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Abstract
Background  Glycerol-3-phosphate dehydrogenase 1 (GPD1) gene defect can cause hypertriglyceridemia (HTG), 
which usually occurs in infants. The gene defect has rarely been reported in adult HTG patients. In the present study, 
we described the clinical and functional analyses of a novel GPD1 missense variant in a Chinese adult patient with 
recurrent hypertriglyceridemia‑related acute pancreatitis (HTG-AP), consuming a high-fat diet and smoking heavily.

Methods  Exome sequencing was used to analyze the DNA of the adult patient’s blood sample. It was found that 
there was a new variant of GPD1 gene-p.K327N, which was verified by gold standard-sanger sequencing method. In 
vitro, the corresponding plasmid was constructed and transfected into human renal HEK-293T cells, and GPD1 protein 
levels were detected. A biogenic analysis was performed to study the population frequency, conservation, and 
electric potential diagram of the new variant p.K327N. Finally, the previously reported GPD1 variants were sorted and 
their phenotypic relationships were compared.

Results  A novel heterozygous variant of GPD1, p.K327N (c.981G > C), was found in the proband. Furthermore, the 
patient’s daughter carried this variant, whereas his wife did not carry the variant. The proband with obesity suffered 
eight episodes of HTG-AP from the age of 36 years, and each onset of AP was correlated to high-fat diet consumption 
and heavy smoking. In vitro, this variant exerted a relatively mild effect on GPD1 functions, which were associated 
with its effect upon secretion (~ 25% of secretion decreased compared with that of the wild-type); thus, eventually 
impairing protein synthesis. Additionally, 36 patients with GPD1 variants found in previous studies showed significant 
transient HTG in infancy. The proband carrying the GDP1 variant was the first reported adult with recurrent HTG-AP.
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Introduction
Hypertriglyceridemia(HTG) is a common clinical con-
dition that affects approximately 10% of the population 
worldwide [1]. Based on etiology, HTG is divided into 
primary and secondary HTG. Primary HTG is caused 
by gene defects related to lipid metabolism, including 
lipoprotein lipase(LPL), apolipoprotein C-II (APOC2), 
apolipoprotein A-V (APOA5), glycerol-3-phosphate 
dehydrogenase 1 (GPD1), glycosylphosphatidylinosi-
tol-anchored high density lipoprotein-binding protein 
1(GPIHBP1), and lipase maturation factor 1 (LMF1), 
whereas secondary HTG is mostly caused by other dis-
eases (E.g., obesity, diabetes, and metabolic diseases), 
drugs (E.g., oral drugs), unhealthy lifestyle choices (E.g., 
smoking), and high-fat diet consumption [2]. Moreover, 
an interplay has been observed between primary and 
secondary etiologic factors related to the occurrence of 
severe HTG [3]. Severe HTG increases the risk of acute 
pancreatitis (AP) and is the second leading cause of AP 
in China; thus, owing to its higher severity and recur-
rence rate, HTG is of great research importance [1]. Data 
from Western countries show that hypertriglyceridemia-
induced acute pancreatitis (HTG-AP) accounts for 1.3–
9% of total AP cases [4, 5], whereas clinical research data 
show that HTG occurs in 10.36–35.5% of patients with 
AP in China [6, 7].

The genetic map of HTG has not been completely iden-
tified; thus, studying the genome of patients with HTG 
is of critical importance. GPD1 gene defect can lead to 
HTG. GPD1 catalyzes the reversible conversion of dihy-
droxyacetone phosphate (DHAP) and nicotine adenine 
dinucleotide (NADH) to glycerol-3-phosphate (G3P) and 
NAD + in the cytoplasm and participates in the synthesis 
of glycogen, whereas owing to excess calorie intake, G3P 
can enter the triglyceride (TG) synthesis pathway and 
increase TG levels [8], indicating that gene-environment 
interactions are vital for disease pathogenesis.

Individuals with frameshift, nonsense, or biallelic GPD1 
variants that result in almost complete loss of function 
develop transient infantile HTG; thus, the pathogenicity 
of the clinically identified GPD1 missense heterozygous 
variant should be experimentally determined. To date, 36 
patients carrying GPD1 variants have been reported in 
infants in most cases, whereas adults with HTG carrying 
GPD1 variants have rarely been reported. Hence, in the 
present study, we described the clinical and functional 
analyses of a novel GPD1 missense variant in a Chinese 

adult patient with recurrent HTG-AP who consumed a 
high-fat diet and smoked heavily to investigate the poten-
tial of gene–environment interactions.

