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Abstract The aim of the present study was to characterize
the composition and metabolism of HDL in subjects with
complete hepatic lipase (HL) deficiency. Analyses were car-
ried out in three complete and three partial HL-deficient
subjects as well as in eight normotriglyceridemic (NTG)
and two hypertriglyceridemic controls. Complete HL defi-
ciency was associated with hypertriglyceridemia and with a
3.5-fold increase in HDL-triglyceride (TG) levels. The in
vivo kinetics of apolipoprotein A-I (apoA-I) and apoA-II
(d < 1.25 g/1) were studied in the fasted state using a
primed-constant infusion of L-(5,5,5-Dj)leucine for 12 h.
Complete HL deficiency was associated with a reduced frac-
tional catabolic rate of apoA-I in the HL-deficient female
proband (—47%) and in her two brothers (—21%) com-
pared with gender- and TG-matched controls. Total plasma
and HDL from complete HL-deficient patients were able
to mediate normal cholesterol efflux from human skin
fibroblasts labeled with [3H]cholesterol. Complete HL
deficiency was also associated with normal levels of pref3-
migrating apoA-I-containing HDL separated by two-dimen-
sional gel electrophoresis and with an accumulation of large
HDL particles compared with NTG controls.fili These re-
sults suggest that HL activity is important for adequate
HDL metabolism, although its presence may not be neces-
sary for normal HDL-mediated reverse cholesterol trans-
port.—Ruel, I. L., P. Couture, J. S. Cohn, A. Bensadoun, M.
Marcil, and B. Lamarche. Evidence that hepatic lipase defi-
ciency in humans is not associated with proatherogenic
changes in HDL composition and metabolism. J. Lipid Res.
2004. 45: 1528-1537.
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The inverse relationship between plasma levels of HDL
and the risk of coronary artery disease (CAD) has been
demonstrated in numerous epidemiological studies
(1-3). The cardioprotective effect of HDL has been attrib-
uted to, among other factors, its role in reverse choles-
terol transport (RCT), in which cholesterol is mobilized
from the periphery for the delivery and catabolism at the
liver (4). The sequential events of the RCT process consist
of the efflux of cellular cholesterol into lipid-free apolipo-
protein A-I (apoA-I), esterification of cholesterol within
HDL by LCAT, exchange of cholesteryl esters for triglycer-
ides (TGs) to apoB-containing lipoproteins by the choles-
teryl ester transfer protein (CETP), and removal of these
lipoproteins by the liver. The HDLs are also concurrently
remodeled through the action of hepatic lipase (HL), af-
ter which they may be taken up mainly by the liver (5).
The efficacy of this dynamic process as a whole, as well as
its individual steps (such as the rate of cholesterol flux
through HDL subspecies and the activity of enzymes,
transfer proteins, and receptors), thus defines the suscep-
tibility of an individual to atherosclerosis.

In the HDL remodeling step of the RCT pathway, HL
modulates the phospholipid and TG content of HDL par-
ticles and therefore contributes significantly to determin-
ing their lipid composition, density, size, and metabolic
fate (6). The importance of TG enrichment of HDL as an

Abbreviations: apoA-I, apolipoprotein A-I; CAD, coronary artery
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important process regulating its catabolism is now well
recognized (7). In the presence of active intravascular HL,
TG enrichment of HDL significantly enhances the frac-
tional catabolic rate (FCR) of HDL apoA-I, the major pro-
tein moiety of HDL (7). This enhanced clearance of HDL
apoA-l from the circulation is one of the mechanisms
thought to underlie the low HDL apoA-I and HDL choles-
terol levels in hypertriglyceridemic (HTG) subjects (8). It
has also been shown that TG-enriched HDL particles have
diminished interaction with cell surface receptors (9-11)
and reduced capacity to facilitate sterol balance (12),
thereby potentially altering several steps in RCT (13-16).

It has previously been shown that HL deficiency in hu-
mans is associated with hypercholesterolemia and hy-
pertriglyceridemia (17-20). One of the unique features
found in subjects with HL deficiency is a marked TG en-
richment of HDL particles, and despite having increased
HDLs-cholesterol levels, patients with HL deficiency have
often been shown to have premature atherosclerosis (17—
19, 21, 22). Thus, it can be hypothesized that the absence
of HL activity in vivo may significantly compromise the
capacity of HDL to play its role in the RCT process. How-
ever, the extent to which potentially disturbed HDL me-
tabolism may contribute to increased risk of CAD in HL-
deficient patients is unknown.

To better understand the pathophysiological properties
of HDL in HL deficiency, we characterized the in vivo ki-
netics of plasma apoA-I and apoA-II in three patients with
complete HL deficiency, three patients with partial HL
deficiency, nonaffected family members of the Québec-
based hepatic lipase deficiency (QHLD) kindred (23), as
well as control subjects with normal and increased TG lev-
els [normotriglyceridemic (NTG) and HTG control sub-
jects]. The capacity of total plasma and HDL particles to
efflux cellular cholesterol from normal skin fibroblasts,

and the characterization of apoA-I-containing HDL sub-
species by nondenaturing two-dimensional electrophore-
sis, were also examined.

