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Abstract 
Lipoprotein lipase (LPL) plays a central role in the clearance of very low density lipo­

protein (VLDL) and chylomicrons from the circulation. It also affects the maturation of high density 
lipoprotein (HDL) and low density lipoprotein (LDL). LPL is an important candidate gene in 
determining the risk factor in metabolic disorders including primary hyperlipidemia. Our study is 
the first report from Thailand on the characterization of two common DNA polymorphisms, i.e Pvtt 
II and Hind III at introns 6 and 8, respectively of the LPL gene in 94 Thai dyslipidemic subjects 
compared to 32 normolipidemic subjects using PCR-RFLP. It was observed that the frequencies 
of the cut and uncut alleles of Pvu II were 0.67 and 0.33 in normolipidemic subjects. Such fre­
quencies were 0.64 and 0.36 in hyperlipidemic subjects. Additionally, the frequencies of the cut 
and uncut alleles of Hind III were found to be 0.73 and 0.27 in normolipidemic subjects. They 
were 0.85 and 0.15 in hyperlipidemic subjects. The allele frequencies of the Hind III but not 
Pvu II polymorphism in hyperlipidemic subjects were significantly different from normolipidemic 
subjects (p<0.05). The relation between these polymorphisms and lipid traits was not statistically 
significant (p>0.05). 
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Lipoprotein lipase (LPL) is a critical 
enzyme in the catabolism and transport of lipids 
0 ,2). Its primary function is the hydrolysis of core 
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triglcerides of circulating chylomicrons and VLDL, 
thus, delivering free fatty acids to tissues for oxi­
dation in the heart and other tissues or for storage 
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in adipose tissue. Catabolism of VLDL by LPL 
results in a triglyceride-depleted particle, which 
after further lipolysis becomes IDL and LDL. Fur­
thermore, LPL acitivity affects the maturation of 
HDL particles, which in turn may take up tissue 
cholesterol for transport to be modified at the liver. 
Individuals genetically deficient in LPL activity 
exhibit extreme postprandial hypertriglyceride­
mia(3). Because of its intimate involvement in lipid 
metabolism, the LPL gene is considered to be an 
important candidate gene in determining the risk 
factor in metabolic disorder e.g. atherosclerosis, 
obesity and coronary heart disease etc( 4). 

DNA polymorphism is a useful marker to 
analyze disorders with genetic backgrounds, even­
though the genetic cause of the disease has not been 
elucidated. A number of DNA polymorphisms have 
been used to examine their possible linkage with a 
hereditary predisposition to common polygenic dis­
orders such as dislipidemia and diabetes mellitus 
(3,5,6). Polymorphism at the LPL gene locus have 
previously been detected with the Southern blot 
hybridization( 1, 7 ,8). This conventional procedure 
requires considerable time, labour and skill as well 
as radiolabelled LPL gene probes. Therefore, the 
technique is inappropriate for a large scale study. 
Recently, Polymerase Chain Reaction (PCR)-Res­
triction Fragment Length Polymorphism (PCR­
RFLP) has been applied to the molecular study of 
the LPL gene and various DNA polymorphisms 
have been found to be associated with dyslipide­
mia(9-ll). To study the impact of the LPL polymor­
phism on primary hyperlipidemia in Thai subjects, 
Pvu II and Hind III polymorphisms at the introns 6 
and 8 of the LPL gene, respectively, will thus, be 
observed using PCR-RFLP. 

MATERIAL AND METHOD 
Subjects 

One-hundred and twenty-six experimental 
subjects were divided into 32 normolipidemic and 
94 primary hyperlipidemic subjects. Normal con­
trols were obtained from healthy unrelated indivi­
duals who visited The Health Screening Clinic, 
Department of Preventive Medicine, Faculty of 
Medicine Siriraj Hospital, Mahidol University. They 
consisted of 10 males (age 34-64 years, mean age 
43.8 ± 14.2 years) and 22 females (age 23-58 years, 
mean age 41.3 ± 10.1 years). Their cholesterol and 
triglyceride levels were :S;200 mg/dL and :S;200 
mg/dL, respectively. Primary hyperlipidemic sub-
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jects were recruited from 36 males (age 35-81 
years, mean age 52.8 ± 11.3 years) and 58 females 
(age 27-75 years, mean age 56 ± 10.8 years) who 
attended the Lipid Clinic, Department of Preven­
tive Medicine, Faculty of Medicine Siriraj Hospital. 
They were diagnosed on the basis of at least three 
fasting pretreatment lipid measurements with cho­
lesterol and triglyceride levels that were >200 mg/dL 
and >200 mg/dL, respectively. All subjects were 
informed consent for participation in the study. 

