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Purpose of review

Hepatic lipase plays a key role in the metabolism of pro-

atherogenic and anti-atherogenic lipoproteins affecting their

plasma level as well as their physico–chemical properties.

However, controversial evidence exists concerning whether

hepatic lipase is pro or anti-atherogenic. The goal of this review

is to summarize recent evidence that connects the enzyme to

cardiovascular disease. The potential impact of genetic

determinants of hepatic lipase activity in modulating both the

development of coronary and carotid atherosclerosis will be

discussed based on hepatic lipase proposed roles in lipoprotein

metabolism.

Recent findings

Twenty to 30% of individual variation of hepatic lipase activity is

accounted for by the presence of a common polymorphism in

the promoter region (–514 C to T) of the hepatic lipase gene

(LIPC). This polymorphism, via its impact on hepatic lipase

synthesis and activity, appears to contribute to (1) individual

susceptibility to cardiovascular disease: the presence of the T

allele (low hepatic lipase activity) may carry a marginally

increased risk of atherosclerosis; (2) carotid plaque

composition and individual susceptibility to cerebrovascular

events: the presence of the C allele (high hepatic lipase activity)

is associated with increased carotid intima-media thickness and

abundance of macrophages in the carotid plaque (unstable

plaque); and (3) response of cardiovascular disease patients to

lipid-lowering therapy: patients with the CC genotype have the

greatest clinical benefit from intensive lipid-lowering therapy.

Summary

Convincing evidence shows that hepatic lipase plays a key role

in remnant lipoprotein catabolism as well as in remodeling of

LDL and HDL particles. The anti or pro-atherogenic role of

hepatic lipase is likely to be modulated by the concurrent

presence of other lipid abnormalities (i.e. increased LDL

cholesterol levels) as well as by the genetic regulation of other

enzymes involved in lipoprotein metabolism. Characterization of

patients by their LIPC genotype will contribute to a better

definition of individual risk of coronary and cerebrovascular

events, specifically in patients with qualitative (small,

atherogenic LDL and low HDL2 cholesterol) rather than

quantitative lipid abnormalities for whom the routine lipid profile

may underestimate the risk of coronary and cerebrovascular

disease.
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Introduction
Hepatic lipase is a glycoprotein that catalyzes the

hydrolysis of lipoprotein triacylglycerols and phospholi-

pids. The majority of hepatic lipase is synthesized and

secreted by the liver and is bound to heparan sulfate

proteoglycans on the surface of sinusoidal endothelial

cells and external surfaces of microvilli of parenchymal

cells in the space of Disse [1], promoting the uptake of

HDL and apolipoprotein-B-containing remnant particles

[2]. Its catalytic activity contributes to the remodeling of

LDL and high-density HDL resulting in smaller, denser

particles. In addition to its lipolytic activity, hepatic

lipase participates, with surface proteoglycans, the

scavenger receptor B1 (SR-B1) and the LDL receptor-

like-protein, as a ligand in promoting hepatic uptake of

lipoproteins, including triglycerides-rich lipoprotein rem-

nants, LDL and HDL particles (Figure 1). Hepatic

lipase may therefore contribute to reverse cholesterol

transport and the process of atherosclerosis. Recent in-
vivo and in-vitro studies suggest alternative pathways,

both through its catalytic activity and independently, by

which hepatic lipase may modulate the development of

cardiovascular and cerebrovascular disease [2,3 ..]. De-

spite extensive research during the past decade on both

humans and genetically modified animal models, the

exact nature of the relation between hepatic lipase and

atherosclerosis remains controversial [3 ..].
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Postheparin plasma hepatic lipase activity varies widely

(five to eight-fold) in normal individuals. The activity is

about twice as high in men as in women. In addition,

significant racial variation in hepatic lipase activity is

observed, indicating an important role of genetic factors.

It is estimated that 30–45% of this variability is

genetically determined [4]. A genetic background that

significantly modulates hepatic lipase activity in vivo may

potentially impact on the risk of coronary heart disease

(CHD) and possibly affect individual CHD response to

lipid-lowering therapy. The ability to find significant

genetic markers of individual risk of CHD as well as

CHD response to therapy, bears relevant clinical

implications as a substantial number of patients with

CHD disease on lipid-lowering therapy still experience

either no benefit or even disease progression and

cardiovascular events.

