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Abstract
Increased or decreased hepatic lipase (HL) activity has been associated with coronary artery
disease (CAD). This is consistent with the findings that gene variants that influence HL activity
were associated with increased CAD risk in some population studies but not in others. In this
review, we will explain the conditions that influence the effects of HL on CAD. Increased HL is
associated with smaller and denser LDL (sdLDL) and HDL (HDL3) particles, while decreased HL
is associated with larger and more buoyant LDL and HDL particles. The effect of HL activity on
CAD risk is dependent on the underlying lipoprotein phenotype or disorder. Central obesity with
hypertriglyceridemia (HTG) is associated with high HL activity that leads to the formation of
sdLDL that is proatherogenic. In the absence of HTG, where large buoyant cholesteryl ester-
enriched LDL is prominent, elevation of HL does not raise the risk for CAD. In HTG patients,
drug therapy that decreases HL activity selectively decreases sdLDL particles, an antiatherogenic
effect. Drug therapy that raises HDL2 cholesterol has not decreased the risk for CAD. In trials
where inhibition of cholesterol ester transfer protein (CETP) or HL occurs, the increase in HDL2
most likely is due to inhibition of catabolism of HDL2 and impairment of reverse cholesterol
transport (RCT). In patients with isolated hypercholesterolemia, but with normal triglyceride
levels and big-buoyant LDL particles, an increase in HL activity is beneficial; possibly because it
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increases RCT. Drugs that lower HL activity might decrease the risk for CAD only in
hypertriglyceridemic patients with sdLDL by selectively clearing sdLDL particles from plasma,
which would override the potentially pro-atherogenic effect on RCT.

Keywords
Hepatic lipase; small-dense LDL; coronary artery disease; GWAS; triglyceride; reverse
cholesterol transport

1. INTRODUCTION
Coronary artery disease (CAD) is a major cause of morbidity and mortality. Measures of
LDL and HDL have been linked to CAD, particularly premature CAD, around the world [1].
HDL plays an important role in reverse cholesterol transport for protection against
atherosclerosis. LDL and HDL levels as well as the size and density of these particles need
to be considered. The variation in LDL and HDL size and density reported with premature
CAD [2,3,4] seems to be related to proteins that remodel circulating lipoproteins, such as
lipoprotein lipase (LPL), hepatic lipase (HL), cholesteryl ester transfer protein (CETP),
phospholipid transfer protein (PLTP), apolipoprotein E (ApoE), endothelial lipase, and
apolipoprotein CIII. HL has been linked to atherosclerosis in many studies. In some studies
high HL activity was associated with increased atherosclerosis, in others, low HL was in
those with atherosclerosis. In most population-based studies no effect of HL on CAD was
noted at all. At best, the role of HL in atherosclerosis is controversial, possibly related to
how the various study subjects were chosen. We will review these data and provide new
data to suggest that the pro- or anti-atherogenicity of HL activity is dependent on the
background lipoprotein phenotype.

2. HEPATIC LIPASE BIOLOGY
The gene for HL is on chromosome 15q21 and consists of 9 exons. Common
polymorphisms in the HL promoter were shown to be associated with lower HL activity [5].
HL is a serine hydrolase with a catalytic triad with highest specificity for lipoprotein
triglyceride and phospholipid. HL is synthesized in the liver and functions as a homodimer
on the endothelial surface of the space of Disse [6]. At this site it is under regulation by
angiopoeitin-like protein 3 [7]. Like LPL, HL is released into plasma with intravenous
heparin. Post-heparin plasma is then incubated with a source of triglyceride in vitro and
lipolysis is measured. HL activity can be measured in postheparin plasma when LPL is
inactivated by an LPL-specific antibody. Postheparin plasma activity and mass are highly
correlated [8] (Figure 1), except in HL deficiency [9].