METHODS

Subjects

HL-deficient patients from the QHLD kindred have been de-
scribed in detail elsewhere (23). Only middle-aged subjects from
the second generation of the QHLD kindred have been selected
to participate in the kinetic studies and have been included in
the present study. Briefly, the proband (subject 1-1) and her two
brothers (subjects 1-5 and 1-6) were arbitrarily referred to as pa-
tients with complete HL deficiency because they had extremely
low to undetectable HL activities with normal LPL activities. All
three subjects were compound heterozygotes for the A174T and
T383M mutations in the HL gene but were apoE3 homozygotes.
We also characterized three partial HL-deficient patients from
the QHLD kindred (subjects 1-2, 1-8, and 1-9; Table 1). They had
low but detectable HL activity compared with unaffected individ-
uals. The female control subjects were family members of the
QHLD kindred (subjects 1-3, 1-4, and 1-7), whereas the male
control subjects were recruited from the Lipid Clinic at the Clin-
ical Research Institute of Montreal and from the Lipid Research
Center in Quebéc. Control subjects were matched with complete
HL-deficient patients for gender, age, waist circuamference, and
body mass index. None of the subjects were using hypolipidemic
medications or were smokers at the time of evaluation. At the
time of experimentation, one compound heterozygous male
(subject 1-5) was being treated for primary hypothyroidism with
100 pg/day levothyroxine; his plasma thyroid-stimulating hor-
mone and free thyroxine levels remained within the normal lim-
its during the experiment. One control female was taking oral
contraceptives (Diane®-35; 2 mg of cyproterone acetate and
0.035 mg of ethinylestradiol). All participants gave their written
informed consent to participate in the study, which received ap-
proval from local ethics committees.

TABLE 1. Characteristics of partial and complete HL-deficient patients and control subjects

Body Mass Waist Plasma Plasma HL HL LPL
Subjects HL Mutations Age® Index? Girth®  Cholesterol® LDL-Cholesterol® TG Mass Activity Activity
years kg/m? com mmol/l mmol/l mmol/l ng/ml wmol/mi/h  wmol/mi/h
Males
Complete HLdef
1-5 A174T/T383M 37 30.5 107 7.7 3.7 4.53 20 0 2.57
1-6 Al174T/T383M 35 32.3 103 7.7 1.9 9.82 14 0.87 3.81
Mean = SD — 36 +1314*x13105x3 7.7+0.0 28+ 1.3 717374 17*t4 044 =*0.61 3.2=*=09
Partial HLdef
1-2 T383M 42 25.7 96 5.6 3.8 1.36 24 4.75 2.56
19 A174T 37 26.1 89 7.1 5.4 1.11 24 5.76 4.27
Mean = SD — 39*+3259*+03 925 63=*1.1 4.6 £ 1.2 123 £0.18 24 £0 52*0.7 34x12
HTG controls (N = 2)
Mean = SD — 39*+1259=*+03 — 6.1 £0.0 — 4.50 = 1.93 — — —
NTG controls (N = 5)
Mean = SD — 39*+4290*+49 99*+13 52=*0.9 3.3+0.8 1.58 = 0.76 416 =53 20.5 *4.6 5.1 =*21
Females
Complete HLdef
1-1 A174T/T383M 42 25.7 78 6.3 3.6 2.02 11 0.24 2.82
Partial HLdef
1-8 A174T 41 26.7 79 6.1 3.8 1.85 15 4.88 2.14
NTG controls (N = 3)
Mean = SD — 39+126.7+33 8 *+9 50=x1.1 3.3+09 1.12+0.36 122 =170 9.0 =43 3.1 *1.2

HL, hepatic lipase; HLdef, HL deficiency; HTG, hypertriglyceridemic; NTG, normotriglyceridemic; TG, triglyceride.

“Data previously published (23).
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Lipid and lipoprotein analyses

Fasted blood samples were drawn in tubes containing 0.15%
EDTA and plasma was isolated by centrifugation (1,500 gat 4°C,
15 min). VLDL, intermediate density lipoprotein/LDL, and total
HDL were separated using sequential ultracentrifugation and
precipitation methods, whereas HDLy and HDLjg subfractions
were isolated using dextran sulfate and magnesium chloride as
described previously (24). Lipid content of plasma and lipopro-
tein subfractions was determined by enzymatic methods with an
AutoAnalyzer RA-1000 (Technicon Instruments) according to
standardized procedures that have been described previously
(25). Plasma apoA-I and apoA-II levels were measured by neph-
elometry (Dade Behring). The A174T and T383M mutations
in the HL gene were detected as described previously (23). LPL
and HL activities were measured in subjects at the end of the ki-
netic protocol, in the fasted state, 10 min after an intravenous in-
jection of heparin (60 IU/kg body weight) (23). Lipase activities
were expressed as micromoles of free fatty acids released per mil-
liliter of plasma per hour. Plasma postheparin HL protein con-
centration was determined by ELISA (26). One-dimensional
nondenaturing 4-30% polyacrylamide gradient gel electro-
phoresis (1D-PAGGE) was used to determine the HDL particle
size (27).

