in the father but not in the mother, while the 
5’ splice site variant in intron 9 (chr8:g.19962221T>G 
(HET); c.1427+2T>G) was detected in the mother but 
not in the father (Figs. 6a and b).

Thus, the infant manifesting HTG inherited one 
recessive gene from each of the carrier parents. There 
were no de novo mutations in the index patient (infant). 
Based on the clinical findings and genetic test results, 

we conclude that the infant suffers from compound 
heterozygous familial HTG.

Discussion
In the current case report, an infant presented with very 
severe HTG and AP. The patient presented with very 
severe HTG with typical manifestations of abdominal 
pain, pancreatitis, hematochezia, and recurrent vomit-
ing. The whole exome sequencing identified two het-
erozygous mutations (chr8:g.19961024G>A; c.1263G>A) 
and (chr8:g.19962221T>G) in the LPL gene in the exon 8 
and intron 9, respectively. The heterozygous transversion, 
c.1263G>A in exon 8, led to the formation of a premature 
stop codon and truncation of the protein at codon 421 
(p.Trp421Ter). Possibly the truncated anomalous fragment 
is devoid of physiologic catalytic action. Thus, this may have 
led to the loss of function of LPL and consequent HTG.

Numerous LPL gene mutations have been previously 
reported (Han et  al. 2020; Li et  al. 2020, 2018; Anwar 
et al. 2020; Nakamura et al. 1996; Chan et al. 2006; Takagi 
et al. 1994; Evans et al. 2011; Hegele et al. 2018; Suga et al. 
1998; Jap et al. 2003; Bertolini et al. 2000) (Fig. 7). Non-
sense variants form approximately 10% of 200 reported 
pathogenic LPL mutations. Evaluation of LPL nonsense 
variants together with the clinical manifestations pro-
vides data regarding the etiology of HTG based on the 
genotype and phenotype association. Based on a recent 
study, there are about 21 patients with confirmed 12 LPL 
variants globally with four in exon 6, three in exon 8, two 
each in exon 1 and exon 2 and one in exon 3. Approxi-
mately 62% (13/21) are compound heterozygotes and the 
remaining ~ 38% (8/21) are homozygotes (Li et al. 2020).

Fig. 5 a Sequence and alignment to reference sequence showing the variation in a exon 8 b intron 9 of the LPL gene in the index patient

Table 2 Lipid parameters of the patient’s parents

HDL-high density lipoprotein-cholesterol, LDL-C Low Density Lipoprotein-
Cholesterol, VLDL- Very Low Density Lipoprotein-Cholesterol

Lipid parameters Father Mother Reference range

Total cholesterol (mg/dL) 150 169  < 200

Triglyceride (mg/dL) 115 161  < 150

HDL-C (mg/dL) 43 37  ≥ 40

LDL/HDL 1.95 2.7  < 2.5

NON-HDL (mg/dL) 107 132  < 130

LDL (mg/dL) 84 99 100

VLDL (mg/dL) 23 32 2–30
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Post-heparin lipolytic activity of these patients 
found that homozygotes showed between 0 and 15.6% 
activity of normal LPL enzyme. While in compound 

heterozygotes the activity levels were widely variable 
between 0 and 61%, with 77% of patients below 10% 
and one each at 40% and 55%. The triglyceride levels 

Fig. 6 Sanger Sequencing Chromatograms. Partial DNA sequences in the LPL gene by Sanger sequencing of Index patient and his parents a exon 8 
b intron 9 of the LPL gene
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were inversely proportional to the level of LPL activity, 
with those below 10% activity suffering from severe to 
very severe HTG in the patients with compound hete-
rozygous and homozygous variants. Almost all patients 
with severe and very severe HTG suffered from recur-
rent acute pancreatitis. Our patients with compound 
heterozygous severe HTG also suffered from recurrent 
acute pancreatitis.

Nevertheless, we cannot possibly generalize this 
proposition since few patients both infants and 
elderly with severely elevated TGs and no LPL did not 
develop acute pancreatitis, on the contrary, those with 
even > 50% LPL activity did suffer from recurrent acute 
pancreatitis (Li et al. 2020). Thus, the etiology of HTG 
is not straightforward.

The parents of the index patient have a consanguin-
eous marriage and were found to have one variant of 
the LPL gene each. While the father was unaffected, 
the mother had milder form of HTG. Previously stud-
ies have reported that the lipid and lipoprotein pro-
files of heterozygous relatives of index patients often 
resembled those of patients with a mild form of familial 
combined hyperlipidemia (Yang et  al. 1995) (Table  2). 
It is well-established that the offspring of consanguine-
ous unions are susceptible to genetic disorders due to 
the expression of autosomal recessive gene mutations 
inherited from a shared ancestor (Anwar et  al. 2020) 
and consanguinity is common in familial LPLD (Babi-
rak et  al. 1989). The nature of the biological relation-
ship between parents is directly proportional to the risk 

of their descendants inheriting undifferentiated copies 
of pathogenic recessive genes (Anwar et al. 2020).

Conclusions
The current case of the infant with germline mutations 
in the LPL gene resulting in very severe HTG highlights 
the importance of genetic counseling. Genetic identifica-
tion of the pathogenic variants is essential to strategize 
genetic therapy whenever feasible. The consanguineous 
nature of the parents is the most probable identified risk 
factor for the germline mutation in the LPL gene.

Patients perspective
The patient brought in as an infant is now 44 months old 
and his parents have been following up regularly. The 
parents feel the timely diagnosis helped obtain appropri-
ate and prompt treatment.

Abbreviations
APOA5  Apolipoprotein A-V
APOC2  Apolipoprotein C-II
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binding protein 1
GT  Guanine thiamine
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Fig. 7 Pathogenic LPL nonsense variants in published cases. (AP Acute pancreatitis, HTG Hypertriglyceridemia; number on the bards indicate age d 
days, m months, LPL lipoprotein lipase, the vertically aligned text indicates the second variant)
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