HL has effects on many sites in lipoprotein metabolism. HL acts as a factor in the complex
for hepatic recognition of lipoprotein remnants of chylomicron and VLDL particles. This
remnant recognition does not require catalytic activity in mice [10] or in humans [9]. In
mice, this remnant recognition seems to be the predominant role for the enzyme, while in
humans, remnant recognition is less important. In humans, HL activity plays an important
role in the remodeling of LDL and HDL particles. HL activity is inversely related to the
buoyancy and size of both LDL and HDL particles [11,12,13,14,15,16,17]. HDL2
cholesterol level is inversely related to HL activity in both healthy men and women (r=0.58)
[18]. HL and LPL activities have opposite effects on HDL cholesterol, phospholipid and
apoAI levels and are correlated to large and very large apoAI without apoAII HDL particles,
as determined by immunoaffinity column chromatography [19] (Table 1). ApoAI with
apoAII HDL particles do not seem to be affected by either LPL or HL, except for changes in
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phospholipid content. In the reverse cholesterol transport pathway, HL activity is involved
in the catabolism of HDL2 particles generated by pre-beta HDL, ABC AI and LPL,
combined with LCAT and PLTP [11,20,21] (Figure 2). Inhibition of HL activity or CETP
activity would be expected to impair this reverse cholesterol transport by reducing the
interaction of HL with hepatic SR B-1 receptors and the generation of smaller HDL and
lipid-poor apoAI for recirculation of the pathway, and might be pro-atherogenic. HL
facilitates the CETP-mediated uptake of cholesteryl ester via SR B-1 in humans [22]. This
interaction of HL and SR B-1 promotes the transfer of cholesteryl ester from the HDL
particle to the liver. In support of this is the family heterozygous for a mutation in SR B-1,
in whom the affected relatives have elevated HDL cholesterol levels [23]. Endothelial lipase
also contributes to this process [see review: [24]. Further, loss-of-function variants in EL are
associated with increased HDL [25]. Thus, human mutations in CETP, HL, and EL are
associated with increased HDL cholesterol. Similarly, LDL particles are large with very low
HL activity as seen in HL deficiency [9] and in other situations as discussed below. The
mechanism proposed for these effects is due an interaction between CETP and HL on LDL
and HDL particle size and density (Figure 3). CETP activity mediates the transfer of
triglyceride from triglyceride-rich particles in exchange for cholesteryl ester in LDL and
HDL particles. HL activity proceeds to hydrolyze the triglyceride in the triglyceride-rich
LDL and HDL leading to smaller and denser LDL and HDL. This process would be driven
by particularly triglyceride-rich LDL particles and by central obesity and insulin resistance
associated with high HL activity. While HL, along with CETP is important in HDL
catabolism, LPL plays and important role in delivering unesterified cholesterol derived from
the surface of triglyceride rich lipoproteins to smaller HDL particle via PLTP in the
development of HDL2 in the anabolic side of reverse cholesterol transport [7,19]. Genetic
variants in PLTP have decreased PLTP activity and mass and are associated with decrease in
HDL particle number and mass, decreased level of large HDL and increased level of small
HDL [26]. This is compatible with a decrease in the anabolic side of HDL-RCT [Figure 2].
The role of HL in the transfer of cholesteryl ester between HDL and LDL is less clear.

In HTG, the exchange of triglyceride in chylomicrons and VLDL for cholesteryl ester in
LDL and HDL [Figure 3] is exaggerated. The subsequent triglyceride-rich LDL and HDL
are then substrate for elevated HL which leads to a decrease in size and buoyancy of both
LDL and HDL particles, which results in formation of sdLDL particles, a decrease in HDL2
particles and increase in HDL3 particles. Some of these changes are potentially pro-
atherogenic. The generation of small-dense LDL is probably pro-atherogenic while the
decrease in HDL size and density probably reflects increased RCT, and reduced
atherogenicity.