Stable isotope infusion protocol

After a 12 h overnight fast, all subjects received a primed-con-
stant infusion of r-[5,5,5-Ds]leucine, as previously described
(28), to evaluate the kinetics of plasma apoA-I and apoA-II. Sub-
jects first received a bolus injection of 10 wmol/kg body weight
L-[5,5,5-Ds]leucine followed by a constant intravenous infusion
of 10 pmol/kg/h over a 12 h period in the fasting state. Subjects
remained in the fasting state throughout the kinetic protocol.
Blood samples (20 ml) were collected at baseline and at 15, 30,
and 45 min and 1, 1.5, 2, 2.5, 3, 4, 5, 6, 7, 8, 10, and 12 h.

Isolation of apoA-I and apoA-II and isotopic
enrichment determination

Total lipoproteins were isolated from plasma by ultracentrifu-
gation (d < 1.25 g/ml, 50,000 rpm, 48 h). Infranatant was dia-
lyzed overnight in a NaCl-Tris-EDTA buffer, incubated with cys-
teamine for 4 h at 37°C, and delipidated using acetone-ethanol
and diethylic ether. Plasma apoA-I and apoA-II were isolated by
preparative isoelectric focusing on 7.5% polyacrylamide-urea
(8 M) gels (4-7 pH gradient) as previously described (29). ApoA-I
and apoA-II bands were excised from gels, hydrolyzed in 6 N HCI
at 100°C for 24 h, and dried (29). The hydrolyzed amino acids
were isolated by Dowex AG-50W-X8 100 to 200 mesh cation-
exchange chromatography and derivatized with acetylchloride-
acidified 1-propanol and heptafluorobutyric anhydride. The iso-
topic enrichment was determined by selected ion monitoring of
derivatized samples at mass-to-charge ratios of 349 and 352 and
with the use of negative chemical ionization and methane as
the reagent gas. Tracer/tracee ratios (percentage) were derived
from isotopic ratios for each sample using the equation pro-
posed by Cobelli, Toffolo, and Foster (30). Plasma amino acids
were also separated by cation-exchange chromatography, deriva-
tized, and analyzed for the determination of plasma leucine iso-
topic enrichment.

Modeling

Tracer-to-tracee ratios of plasma apoA-I and apoA-II were fit-
ted to a monoexponential function using SAAM II computer
software (SAAM Institute). We assumed a constant enrichment
of the precursor pool and used the total plasma leucine enrich-
ment as the forcing function to drive the appearance of tracer
into apoA-I or apoA-II, but the use of the VLDL apoB-100 enrich-
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ment plateau yielded identical results (data not shown). The
plasma apoA-I or apoA-II production rate (milligrams per kilo-
gram of body weight per day) was calculated as [FCR (pools/
day) X apoA-l or apoA-II concentration (grams per liter) X
plasma volume (liters)]/body weight (kilograms) (29). ApoA-I
and apoA-II pool sizes were determined by multiplying the mea-
sured apolipoprotein concentration by plasma volume (4.5% of
body weight).

Cholesterol efflux studies

Cultures of normal human skin fibroblasts were established
from 3.0 mm punch biopsies of the forearm of healthy individ-
uals as described previously (31). We seeded 5 X 10* cells on
12-well plates. The efflux protocol for efflux studies has been
previously described (31). Briefly, cells were labeled with
[3H]cholesterol (0.2 wCi/ml; New England Nuclear-Dupont)
until confluence and then loaded with nonlipoprotein choles-
terol (20 pg/ml) for 24 h. Efflux studies were carried out in the
presence of 50 pg of apoA-I from the HDL fraction (d = 1.063—
1.21 g/ml) dialyzed in PBS per milliliter of culture medium (31)
or with total fasting plasma (20% of total volume of experiment)
isolated in tubes containing streptokinase (10 U/ml). Efflux was
determined for specified periods of time (3, 6, 12, and 24 h),
and an efflux period of 8 h was chosen for end point experi-
ments because preliminary data in several subjects indicated that
the efflux kinetic curve was linear up to 12 h. Efflux medium was
collected and aliquots were taken for radioactivity counting. Cell
layers were treated with 0.1 N NaOH before the determination of
radioactivity and protein concentrations. Each experiment was
performed in triplicate. Efflux was determined as the percentage
of total cholesterol in the medium (*H in medium divided by *H
in medium plus *H in cell lysate). The coefficient of variation for
the analysis was 4.6%.