The focus of this review will be on recent clinical and

experimental evidence supporting a role of genetic

determinants of hepatic lipase activity in modulating

both the development of coronary and carotid athero-

sclerosis, and the disease response to different lipid-

lowering strategies.

Common polymorphisms in the hepatic
lipase gene promoter: association with
hepatic lipase activity and HDL and LDL size
and density
It is estimated that 30–45% of variability in hepatic lipase

activity is genetically determined [4]. Four common

polymorphisms – G-250A, C-514T, T-710C, and A-763G –

in the hepatic lipase gene (LIPC) promoter were reported

[5]. The C-514T polymorphism is also referred to as C-
480T by some investigators. These polymorphisms are in

Figure 1. Central role of hepatic lipase in lipid metabolism

Kidney

Macrophage

Intestine,
liver

C

B

LPL

VLDL/Chylo

B

B

HL

IDL

LDL

HL
B

HL

HLLiver

CE

TG

CE
TG

CE

CE

Bile

SR-B1

CE

FC CE

HL

CE

A-I

Intestine,
liver

A-I

ABCA1
FC

CE

FC/PL

LCAT PL/FC

HL

HDL3

A-I

HDL2

A
-I

I

Small, dense LDL

A-I

PL

CE

Hepatic lipase influences different lipoprotein pathways (1) by hydrolyzing phospholipids and triglycerides (TG) carried in large HDL2, intermediate
density lipoprotein (IDL) and large LDL particles, resulting in smaller HDL3 and small, dense LDL lipoproteins, respectively; or (2) by bridging the
lipoproteins (HDL and TG-rich lipoprotein remnants/IDL) to specific receptors or heparan sulphates on the hepatocytes. Apo B, apolipoprotein B; C,
apolipoprotein C; A-I, apolipoprotein A I; CE, cholesteryl-esters; VLDL, very low density lipoprotein; Chylo; Chylomicrons; HL, hepatic lipase, catalytic
activity; A, apolipoprotein A; FC, free cholesterol; PL, phospholipid; ABCA1, ATP-binding cassette transporter A1; LPL, lipoprotein lipase; HL*,
hepatic lipase, ligand activity; SR-B1, scavenger receptor B1; LCAT, lecithin–cholesterol acyltransferase.
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almost complete linkage disequilibrium and therefore

define two haplotypes. The frequency of the T allele at

–514 was found to range between 0.15 and 0.21 among

Caucasians [6,7], 0.45 and 0.53 among African Americans

[6,8 .], and is 0.47 among Japanese Americans [6]. The

–514T allele is associated with a 30–40% decrease in

post-heparin plasma hepatic lipase activity in men [6,7]

and in premenopausal women [9,10,11 ..]. The transcrip-

tional activity of the promoter with T at –514 is

approximately 70% of that with C, as determined by

transient transfection of the mouse hepatocytic cell line

ML12 [12]. The molecular mechanism responsible for

the decreased hepatic lipase activity associated with the

–514T allele has not been fully elucidated. The –514 C to

T substitution disrupts one of two potential upstream

stimulatory factor 1 (USF1)-binding sites present in the

proximal promoter region of LIPC. The presence of T at

–514 resulted in a 50% decrease in binding of USF1, a

ubiquitous transcription factor, to its recognition motif.

Activation of the –514T –250A allele of the LIPC
promoter by co-transfection of HepG2 cells with USF1

was about half of that of wild type [13.].

The –514 C to T polymorphism of the LIPC promoter is

significantly associated with LDL and HDL size and

density distribution rather than their plasma concentra-

tions. These effects impact on the overall atherogenicity

of the lipoprotein phenotype. The –514T allele was

observed to be associated with increased concentrations

of cholesterol carried in the large, buoyant HDL2

particles (but not necessarily HDL3 cholesterol or total

HDL cholesterol) [6,14]. Recently, this observation was

confirmed in a large population of African Americans

from the Coronary Artery Risk Development in Young

Adults (CARDIA) Study [8.]. Carriers of the CT and TT
genotypes had approximately 13 and 27% higher mean

HDL2 cholesterol, respectively, than CC carriers; mean

HDL3 cholesterol was similar among the three geno-

types. Furthermore, the effect of the –514 C to T
polymorphism on HDL subclass distribution was also

reported by Carr et al. [11..] in healthy premenopausal

women. Interestingly, a significant effect of the Taq1B
polymorphism in the cholesteryl ester transfer protein