3. CLINICAL STUDIES
3.1 HEPATIC LIPASE IN OBESITY AND HYPERTRIGLCERIDEMIA

Hypertriglyceridemia is commonly associated with premature coronary artery disease [27]
and ischemic stroke [28]. HTG individuals with premature CAD are often centrally obese
and are said to have high TG-waist (triglyceride-times-waist product) [29]. Most primary
HTG is due to a genetic disorder [30] and is often associated with central obesity. Familial
combined hyperlipidemia (FCHL), familial hypo-alpha-lipoproteinemia (FHA), and the
residual HTG seen in diabetic patients on glucose lowering agents (DM2) are genetic HTG
disorders with central obesity and premature CAD [31]. The familial forms of HTG with
central obesity usually have elevated HL activity [31]. Individuals with benign, monogenic,
familial hypertriglyceridemia (FHTG) do not have premature CAD [30]. In FHTG HDL
apoAI is normal, but HDL cholesterol is low, presumably due to replacement of cholesteryl
ester with triglyceride [32]. Even though LDL are small and dense in FHTG, apoB and the
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number of these LDL particles is low. All of the HTG disorders are associated with small-
dense LDL particles (Figure 4).

Central obesity is a risk factor for premature CAD [33]. One might think that elevated HL
activity would be associated with premature CAD, mediated by central obesity and the
effect of high HL activity to remodel lipoproteins. Indeed, many disorders associated with
premature CAD have elevated HL activity [31]. First, elevated HL activity is associated with
higher central body fat in obese men compared to lean men [29,34] and in obese women
compared to lean women [35,36]. Second, men have a higher prevalence of central obesity
than women and have higher HL activity [18] and CAD occurs 10 to 15 years earlier in men
than in women. Third, HL activity increases with menopause, is associated with increased
waist circumference and onset of premature CAD [37] (footnote 4). Finally, sedentary
lifestyle is associated with elevated HL activity, central obesity and premature CAD
[38,39,40,41,42,43,44,45].

[40] Weight loss following caloric restriction leads to a decrease in HL activity, an increase
in HDL2 cholesterol and an increase in LDL particle size [34]. Weight loss also increases
LPL activity in adipose tissue in men [46] and in women [47]. This increase in LPL may
lead to increases in the delivery of triglyceride-rich lipoprotein surface unesterified
cholesterol to HDL particles and increase reverse cholesterol transport, while the change in
HL may lead to further increases in HDL2 due to inhibition of reverse cholesterol transport.
Similarly, aerobic exercise selectively decreases central obesity, decreases premature CAD
risk factors and is associated with a decrease in HL activity and may increase LPL activity
[40]. Aerobic exercise is associated with decreased triglyceride and increased HDL2
cholesterol, in part due to changes in HL and LPL activity [32] and a change of sdLDL to
bigger, more buoyant LDL particles [48].

Decreases in HL activity played a role in the prevention of progression of premature CAD in
the Familial Atherosclerosis Treatment Study (FATS) of B.G. Brown et al. in the 1980s.
FATS was a study of combination drug lipid lowering therapy in middle-aged men with
documented premature CAD, a positive family history of premature CAD and elevated apoB
levels [49]. The subjects were evaluated with quantitative coronary angiography at baseline
and after 2 ½ years of combination drug therapy. Bile acid binding resin in combination with
niacin, or with lovastatin, resulted in less progression (and regression in some patients) of
coronary stenosis compared to the group treated with resin and/or diet alone. The clinically
positive change in stenosis was initially reported to be associated with a decrease in apoB
(or in LDL cholesterol) level and an increase in HDL2 cholesterol level [49]. Lipoprotein
heterogeneity was also studied with non-equilibrium density gradient untracentrifugation
(DGUC) (Figure 4), and HL activity was measured on and off the drug combinations [14].
The density (DGUC) of the peak LDL cholesterol fraction (relative flotation or Rf) was used
to evaluate the role of variation in LDL particle density with combination drug therapy and
the effects on coronary progression or regression. The change in the peak density of LDL
from a dense particle to a more buoyant particle predicted decreased coronary stenosis
progression (Figure 5). With multiple-regression analysis the change in LDL to a more
buoyant LDL particle displaced LDL and HDL2 as the major predictors of change in
coronary stenosis progression (Figure 6). Further, a decrease in HL activity was correlated
with the increase in LDL buoyancy (Figure 7), and could replace the change in density in the
statistical analysis of coronary stenosis. The decrease in HL activity was also associated
with an increase in HDL2 cholesterol levels which was not significant after adjusting for