Two-dimensional nondenaturing gradient
gel electrophoresis

Lipoproteins in fasted plasma were separated by two-dimen-
sional nondenaturing gradient gel electrophoresis using a modi-
fication of a procedure described previously (32). Briefly, plasma
samples (15 pl) with 5 pl of Tris buffer were separated in the first
dimension by 0.75% agarose gel (100V, 8 h, 4°C) and in the sec-
ond dimension by nondenaturing 3-24% PAGGE (1 h prerun at
70V, 12 h at 30 V, and 8 h at 80 V, 4°C). A high-molecular-mass
protein standard (71-170 A; Amersham Biosciences) was run as
a standard in the second dimension on each gel. The gel was
then transferred to a nitrocellulose membrane (30 V, 20 h, 4°C)
and immunoblotted with rabbit anti-human apoA-I antibody
(1:1,000; Calbiochem). ApoA-I was visualized by incubating the
membrane with horseradish peroxidase-conjugated anti-rabbit
antibody (1:10,000; Amersham Biosciences), followed by devel-
opment with enhanced chemiluminescence reagents (Perkin-
Elmer).

Statistical analyses

The Spearman rank test was used for univariate correlation anal-
yses, performed with the SAS software package (SAS Institute).

RESULTS

Plasma lipid and lipoprotein data

Characteristics of complete and partial HL-deficient
subjects, which have been previously published (23), as
well as those of control subjects who participated in the ki-
netic study are shown in Table 1. The three subjects re-
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HL mass (ng/ml)

ferred to as complete HL-deficient subjects (subjects 1-1,
1-5, and 1-6) had very low postheparin HL mass and lipo-
Iytic activities compared with control subjects. Their post-
heparin plasma LPL activities were within the normal
range. Data for male and female patients are presented
separately, because complete HL deficiency in males (un-
like the female proband) was associated with abdominal
obesity and hypertriglyceridemia. In addition to abdomi-
nal obesity, the two males with complete HL deficiency
had abnormal lipoprotein-lipid profiles compared with
NTG control subjects. They had marked increases in
plasma TG compared with NTG controls (+354%) and
cholesterol levels (+48%). Because the two complete HL-
deficient patients were HTG, we examined two healthy in-
dividuals with similarly increased plasma TG levels. These
HTG control subjects were characterized by reduced HDL
cholesterol (—46%) compared with the NTG control sub-
jects. Unlike her two brothers with complete HL defi-
ciency, the female proband had a more favorable lipopro-
tein-lipid profile associated with only minor increase of
plasma cholesterol and TG concentrations. Heterozygous
subjects for the A174T or T383M mutation in the HL
gene had reduced but detectable postheparin HL mass
and catalytic activity, which was associated with a lipopro-
tein-lipid profile relatively similar to that of the control
subjects in both males and females. The relation between
plasma postheparin HL protein concentration and activity
was studied in all subjects and is shown in Fig. 1. There
was a significant positive correlation between plasma HL
mass and HL activity (r = 0.89, P < 0.0001), with carriers
of the A174T and T383M combination presenting the low-
est HL mass and activity.

Table 2 presents the composition of total HDL in sub-
jects from the QHLD kindred and in control subjects. The
two complete HL-deficient males had normal HDL cho-
lesterol levels (1.18 = 0.32 vs. 1.25 = 0.30 mmol/1 in NTG
controls), despite their increased body mass index. The
major abnormality of HDL particles in those patients was

500 1
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Fig. 1. Correlation between plasma postheparin hepatic lipase
(HL) mass and HL activity. Postheparin plasma was obtained in the
fasted state 10 min after an intravenous injection of heparin (60
IU/kg body weight). r = Spearman’s rho.

a marked 4-fold enrichment in TG compared with NTG
control subjects. As shown in Table 3, the marked TG en-
richment of HDL particles in the two complete HL-defi-
cient males was mostly attributable to a 10-fold increase in
the TG content of HDL, particles and a more subtle 2-fold
increase in HDLs-TG levels compared with NTG controls.
The phospholipid content of total HDL in complete HL
deficiency did not differ from that of the NTG controls
(1.37 = 0.08 vs. 1.12 = 0.17 mmol/1). The female
proband was characterized by increased HDL cholesterol
levels (2.28 vs. 1.42 = 0.14 mmol/I) and had a 3-fold in-
crease in HDL-TG levels compared with her sex-matched
controls. Like her brothers, she was characterized by in-
creased HDLy-cholesterol, TG, and phospholipid levels, with
no change in the lipid composition of HDLs. One-dimen-
sional nondenaturing 4-30% PAGGE confirmed that the
three patients with severe HL deficiency had larger HDL
particles compared with NTG controls (106.7 = 2.3 vs.
83.2 = 0.7 A). The composition of total HDL as well as
HDL,/HDLg subfractions in partial HL-deficient subjects
was not significantly different from that in control subjects.