(CETP) gene on HDL3 cholesterol but not on total or

HDL2 cholesterol was observed in this study. Grundy

and colleagues [15] investigated whether increased

hepatic lipase activity actually causes a decrease in

HDL2 cholesterol levels by treating 20 men with the

synthetic anabolic steroid stanozolol, which increased

hepatic lipase activity by approximately two-fold. This

treatment markedly reduced the levels of large HDL2

particles. This result supports the hypothesis that the

LIPC promoter polymorphism exerts its effect on HDL

particles by modulating the levels of hepatic lipase. In

addition, both catalysis and ligand activities of hepatic

lipase play a major role in promoting the scavenger

receptor B1-mediated uptake of HDL-cholesteryl ester

[16]. Thus, the LIPC polymorphism, by affecting hepatic

lipase synthesis and activity, may significantly contribute

to the process of reverse cholesterol transport modulating

both HDL subclass distribution and HDL catabolism.

Interestingly, dietary fat intake has recently been shown

to significantly modify the association between the LIPC
–514 C to T polymorphism and HDL cholesterol

concentrations [17.]. In the Framingham Study, the T
allele was correlated with higher HDL cholesterol

concentrations only in individuals who usually consumed

a low-fat diet. In contrast, the TT genotype was

associated with lower HDL cholesterol levels in

individuals who usually consumed a high-fat diet.

Similar results were observed when HDL2 cholesterol

was the variable. This gene–diet interaction was

observed for saturated and monounsaturated fat, but

not for polyunsaturated fat. While the mechanism for

this interaction is unclear, TT subjects may have an

impaired adaptation to diets high in animal fats, which

might result in increased cardiovascular risk. This gene–

diet interaction may, at least partly, contribute to explain

some of the controversial results on the association

between LIPC promoter polymorphisms and CHD risk,

as detailed in the following section.

As mentioned above, hepatic lipase also catalyzes the

hydrolysis of triglycerides and phospholipids in inter-

mediate density lipoproteins and LDL. LDL size and

buoyancy are inversely associated with hepatic lipase

activity [18,19]. The prevalence of small, dense LDL,

such as found with increased plasma levels of hepatic

lipase activity, is associated with a three to six-fold

increase in CHD [20]. The –514T allele of the LIPC
promoter is associated with both lower hepatic lipase

activity and prevalence of large, buoyant LDL particles

[6]. This inverse relationship between hepatic lipase

activity and LDL buoyancy is observed in premenopau-

sal women as well [9]. Interestingly, in all these studies

hepatic lipase activity is consistently not associated with

LDL cholesterol levels. When factors affecting activity

are modified by either lifestyle or pharmacological

intervention, changes in activity induce significant

modifications in LDL particle size and density [21,22].

These data strongly support a role for hepatic lipase in

the remodeling and catabolism of LDL, which is

associated with its lipolytic activity. The –514T allele

of LIPC is therefore associated with a lipoprotein profile

(large, buoyant LDL and higher levels of HDL2

cholesterol), which apparently bears a lower atherogenic

potential than the profile commonly found in carriers of

the CC genotype (smaller, more atherogenic LDL

particles and lower levels of HDL2 cholesterol).

A significantly higher frequency of the –514T allele was

observed among Americans of African, Japanese, and
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Hispanic descent. This may partially account for the

lower hepatic lipase activity observed among African

Americans, as well as for the larger, more buoyant LDL

particles and higher HDL cholesterol (possibly HDL2

cholesterol) levels found among all the above-mentioned

ethnic groups [23].

Hepatic lipase as a marker for coronary artery
disease risk
As indicated above, high hepatic lipase activity would be

predicted to result in an increased prevalence of

atherogenic, small, dense LDL particles and an in-

creased risk of CHD. The effects of hepatic lipase on

LDL size and density support the observations that

subjects with small, dense LDL and high hepatic lipase

activity have an increased CHD risk. This is seen in men

versus premenopausal women and in centrally obese

versus lean individuals. However, hepatic lipase has

other and potentially anti-atherogenic functions invol-

ving the uptake of HDL cholesterol by the liver as part

of the reverse cholesterol transport pathway.

Hepatic lipase gene promoter polymorphism and

cardiovascular disease risk: are they associated?