Carr, MC and Brunzell, JD, Increased hepatic lipase activity and intra-abdominal fat across the transition from pre- to post-
menopause. Program of the 85th Annual Meeting of The Endocrine Society, Philadelphia, PA, 2003, p374 (Abstract P 2-280) Section
3.1.
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change in sdLDL and LDL cholesterol levels. [14]. In a second study of BG Brown et al.
[50], the HDL Atherosclerosis Treatment Study (HATS) in men and women with premature
CAD and low HDL cholesterol and elevated triglyceride, a similar change in LDL particles
was noted to be associated with change in coronary artery stenosis and CAD death. The
increase in HDL cholesterol again did not predict the change in coronary stenosis or in
cardiovascular events (Zambon A., unpublished data). The results of the FATS and HATS
studies above support the hypothesis derived from studies of the familial forms of HTG,
gender, menopause and central obesity that high HL activity is associated with more
premature CAD; and that reduction of HL activity improves outcomes, despite potentially
detrimental effects on RCT

3.2. HEPATIC LIPASE IN HYPERCHOLESTEROLEMIA
However, in contrast, several studies in patients with clinical coronary artery disease found
that low HL activity was associated with increased CAD [51,52]. This is the exact opposite
from what was predicted from the previous FATS and HATS studies noted above. Jansen et
al. reported that the hepatic lipase promoter polymorphism, which leads to decreased HL
activity, was significantly more common in patients with mild hypercholesterolemia and
clinical coronary disease than in control subjects [53]. Dugi et al. found coronary
calcification to be greater in patients who are heterozygous for familial
hypercholesterolemia who had low HL activity than those with higher HL activity [51].
Dugi et al. also found a weak inverse correlation between HL activity and extent of coronary
atherosclerosis in 190 men with abnormal coronary angiograms compared to 40 with normal
angiograms.

An extreme example of thr proatherogenic role of HL in the absence of elevated VLDL
triglyceride levels occurred in a patient with premature atherosclerosis and deficiency of HL
activity, but normal HL protein [9]. VLDL levels were presumably normal due to the
noncatalytic role of HL protein [10], but he had TG-rich LDL and HDL due to the loss of
HL activity [54].These large buoyant HDL particles are hypothesized to be due to the
absence of HL in RCT. Patients missing both HL activity and mass have accumulation of
remnants lipoproteins in addition to TG-rich LDL and HDL [9]. Both of these abnormalities
probably account for the premature CAD in HL deficiency.

3.3 HEPATIC LIPASE PROMOTER VARIATION IN POPULATION BASED STUDIES
Large prospective population-based studies have generally been unable to come to
conclusions as to the association between the rare HL promoter variant with lower HL
activity and CAD. Some have observed associations and others have not [55]. In over 9000
individuals in the Copenhagen City Heart Study followed for 28 years, the cumulative
incidence of ischemic cardiovascular disease was no different for CC, CT or TT genotypes
[56]. In two population-based studies (n= 5933) in Australia and one CAD case control
study (n=556) no evidence for HL genotype and coronary heart disease was found [57]. In
one prospective, population-based study (n=966), the HL promoter variant was found to
predict CHD [38]. Why this last study differed from the other studies is not clear. Most of
the effect in this study was in Hispanic individuals who have higher frequency of the rare
allele.

It is possible that the type of patients studied may make a difference in the association of the
HL promoter variant with atherogenicity. In a small study of CAD in 39 men, it was
suggested that high HL activity was anti-atherogenic in hypercholesterolemia, but pro-
atherogenic in HTG [15]. Jansen et al. expanded this observation to show that dense LDL
particles were associated with high HL activity and big LDL particles with low HL activity
[52,53]. Based on the combined findings [15,51,52,53]. Jansen et al. hypothesized that
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increased HL activity was pro-atherogenic in hypertriglyceridemic CAD patients and anti-
atherogenic in normo-triglyceridemic patients [13,58]. Thus, the atherogenicity of the HL
promoter variant was dependent on the type of underlying lipid abnormality [58]. This might
be due to reduced conversion of HDL2 and, therefore, reduced RCT in the absence of small-
dense LDL.