Methods
Patients
The proband was a 48-year-old male patient without 
a history of hypertension but with a 13-year history of 
fatty liver and a 29-year history of smoking. He suffered 
from AP for the first time in 2012 at the age of 36 years. 
He first developed AP in 2012 at the age of 36, at which 
time obesity was present with a body mass index (BMI) 
of 31.1 kg/m2. In addition, he smoked approximately 60 
cigarettes per day and consumed a high-fat diet. Chylous 
blood samples were collected, which showed significantly 
increased TG levels; consequently, the condition was 
confirmed as severe HTG. Initially, in 2012, the condition 
was confirmed as HTG-AP by excluding factors such as 
biliary system diseases and alcohol consumption.

The patient suffered from five bouts of recurrent HTG-
AP until 2021, and his TG levels remained high (Fig. 1A). 
His BMI fluctuated between 25.2 and 29.2  kg/m2 after-
ward. Moreover, the patient smoked 30 cigarettes a day 
and consumed 100  mg of fenofibrate a day irregularly. 
During the sixth episode of HTG-AP, he was admitted to 
the Department of Critical Care Medicine, Nanjing Drum 
Tower Hospital, for treatment on May 21, 2021. The 
patient suffered from two episodes of mild acute pancre-
titis (MAP) in August 2021 and May 2022, and each time, 
the onset of AP was related to high-fat diet consump-
tion and heavy smoking. Later, his smoking frequency 
decreased (10 cigarettes a day), and he was administered 
a drug (fenofibrate). He kept exercising, which resulted 
in a normal BMI of 24  kg/m2, and consumed a healthy 
low-fat diet. All these factors played an important role in 
controlling his TG levels, and no episode of AP occurred.

The patient’s mother had a history of pancreatitis (suf-
fered from it twice and passed away), the patient’s wife 
and daughter(19-year-old) had no history of pancreati-
tis, and the family denied the history of consanguineous 
marriage.

Exome sequencing
2 mL of peripheral EDTA anticoagulant blood was 
drawn from the family members and genomic DNA was 
extracted from the blood using the Gentra Puregene 
blood kit (Qiagen, Dusseldorf, Germany) according to 
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the manufacturer’s instructions. Shanghai Biotecan Com-
pany was commissioned to carry out exome sequenc-
ing. After the library was constructed, Nova6000 gene 
sequencer was used for on-board sequencing. The 

effective sequencing data were compared to the refer-
ence genome (UCSC hg19) through Burrows-Wheeler 
Aligner (BWA). Then the Haplo type Caller module of 
Genome Analysis TK was used for SNP/Indel detection. 

Fig. 1  A. Details of TG levels and disease time points of the proband; B. Blood samples showing chylemia; C. Computed tomography scan of the patient 
captured during his sixth episode of HTG-AP
 TG: triglycerides; AP: acute pancreatitis; HTG-AP: hypertriglyceridemia-induced acute pancreatitis
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It was found that the patient and his daughter had a novel 
variant of GPD1 gene p.K327N (c.981G > C), which was a 
heterozygous variant.

Polymerase chain reaction (PCR) amplification and GPD1 
gene Sanger sequencing
Exome sequencing revealed that the patient had a new 
variant in the GPD1 gene p.K327N (c.981G > C). PCR 
primer sequences primer F sequence ​C​C​A​G​T​T​G​G​C​A​
C​A​G​A​A​A​A​T​C​C and primer R sequence ​C​C​T​G​T​C​C​T​C​
C​A​G​T​G​A​A​A​A​G​A were designed. Anhui General Com-
pany was commissioned to perform gold standard sanger 
sequencing on the DNA of the patient’s blood samples, 
and repeated verification sequencing (3 times) was per-
formed at the GPD1 gene locus p.K327N to verify the 
results.

Plasma lipid profile analysis
Blood samples were taken from the proband and family 
members after fasting for 12 h. Serum TG, TC total cho-
lesterol (TC), high density lipoprotein cholesterol (HDL) 
and other biochemical indexes were measured enzy-
matically on an automatic analyzer (Hitachi High-Tech, 
7600–120, Japan).

