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Short communication

Hepatic Lipase C514T Polymorphism and its Relationship with
Plasma HDL-C Levels and Coronary Artery Disease in Koreans
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Hepatic lipase is a key enzyme that is involved in HDL-C
metabolism. The goal of this study was to find out the
frequency of the hepatic lipase C514T polymorphism, and
evaluate its relationship with plasma HDL-C levels and
coronary artery disease (CAD) in Koreans. Two hundred
and twenty four subjects with no previous history of lipid-
lowering therapy, 118 patients with significant CAD, and
106 controls were examined with respect to their
genotypes, lipid profiles, and other risk factors for CAD.
The frequency of the -514T allele was 0.37 in men and 0.35
in women, which were higher than the frequency that was
reported in Caucasians, but lower than the frequency that
was reported in African-Americans. The -514T allele was
associated with significantly higher HDL-C levels in
women. After controlling for age, gender, BMI, DM, and
smoking, the non-CC genotype was significantly associated
with HDL-C levels, and explained 6% of the HDL-C
variation in this study. When the genotypes-distribution
was compared between the CAD and non-CAD patients,
the hepatic lipase C-514T polymorphism was not
associated with the presence of CAD. Koreans have a
higher frequency of the hepatic lipase gene 514T allele
than Caucasians, and the -514T allele is associated with
higher plasma HDL-C levels in Korean women, and
perhaps non-smoking men. However, our data does not
suggest an association between the polymorphism and an
increased risk of CAD.

Keywords: Coronary artery disease, Genetic polymorphism,
HDL-cholesterol, Hepatic lipase.

Introduction

Hepatic lipase is a lipolytic enzyme (glycoprotein) that is
synthesized and secreted by the liver (Bensadoun and
Berryman, 1996). It is bound to the surface of sinusoidal
endothelial cells and the external surface of microvilli of
parenchymal cells in the space of Disse (Sana et al., 1997),
and catalyzes the hydrolysis of triglycerides and
phospholipids (Kuusi et al., 1982). Hepatic lipase is involved
in high-density-lipoprotein-cholesterol (HDL-C) metabolism
and reverse-cholesterol transport (RCT) by hydrolyzing the
triglycerides and phospholipids of the intermediate density
lipoproteins (IDL) and large triglyceride-rich HDL2 into the
atherogenic small, dense LDL and the small, dense HDL3

(Tall, 1998; Connely, 1999).
The hepatic lipase gene (LIPC) is located in chromosome

15q21. It is composed of nine exons that span about 35 kb of
DNA (Datta et al., 1988). A C-514T polymorphism in the
promoter region of LIPC is reportedly associated with low
hepatic lipase activity (Tahvanainen et al., 1998; Vega et al.,
1998; Cohen et al., 1999; Deeb and Peng, 2000), and higher
plasma HDL-C levels (Guerra et al., 1997; Cohen et al., 1999;
Couture et al., 2000). However, the results have not always
been concordant in all populations, and investigations into
such associations in Asians, especially Koreans, have been
rare (Hong et al., 2000). Also, previous studies did not
exclude patients on lipid-lowering therapy or women on
hormone replacement therapy, both of which may confuse
true associations between the hepatic lipase polymorphism
and plasma HDL-C levels.

The association between hepatic lipase and coronary artery
disease (CAD) has been controversial. The inverse
relationship between hepatic lipase activity and plasma HDL-
C (Blades et al., 1993), a well known protective factor against
CAD (Gordon and Rifkind, 1989), and the positive
association of hepatic lipase with small dense LDL-C
(Zambon et al., 1993), a possible risk factor of CAD
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(Lamarche et al., 1997), have pointed towards the
proatherogenic role of hepatic lipase. However, reports that
patients with the hepatic lipase deficiency developed
premature CAD (Breckenridge et al., 1982) and animal
studies, which showed that the hepatic lipase transgenic mice
have less aortic cholesterol deposition (Busch et al., 1994),
have pointed towards the antiatherogenic role of hepatic
lipase.