3.4 THE FAMILIAL ATHEROSCLEROSIS TREATMENT STUDY
To evaluate the relation of increases and decreases in HL with CAD in different lipoprotein
backgrounds the FATS study of B.G. Brown et al. was reevaluated to determine the
interaction of HL activity with the specific underlying familial dyslipidemia. The families of
the probands who had been selected for elevated apoB level and premature CAD were
divided into three distinct groups by three independent investigators [32]. The three distinct
genetic disorders were: heterozygous familial hypercholesterolemia (hFH), familial
combined hyperlipidemia (FCHL) and families with elevated Lp(a). All three disorders were
associated with elevated apoB levels. If the proband or his family members had tendonous
xanthomas, the family was diagnosed as hFH. If the proband had an Lp(a) level above the
95th percentile, this determined the diagnosis. In the remaining families with elevated apoB
levels variation in LDL cholesterol and triglyceride were seen, characteristic of FCHL. In
subjects with dense LDL particles [FCHL & Lp(a)] high HL activity was associated with
coronary stenosis, and the decrease in HL activity caused an increase in the buoyancy of the
dense LDL particles to those of bigger size, and predicted the regression or lack of
progression of coronary stenosis [14] (Figures 5 and 7). The changes in the two groups were
virtually identical even though the reason for the dense LDL particles was different.
However, Lp(a) particles also are generally smaller than LDL [59]. The probands from the
hFH families had a decrease in HL activity, but their large LDL particles at baseline did not
undergo the further enlargement as seen in FCHL and Lp(a). Although regression of
premature CAD was seen in FCHL and high Lp(a) patients, only a slowing of progression of
coronary stenosis occurred in the hFH patients [60].

These studies support the suggestion of Jansen and his collaborators [58] that the underlying
lipid disorder determines the atherogeneity of HL. It further suggests that the change in LDL
size and density to bigger, more buoyant LDL particles is anti-atherogenic. They also
suggest that the increase in HDL size and density via decreased HL activity may not be anti-
atherogenic. The increase in HDL size and density may reflect an accumulation of HDL2
because of a decrease in the catabolism of the HDL particles due to partial inhibition of
reverse cholesterol transport. It has been suggested the increased HDL cholesterol level seen
with the rarer HL promoter allele does not provide protection against LDL particle mediated
risk for premature CAD [56,61] even though the increase in HDL cholesterol was in HDL2.

4. DRUG EFFECTS ON HL AND HDL AND LDL PARTICLES
While the value of HDL cholesterol as a predictor of CAD risk is accepted, and occurs
across all LDL cholesterol levels [62], with meta-analysis the increases seen in HDL
cholesterol level with drug therapy have not been associated with decreased CAD in spite of
the concomitant increases in HDL cholesterol [63]. The CETP inhibitor, torcetrapid,
increased HDL cholesterol without a decrease in atherosclerosis [64]. It has been suggested
this lack of benefit was due to an increase in blood pressure with this specific drug. An
alternative reason for the failure of CETP inhibition to reduce CAD is inhibition of RCT that
would not be expected to be beneficial. The recent discontinuation by the NIH (NIH release
May 26, 2011) of the AIMHIGH study of addition of niacin to statin was due to no potential
benefit, in spite of the increase in HDL cholesterol. This result supports the idea that patients
with isolated low HDL cholesterol, niacin-induced increase in HDL had no benefit. In
AIMHIGH, patients with pre-existing atherosclerosis on statin therapy, were randomized to
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additional niacin therapy. At baseline entry into AIMHIGH, the mean LDL cholesterol was
71mg/dl, triglyceride was 161 mg/dl and the mean age was 64 years [65]. In absence of
other lipoprotein abnormalities, raising HDL cholesterol with niacin failed to prevent CAD.
Niacin acts at many sites in lipoprotein metabolism. Niacin may decrease hepatic TG-rich
lipoprotein secretion by decreasing post-prandial free fatty acid levels and by decreasing
hepatic diacylglycerol transferase (DGAT) levels [66,67,68]. Niacin, in combination with
colestipol [14] or alone [69] decreased sdLDL levels and increased HDL2 levels. The
changes in sdLDL and HDL2 are mediated by changes in HL activity. Finally, niacin
increased HDL cholesterol by increasing apoAI secretion [67,68] and by impairing HDL
catabolism [70], presumably, by decreasing HL activity.