Several groups have investigated the association of

hepatic lipase activity and the LIPC promoter poly-

morphism with CHD risk [3..]. Apparently conflicting

results were obtained. Against the evidence of high

levels of hepatic lipase being pro-atherogenic is the high

incidence of CHD in patients with LIPC mutations

leading to complete hepatic lipase deficiency [4]. A

possible explanation for their increased CHD risk is that

defects in remnant lipoprotein metabolism may be

predominant in those individuals [24].

Jansen and colleagues [25] found that the –514T allele,

associated with lower hepatic lipase activity, was more

common in 782 male patients from the Regression

Growth Evaluation Statin Study (REGRESS) with

angiographically documented CHD than in 316 asymp-

tomatic controls. However, the CHD population con-

tained only half of the expected number of –514T
homozygotes (based on the Hardy–Weinberg equili-

brium), casting some doubts on the association between

T allele and increased risk of CHD. In addition, in this

study, hepatic lipase activity in CHD patients was not

different from age-matched controls. Tahvanainen and

co-workers [26] compared 395 Finnish men with

documented CHD (coronary bypass surgery; the Lopid

Coronary Angiography Trial – LOCAT) with 194

healthy younger university students and found no

difference in frequency of the –514T allele. Shohet et
al. [27] supported these results by demonstrating that,

although the –514T allele was associated with a 15–29%

reduction in hepatic lipase activity, its frequency was the

same in men with CHD (n = 317) and men without CHD

(n = 74). Low hepatic lipase activity has been reported in

patients with clinically overt CHD [28.]. In a population

of 200 men undergoing elective coronary angiography,

the extent of CHD was inversely correlated with hepatic

lipase activity (r =70.19; P5 0.01), indicating that a

small percentage, approximately 4%, of the variance in

CHD, could be explained by different levels of hepatic

lipase activity. However, 45% of these men were on

lipid-lowering medications and this may have influenced

the association as lipid-lowering therapy is reported to

significantly reduce hepatic lipase activity [22,29].

Similar results were recently published by Herbison et
al. [30] who showed that, in males, the T allele was

associated with higher HDL cholesterol and higher

triacylglycerol levels and its frequency was higher in

patients with established CHD than in controls (T allele

frequencies 0.231 versus 0.177, respectively). No men-

tion of lipid-lowering treatment was provided in this

study.

Polymorphisms of the LIPC promoter seem to be

associated with the presence of early markers of coronary

artery disease, such as coronary artery calcification

(CAC), a measure of sub-clinical coronary artery disease,

and impaired coronary flow reserve (CFR), a marker of

vascular dysfunction before the appearance of angio-

graphic lesions. The potential association between LIPC
polymorphisms and CAC was recently studied by

Hokanson et al. [31 .]. In this study, the LIPC –514 C
to T promoter polymorphism was associated, in a dose-

dependent manner, with a greater than two-fold

increased presence of CAC among patients with type 1

diabetes. This relation was independent of HDL

cholesterol levels. A potential limitation of this study is

represented by the remarkable importance of other

genetic factors in the variation of coronary artery

calcification as measured by CAC quantity; 43.5% of

the variation in CAC quantity is attributable to genetic

factors after adjusting for age, sex, lipids, blood pressure,

fasting glucose and smoking [32]. The presence of the

–514T allele in healthy mildly hypercholesterolemic

young men appears to modify coronary reactivity and is

associated with impaired CFR [33.]. Abnormalities in

CFR may indicate vascular dysfunction before the

appearance of angiographic lesions.

The hepatic lipase gene promoter polymorphism and

cardiovascular disease risk: pathophysiological links

Despite the anti-atherogenic effects of the LIPC –514T
allele on HDL2 cholesterol (increased), and on LDL size

and density (large, buoyant particles) the results avail-

able suggest that this allele is associated with more sub-

clinical atherosclerosis and to either no benefit or even a

slightly increased risk of angiographically diagnosed

CHD. A possible explanation for the discrepancy

between the results is that the relationship between
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hepatic lipase and atherosclerosis could be modulated by

other factors such as the concentration of plasma LDL

(Figure 2). High hepatic lipase activity may result in

increased risk of CHD in individuals who have high

concentration of LDL particles, which become small,

dense LDL upon the action of the enzyme. The

presence of high concentrations of small, dense LDL

may override the potential beneficial effect of having

high hepatic lipase on reverse cholesterol transport.