In vitro cell assay
Genewiz Company was commissioned to synthesize 
the GPD1 coding sequence of wild type and p.K327N 
mutant, and cloned into the overexpressed plasmid vec-
tor pcDNA3.1, respectively. Sanger sequencing con-
firmed the accuracy of the insertion sequence, and 
constructed GPD1 WT and GPD1 K327N plasmids. 
HEK-293T cells (ATCC, CRL-3216) were cultured in a 
medium containing 10% fetal bovine serum and 1% peni-
cillin streptomycin. The plasmids (1.5 µg/mL) were tran-
siently transfected into HEK-293T cells in a 6-well plate 
using Lipofectamine 3000 (Thermo, L3000015). After 6 h, 
the cells were transferred to DMEM medium containing 
2% fetal bovine serum.

48 h after transfection with plasmids (wild-type GPD1 
WT, mutant GPD1 K327N, empty vector), HEK 293T 
cells were cleaned with ice PBS once, and then lysed with 
lysis buffer to extract proteins. SDS-PAGE and immu-
noblotting of samples were performed using the standard 
Western blotting procedure, strips were visualized using 
the Chemidoc XRS system (Clinx Scientific Instruments, 
Shanghai, China) and Image Lab software (CLINX Scien-
tific Instruments, Shanghai, China) for analysis. The anti-
bodies used were anti-Flag antibody (Abcam, ab109732) 
and anti-GAPDH (Santa, sc-69,778).

In silico analyses
Population allele frequencies of variants found in this 
study were evaluated using the Genome Aggregation 

Database (gnomAD) genome dataset [9] via VarSome 
[10]. Variant nomenclature was in accordance with 
Human Genome Variation Society (HGVS) recommen-
dations [11]. NM_005276.4 was used as the GPD1 mRNA 
reference sequence.

We examined the evolutionary conservation of GPD1 
K327 amino acids across various species, from chimpan-
zee (a close evolutionary relative) to Norway rat(distant 
evolutionary relatives).

Then we used the data in UCSC Genome Browser 
(http://genome.ucsc.edu/) and ENCODE ​(​​​h​t​​t​p​:​​/​/​g​e​​n​o​​m​
e​.​u​c​s​c​.​e​d​u​/​E​N​C​O​D​E​/​​​​​) to show the regulatory elements 
with the information of histone modifications of epigen-
etic markers (H3K4Me1, H3K4Me3, and H3K27Ac) data.

The three-dimensional (3D) structures and the electric 
potential diagram of the wild-type, mutant GPD1 pro-
teins were predicted using PyMOL software [12].

Review of GPD1 variant carriers
Keywords, including “glycerol 3-phosphate dehydroge-
nase-1 variant”, “glycerol 3-phosphate dehydrogenase-1 
variants”, “GPD1 variant” and “GPD1 mutation” were 
used for searching reviews in PubMed and CNH data-
bases up to September 30, 2023. The clinical phenotype, 
liver function, and lipid levels of variant carriers were 
reviewed. The heterozygous variant carriers in the family 
were also recorded.

Results
Clinical findings and treatment of the proband
The patient suffered from AP for the first time in 2012 at 
the age of 36 years. His BMI was 31.1 kg/m2, which indi-
cated obesity, and the patient smoked about 60 cigarettes 
a day and consumed a high-fat diet. He suffered from 
eight bouts of recurrent HTG-AP until Feb, 2024, recall-
ing that he ate greasy food and smoked excessively right 
before the onset of the eight episodes of HTG-AP.

During the sixth bout of AP on April 18, 2021, the 
patient experienced upper abdominal pain accompanied 
by nausea after overeating and heavy smoking; thus, he 
visited the local hospital for treatment. His BMI fluctu-
ated between 25.2  kg/m2 and 29.2  kg/m2; he smoked 
30 cigarettes a day and consumed 100  mg of fenofi-
brate a day irregularly. Furthermore, the TG level was 
30.26 mmol/L(2681.6 mg/dL), and his plasma was milky 
(Fig.  1B); these observations fulfilled the definition of 
extreme HTG by the Endocrine Society [13]. The amylase 
level was 403 U/L, and the computed tomography (CT) 
scan showed pancreatic swelling; thus, the diagnosis was 
confirmed to be HTG-AP. Physicians at the local hospi-
tal asked the patient to fast and abstain from drinking. 
Additionally, they treated him with fluid rehydration and 
administered rabeprazole to inhibit acids, octreotide, and 
ulinastatin to inhibit enzymes, and fenofibrate to manage 

http://genome.ucsc.edu/
http://genome.ucsc.edu/ENCODE/
http://genome.ucsc.edu/ENCODE/