Plasma apoA-I and apoA-II kinetics

Analyses of deuterated plasma amino acids for all sub-
jects indicated that plasma leucine enrichments remained
constant throughout the course of the infusion (data not
shown). Table 4 presents the plasma apoA-I and apoA-II
pool sizes, FCRs, and production rates in various subjects.
No difference in the kinetic parameters of apoA-I was ob-
served in the two males with complete HL deficiency
compared with sex-matched NTG control subjects. The
two HTG control subjects were characterized by reduced
plasma apoA-I pool size (3,587 * 198 vs. 5,677 = 371 mg)
as well as a 30% increase in apoA-I catabolism compared
with the NTG control subjects. Complete HL deficiency in
males was associated with a 21% lower apoA-I FCR and an
increased apoA-I pool size (6,428 * 761 vs. 3,687 * 198
mg) compared with those of HTG control subjects.
Plasma apoA-II pool size was also increased in complete
HIL-deficient males compared with NTG controls (2,047 *
61 vs. 1,472 * 213 mg), mostly because of a nonsignificant
increase in the production of apoA-II (2.90 = 0.44 vs.
2.37 £ 0.64 mg/kg/day). Complete HL deficiency in the
female proband was associated with a 60% increase in
apoA-I pool size compared with her sex-matched controls,
mostly attributable to a reduction in the FCR of apoA-I
(—47%), with no apparent change in production rate. In
addition, we observed a 35% reduction in FCR of plasma
apoA-II in the complete HL-deficient female compared
with her sex-matched control subject. Partial HL defi-
ciency in males and females was also associated with re-
ductions in the FCR and production rate of apoA-I
(—27% and —21%, respectively) and apoA-II (—25% and
—20%, respectively), but these values were not signifi-
cantly different from those obtained in NTG controls.

Cholesterol efflux

The capacity of total plasma and HDL particles (d =
1.06-1.21 g/ml) to efflux cellular cholesterol was assessed
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TABLE 2. Characteristics of HDL in partial and complete HL-deficient patients and control subjects

HDL
Plasma Plasma HDL-TG/
Subjects Cholesterol® TG Phospholipids apoA-1 apoA-Il HDLapoA-I HDL Size
mmol/l g/l A
Males
Complete HLdef
1-5 1.41 0.69 1.43 1.50 0.45 0.49 106.6
1-6 0.96 1.01 1.31 1.44 0.49 0.74 109.1
Mean = SD 1.18 £ 0.32 0.85 = 0.23 1.37 = 0.08 1.47 = 0.04 0.47 +0.03 0.62 = 0.18 107.8 = 1.7
Partial HLdef
1-2 1.18 0.28 1.21 1.30 0.34 0.24 82.9
19 1.35 0.22 1.21 1.42 0.43 0.18 83.5
Mean = SD 1.26 = 0.12 0.25 = 0.04 1.21 = 0.00 1.36 = 0.08 0.38 = 0.06 0.21 = 0.04 83.2 0.4
HTG controls (N = 2)
Mean = SD 0.68 = 0.13 0.15 = 0.03 — 1.06 = 0.06 — — —
NTG controls (N = 5)
Mean = SD 1.25 £ 0.30 0.21 = 0.02 1.12 = 0.17 1.43 = 0.24 0.36 = 0.05 0.16 = 0.03 83.1 £ 0.9
Females
Complete HLdef
1-1 2.28 0.64 1.88 2.47 0.43 0.27 104.4
Partial HLL.def
1-8 1.51 0.34 1.46 1.73 0.39 0.23 83.8
NTG controls (N = 3)
Mean = SD 1.42 £ 0.14 0.23 = 0.01 1.20 = 0.16 1.43 £ 0.16 0.35 = 0.05 0.16 = 0.02 83.4 = 0.1

apoA-I, apolipoprotein A-I.
“Data previously published (23).

using normal human skin fibroblasts labeled with [®H]cho-
lesterol. Mean efflux values for NTG controls in each ex-
periment were arbitrarily set at 100%. Efflux for patients
was then expressed as a percentage relative to controls. In
both complete and partial HL-deficient male patients, to-
tal plasma and HDL-mediated cholesterol efflux was nor-
mal, with values ranging from 62% to 130% of cholesterol
efflux in controls (Fig. 2). The ability of plasma and HDL
particles to efflux cholesterol in complete and partial HL-
deficient females was also similar to that of sex-matched
control subjects (data not shown).