However, among individuals with low levels of LDL,

having high levels of hepatic lipase could be anti-

atherogenic, as reverse cholesterol transport and trigly-

cerides-rich lipoprotein remnant catabolism may be

enhanced. Conversely, low hepatic lipase activity could

be anti-atherogenic in individuals who have high LDL

by limiting the formation of large quantities of small,

dense LDL. However, low hepatic lipase may be

atherogenic among subjects with low LDL, as reverse

cholesterol transport is attenuated and triacylglycerol-

rich lipoprotein remnant catabolism may be impaired

[24]. Therefore, high or low hepatic lipase may be either

atherogenic or anti-atherogenic depending on the con-

centration of plasma LDL particles. We propose that the

concentration of small dense LDL is a primary

determinant of the atherogenicity of hepatic lipase.

Two common syndromes in which elevated hepatic

lipase is associated with increased numbers of small,

dense LDL particles are type 2 diabetes and familial

combined hyperlipidemia.

While the role of hepatic lipase in lipoprotein metabo-

lism is considered to be the major mechanism by which

it may affect the risk of CHD, recent evidence suggests

that the LIPC promoter variant and hepatic lipase

activity may also interfere with components of glucose

homeostasis. Pihlajamaki et al. [34] studied healthy

subjects and members of families with familial combined

hyperlipidemia in a Finnish population. They showed

that the LIPC –514T allele was associated with insulin

resistance and high triglyceride levels in both groups. In

support of this association between LIPC promoter

variants and glucose metabolism, Jansen and co-workers

[35] showed, in healthy young males from the European

Atherosclerosis Research Study (EARS-II), that interac-

tion of the LIPC T allele with common variants of the

apolipoprotein C-III gene (–482 C4T) results in

significantly increased glucose and insulin response

during oral glucose tolerance testing. Although little is

known about the physiological relevance of these

findings, the link between LIPC variants and glucose

homeostasis represents an exciting new area of future

research and may become a novel pathophysiological

mechanism linking hepatic lipase to CHD.

Recently, an exciting report provided evidence for a new

pathway by which hepatic lipase may modulate athero-

sclerosis. Gonzales-Navarro et al. [36..] suggested that

hepatic lipase might be directly implicated in the

development of the atherosclerotic lesion by showing

the presence and synthesis of hepatic lipase in mouse as

well as human macrophages. These findings raise the

possibility that hepatic lipase may be produced by

macrophages residing in the arterial lesion, thereby

promoting foam cell formation by facilitating lipoprotein

retention and modulating their atherogenicity in the

subendothelial space.

Hepatic lipase as a marker for carotid artery
disease and risk of cerebrovascular events
Among lipoprotein risk factors for coronary artery

disease, variations in plasma HDL cholesterol appear

to be the strongest predictors of extracranial athero-

sclerosis progression [37]. Moreover, Liu et al. [38.]

recently showed a potentially critical role for small,

dense LDL particles in the progression of carotid intima-

media thickness (IMT), a prelude to overt atherosclero-

sis [38 .]. The association between LDL size and carotid

IMT was independent of clinical, lipoprotein and

antioxidant variables in a multivariate analysis. It is

interesting to point out that both HDL cholesterol levels

and LDL size and density are strongly modulated by

hepatic lipase activity and LIPC promoter variants. Early

stages of the atherosclerotic process are difficult to

identify as the initial disease is asymptomatic. Carotid

IMT measured by high-resolution B-mode ultrasound

has been demonstrated to correlate well with pathologi-

cally and clinically defined atherosclerosis as well as with

an increased risk of myocardial infarction and ischemic

stroke [39]. The potential impact of the LIPC –514 C to

T polymorphism on carotid IMT was investigated by

Rundek et al. [40 .] in a multiethnic population. The

Figure 2. Atherogenicity of hepatic lipase activity varies with the
concentration of plasma LDL
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presence of the C allele was associated in a dose-

dependent manner with increasing carotid IMT, and the

CC genotype was associated with a 13% (P = 0.025)

higher IMT than other genotypes. This association was

independent of ethnicity and environmental exposures.

The CC genotype is associated with higher hepatic lipase

activity and prevalence of small, dense LDL particles,

which are highly susceptible to oxidation. An increased

oxidative stress may, at least partially, account for the

increased carotid IMT seen in carriers of the CC
genotype.