The aim of this study was to find out the frequency of the
C-514T polymorphism of the hepatic lipase gene in Koreans
and its relationship with plasma HDL-C. We also evaluated
the frequency differences between the CAD and non-CAD
subjects in order to investigate whether hepatic lipase C-514T
polymorphism is associated with the presence of CAD.

Materials and Methods

Study subjects Two hundred and twenty four patients (None had
a previous history of lipid lowering therapy and all gave consent to
DNA analysis.) were enrolled from February 2001 to July 2001 at
the Seoul National University Hospital (SNUH). CAD patients
were those that were documented by coronary angiography to have
significant coronary artery stenosis, defined as a greater than 50%
luminal narrowing in at least one or more coronary arteries.
Controls were those who had normal or insignificant coronary
angiographic findings, or patients with a normal ECG, who had no
chest pain and/or other clinical symptoms/signs of CAD. Lipid
profiles (total cholesterol, triglyceride, HDL-C) were obtained
before coronary angiography. The presence of traditional coronary
risk factors was recorded.

Assay of plasma lipids and lipoproteins Plasma total
cholesterol, triglyceride, and HDL-C concentrations were assayed
using enzymatic methods. LDL-C was calculated using the
Friedewald equation (Friedewald et al., 1972).

Assay of hepatic lipase genotype Genomic DNA was prepared
from the leukocytes in blood samples that were taken before the
coronary angiography or measurement of lipids. The C to T
substitution 514 bp upstream of the transcription initiation site of
the hepatic lipase gene was assayed by a polymerase chain reaction
(PCR) amplification and restriction digestion with Hsp92II
(Promega, Madison, USA). We followed specific protocols that
were published in previous studies (Guerra et al., 1997, Zambon et
al., 1998). Briefly, PCR was performed using the following
primers: 5’-AAG AAG TGT GTT TAC TCT AGG ATC A-3’ and
5’-GGT GCC TTC CAC GTG GCT GCC TAA G-3’. Forty pmol
of each primer, and 500 ng of genomic DNA were mixed with
0.2 mM dNTPs, 1.4 mM MgCl2, 10 mM Tris pH 8.4, and 0.25 U of
Taq polymerase (Promega, Madison, USA). The conditions of
amplification were 94oC for 2 min, 35 cycles at 94oC for 15 s, 65oC
for 30 s, 72oC for 45 s, and finally 5 min at 72oC. The PCR products
were digested with 2 units of restriction endonuclesase Hsp92II at
65oC for 2 h and electrophoresed on a 2% agarose gel.
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Results

Study population Table 1 summarized the baseline
characteristics of the patients. One hundred and twenty four
men and 100 women were enrolled for the study. Mean age,
BMI, the presence of DM, HTN, mean plasma levels of
triglycerides, and LDL-C were similar between men and
women. There was a significantly higher percentage of
smokers in men (p<0.01), and the baseline total cholesterol
level (p = 0.04) and HDL-C level (p<0.01) were higher in
women.

Allele frequency and genotype distribution of the hepatic
lipase C-514T polymorphism and its relationship with
CAD The distribution of the CC:CT:TT genotypes in men
and women were 38% : 50% : 12% and 36% : 57% : 7%,
respectively, giving a -514T allele frequency of 0.37 for men
and 0.35 for women. These findings were consistent with the

Table 1. Basic demographics

Men Women

Number 124 100
Age 59.8 ± 9.6 60.5 ± 8.7
BMI 24.5 ± 3.0 24.8 ± 3.5

DM (%) 24.20% 31.0%
HTN (%) 43.50% 50.0%

Smoking (%)* 61.30% 6.0%
TotalChol (mg/dL) ** 183.6 ± 29.5 193.2 ± 38.8
Triglyceride (mg/dL) 131.5 ± 57.9 140.7 ± 72.0

HDL-C (mg/dL)* 41.5 ± 9.5 046.4 ± 14.4
LDL-C (mg/dL) 115.5 ± 25.3 119.0 ± 32.3

*, p<0.01; **, p = 0.04; BMI, Body Mass Index; DM, diabetes
mellitus; HTN, hypertension; Chol, cholesterol; HDL-C, high
density lipoprotein-cholesterol; LDL-C, low density lipoprotein-
cholesterol. Baseline demographics were similar in men and
women except for the percentage of smokers, plasma HDL-C
levels (p<0.01 for both), and total cholesterol levels (p = 0.04).
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Hardy Weinberg expectations (Table 2).
When the genotype distribution was analyzed between the

CAD and non-CAD patients, we found no significant
associations between the hepatic lipase C-514T
polymorphism and CAD. When analyzed separately in men
and women, we still found no association between the
polymorphism and CAD in both genders (Table 3).