Two-dimensional nondenaturing gradient
gel electrophoresis

ApoA-I-containing HDL subpopulations of patients and
controls were compared after qualitative two-dimensional
gel electrophoresis of frozen plasma samples. Figure 3
shows the distribution of apoA-I-containing HDL subpop-
ulations for one male and one female patient with partial
HL deficiency, one male and one female patient with
complete HL deficiency, and two NTG control subjects of
each gender. A clear increase in large HDL (o) and a
concomitant decrease in smaller HDL (a3) was evident

TABLE 3. Characteristics of HDLy and HDL4 subfractions in partial and complete HL-deficient patients and
control subjects

HDL, HDL,
Subjects Cholesterol TG Phospholipids Cholesterol TG Phospholipids
mmol/l
Males
Complete HLdef
1-5 0.83 0.42 0.68 0.58 0.27 0.75
1-6 0.59 0.59 0.61 0.37 0.42 0.70
Mean = SD 071 £0.17 050=*0.12 0.64 *0.05 047=*0.15 034=*0.11 0.72 = 0.03
Partial HLdef
1-2 0.52 0.10 0.43 0.66 0.18 0.78
19 0.58 0.06 0.41 0.77 0.16 0.80
Mean = SD 0.55 +£0.04 0.08*0.03 042=*001 0.71*0.08 0.17=*0.01 0.79 = 0.01
NTG controls (N = 5)
Mean = SD 0.45*+0.15 0.05=*0.02 0.28*0.07 0.80=*0.19 0.16=*0.03 0.83=*0.16
Females
Complete HLdef
1-1 1.61 0.41 1.06 0.67 0.23 0.82
Partial HLdef
1-8 0.71 0.14 0.55 0.80 0.20 0.91
NTG controls (N = 3)
Mean * SD 0.58 £0.09 0.05*0.03 039*001 084*x0.15 0.18*0.03 0.81 *0.15

HDL subfractions were not isolated in HTG controls.
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TABLE 4. Kinetics of plasma apoA-I and apoA-II in partial and complete HL-deficient patients and control subjects

Plasma apoA-T

Plasma apoA-IT

Subjects Pool Size Fractional Catabolic Rate Production Rate Pool Size Fractional Catabolic Rate Production Rate
mg pools/day mg/kg/day mg pools/day mg/kg/day
Males
Complete HLdef
1-5 6,966 0.155 10.46 2090 0.128 2.59
1-6 5,890 0.205 13.31 2004 0.146 3.21
Mean = SD 6,428 = 761 0.180 = 0.035 11.88 = 2.01 2047 = 61 0.137 = 0.013 2.90 = 0.44
Partial HLdef
1-2 5,031 0.133 7.75 1316 0.117 1.80
19 4,997 0.149 9.54 1513 0.090 1.74
Mean = SD 5,014 = 24 0.141 = 0.011 8.64 + 1.27 1414 = 139 0.103 = 0.019 1.77 = 0.04
HTG controls (N = 2)
Mean * SD 3,587 = 198 0.227 + 0.083 11.00 * 4.62 — — —
NTG controls (N = 5)
Mean = SD 5,677 = 371 0.175 = 0.046 10.89 = 1.19 1472 = 213 0.144 = 0.035 2.37 + 0.64
Females
Complete HLdef
1-1 7,325 0.126 14.01 1275 0.110 2.13
Partial HLL.def
1-8 5,130 0.153 11.88 1157 0.137 2.40
NTG controls (N = 3)
Mean = SD 4,565 = 619 0.236 = 0.083 14.88 = 3.94 1125 + 289 0.169 = 0.033 2.61 = 0.39

in complete HL-deficient patients compared with sex-
matched NTG control subjects, whereas the distribution
of these subpopulations was unaltered in partial HL-defi-
cient patients. Levels of pre-migrating HDL-apoA-I were
normal in both partial and complete HIL-deficient pa-
tients.

DISCUSSION

The present study has documented the effect of com-
plete and partial HL deficiency on HDL composition and
metabolism. Patients with complete HL deficiency were
found to have large HDL particles that were markedly en-
riched in TG compared with control subjects. Results of
kinetic analyses showed that they had an accumulation of
plasma apoA-I mostly attributable to reduced apoA-I ca-
tabolism compared with TG-matched controls. ApoA-II
concentrations were also increased in complete HL defi-
ciency. We found that a- and prea-migrating HDL subfrac-
tions separated by two-dimensional gel electrophoresis
were shifted toward larger particles in complete HL defi-
ciency relative to control subjects, with apparently normal
levels of apoA-I-containing preB-HDL. No difference in
cholesterol efflux was observed for the HDL of patients
with complete HL deficiency and control subjects. Finally,
partial HL-deficient patients were found to have HDL pro-
files, compositions, and kinetics that were relatively simi-
lar to those of control subjects.