As carotid IMT is a good early marker of atherosclerosis

and risk of cerebrovascular ischemic events, the results

by Rundek et al. [40.] would suggest that patients with

the CC genotype and higher hepatic lipase activity might

be exposed later in life to a higher risk of cerebrovascular

ischemic events. The potential association between

LIPC –514 C to T polymorphism and unstable carotid

plaque is strongly supported by the results of a recent

study by Faggin et al. [41..]. The presence of unstable

plaque in the carotid arteries has recently been proposed

as a risk factor for ischemic stroke [42]. Faggin and co-

workers [41 ..] investigated the potential association

between LIPC C to T polymorphism and prevalence of

inflammatory cells in the carotid plaque of 68 patients

with severe carotid artery stenosis undergoing carotid

endarterectomy. In this population, a strong association

was observed between the CC genotype of the LIPC
promoter and features of the unstable atherosclerotic

plaque, namely an abundance of macrophages with

fewer smooth muscle cells (Figure 3). Interestingly,

carriers of the CC genotype had significantly smaller,

denser LDL particles. However, LDL and HDL

cholesterol, triglycerides, lipoprotein (a) [Lp(a)], systolic

and diastolic blood pressure, glucose levels, fibrinogen,

plasminogen and homocysteine were not associated with

different LIPC genotypes. Despite a similar CHD risk

profile (except for the presence of dense LDL), patients

with the CC genotype and the unstable carotid plaque

had a significantly higher incidence of cerebrovascular

ischemic events prior to carotid surgery than CT/TT
patients (P = 0.002). In a multiple regression analysis, the

LIPC polymorphism was a strong predictor of carotid

plaque composition and specifically of the abundance of

macrophages in the plaque: about 40% of the variance in

the number of macrophages in the plaque was accounted

for by the different LIPC genotypes (Figure 4). None of

the quantitative lipid variables [i.e. LDL and HDL

cholesterol, Lp(a), triacylgycerol] was associated with

carotid plaque composition, while a strong inverse

Figure 3. Cell composition of carotid atherosclerotic plaque and
hepatic gene promoter –514 C to T polymorphism
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Figure 4. Changes in the number of macrophages in the carotid plaque and CHD risk factors

The results of a multiple linear regression
analysis show the percent variance of changes in
the number of macrophages in the carotid
plaque accounted for by changes in each of the
variables sequentially added. SBP, systolic
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homocysteine; HDL-C; HDL cholesterol; DBP,
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disease. *P 50.001. Reproduced with
permission [41..].
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relationship was found between LDL buoyancy and

number of macrophages in the plaque (r =70.639,

P5 0.001). Although total HDL cholesterol was not

associated with the abundance of macrophages in the

plaque, a possible effect of HDL subpopulations,

specifically HDL2 particles, on plaque composition

cannot be ruled out, which may be clinically relevant

as the LIPC polymorphism affects also HDL2 cholesterol

levels.

There is clear preliminary evidence that higher hepatic

lipase activity, as seen in carriers of the LIPC CC
genotype, possibly by its association with small, dense

LDL particles and low HDL2 cholesterol, may signifi-

cantly affect both early and advanced stages of the

carotid atherosclerotic process. In addition, by affecting

plaque composition and stability, LIPC polymorphisms

significantly contribute to define the genetic suscept-

ibility to ischemic cerebrovascular events.

Genetic modulation of cardiovascular
disease response to lipid-lowering therapy:
relevance of hepatic lipase gene
polymorphisms
Treatment with hydroxyamethylglutaryl-coenzyme-A-

reductase inhibitors (statins) is associated with a

significant reduction in CHD mortality and in the

number of patients experiencing heart attacks or

ischemic strokes or undergoing a revascularization

procedure. However, a substantial number of patients

receiving lipid-lowering treatment for both primary and

secondary CHD prevention still experience either no

benefit or even CHD progression resulting eventually in

myocardial infarction and other cardiovascular events.

Both lipoprotein metabolism and atherogenesis are

modulated by genetic and environmental factors that

interact to determine individual responsiveness to lipid-

lowering intervention. Genetic polymorphisms that may

underlie the differences in response to lipid-lowering

therapy include those in genes encoding cholesteryl

ester transfer protein (CETP, TaqIB), stromelysin-1 (a

matrix metalloproteinase), beta-fibrinogen, apolipopro-

tein E4, angiotensin converting enzyme (ACE), lipopro-

tein lipase (LPL), and hepatic lipase (–514 C to T) [43 .].