Effect of the hepatic lipase C-514T polymorphism on
plasma lipid and lipoprotein concentrations Plasma
concentrations of total cholesterol, triglycerides (TG), HDL-

C, and LDL-C were compared between the CC homozygotes
(CC genotype) and non-CC homozygotes (i.e., the CT and TT
genotypes). There were no associations between the
genotypes and total cholesterol, TG, and LDL-C. However,
HDL-C was significantly higher in the non-CC genotype
when compared to the CC genotype (41.4 ± 9.7 vs. 45.0 ±
13.3, p<0.05). When men and women were analyzed
separately, the association between HDL-C and the genotypes
were no longer significant in men (40.7 ± 8.5 vs. 41.9 ± 10.2
in CC and non-CC genotypes, respectively, p = 0.49), while
the association in women (42.4 ± 11.3 vs. 48.7 ± 15.5 in CC
and non-CC genotypes, respectively, p<0.05) remained
significant (Table 4). Since the only significant difference on
the baseline characteristics between men and women was the
percentage of smokers, we analyzed only the non-smoking
males. We discovered that the mean HDL-C level in the non-
CC genotype was slightly higher than the HDL-C level in the
CC genotype, although this was not statistically significant
(38.6 ± 6.8 vs. 42.7 ± 9.4 in CC and non-CC genotypes,
respectively, p = 0.13) (Table 5). To exclude the effects of
other factors, which might confound the relationship between
HDL-C and TaqIB polymorphism, an analysis of the
covariance (ANCOVA) that controlled for age, gender, DM,
BMI, and smoking showed that the C-514T polymorphism
was significantly associated with HDL-C levels (p<0.05), and
explained the 6% variance in the HDL-C levels (F = 3.96,
p = 0.048).

Table 2. Genotype distribution and allele frequency in men and
women

Genotype & Allele Men Women

CC 38% (47) 36% (36)
CT 50% (62) 57% (57)
TT 12% (15) 7% (7)

C 0.63 0.65
T 0.37 0.35

The numbers in parenthesis are the actual number of patients.
The distribution of the genotypes was compatible with the
Hardy-Weinberg equilibrium, and similar between males and
females. The -514T allele frequency of 0.37 for men and 0.35
for women is comparable to previous reports for Koreans.

Table 3. Genotype distribution in regard to coronary artery disease

Total Men Women

Genotype CAD group non-CAD group CAD group non-CAD group CAD group non-CAD group

CC 37.3% (44) 36.8% (39) 37.3% (28) 38.8% (19) 37.2% (16) 35.1% (20)
non-CC 62.7% (74) 63.2% (67) 62.7% (47) 61.2% (30) 62.8% (27) 64.9% (37)

p = 0.51 p = 0.49

CAD, coronary artery disease. When the distribution of the genotypes was evaluated with regard to the presence of CAD, the hepatic
lipase C-514T polymorphism was not associated with CAD. This lack of association between the polymorphism and CAD was similar
in both men and women.

Table 4. Lipid profiles according to genotype

Total Men Women

CC non-CC CC non-CC CC non-CC

Number 83 141 47 77 36 64
Total-chol 188.5 ± 35.5 187.6 ± 33.6 189.6 ± 32.3 180.0 ± 27.0 187.1 ± 39.6 196.7 ± 38.3

Triglyceride 132.2 ± 55.9 133.4 ± 64.1 131.4 ± 52.9 123.3 ± 48.2 133.3 ± 60.3 144.9 ± 77.9
HDL-C 041.4 ± 9.7* 0045.0 ± 13.3* 40.7 ± 8.5 041.9 ± 10.2 0042.4 ± 11.3* 0048.7 ± 15.5*
LDL-C 119.7 ± 28.5 115.5 ± 28.7 120.2 ± 26.3 112.6 ± 24.5 119.1 ± 31.5 118.9 ± 32.9