Collection of blood, lipid analyses and DNA iso­
lation 

Fasting venous blood samples (I 0 mL) 
were collected into tubes containing EDT A. Plasma 
was collected from each sample for determination 
of the levels of total cholesterol, triglyceride and 
HDL-cholesterol (HDL-C) which were examined by 
Department of Clinical Chemistry, Faculty of Medi­
cal Technology, Mahidol University using the enzy­
matic methods the kits used were from Boeringer 
Mannheim and Hoffman La Roche for determina­
tion of total cholesterol and triglyceride & HDL-C, 
respectively). An automated analyzer (Hitachi 917) 
was used to determine all lipid concentrations. 
the LDL-cholesterol (LDL-C) level was calculated 
using the method described by Friedewald et at( 12). 
Leukocyte DNA was extracted by guanidine-HCI 
method03). The DNA was then redissolved in Tris­
EDTA buffer (10 mM Tris, I mM EDTA, pH 7.6) 
and stored at -2QOC until used. 

Oligonucleotide primers 
DNA primers for PCR were synthesized 

by the BioService Unit, BIOTEC Center, NSTDA. 
The primer sequences for the study of polymorphisms 
in introns 6 and 8 were obtained from Gotoda 
et at(9). The primer sets for the study of Pvu II 
polymorphism in intron 6 were Pvl ; 5'-GCTTAA 
TTCTCAATTCAATG-3' and Pv2; 5'-CTTTAGAC 
TCTTGTCCAGGT-3'. In addition, Hdl; 5'-TGAA 
GCTCAAATGGAAGAGT-3' and Hd2; 5'-TACAA 
GCAAATGACTAAA-3' were used to study the 
Hind III polymorphism in intron 8. 

Amplification of genomic DNA 
Amplification was performed in a Perkin 

Elmer 2400 thermal cycler. The 20 mL PCR reac­
tion mixture contained 0.2-0.5 flg gDNA, 10 mM 
Tris-HCl pH 9.0, 50 mM KCI, 1.5 mM MgCI2, 
200 f.!M each of dATP, dCTP, dGTP, dTTP 
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(Phannacia), 0.3 ~ of each primer and 2.5 units 
of Taq DNA polymerase (Phannacia). Blanks con­
taining no added DNA were run with each set of 
amplification. The PCR cycles were slightly modi­
fied from that described by Gotoda et az(9). They 
were 5 min denaturation at 940C, followed by 35 
cycles of 1 min at 940C, 2 min at 50-520C and 3 
min at noc, followed by a 7 min extension at noc. 
The annealing temperatures used for the amplifi­
cation of introns 6 and 8 were 520C and 500C res­
pectively. 

Restriction endonuclease digestion and electro­
phoretic analyses 

The PCR-amplified DNA was directly used 
for digestion with restriction enzymes Pvu II or 
Hind III (New England BioLabs). The final volume 
of 20 f..!L reaction contained 7 f.1L of the amplified 
DNA, 10 units of the enzymes and an incubation 
buffer recommended by the manufacturer's instruc­
tions. The reaction mixture was incubated overnight 
at 370C. The digested products were analyzed by 
electrophoresis on a 2.5-3 per cent agarose gel in 
TBE buffer (89 mM Tris-borate, 2 mM EDTA, 
pH 8.3) at 100 volts for 1 h. DNA was visualized on 
a UV -transilluminator after staining with ethidium 
bromide. The 100 bp ladder (Pharmacia) was used 
as a reference molecular weight marker. 

Statistical analysis 
Haplotype frequencies of the Pvu II and 

Hind III polymorphic restriction sites of the LPL 
gene were calculated from gene counting. Chi­
square (X2)-test was used to determine the statis­
tical significance between the allele frequencies 
and those two polymorphisms. To investigate the 
relationship between such polymorphisms and lipid 
concentrations, either Kruskall-Wallis or Mann­
Whitney U tests were applied. All calculations were 
completed using Statview release 5.0. 

RESULTS 
Lipid analysis 

Plasma levels of total cholesterol, triglyce­
ride, LDL-C and HDL-C of the normolipidemic 
and hyperlipidemic subjects are summarized in 
Table 1. Mean ages were 42.13 ± 11.42 and 54.74 ± 
11.04 years for the normolipidemias and hyper­
lipidemias, respectively. 