The potential involvement of the LIPC polymorphism in

modulating response of CHD patients to therapy is

supported by a recently elucidated pathophysiological

pathway of CHD regression upon intensive lipid-low-

ering treatment [22]. Based on the available evidence, at

least part of the cardiovascular benefits observed in the

recent CHD lipid treatment prevention trials that are

unaccounted for by the decrease in LDL cholesterol,

might be explained by a pharmacological effect on LDL

size and density possibly mediated by changes in hepatic

lipase activity. In patients originally studied in the

Familial Atherosclerosis Treatment Study [44] with

premature coronary artery disease and elevated apolipo-

protein B levels, intensive lipid-lowering therapy was

associated with a significant decrease in hepatic lipase

activity, which was strongly associated (r =70.80,

P5 0.001) with increased LDL particle buoyancy.

Independently of variation in LDL cholesterol levels

and changes in other CHD risk variables, hepatic lipase-

mediated changes in LDL buoyancy were the strongest

predictors of CHD benefits in these patients, accounting

for 38% of the variance of changes in coronary disease

severity (P5 0.01) [22]. Evidence from these studies

suggests that regression of coronary atherosclerosis

results from at least two independent effects of lipid-

lowering therapy on lipoprotein metabolism: the well

known one leading to changes in LDL-C and apolipo-

protein B levels, and an independent pathway of hepatic

lipase-mediated improvements in LDL buoyancy (Fig-

ure 5). The presence of these two independent effects of

lipid-lowering therapy, on both LDL cholesterol and on

hepatic lipase activity and LDL size, was also observed

in males with familial hypercholesterolemia receiving

atorvastatin for 12 weeks [29].

The common LIPC –514 C to T polymorphism

significantly affects hepatic lipase activity, thereby

modulating a critical step of this recently highlighted

pathway leading to CHD improvement with lipid-

lowering therapy. A recent study [45.] by our group

showed that, in men with established CHD and

dyslipidemia, the LIPC –514 C to T polymorphism

significantly predicts coronary stenosis regression during

intensive lipid-lowering treatment. This association

appears to be mediated by the modulating effect of

the LIPC polymorphism on specific drug-induced

changes in the metabolism of both LDL and HDL.

The LIPC polymorphism has no significant impact on

the lipoprotein pathway leading to changes in LDL

cholesterol and apolipoprotein B levels (Figure 5).

Homozygous CC patients exhibited a greater decrease

in hepatic lipase activity and a greater increase in LDL

buoyancy and HDL2 cholesterol with lipid-lowering

therapy than both CT and TT carriers. Therefore,

patients with the CC genotype that started with small,

dense LDL, lower HDL2 cholesterol at baseline, in

addition to decreasing LDL cholesterol and apolipopro-

tein B concentrations (quantitative lipoprotein changes),

normalized their HDL2 cholesterol levels and LDL

buoyancy (qualitative lipoprotein changes) (Figure 5).

The combination of quantitative and qualitative lipo-

protein changes seen in the CC patients may account for

the significantly greater angiographic regression of

coronary stenosis (P5 0.001) seen in this group as

compared with CT and TT individuals (Figure 6).

Possible mechanisms accounting for the greater benefit

seen in carriers of the CC genotype include (1) a reduced
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atherogenicity of their LDLs that, by shifting toward

larger and more buoyant particles, decrease their

susceptibility to oxidative modification in the suben-

dothelial space, and (2) a normalization of their HDL2

cholesterol levels which may reflect a more efficient

reverse cholesterol transport, a key pathway to reduce

CHD risk and progression.

A significant modulation of the LIPC –514 C to T
polymorphism on changes in hepatic lipase activity

during lipid-lowering therapy was confirmed by a

recent study on normolipidemic and mildly hyperlipi-

demic men with CHD enrolled in the REGRESS trial

[46]. As in the Familial Atherosclerosis Treatment

Study, the greater decrease in hepatic lipase activity

was observed in carriers of the CC genotype with

triacylglycerol levels greater than 2 mmol/L. Although

LDL density was not measured in this study, both the

CC genotype and increased triacylglycerol levels are

commonly associated with the presence of small, dense

LDL particles. It would be interesting to analyze in

REGRESS if carriers of the CC genotype who

presented the greater decrease in hepatic lipase activity

also had a significantly better clinical outcome with

lipid-lowering therapy.