*; p<0.05, CC versus non-CC genotypes. Lipid levels given as mean ± standard deviation (mg/dl); HDL-C, HDL-cholesterol; LDL-C,
LDL-cholesterol. HDL-C level was significantly lower in the CC genotype when compared with non-CC genotype, which was prima-
rily due to a significant association between the polymorphism and HDL-C levels in women (p<0.05). There were no differences in
HDL-C levels in men (p = 0.49)
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Discussion

Our study shows that a common polymorphism of the hepatic
lipase gene is associated with significantly higher HDL-C
levels in women, and this association in men may be
confounded by smoking. Data from this study also shows that
the hepatic lipase C-514T polymorphism lacks an association
with CAD in Koreans. Our study excluded all patients on, or
with a history of, lipid-lowering therapy; thereby, excluding
the possibility of lipid level modulation by lipid-lowering
drugs. Also, none of the females in our study were on
hormone replacement therapy (HRT). This study confirms
prior reports of a significant role of the hepatic lipase gene in
the genetic modulation of HDL-C levels.

The frequency of the -514T allele of the hepatic lipase gene
was more common in Koreans than in Caucasians. In our
study, the -514T allele frequency was 0.37 in men and 0.35 in
women. This frequency is slightly lower than a previous
report on Koreans (Hong et al., 2000). However, the
frequency was confirmed in a preliminary data of 99 patients
before the onset of this study, which showed a similar -514T
allele frequency. Previous studies in different races showed
that the frequencies of the allele were 0.15-0.21, 0.45-0.53,
and about 0.47 in Caucasians, African Americans, and
Japanese Americans, respectively (Zambon et al., 1998). Our
data support previous reports on the variability of the hepatic
lipase polymorphism in different races (Vega et al., 1998;
Zambon et al., 1998; Hong et al., 2000; Tan et al., 2001).
Whether the difference in the HDL-C level between different
races can be explained by the difference in hepatic lipase gene
frequency is a much more complex issue, and extends beyond
the scope of this article. However, along with data from
previous studies on African-Americans and Japanese, our
study shows that a higher frequency of the hepatic lipase C-
514T polymorphism may partially contribute to the ethnic
difference in the HDL-C level.
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Our study also investigated the correlation between the -514T
allele expression and a high HDL cholesterol level. There
have been several previous reports that the 514T allele was
associated with higher plasma HDL-C concentrations (Guerra
et al., 1997; Couture et al., 2000). However, some
investigators reported that this association is gender
dependent, and only significant in certain subgroups. For
example, Grundy et al. reported an association of the -514T
allele with increased plasma HDL-C concentrations in only
healthy, normotriglyceridemic men who did not smoke or use
lipid-lowering drugs (Grundy et al., 1999). Also, Shohet et al.
showed that the -514T allele was associated with higher HDL-
C levels only in healthy men, and not in men with CAD
(Shohet et al., 1999). In the only other study on Koreans, the
hepatic lipase C-514T polymorphism was not associated with
HDL-C in either men or women, and was only associated
with apoB levels in women with CAD, and with apoA1 levels
in healthy men (Hong et al., 2000). Much of the discrepancy
in prior studies may be due to the influences of other factors
on hepatic lipase activity and HDL-C. These include gender
(Kauma et al., 1996; Tan et al., 2001), obesity (Castro et al.,
2001), smoking (Kong et al., 2001), hormone replacement
therapy (Yamakawa-Kobayashi et al., 2002), and the presence
of DM (Tan et al., 2001), as suggested by previous studies.