HL deficiency in humans is one of the rarest genetic ab-
normalities of lipoprotein metabolism. One of the most
consistent findings in the few patients who have been in-
vestigated is a marked TG enrichment of HDL particles
(17, 19, 21). Complete HL-deficient subjects from the
QHLD kindred displayed a similar phenotype. The TG

content of HDL has been shown to have a major impact
on the metabolism of HDL particles. In healthy humans,
TG-enriched HDL particles are associated with an en-
hanced catabolism of apoA-I (7). One of the mechanisms
underlying the increased FCR of TG-rich HDL apoA-I in
vivo could be an enhanced lipolytic modification of TG-
enriched HDL by HL (8). Recent studies in rabbits have
further demonstrated that TG enrichment of HDL, as
generally observed in HTG states and patients with HL de-
ficiency, resulted in an enhanced clearance of HDL in the
presence but not in the absence of HL activity (33). The
present study is the first to examine the impact of an ab-
sence of HL mass or activity on HDL clearance in hu-
mans, and our results are consistent with these concepts
because we found that in the absence of active HL,, TG en-
richment of HDL particles was not associated with an in-
creased catabolism of HDL particles. In fact, the three
complete HL-deficient patients from the QHLD kindred
were characterized by slower HDL clearance compared
with sex- and TG-matched controls. The TG enrichment
of HDL and the presence of an active HL. represent only
two elements regulating HDL catabolism in HTG states.
Other mechanisms involving, for example, cellular recep-
tors (34) and other intravascular lipolytic enzymes such as
endothelial lipase (EL) (35) may also play important roles
in modulating the metabolic fate of HDL. Although the
reduced apoA-I FCR was evident in the female proband
with complete HL deficiency, the absence of HL on apoA-I
FCR in the brothers of the proband was less apparent. It
must be kept in mind that these two HL-deficient patients
were abdominally obese and had marked hypertriglyceri-
demia. It is possible that other factors associated with
these states may have attenuated the impact of HL defi-
ciency in these patients. In contrast, the normal HDL
composition and metabolism in subjects with partial HL
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Fig. 2. Bar graph showing the total percentage of [*H]choles-
terol in medium after an incubation of total fasting plasma (20% of
total volume of experiment; top panel) or 50 pg of apolipoprotein
A-l (apoA-I) from HDL per milliliter of culture medium (bottom
panel) with [®*H]cholesterol-labeled normal skin fibroblasts during
8 h. The [?H]cholesterol efflux for each subject, which was derived
from experiments performed in triplicate, is relative to the mean
percentage of [*H]cholesterol efflux of the control subjects (N =
5) fixed at 100%. Subjects are designated 1-5, 1-6, etc. Error bars
correspond to the SD.

deficiency suggest that partial HL activity ensures an ade-
quate processing of HDL particles.

Individuals with complete HL deficiency, despite having
increased HDL cholesterol levels and large HDL particles,
two characteristics that are generally known to protect
against the development of atherosclerosis (36, 37), have
also been reported to be at increased risk for premature
CAD compared with subjects with normal HL activity (17—
20). To assess the extent to which the disturbed HDL com-
position and metabolism may have deleterious implica-
tions for the RCT in complete HL deficiency, we first
examined the in vitro capacity of HDL to remove choles-
terol from cells, which represents the first step in the RCT.
We used human skin fibroblasts that exhibited normal
ABCALI transporter. There is no clinical evidence suggest-
ing a genetic variation in the ABCA1 gene among subjects
of the present study or that ABCA1 function per se may be
perturbed as a result of the mutations in the HL gene,
other than the fact that HDLs have gross composition ab-
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normalities. Thus, using total plasma or isolated HDL par-
ticles, we found no difference in the capacity of HDL or
plasma from complete HL-deficient individuals to efflux
cholesterol relative to the NTG control subjects, suggest-
ing that complete HL deficiency does not compromise
the lipidation of lipid-poor apoA-I during the cholesterol
efflux process in vitro. The preferential acceptors of pe-
ripheral cellular cholesterol in plasma are pre3-HDL par-
ticles (38, 39). The efflux of cellular cholesterol through
the ABCAI transporter into lipid-free apoA-I promotes
the formation of pre3;-HDL particles. It must be stressed
that only the early steps of the RCT pathway were investi-
gated in this experiment and that it is still possible that
large HDLs found in complete HL-deficient patients may
be less effective in delivering cholesterol to the liver. How-
ever, because the early steps of the RCT pathway, such as
the formation of pref;-HDL particles, are believed to be
rate-limiting steps (40), we believe that increased circulat-
ing levels of pref;-HDL particles are good surrogates of
an enhanced RCT. The study of how various HDL sub-
classes contribute to promoting cholesterol efflux remains
a topic of interest that will have to be investigated in fu-
ture studies.

Previous studies have shown that lipidfree apoA-I,
which may become pre-HDL particles, are generated by
the remodeling of TG-enriched HDL after a sequence of
events involving the exchange of cholesteryl esters for TG
through the action of CETP, transfer of phospholipids
through the action of phospholipid transfer protein, and
hydrolysis of TG and phospholipid by HL (41, 42). To ex-
amine the impact of the absence of HL activity on the for-
mation of preB-HDL particles and consequently on RCT
in complete HL deficiency, we qualitatively characterized
the various apoA-I-containing HDL subfractions using
two-dimensional gel electrophoresis. The apparently nor-
mal levels of prepf-HDL indicated that the absence of HL
does not limit the processing of lipid-free apoA-I. Finally,
spherical as-HDL as well as larger ao- and a;-HDL parti-
cles were also observed in complete HL-deficient patients,
thus indicating, as one would expect, that esterification of
cholesterol was also normal in the absence of HL activity.
Based on these results, we suggest that, despite the re-
duced HDL catabolism and pronounced TG enrichment
of HDL particles, the absence of lipolytically active HL has
no or very little impact on the early steps of the overall
RCT in patients with HL deficiency.