No data are currently available on the potential

modulating effect of the LIPC polymorphism on carotid

atherosclerosis response to lipid-lowering therapy, and

specifically on the potential LIPC modulation of the

effect of drug treatment on plaque composition and

plaque stability. Studies investigating this topic may bear

potentially critical information to improve current

cerebrovascular disease prevention strategies, particu-

larly in patients at high risk, whose lipoprotein abnorm-

alities are mainly qualitative (small, dense LDL and low

HDL2 cholesterol) rather than quantitative (high LDL

cholesterol).

LDL receptor activity

Intensive lipid-
lowering treatment

Hepatic lipase

apo B

Coronary stenosis
improvement

HDL2-C

LDL buoyancy
C allele

T allele

Hepatic lipase
LDL buoyancy

HDL2-C

X

LDL-C

VLDL production

Figure 5. Effect of intensive lipid-lowering treatment on lipoprotein metabolism

Impact on the pathophysiology of coronary artery
disease regression of the hepatic lipase gene,
LIPC, –514 C to T promoter polymorphism.
VLDL, very low density lipoprotein; LDL-C, LDL
cholesterol; Apo B, apolipoprotein B. Adapted
with permission [45.].

Figure 6. Change in coronary disease severity with intensive lipid-
lowering therapy
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Results in patients with different hepatic lipase gene (LIPC) genotypes
(–514 C to T polymorphism). w2 = 16.43; P50.001. Reproduced with
permission [45.].
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Conclusion
Although the role of hepatic lipase as an anti or pro-

atherogenic factor is still controversial, there is convin-

cing evidence that the enzyme plays a key role in

remnant lipoprotein catabolism as well as in remodeling

of LDL and HDL particles. The anti or pro-atherogenic

role is likely to be modulated by the concurrent presence

of other lipid abnormalities (i.e. increased LDL choles-

terol levels) as well as by the genetic regulation of other

enzymes involved in lipoprotein metabolism (i.e. phos-

pholipid transfer protein, cholesteryl ester transfer

protein and lipoprotein lipase). Twenty to 30% of the

individual variation of hepatic lipase activity itself is

accounted for by the presence of a common polymorph-

ism in the promoter region (–514 C to T) of LIPC. This

polymorphism, via its impact on hepatic lipase synthesis

and activity, appears to contribute to (1) individual

susceptibility to CHD; (2) carotid plaque composition

and individual susceptibility to cerebrovascular events;

and (3) response of CHD patients to lipid-lowering

therapy.

As regards the first point, conflicting evidence suggests

that the presence of the T allele (low hepatic lipase

activity) may carry a marginally increased risk of

atherosclerosis despite the presence of high HDL

cholesterol. This apparent discrepancy might be ac-

counted for by a defective reverse cholesterol transport

due to a decreased hepatic lipase-mediated HDL

catabolism. An impaired triacylglycerol-rich lipoprotein

remnant catabolism may also play a role. Secondly,

concerning carotid plaque composition and individual

susceptibility to cerebrovascular events, preliminary

evidence shows that hepatic lipase activity is associated

with carotid atherosclerosis at both early and advanced

stages. The presence of the CC genotype (higher hepatic

lipase activity) is associated with increased carotid IMT

and abundance of macrophages in the carotid plaque

(unstable plaque). These patients have a significantly

higher incidence of cerebrovascular events. Finally,

patients with higher hepatic lipase activity (CC geno-

type) and small, dense LDL particles, have the greatest

clinical benefit from intensive lipid-lowering therapy.

LIPC contribution to CHD response to therapy is

explained by its modulation of the pharmacological

effect on hepatic lipase activity and LDL density, both

crucial steps in stenosis regression.

Although larger, epidemiological studies are needed to

further support these data, the importance of the LIPC
promoter polymorphism as a genetic marker for both

coronary and carotid atherosclerosis, as well as CHD

response to therapy, is emphasized by the high

frequency of this polymorphism ranging from 20 to

47% depending upon the ethnic group studied. Screen-

ing for these variants in the LIPC promoter region will

contribute to a better characterization of individual risk

of coronary and cerebrovascular events, specifically in

patients with qualitative (small, atherogenic LDL and

low HDL2 cholesterol), rather than quantitative, lipid

abnormalities for whom the routine lipid profile may

underestimate the risk of coronary and cerebrovascular

disease. Characterization of patients by their LIPC
genotype may also contribute to identifying those who

will benefit most from lipid-lowering strategies, as well

as patients who appear to be resistant to CHD regression

and for whom a more aggressive LDL cholesterol-

targeted and overall risk-reducing approach might be

warranted.
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