In this study, we excluded all patients on, or with a history
of, lipid-lowering therapy. Also, none of the females in our
study were on hormone replacement therapy (HRT). We
found that the non-CC genotypes were associated with

Table 5. Lipid levels in non-smoking men

CC non-CC

n 19 29
Total-cholesterol 177.8 ± 29.6 178.4 ± 21.7

Triglyceride 116.3 ± 59.8 111.2 ± 42.3
HDL-C 38.6 ± 6.8 42.7 ± 9.4
LDL-C 114.6 ± 22.8 112.9 ± 20.9

Lipid levels given as mean ± standard deviation (mg/dl); HDL-C,
HDL-cholesterol; LDL-C, LDL-cholesterol. Although HDL-C
was not significantly different between the CC and non-CC gen-
otypes in non-smoking men, the HDL-C level in the non-CC
genotype was slightly higher than that in the CC genotype (CC
versus non-CC genotype for HDL-C, p = 0.13).
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significantly higher plasma HDL-C levels when compared to
the CC genotype in women. In men, however, such
significant association was not present. Only in non-smoking
men could we find a mild trend toward a higher HDL-C level
in the non-CC genotype. In addition, after controlling for age,
gender, DM, BMI, and smoking (risk factors known to
confound the association between hepatic lipase
polymorphism and HDL-C levels), the C-514T polymorphism
was significantly associated with HDL-C levels, and
explained 6% of the variance in HDL-C levels. These results
led us to believe that when various factors which affect hepatic
lipase activity and HDL-C levels are fully controlled, there is a
significant association between the C-514T polymorphism
and higher HDL-C levels.

One limitation of this study is that the hepatic lipase activity
was not obtained. The C-514T polymorphism has been
reported to affect hepatic lipase activity (Tahvanainen et al.,
1998; Deeb and Peng, 2000). Because we did not obtain the
hepatic lipase activity, we fell short of showing that the higher
HDL-C level in the non-CC genotypes was in fact due to the
actions of a lowered hepatic lipase activity. Another minor
limitation was the small number of patients that were enrolled.
Although 224 patients is usually not considered to be a small
study population, association studies to find out the effect of
certain genotypes on disease states and various metabolic
states need to be based on a much larger number of patients.
We think that the lack of significance in the association of the
polymorphism with the HDL-C level in non-smoking men,
would have been overcome with a larger study population.

In conclusion, our study shows that Koreans, when compared
to Caucasians, have a higher frequency of the hepatic lipase
gene C-514T polymorphism, which demonstrates the frequency
variation among different ethnic groups. Our data also confirms
previous observations that the non-CC genotype of the hepatic
lipase gene is associated with a higher plasma HDL-C level in
women and perhaps in non-smoking men. However, hepatic
lipase C-514T polymorphism does not seem to be associated
with the presence of CAD in Koreans. In view of the
importance of hepatic lipase in HDL-C metabolism, and in turn
the importance of HDL-C in coronary artery disease
development, these suggested associations of hepatic lipase
polymorphism with HDL-C levels should be studied further in a
larger population of patients.

Acknowledgments This study was supported by the Korea
Science and Engineering Foundation (KOSEF) through the
Aging and Apoptosis Research Center at the Seoul National
University. Dr. M. M. Lee was supported by a grant from
Seoul National University Hospital (04-99-009).

References

Bensadoun, A. and Berryman, D. E. (1996) Genetics and
molecular biology of hepatic lipase. Curr. Opin. Lipidol. 7, 77-
81.

Blades, B., Vega, G. L. and Grundy, S. M. (1993) Activities of
lipoprotein lipase and hepatic triglyceride lipase in postheparin
plasma of patients with low concentrations of HDL cholesterol.
Arterioscler. Thromb. 13, 12271235.

Breckenridge, W. C., Little, J. A., Alaupovic, P., Wang, C. S.,
Kuksis, A., Kakis, G., Lindgren, F. and Gardiner, G. (1982)
Lipoprotein abnormalities associated with a familial deficiency
of hepatic lipase. Atherosclerosis 45, 161179.

Busch, S. J., Barnhart, R. L., Martin, G. A., Fitzgerald, M. C.,
Yates, M. T., Mas, S. J., Thomas, C. E. and Jackson, R. L.
(1994) Human hepatic triglyceride lipase expression reduces
high density lipoprotein and aortic cholesterol in cholesterol-fed
transgenic mice. J. Biol. Chem. 269, 1637616382.