Page 5 of 14Li et al. BMC Medical Genomics           (2025) 18:17 

hyperlipidemia. His TG level gradually decreased to 5.26 
mmol/L (466.13  mg/dL). The infection index still fluc-
tuated because the C-reactive protein level was up to 
57.65  mg/L. Moreover, the CT scan showed pancreatic 
swelling. However, the patient himself decided to get 
a self-willed discharge on May 17, 2021. After consum-
ing a small amount of greasy food and smoking 50 ciga-
rettes a day, the patient again experienced abdominal 
pain accompanied by nausea, vomiting, and high fever 
(39.2  °C). Then, he was admitted to our department for 
treatment on May 21, 2021.

At admission, his laboratory tests showed increased 
levels of amylase (133 U/L), C-reactive protein (inflam-
matory marker) (111.3  mg/L), and procalcitonin (0.097 
ng/mL), as well as levels of abnormal liver function-
total bilirubin, alanine aminotransferase, and aspartate 
aminotransferase were 38.4 U/L, 154 U/L, and 204 U/L, 
respectively. Despite the decreased leukocyte count 
(0.7 × 109/L), hemoglobin level (72  g/L), and platelet 
count (40 × 109/L), the results associated with severe 
infections were considered after excluding hematologi-
cal diseases. A recombinant human granulocyte colony-
stimulating factor was injected, and blood products were 
transfused. The abdominal CT scan showed pancreatic 
swelling and necrosis with local bleeding (Fig. 1C). Dur-
ing the patient’s admission to our department, he was 
asked to fast, treated with gastrointestinal decompres-
sion, and administered with omeprazole and somatosta-
tin to inhibit acids and enzymes. Additionally, fenofibrate 
was administered to manage hyperlipidemia. Imipenem 
cilastatin sodium and teicoplanin caspofungin were 
used for anti-infective therapy. Additionally, nadropa-
rin calcium was used for anticoagulation therapy, and 
magnesium isoglycyrrhizinate was used for liver protec-
tion therapy. His TG level still fluctuated, with the high-
est being 5.14 mmol/L (454.89 mg/dL). The patient was 
provided with fat-free formula nutrition support until the 
discharge on June 17, 2021, when his condition improved.

The patient had another two episodes of MAP in 
August 2021 and May 2022. Additionally, he experienced 
exocrine pancreatic difficulties and suffered from symp-
toms such as nausea, vomiting, and diarrhea. Moreover, 
he was diagnosed with diabetes mellitus in 2023. Since 
October 2022, his smoking frequency decreased (10 ciga-
rettes per day), he was administered a drug (fenofibrate), 
and he began to exercise and consume a healthy low-fat 
diet, which resulted in a normal BMI (24  kg/m2) and 
played an important role in controlling TG levels. No epi-
sodes of AP were observed. During most of the follow-up 
time, his TG levels were maintained in the mild-to-mod-
erate range (defined as 2–9.9 mmol/L according to Dron 
et al. [14]). In Sep 2023, the TG level raised to 19.20 
mmol/L (1692.33  mg/dL), he suffered slight abdominal 
pain but there was no episode of pancreatitis. His TG 

level was 3.50 mmol/L (308.49  mg/dL) at the follow-up 
visit. The missense variant may increase the hepatic syn-
thesis of TGs and is a risk factor for HTG, even when the 
lifestyle is relatively healthy.

Genetic findings
Exome sequencing revealed a novel heterozygous variant, 
p.K327N (c.981  g > C, p.Lys327Asn) at exon 8 of GPD1, 
and the mRNA reference was NM_005277.4. Sanger 
sequencing was performed thrice to verify the presence 
of the GPD1 variant (Fig.  2). After testing the patient’s 
family members (Fig.  2A), the variant was not detected 
in his wife but detected in his daughter(Figure 2C&D).
The biochemical detection indices of the family members 
are shown in Table 1. His daughter and wife showed nor-
mal serum TG levels, 1.1 mmol/L (97.35 mg/dL) and 1.6 
mmol/L (141.52 mg/dL), respectively. The daughter is 19 
years old now and has a normal BMI of 19.5 kg/m2, which 
was achieved by consuming a low-fat diet and avoiding 
cigarettes and alcohol. The proband and the family mem-
bers carried no other variants in HTG-related genes such 
as LPL, APOA5, APOC2, LMF1, and GPIHBP1.