HIL-mediated lipolysis accounts for a significant amount
of the effect of HL on HDL metabolism. However, HL
may also serve as a ligand that mediates the interactions of
lipoproteins with cell surface proteoglycans and recep-
tors, facilitating the uptake of lipoprotein (43). It has
been shown in knockout mice expressing catalytically in-
active HL that even in the absence of lipolysis, HL was still
associated with reduced circulating plasma levels of HDL
(44). In the present study, HL activity correlated strongly
with HL mass concentrations. Carriers of the A174T and
T383M mutations in the HL gene, characterized by very
low to undetectable postheparin HL activity, presented
with very low amounts of HL protein compared with
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Fig. 3. Two-dimensional gel electrophoresis of apoA-I-containing lipoproteins from plasma of control and HL-deficient subjects. The first
dimension consists of agarose gel electrophoresis of plasma lipoproteins, and the second dimension involves a nondenaturing polyacryl-
amide (3-24%) gradient gel. Lipoproteins containing apoA-I were detected after electrotransfer to nitrocellulose membranes with a poly-
clonal anti-human apoA-I antibody followed by horseradish peroxidase-conjugated anti-rabbit antibody and enhanced chemiluminescence
treatment. For practical purposes, pre3; and prey subpopulations, as well as a and prea particles, were identified in the female proband.

The sizes of the molecular standards are shown at right in angstroms.

control subjects. Heterozygous carriers of the A174T or
T383M mutation were also characterized by low HL mass.
In vitro studies demonstrated that the T383M mutation in
the HL gene results in an 80% reduction of HL secretion
compared with the wild-type protein (45), and the present
results suggest that the A174T mutation may also im-
pair the enzyme secretion. We therefore conclude that
the HDL phenotype attributed to HL deficiency in the
present study could not have been modulated by the pres-
ence of significant amounts of catalytically inactive HL.
Recent studies have suggested that EL, a recently discov-
ered member of the lipase family, may play a central role
in HDL metabolism (35). Patients with HL deficiency had
normal HDL phospholipid levels compared with controls.
EL acts predominantly as a phospholipase (46), and we
have no reason to expect that EL activity was disturbed in
our patients. The extent to which EL may contribute to
the normalization of the RCT in complete HL deficiency
remains to be determined.

Recently, it was reported that patients with CAD are
characterized by lower levels of large o;- and prea;_s-
mobility apoA-I-containing HDL subfractions and higher
as-HDL concentrations compared with control individuals
(47). In the present study, complete HL-deficient patients
from the QHLD kindred were qualitatively characterized
as having large o;-HDL and fewer o3-HDL particles by
two-dimensional gel electrophoresis. These findings were

further supported by quantitative analyses of HDL particle
size by 1D-PAGGE, which demonstrated that patients with
complete HL deficiency, even in the presence of marked
hypertriglyceridemia in males, were characterized by a
significantly increased HDL particle size compared with
NTG controls. As previously indicated (23), there is a his-
tory of premature CAD in the QHLD kindred, but the
three patients with complete HL deficiency were aged 44,
38, and 36 years at the time of this study, were perfectly
healthy, and had no signs of premature CAD. It is recog-
nized that complete HL deficiency has been associated
with profound disturbances in apoB-containing lipopro-
tein metabolism, with marked accumulations of small,
partially catabolized TG-rich lipoprotein remnants (48).
Because the accumulation of these atherogenic remnant
particles may be associated with an accelerated devel-
opment of premature atherosclerosis (49), we suggest
that the altered apoB-containing lipoprotein metabolism,
rather than apparent disturbances in HDL metabolism, is
more likely to be responsible for the presence of prema-
ture atherosclerosis previously associated with human HL
deficiency. Moreover, there are properties and functions
of HDL other than RCT that are well documented in vitro
and that are known to be potentially antiatherogenic. For
example, HDLs have anti-inflammatory (50), antioxidant
(51), and antithrombotic (52) functions. The extent to
which these properties were altered in complete HL-defi-
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cient patients from the QHLD kindred remains to be es-
tablished.

In summary, we have shown that complete HL defi-
ciency in the QHLD kindred was associated with HDL par-
ticles of abnormal composition, which have apparently re-
duced plasma catabolism but which are still effective in
promoting the removal of cholesterol from cells. We ob-
served that partial HL activity was sufficient to ensure a
normal metabolism of HDL. Our data indicate that lack of
HL mass or activity in humans does not affect the ability of
HDL to mediate the early steps of the RCT process,
thereby potentially counteracting the impact that accumu-
lating levels of remnants may have on CAD risk in these
patients. il
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