Castro Cabezas, M., Halkes, C.� J. and Erkelens, D.� W. (2001)
Obesity and free fatty acids: double trouble. Nutr. Metab.
Cardiovasc. Dis. 11, 134-142.

Cohen, J.� C., Vega, G.� L. and Grundy, S.� M. (1999) Hepatic
lipase: new insights from genetic and metabolic studies. Curr.
Opin. Lipidol. 10, 259267.

Connely, P.� W. (1999) The role of hepatic lipase in lipoprotein
metabolism. Clin. Chim. Acta. 286, 243-255.

Couture, P., Otvos, J.� D., Cupples, L.� A., Lahoz, C., Wilson, P.
W., Schaefer, E.� J. and Ordovas, J.� M. (2000) Association of
the C-514T polymorphism in the hepatic lipase gene with
variations in lipoprotein subclass profiles: The Framingham
Offspring Study. Arterioscler. Thromb. Vasc. Biol. 20, 815-822.

Datta, S., Luo, C-C., Li, W-H., van Tuinen, P., Ledbetter, D.� H.,
Brown, M.� A., Chen, S.� H., Liu, S.� W. and Chan, L. (1988)
Human hepatic lipase: cloned cDNA sequence, restriction
fragment length polymorphisms, chromosomal location, and
evolutionary relationships with lipoprotein lipase and pancreatic
lipase. J. Biol. Chem. 263, 11071110.

Deeb, S. and Peng, R. (2000) The C-514T polymorphism in the
human hepatic lipase gene promoter diminishes its activity. J.
Lipid Res. 41, 155-158.

Dugi, K.� A., Brandaue, K., Schmidt, N., Nau, B., Schneider, J.
G., Mentz, S., Keiper, T., Schaefer, J.�R., Meissner, C., Kather,
H., Bahner, M.� L., Fiehn, W. and Kreuzer, J. (2001) Low
hepatic lipase activity is a novel risk factor for coronary artery
disease. Circulation 104, 3057-3062.

Friedewald, W.� T., Levy, R.� I. and Fredrickson, D.� S. (1972)
Estimation of the concentration of low-density lipoprotein
cholesterol in plasma without use of the preparative
ultracentrifuge. Clin. Chem. 18, 499-502.

Gordon, D.� J. and Rifkind, B.�M. (1989) High-density lipoprotein
the clinical implications of recent studies. N. Engl. J. Med.
321, 1311-1316.

Grundy, S.� M., Vega, G.� L., Otvos, J.� D., Rainwater, D.� L. and
Cohen, J.� C. (1999) Hepatic lipase activity influences high
density lipoprotein subclass distribution in normotriglyceridemic
men: genetic and pharmacological evidence. J. Lipid Res. 40,
229-234.

Guerra, R., Wang, J., Grundy, S.� M. and Cohen, J.� C. (1997) A
hepatic lipase (LIPC) allele associated with high plasma
concentration of high density lipoprotein cholesterol. Proc.
Natl. Acad. Sci. USA 94, 4532-4537.

Heller, D. A., De Faire, D., Pedersen, N. L., Dahlen, G. and
McClearn, G. E. (1993) Genetic and environmental influences
on serum lipid levels in twins. N. Engl. J. Med. 328, 1150-
1156.



242 Kyung-Woo Park et al.

Hong, S. H., Song, J. and Kim, J. Q. (2000) Genetic variations of
the hepatic lipase gene in Korean patients with coronary artery
disease. Clin. Biochem. 33, 291-296

Jansen, H., Verhoeven, A. J. M., Weeks, L., Kastelein, J. J. P.,
Halley, D. J. J., van den Ouweland, A., Jukema, J. W., Seidell,
J. C. and Birkenhager, J. C. (1997) Common C to T
substitution at position -480 of the hepatic lipase promoter
associated with a lowered lipase activity in coronary artery
disease patients. Arterioscler. Thromb. Vasc. Biol. 17, 2837-
2842.

Kauma, H., Savolainen, M. J., Heikkila, E., Rantala, A. O., Lilja,
M., Reunanen, A. and Kesaniemi, Y. A. (1996) Sex difference
in the regulation of plasma high density lipoprotein cholesterol
by genetic and environmental factors. Hum. Genet. 97, 156-
162.