Functional characterization of the GPD1 variant p.K327N
For in vitro analysis, the wild type, GPD1 p.K327N, and 
an empty vector were transiently transfected into HEK-
293 T cells (Fig.  3A). After transfecting the mutant 
plasmid, GPD1 expression was downregulated (74.9%) 
compared with that of the wild-type plasmid. The west-
ern blotting results are presented as the mean ± standard 
deviation and were analyzed using the SPSS 25.0 soft-
ware package (IBM Analytics, Armonk, NY). A probabil-
ity (P-value) of less than 0.05 was defined as statistically 
significant.

The GPD1 variant K327N was not reported in the East 
Asian population included in the Genome Aggregation 
Database, validating that it is a novel variant. More-
over, K327N was conserved across the species (Fig.  3B 
and C), suggesting that amino acids may play a role in 
GPD1 maturity or function. The active epigenetic marker 
H3K4Me1 was enriched in seven cell lines, namely 
GM12878, H1-hESC, K562, HSMM, HUVEC, NHEK, 
and NHLF (Fig. 3D). The predicted partial 3D structures 
of the wild-type (p.K327) and variant (p.N327) are pre-
sented in Fig. 3E. The electric potential diagram (Fig. 3F) 
showed that the potential changed, affecting the protein 
function. In summary, the novel variant GPD1 p. K327N 
may exert a mild effect on GPD1 protein function.

Review of GPD1 gene map
The search terms “glycerol 3-phosphate dehydroge-
nase-1 variant,” “glycerol 3-phosphate dehydrogenase-1 
variants,” “GPD1 mutation,” and “GPD1 variant” were 
used to search the PubMed, CNGI, and CNH databases 
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Table 1  Biochemical detection index of the family
Physiological Indexes Proband The wife of proband The daughter of proband Normal range
Alanine aminotransferase (ALT) 29.847 18.855 12.671 ≤ 40U/L
Aspartate aminotransferase (AST) 29.712 22.751 22.027 ≤ 40U/L
Total bilirubin (TBIL) 9.164 11.726 8.793 2–18µmol/L
Direct bilirubin (DBIL) 8.538 10.865 8.225 2–8µmol/L
Albumin (ALB) 45.93 42.22 47.02 33–55 g/L
Alkaline phosphatase (ALP) 144.702 54.918 70.965 53-185U/L
Gamma-glutamyltransferase (γ-GT) 62.599 14.635 16.006 Men:≤50U/L Women:≤32U/L
Total bile acids (TBA) 6.0 1.4 2.0 ≤ 14µmol/L
Triglyceride (TG) 2.685 1.629 1.108 0.56-1.7mmol/L
Cholesterol (CHO) 3.956 4.285 3.274 3.6-6.5mmol/L
High density lipoprotein cholesterol (HDL) 0.777 1.735 1.409 0.83-1.96mmol/L
Low density lipoprotein cholesterol (LDL) 2.459 1.879 1.425 2.07-3.10mmol/L
Glucose (GLU) 5.8 5.9 4.6 3.9-6.1mmol/L
Glycosylated serum protein(GSP) 1.749 1.912 1.724 0.8-2.0mmol/L

Fig. 2  Identification of a novel variant in GPD1. (A) Family pedigree. The arrow indicates the proband. GPD1 genotypes are provided for all patients. wt, 
wild-type; (B) Sanger sequencing electropherogram of the proband showing the heterozygous G > C single nucleotide substitution at position c.981 of 
GPD1 (indicated by the arrow), which would change the codon for lysine at position p.327 (underlined) to asparagine. (i.e., p.K327N); (C) p.K327N was not 
detected in the wife of the proband; (D) The daughter of the proband was heterozygous for the nucleotide substitution, which resulted in p.K327N. The 
arrow shows the nucleotide substitution from G to C
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Fig. 3 (See legend on next page.)
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from their inception to September 30, 2023. Eleven Eng-
lish [8, 15–24] and two Chinese articles [25, 26] were 
retrieved, involving 36 patients with the GPD1 variant 
who were not heterozygous. Six heterozygous parents 
of the patients were reported to suffer related clinical 
manifestation.