GENOME WIDE ASSOCIATION STUDIES
5.1 Association of common gene variants with CAD

CAD is a complex multifactorial disease affected by dyslipidemia, hypertension, diabetes,
obesity and smoking. Genetic factors play an important role since it is estimated, based on
twin studies, that inheritance of CAD is 30-60% [71,72]. Massive genome-wide-association
studies (GWAS) and meta-analysis have been performed to identify common gene variants
that influence susceptibility to CAD. So far, about 28 loci have been have been identified
among Caucasians and African Americans [73,74,75,76,77,78,79,80]. Some of these loci are
also associated with risks for other diseases and traits. Among these loci associated with
CAD that are known to play a role in lipoprotein metabolism are: LDLR, SORT1 (sortilin1,
regulator of hepatic lipoprotein export), LIPA (Lysosomal acid lipase/cholesteryl ester
hydrolase), PCSK9 (protein convertase subtilisin/kexin type 9), LPA (lipoprotein (a)), Apo E
and the APOA1-C3-A4-A5 locus. Several other loci associated with CAD risk are located in
genes that do not influence traditional risk factors [78], suggesting the existence of other
novel pathways of CAD. Currently, about 13% of the total heritability of CAD has been
identified. GWAS results demonstrated risk ratios of only 1.1-1.8 per risk allele and account
for about 4% of interindividual variation in CAD risk. Therefore, many CAD genes are
currently undiscovered. Future studies using genome-wide and exome resequencing will
discover novel lower-frequency variants associated with CAD.

5.2 Association of common gene variants with circulating lipoproteins
GWAS identified variants of the following genes that are related to circulating lipoproteins
are associated with HDL-C levels: CETP, LPL, LIPC, LIPG (endothelial lipase), LCAT,
FADS 1-3 (fatty acid desaturases 1-3), PLTP (phospholipid transfer protein), and ABCA1
(ATP binding cassette transporter A1). Variants at the LDLR, ApoE, LPA, SORT1, APOB
are mainly associated with LDL-C levels. Variants in LIPC, LPL, APOA1-C3-A4-A5 loci are
mainly associated with triglyceride levels [81]. These results indicate that the risk for CAD
is partially associated with common variants in genes such as LDLR, SORT1 and APOA1-
C3-A4-A5, via the control of HDL and LDL particles that varies with the background lipid
phenotype. In order to increase the level of association with CAD, combinations of certain
lipid (such as triglycerides) lipoprotein (density and size) and central obesity phenotypes,
with single and combinatorial gene variants need to be performed. For example, a
synergistic role of CETP-LIPC gene variants in CAD risk was observed (van Acker et al,
2008). The CETP-B2B2-LIPC-TT double homozygote individuals, who had lower plasma
CETP and HL, had a higher risk for CAD, even though their HDL levels were increased.
This is consistent with the potential effect of these variants on lowering the rate of reverse
cholesterol transport.

In addition, less common single-base variants that cannot be captured by GWAS are in the
process of being determined by exome sequencing and genome-wide copy number
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variations (CNV) analysis. Recent genome-wide mapping studies have demonstrated the
existence of common CNV in the general population. Association of CNVs with lipoprotein
disorders and CAD risk is in progression. Variation in apolipoprotein (a) kringle IV repeat
number has already been shown to be associated with risk for coronary heart disease. In
addition, CNV analysis has revealed a number of additional causative mutations in the
LDLR gene in patients with familial hypercholesterolemia (Reviewed by [82]). Relatively
rare CNVs identified in the LPL, LIPC and LIPG genes were found to be associated with
loss of enzymatic activity [83]. No association between HL and CAD has been found by
GWAS. Association between LIPC promoter polymorphisms, which influence HL activity
levels, and CAD has been investigated. No conclusive results have been observed [55]. This
may be due to the variable risk for CAD due to either increasing or decreasing HL activity.
As discussed above, the variability in the impact of HL on CAD is significantly dependent
on the background lipoprotein phenotype.