Kong, C., Nimmo, L., Elatrozy, T., Anyaoku, V., Hughes, C.,
Robinson, S., Richmond, W. and Elkeles, R. S. (2001)
Smoking is associated with increased hepatic lipase activity,
insulin resistance, dyslipidaemia and early atherosclerosis in
Type 2 diabetes. Atherosclerosis 156, 373-378.

Kuusi, T., Nikkila, E. A., Taskinen, M. R., Somerharju, P. and
Ehnholm, C. (1982) Human postheparin plasma hepatic lipase
activity against triacylglycerol and phospholipid substrate. Clin.
Chim. Acta 16, 3945.

Lamarche, B., Tchernof, A., Moorjani, S., Cantin, B., Dagenais,
G. R., Lupien, P. J. and Despres, J. P. (1997) Small, dense low-
density lipoprotein particles as a predictor of the risk of
ischemic heart disease in men: prospective results from the
Quebec Cardiovascular Study. Circulation. 95, 6975.

Sana, D. A., Fan, J., Bensadoun, A. and Taylor, J. M. (1997)
Hepatic lipase is abundant on both hepatocyte and endothelial
cell surfaces in the liver. J. Lipid Res. 38, 1002-1013.

Shohet, R. V., Vega, G. A., Anwar, A., Cigarroa, J. E., Grundy, S.
M. and Cohen, J. C. (1999) Hepatic lipase (LIPC) promoter
polymorphism in men with coronary artery disease: Allele
frequency and effects on hepatic lipase activity and plasma
HDL-C concentrations. Arterioscler. Thromb. Vasc. Biol. 19,

1975-1978.
Tahvanainen, E., Syvanne, M., Frick, M. H., Murtomaki-Repo, S.,

Antikainen, M., Kesaniemi, Y. A., Kauma, H., Pasternak, A.,
Taskinen, M. R. and Ehnholm, C. (1998) Association of
variation in hepatic lipase activity with promoter variation in
the hepatic lipase gene. The LOCAT Study Investigators. J.
Clin. Invest. 101, 956-960.

Tall, A. R. (1998). An overview of reverse cholesterol transport.
Eur. Heart J. 19, A31-35.

Tan, K. C., Shiu, S. W. and Chu, B. Y. (2001) Effects of gender,
hepatic lipase gene polymorphism and type 2 diabetes mellitus
on hepatic lipase activity in Chinese. Atherosclerosis 157, 233-
239.

Vega, G. L., Clark, L. T., Tang, A., Marcovina, S., Grundy, S. and
Cohen, J. (1998) Hepatic lipase activity is lower in African
American men than in white American men: effects of 5
flanking polymorphism in the hepatic lipase gene. J. Lipid Res.
39, 228-232.

Wilson, P. W., Garrison, R. J., Castelli, W. P., Feinleib, M.,
McNamara, P. M. and Kannel, W. B. (1980) Prevalence of
coronary heart disease in the Framingham Offspring Study:
role of lipoprotein cholesterols. Am. J. Cardiol. 46, 649-654.

Yamakawa-Kobayashi, K., Somekawa, Y., Fujimura, M.,
Tomura, S., Arinami, T. and Hamaguchi, H. (2002) Relation
of the -514C/T polymorphism in the hepatic lipase gene to
serum HDL and LDL cholesterol levels in postmenopausal
women under hormone replacement therapy. Atherosclerosis
162, 17-21.

Zambon, A., Austin, M. A., Brown, B. G., Hokanson, J. E. and
Brunzell, J. D. (1993) Effect of hepatic lipase on LDL in
normal men and those with coronary artery disease.
Arterioscler Thromb. Vasc. Biol. 13, 147-153.

Zambon, A., Deeb, S. S., Hokanson, J. E., Brown, B. G. and
Brunzell, J. D. (1998) Common variants in the promoter of the
hepatic lipase gene are associated with lower levels of hepatic
lipase activity, buoyant LDL, and higher HDL2 cholesterol.
Arterioscler. Thromb. Vasc. Biol. 18, 1723-1729.