Pvu II Polymorphism of the LPL gene in intron 
6 

Intron 6 of the LPL gene was amplified 
by PCR and subsequently digested with Pvu II. 
This polymorphism was caused by a C ~ T tran­
sition within the Pvu II site of this intron. The 
CIC (or +I+) alleles generated the 150 and 39 bp 
upon digestion with Pvu II. On the contrary, the 
TIT (or -1-) alleles were not digested by the 
enzyme and generated a 189 bp fragment. In 
addition, the heterozygous pattern contained these 
3 DNA fragments (Fig. 1). Using PCR-RFLP, a 
polymorphism of the LPL gene in the intron 6 
among the normolipidemic and hyperlipidemic 
subjects was characterized and the allele fre­
quencies are shown in Table 2. It was demon­
strated that the frequencies of the C (cut)- and T 
(uncut)-alleles were 0.67 and 0.33, respectively for 
the normolipidemic subjects and 0.64 and 0.36, res­
pectively for the hyperlipidemic subjects. The popu­
lation exhibited this genotype frequencies was con­
sistent with those expected under Hardy-Weinberg 
equilibrium condition. Additionally, the frequencies 
of the cut and uncut alleles of the pooled subjects 
were 0.65 and 0.35, respectively (Table 2). 

Hind III polymorphism of the LPL gene in 
intron 8 

A polymorphism of the LPL gene at intron 
8 was also characterized by PCR-RFLP. This poly­
morphism was caused by a T ~ G transversion 
within the Hind III site of this intron. The TIT (or 
+I+) alleles generated the 600 and 115 bp 
upon digestion with the enzyme. On the other hand, 
the GIG (or -I-) alleles were not digested by the 
enzyme resulting in a 715 bp DNA fragment. All of 

Table 1. Mean age and lipid profiles of the Thai 
normolipidemic and hyperlipidemic sub­
jects 

Age (years) 
Cholesterol (mg/dL) 
Triglyceride (mg/dL) 
LDL-C (mg/dL) 
HDL-C (mg/dL) 

* Mean± S.D. 

Normolipidemias* Hyperlipidemias' 
(n =32) (n = 94) 

42.13± 11.42 54.74± 11.04 
180.38 ± 22.60 281.43 ± 48.55 
87.56 ± 37.16 255.55 ± 231.36 

102.49 ± 30.91 182.75 ± 59.40 
6038 ± 17.42 49.81 ±26.88 
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1~9 bp 

150 bp 

39 bp 

Fig. 1. 3% agarose gel electrophoretic pattern of the Pvu 11-digested PCR-amplified intron 6 of the LPL 
gene. Lane 1 was 100 bp DNA molecular weight marker. Lane 2 was the undigested PCR-amplified 
DNA. Lanes 3-10 were examples of the Pvu 11-digested DNA (Lanes 3, 4 and 6 were +1+ , 5 and 7-9 
were +1-, 10 was -1- polymorphism8). 

Table 2. Allele frequencies of the LPL DNA polymorphisms in the introns 6 and 8 of the normolipidemic 
and hyperlipidemic subjects. 

Polymorphism Normolipidemias Hyperlipidemias Pooled samples 
(n = 32) n = 94) (n = 126) 

Pvu II 
Cut 0.67 0.64 0.65 
Uncut 0.33 0.36 OJ:i 
Hind III 
Cut 0.73 0.85 0.82 
Uncut 0.27 0.15 0. 18 

2 3 4 5 7 8 9 10 11 

715 bp 

600 bp 

115 bp 

Fig. 2. 2.5% agarose gel electrophoretic pattern of the Hind III-digested PCR-amplified intron 8 of the LPL 
gene. Lane 1 was 100 bp DNA molecular weight marker. Lanes 2-11 were examples of the Hind III­
digested DNA (2-4 and 8-11 were +1+, 5-6 were +1- and 7 was -/- polymorphisms). 



Vol. 83 Suppl. 2 POLYMORPHISM OF THE GENE ENCODING LPL S23 

these 3 DNA fragments were observed in the 
heterozygous pattern (Fig. 2). A polymorphism of 
the LPL gene at intron 8 among the normo­
lipidemic and hyperlipidemic subjects was charac­
terized and the allele frequencies are shown in 
Table 2. It was observed that the frequencies of the 
cut and uncut alleles were 0.73 and 0.27, respec­
tively for the normolipidemic and 0.85 and 0.15, 
respectively for the hyperlipidemic subjects. The 
population exhibited this genotype frequencies was 
also consistent with those expected under Hardy­
Weinberg equilibrium condition. Furthermore, the 
frequencies of the cut and uncut alleles of the 
pooled subjects were 0.82 and 0.18, respectively 
(Table 2). 

In addition, the lipid profile of the normo­
lipidemias and hyperlipidemias are classified accord­
ing to the different genotypes of LPL (Table 3). 

DISCUSSION 
Genetic and environmental risks e.g diet 

and lifestyle are found to influence dyslipidemia 
which is a complicated multifactorial disorder and 
can be secondary to various diseases e.g obesity, 
diabetes mellitus, renal diseases, coronary heart 
disease etc( 4). 