5.3 Association of common gene variants with HDL and LDL-particle size
The size of lipoprotein particles is not homogeneous and plays a role in influencing the risk
for CAD. In a large-scale candidate gene association study, it was observed that association
of candidate gene loci with HDL particle size gave additional associations with LIPC, CETP
and PLTP (7), suggesting that HDL-C and particle size phenotypes are influenced by
independent pathways of cholesterol and triglyceride/phospholipid content. The use of
lipoprotein particle characteristic phenotypes in GWAS appears to provide higher sensitivity
for detecting associations.

Unfortunately, no GWAS has been used to identify gene variants associated with LDL
particle size, nor has a GWAS been performed in hypertriglyceridemic subjects with CAD.
However, we previously reported that polymorphisms at the LIPC promoter are associated
with LDL particle size [84]. The observation that variation in HL activity may increase or
decrease risk for CAD, depending on lipid phenotypic background, explains the lack of
association of common LIPC promoter variants with CAD observed in most GWAS. As
mentioned above, LIPC variants associated with higher levels of HL would increase the risk
of CAD in subjects with high triglyceride levels leading to increased prevalence of small-
dense LDL particles [85].

6. SUMMARY AND IMPLICATIONS
Hepatic lipase plays an important role in determining the size and density of LDL and HDL
particles. It has previously been suggested that the increase in both LDL and HDL size and
buoyancy, caused by lipid-lowering drug combinations which include niacin, is beneficial
[14], due to a decrease in HL activity. It is now suggested that the increase in LDL size and
density is atheroprotective due to decrease in the atherogenic sdLDL particles (Figure 8). On
the other hand the increase in HDL2 cholesterol and decrease in HDL3 cholesterol is
possibly proatherogenic, due to inhibition of reverse cholesterol transport. The result is an
increase in HDL2 particles, with a long residence time, which may be non-functional. In
non-dyslipidemic individuals and those with heterozygous familial hypercholesterolemia,
the LDL particles are large and no further increase in size can occur with lipid lowering
therapy. In this situation the positive effects to increase hepatic lipase activity and increase
reverse cholesterol transport would offset the lack of benefit in the LDL particle range. This
has major implications for the development of pharmaceutical agents designed to modify
hepatic lipase activity or function. A lower HL activity would be desired in
hypertriglyceridemic subjects with sdLDL particles. In contrast, an increase in hepatic lipase
activity in normo-triglyceridemic individuals may increase reverse cholesterol transport,
with paradoxically lower HDL cholesterol levels and a decrease in risk for premature CAD.

BRUNZELL et al. Page 8

Biochim Biophys Acta. Author manuscript; available in PMC 2013 March 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Residual risk for CAD persists after treatment for elevated LDL cholesterol. HDL
cholesterol has been sought as the treatment target for this residual CAD risk. Perhaps
persistent small, dense LDL particles seen with HTG might explain the lack of further
decrease in this residual CAD. HDL cholesterol levels may not always reflect the rate of
reverse cholesterol transport. An increase in HDL formation with increased HDL2 levels
may reflect an antiatherogenic state. In contrast, drugs that inhibit HDL catabolism, also
with increased HDL2, may be pro-atherogenic. Direct measures of reverse cholesterol
transport would more accurately reflect the function of the HDL pathway [24]. The Heart
Protection Study 2, Thrive, is a similar ongoing study with niacin and statin in Europe to be
completed in 2012. Results of this study will be of great interest.
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HIGHLIGHTS