A review of previous literature reports and the 
present study included 36 patients with the GPD1 
variant(Table 2); among them, 10 were females, 17 were 
males, and the gender of the remaining 9 was not indi-
cated, and all were not heterozygous. Among them, 35 
patients (97.2%) showed increased TG levels, with the 
highest value ranging from 1.92 to 70.56 mmol/L (169.92 
to 6244.56 mg/dL) in infancy, and suffered constant state 
of HTG, but less than 30.0% had returned to normal 
during follow-up. 34 patients (94.4%) showed abnormal 
liver function, and 28 patients (77.8%) showed hepatic 
steatosis. The pathogenicity of frameshift, nonsense, or 
the biallelic GPD1 variants in these patients was often 
self-evident, which resulted in the complete or almost 
complete loss of function, leading to the development of 
transient infantile hypertriglyceridemia. GPD1 variants 
have a long term infection on TG level, although severe 
HTG is transient at an early age in few patients, but TG 
levels may not maintain normal with age spontaneously 
for most of these patients.

In addition to the proband, only two other patients 
were followed up to adulthood (23 years old and 31 
years old); all of them still showed persistently high TG 
levels. These two patients suffered from transient HTG 
in infancy; however, their TG levels improved without 
special treatment, and AP was not observed until adult-
hood. The proband was the oldest patient who consumed 
a high-fat diet and smoked heavily, thus presenting with 
persistent HTG and recurrent HTG-AP and is the first 
reported adult patient with HTG-AP. Six heterozygous 
parents were reported to suffer from HTG, fatty liver, 
or short stature as listed in Table  3. The monogenic 
variant may be a previously unrecognized risk factor of 
dyslipidemias.

Discussion
In the present study, we reported the novel variant GPD1 
p.K327N in a Chinese adult male patient with recur-
rent HTG-AP, and in vivo and in vitro analyses revealed 
that the variant may exert a mild effect on GPD1 protein 
function. The patient’s medical history revealed that each 

onset of AP was related to high-fat diet consumption and 
heavy smoking, as well as gene-environment interac-
tions played a vital role in the pathogenicity of the vari-
ant. HTG is a polygenic disorder, it doesn’t conform to 
the typical dominant inheritance pattern. Instead, it is a 
disease manifestation triggered by the intertwined and 
synergistic effects of genetic factors and external envi-
ronmental factors. The HTG phenotype is regulated by 
the complex networks of multiple gene variation and sec-
ondary factors. Heterozygosity for this GPD1 variant may 
have combined with high-fat diet and heavy smoking to 
trigger HTG and HTG-AP in the patient.

GPD1, located on chromosome 12q13.12, encodes 
GDP1 and is a member of the NAD-dependent GPD fam-
ily. GPD1 catalyzes the reversible conversion of DHAP 
and NADH to G3P and NAD + in the cytoplasm and par-
ticipates in carbohydrate and lipid metabolism [22, 27]. 
Currently, the exact mechanism underlying HTG caused 
by GPD1 deficiency remains unclear, and the mainstream 
theory suggests that the GPD1 variant may increase the 
G3P amount available for TG synthesis in the liver by 
restricting the G3P-to-DHAP conversion when the body 
suffers an overabundance of calories; thus, increasing TG 
levels [15]. In vivo experiment has confirmed that this 
novel mutation GPD1 p.K327N can lead to a decrease in 
protein expression levels resulting the restriction of G3P-
to-DHAP conversion and an increase in TG levels.

Previous studies reported 35 biallelic patients with 
the GPD1 variant, characterized by transient infan-
tile hypertriglyceridemia (HTGTI) and presented mild 
or moderate persisting HTG, abnormal liver function, 
and hepatic steatosis. The primary variant sites of the 
GPD1 gene were missense variants, followed by splic-
ing variants and nonsense variants. Part of the articles 
clarified the reasons for HTG caused by the biallelic or 
homozygous variants. Basel-Vanagaite et al. reported 
the splice-site homozygous variant in intro 3 (c.361-
1G > C) creates a truncated protein of 213 residues and 
missing some major secondary structures and active 
sites [8]. While compound heterozygous missense vari-
ant in exon 6 (c.820G > A) and splicing variant in exon 3 
(c.220–2 A > G) generated a decreased expression of the 
protein and the loss of bases [15]. Most of the reported 
patients were identified in infancy and presented long-
term abnormal TG levels, only about 30.0% had returned 
to normal during follow-up. However, only two patients 
were followed up to adulthood (23 years old and 31 years 