Dyslipidemia is also common in Thailand. 
However, this metabolic disorder has never been 
studied at the molecular level. Our study is the first 
report of polymorphism of the gene encoding LPL 
in Thai primary hyperlipidemias. Two polymor­
phisms of the LPL gene i.e Pvu II and Hind III at 
introns 6 and 8, respectively, were screened for 
using PCR-RFLP. For Hind III polymorphism, our 
results revealed that the frequencies of the cut and 
uncut alleles were 0.73 and 0.27, respectively in the 
normolipidemic subjects. Such frequencies were 
0.85 and 0.15 respectively, for the hyperlipidemic 
subjects. The allele frequencies of the hyperlipi­
demic subjects were significantly different from the 
normolipidemic subjects (x2 = 4.649, p = 0.03). 

For Pvu II polymorphism, the frequencies 
of the cut and uncut alleles were 0.67 and 0.33, 
respectively in the normolipidemic subjects. Such 
frequencies were 0.64 and 0.36 respectively, for 
the hyperlipidemic subjects. These frequencies of 
the hyperlipidemic subjects were, in contrast to the 
Hind III polymorphism, not substantially different 
from the normolipidemic subjects (X2 = 0.188, 
p=0.664). 

Allele frequencies of the Hind III and Pvu 
II polymorphism of the LPL gene in Thai subjects 
were compared with those reported for other popu­
lations (Table 4). It was observed that the allele 
frequencies of both Hind III and Pvu II polymor­
phisms of the Thai subjects were significantly dif­
ferent from Mediterranian (Australia), US Whites 
and Blacks and Japanese populations (p<0.05 ). It is 
suggested that these two polymorphisms of the 
LPL gene might be influenced by ethnicity. How­
ever, the allele frequencies of these polymorphisms 
in the Thai subjects were significantly different 
from the normolipidemic Japanese (Table 4 ). These 
allele frequencies in the Thais were calculated from 
the pooled subjects, hence, were enriched by those 
with primary hyperlipidemia and, thus, may not be 
entirely representative of the Thai population. 

From our study, the Hind III but not the Pvu 
II polymorphism of the LPL gene was significantly 
associated with hyperlipidemia. However, neither of 
these polymorphisms exhibited a significant asso­
ciation with the plasma lipid traits (Kruskall-Wallis 
or Mann Whitney U tests, p>0.05). From other 
reports, Hind III RFLP was found to be associated 
with variation in HDL-C level, hypertriglyceridemia, 
premature coronary atherosclerosis, coronary artery 
disease and myocardial infarction(?, 14, 15-19). In 
addition, this polymorphism was found to be 
significantly correlated with cholesterol and LDL-C 
levels but not triglyceride and HDL-C levels in 
342 female Caucasians(20). 

The Pvu II polymorphism was not found to 
be significantly associated with cholesterol, trigly­
ceride, LDL-C or HDL-C levels0,14). On the con­
trary, this polymorphism was found to be signifi­
cantly correlated to cord plasma lipid traits in male 
newborns in Singapore(21), coronary artery disease 
(CAD) severity and with type II diabetes in CAD 
patients(22). 

In conclusion, we have characterized poly­
morphisms of the LPL gene and found that the 
allele frequencies of the Hind III but not Pvu II 
polymorphism are substantially associated with dys­
lipidemia which can lead to more severe diseases 
e.g atherosclerosis and CAD. The fact that dysli­
pidemia has an inherited component implies that 
there must be some underlying genetic variants not 
necessarily sufficient to produce the disease but 
which will provide a predisposition to it when the 
appropriate environmental conditions are encoun­
tered. Thus, understanding the genetic basis of dys-
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Table 4. Distribution of the Pvu II and Hind III alleles of the LPL 

Population Pvu II 
Cut Uncut Cut 

Thai (n = 126) 0.65 0.35 0.82 
Mediterranean (USA)a 0.58 0.42 0.76 
Mediterranean 0.52 0.48 0.67 
(Australia) (n = 144) 
US Whitesb 0.54 0.45 0.73 
US BlacksC 0.22 0.78 0.68 
Caucasians (n = 20) NOd NOd 0.75 
Caucasians (US) (n = 15) 0.56 0.44 NOd 
Japanese (n = 70) 0.76 0.24 0.73 

a 134 and 132 samples were studied for Pvu II and Hind lJI polymorphisms. respectively. 
bl64 and 189 samples were studied for Pvu II and Hind lJI polymorphisms. respectively. 
c55 and 78 samples were studied for Pvu II and Hind III polymorphisms, respectively. 
dNot done. 

gene in selected 

Hind Ill 
Uncut 

O.lR 
0.24 
0.33 

0.27 
032 
0.25 
NOd 
0.27 
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