1. In hypertriglyceridemia hepatic lipase hydrolyses LDL and HDL triglyceride
and phospholipid.

2. In hypertriglyceridemia hepatic lipase leads to smaller and denser LDL and
HDL particles.

3. In coronary disease small-dense LDL and decreased HDL2 are due to high
hepatic lipase activity.

4. Drugs that decrease hepatic lipase are anti-atherogenic due to clearance of
small-dense LDL.

5. With normal triglyceride levels and big-buoyant LDL, high hepatic lipase
causes increased RCT.
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Figure 1.
Hepatic lipase activity is highly correlated with hepatic lipase mass. The specific activity of
hepatic lipase protein (neq FFA per min per ng protein) appears to be constant. From [7],
with permission.
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Figure 2.
Pathway of formation and catabolism of HDL particles. ABC AI provides unesterified
cholesterol and phospholipid to AI-phospholipid containing prebeta HDL. In humans PLTP
may contribute up to 50% of the unesterified cholesterol and phospholipid for generation of
HDL particles. These lipids are transferred from the redundant surface of triglyceride-rich
lipoproteins following the action of LPL to decrease the core of these particles. LCAT
esterifies cholesterol to cholesteryl ester to develop HDL3 and then HDL2 particles.
Catabolism of HDL2 involves HL, CETP, SRB1 and an interaction with apoB containing
particles. Modified from [11].
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Figure 3.
CETP facilitates the exchange of triglyceride from triglyceride-rich particles with
cholesteryl ester in LDL and HDL. The transfer of triglyceride to LDL and HDL makes
them substrate for HL. Elevated plasma triglyceride levels and elevated HL activity enhance
this pathway. Modified from [31].
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Figure 4.
Density gradient ultracentrifugation pattern of cholesterol distribution for FCHL, hFH and
Lp(a). Note differences in LDL peak density.
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Figure 5.
The change in coronary stenosis during combination drug and placebo therapy in FATS is
related to the change in LDL peak buoyancy: an increase in LDL buoyancy is associated
with less coronary stenosis. Patients with FCHL and elevated Lp(a) treated with
combination therapy had and increase in buoyancy, while those with hFH did not. Includes
subjects treated with placebo. Modified from [14].
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Figure 6.
Stepwise multiple regression analysis indicates change in LDL buoyancy (or HL activity)
was the best predictor of decreased coronary stenosis in FATS. Change in LDL cholesterol
was next. The changes in HDL were not related to changes in stenosis. HL activity and LDL
buoyancy were highly collinear as were LDL cholesterol and apoB. Modified from [41].
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Figure 7.
Change in LDL peak buoyancy with drug and placebo in FATS was inversely related to
change in HL activity. Patients with FCHL and elevated Lp(a) changed LDL peak
buoyancy. Patients with hFH did not change LDL buoyancy even though HL lipase activity
changed. Modified from [14]. Includes subjects treated with placebo. Modified from [14].
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Figure 8.
Effect of drug therapy on hepatic lipase activity is constant across common familial from of
dyslipidemia. However, the responses to changes in HL activity are dependent on the
background lipid phenotype. In hypertriglyceridemic patients who have sdLDL and
decreased HDL2 particles, a decrease in HL activity is associated with an increase in the size
and buoyancy of LDL, with selective clearance of sdLDL. This would be expected to be
antiatherogenic. The concomitant increase in HDL2 might be proatherogenic. In patients
with normal triglyceride levels and bbLDL, a decrease in HL activity would have no effect
on LDL particles, while the increase in HLD2, probably due to decreased reverse cholesterol
transport, might be proatherogenic, leading overall to a proatherogenic state.
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Table 1

Relation of LPL and HL activity to HDL AI without AII particles in 28 men and women. LPL and HL activity
were measured in postheparin plasma. Plasma HDL AI particles were separated from AI with AII particles by
immunoaffinity column chromatography. HDL AI particles then were separated by size on gradient gel
electrophoresis. Correlation coefficients are with the AI only (without AII) particle. LPL and HL activity did
not correlate with the mass of the AI with AII particle. Modified from reference [16].

Lipases and HDL Al Subspecies

LPL HL

HDL Al r = +0.60 −0.56

Chol r = +0.62 −0.55

PL r = +0.58 −0.55

TG ns −0.53

Small HDL ns ns

Medium ns ns

Large r = +0.60 −0.56

Very Large r = +0.51 −0.48
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