(See figure on previous page.)
Fig. 3  A. Functional characterization of the K327N variant. Proteins obtained from HEK293T cells that were transiently transfected with the wild-type 
(WT) expression vector, the mutant expression vector, and the empty vector (EV) were used for western blotting. GAPDH, loading control. The results 
are presented as the mean ± SD from three independent transfections, and all assays were performed in triplicates. B and C. Evolutionary conservation 
of K327N amino acid residues in various species. D. Functional annotation of rs28539249. The epigenetic landscape showed the enrichment of the tran-
scription regulatory histone markers H3K4 me1, H3K4 me3, and H3K27ac and chromatin state annotation from seven cell lines in ENCODE. (ChromHMM 
color coding is as follows: orange, strong enhancer; yellow, weak enhancer; light green, weak transcribed; light gray, low signal). E. Predicted partial 3D 
structures of the wild-type (p.Lys327) and variant (p.Asn327). F. The electric potential diagram of the wild-type (p. Lys327) and variant (p. Asn327)
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old), who were accompanied by persistently high TG lev-
els without HTG-AP onset. The fitting TG curve of these 
patients carrying the GPD1 variant showed that HTG in 
early infants decreased rapidly with age, especially within 
1 year of age. However, its average level exceeded the 
normal upper limit during the later period [28]. The char-
acteristics of mild or moderate persisting HTG in some 
patients indicated that the influence of GPD1 defect was 
a prolonged process rather than temporary, reflecting the 
persistent disorder in lipid metabolism, which may exert 
long-term adverse effects on health, as well as HTG may 
relapse in most patients.

HTG is a polygenic disease, which may not be 
explained by a simple monogenic disease inheritance 
model. The HTG phenotype is regulated by a complex 
network of multiple gene variations and secondary fac-
tors. Previous studies have demonstrated that monogenic 
HTG in patients with severe HTG or HTGTI displays 
classic autosomal recessive hereditary disorders. Affected 
individuals are often homozygous or compound hetero-
zygous for large-effect loss-off function variants in genes 
that regulate catabolism of TG-rich lipoproteins, such as 
LPL, APOC2, APOA5, LMF1, GPIHBP1, and GPD1 [8]. 
Fasilaas et al. reported homozygous mutations of LPL 
lead to the onset of HTG in infancy [29], while hetero-
zygous patients develop the disease in adulthood syn-
ergized with environmental factors [30]. Heterozygous 
mutations, which possess the potential to collaborate 
with environmental elements and subsequently trigger 
the onset of diseases, urgently demand the attention of 
clinicians. Gene-environment interactions are vital for 
the pathogenicity of many diseases, including HTG-AP. 
The heterozygous monogenic variant of GPD1 may be a 
risk factor of dyslipidemias. The six related parents, who 
were identified as GPD1 heterozygous carriers, suffered 
from HTG, fatty liver. Unlike the pathogenicity of frame-
shift, nonsense, or biallelic GPD1 variants resulting in the 
complete or almost complete loss of function and leading 
to HTG, a heterozygous missense variant associated with 
a mild functional effect may be identified by clinicians if 
it synergistically interacts with other genetic and envi-
ronmental factors [30, 31]. The HTG phenotype is regu-
lated by a complex network of multiple gene variations 
and secondary factors, and HTG-related diseases may be 
caused by a variable combination of genetic determinants 
and environmental factors present. The present func-
tional analyses showed that GPD1 p.K327N was a mild 
variant in terms of its functional effects.

The proband was obese in the AP onset period, with 
a long history of high-fat diet consumption and heavy 
smoking. Additionally, the patient had been overeat-
ing and smoking excessively right before the onset of 
HTG-AP (Fig.  1). Tobacco can increase free fatty acid 
delivery into plasma by affecting lipid metabolism in the 

liver, thus inducing an increase in TG levels owing to the 
defective lipolytic system. Heavy smoking is correlated to 
plasma TG levels at the population level [32]; thus, the 
combination of high-fat diet consumption, heavy smok-
ing, and underlying genetic risk factors for HTG may 
worsen or even trigger HTG-AP development. Addition-
ally, specific triggers of HTG related to GPD1 mutation 
cannot be excluded and should be identified in the future. 
It is impossible to trace back or determine whether the 
patient and his daughter have suffered HTGTI. The 
patient’s daughter is 19 years old now and has a normal 
BMI and normal TG level, consuming a low-fat diet and 
avoiding cigarettes and alcohol. But as the variant car-
rier, she still needs close follow-up and has a relatively 
high probability of developing HTG over time as lack of 
GPD1 may interfere with the glycerol phosphate shut-
tle. Related expert panel advises that people aged 10–21 
years with lipid abnormalities should be handled for 3–6 
months with diet adjustments at least. A diet rich in low-
fat medium-chain TG may be effective in some people 
for lowering TG levels [30, 33]. As the long-term effects 
of GPD1 deficiency on transient HTG remain unclear, 
strengthening the long-term follow-up of these patients, 
maintaining a healthy lifestyle, avoiding alcohol and 
tobacco intake and paying attention to changes in lipid 
levels, liver functions, and pancreatitis are crucial.

The proband, who consumed a high-fat diet and 
smoked heavily, carried a novel GPD1 variant and thus 
was diagnosed with HTG. Furthermore, he suffered 
from repeated episodes of HTG-AP since adulthood (32 
years old). The present patient is the first reported case 
of a GPD1 heterozygous mutation carrier with recurrent 
HTG and HTG-AP in adulthood. Drug administration 
(fenofibrate), less smoking, and healthy diet consumption 
were effective in controlling HTG-AP attacks, indicat-
ing supervision on the patient’s lifestyle have a significant 
impact on clinical outcomes. This result indicated that 
the missense variant associated with a mild functional 
effect may interact synergistically with other genetic and 
environmental factors to affect normal protein functions. 
The present study highlights the importance of screen-
ing GPD1 in patients with recurrent HTG. Patients with 
recurrent HTG should be considered gene-screening 
and provided individualized lifestyle guidance. Addition-
ally, the study shows that gene-environment interactions 
play a key role in the pathogenicity of the disease, thereby 
deepening the existing knowledge of this rare disorder, 
both concerning the phenotype and underlying molecu-
lar mechanism.

Conclusion
In conclusion, we reported a Chinese male adult patient 
with recurrent HTG-AP carrying a novel variant of 
GPD1, p.K327N (c.981G > C). It is the first reported case 
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of a GPD1 heterozygous mutation carrier with recurrent 
HTG and HTG-AP. The GPD1 p.K327N missense variant 
exerted a mild effect on GPD1 secretion, highlighting an 
association of this variant with high-fat diet consumption 
and heavy smoking. In future clinical diagnosis, genetic 
screening should be considered for the presence of vari-
ants of HTG-related genes such as GPD1 in patients with 
recurrent HTG-AP. The pathogenesis of GPD1-related 
diseases and gene-environment interactions associ-
ated with them need further clinical and basic medical 
research.
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Table 3  Summary of the key clinical and genetic data of the 6 mentioned heterozygous parents with the GPD1 variants
Reference Case Relation Age Consanguineous Country GPD1 

Variants
Location Zygosity El-

evat-
ed 
TG

Clinical features

Basel-Van-
agaite et al. 
(2012)

1 Mother of 
F2-II6

47y NA Israel c.361-1G > C, 
p.I119fs*94

intron3 Heterozygote Y Fatty liver; obesity; 
normal liver en-
zymes; HTG

Li et al. (2017) 2 The father 40y N China c.220–2 A > G Intron2 Heterozygote N Short in stature; 
(the height:160 cm, 
BMI:17.6),

Li et al. (2017) 3 The 
mother

37y N China c.820G > A,
p. A274T

exon6 Heterozygote N Short in stature; 
(the height:153 cm, 
BMI:27.8) Obesity

Dionisi-Vici et 
al. (2016)

4 The father NA N NA c.361-1G > C, 
p.I119fs*94

intron3 Heterozygote Y Fatty liver

Dionisi-Vici et 
al. (2016)

5 The 
mother of 
patient B

NA N NA c.361-1G > C, 
p.I119fs*94

intron3 Heterozygote Y Fatty liver

Li et al. (2018) 6 The father 
of patient 
B

NA N China c.523 C > T,
p. Q175*

exon4 Heterozygote Y Obesity(BMI:31.3); 
Elevated liver 
enzymes

Abbreviations: y-years; NA-not informative; Y-yes; N-no; BMI-body mass index
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