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Altered properties of high density lipoprotein
subfractions in obese subjects
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Abstract Human HDL are heterogeneous in their metabo-
lism and comprise small, nascent pre-B-HDL and more ma-
ture o-HDL. Evidence exists that pre-B-HDL is the initial ac-
ceptor of cellular free cholesterol, which then transfers
sequentially to other pre species and then, after esterifica-
tion, into o-HDL. As HDL particles are themselves trans-
formed during this process, we postulated that in disorders in
which HDL-cholesterol is low, such as obesity, the distribution
of HDL particles may be disturbed. In this study, we analyzed
the HDL profile in 23 obese and 18 lean subjects, and further
investigated the effects of dietary change in 15 obese subjects.
HDL were separated by two-dimensional nondenaturing elec-
trophoresis and the apoA-I content in each fraction was quan-
tified. o,-HDL in obese subjects was significantly lower (P <
0.001) and o, ds-, and pre-B;-HDL were significantly higher
(P < 0.05 for o-HDL, P < 0.001 for o and pre-f;-HDL) than
in lean subjects. On stepwise regression analysis, body mass
index accounted for 52% (negatively) of the variance in ;-
HDL and for 16% and 33% (positively) for the variances in
o and pre-f-HDL, respectively. o and pre-f;-HDL in-
creased significantly after low-fat, oleic acid-rich, or o-lino-
lenic acid-rich diets.B The profile of o-HDL particles and
also of pre-B-HDL particles therefore shifted to smaller spe-
cies in obese subjects, and this was influenced by dietary fat.
Increased pre-B-HDL-apoA-l in obese subjects is likely to de-
rive from increased HDL catabolism but may also reflect di-
minished transformation of pre-fi- to pre-B;-HDL which
might reduce capacity for reverse cholesterol transport and
partly explain lower HDL-cholesterol levels.—Sasahara, T., T.
Yamashita, D. Sviridov, N. Fidge, and P. Nestel. Altered prop-
erties of high density lipoprotein subfractions in obese sub-
jects. J. Lipid Res. 1997. 38: 600-611.
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It is generally accepted that high density lipoprotein
(HDL) is largely responsible for the initial phase of a
complex process whereby cellular cholesterol is trans-
ported from extrahepatic sites to the liver for partial
excretion (1). HDL comprises several populations of
particles characterized by its major apolipoproteins
(apo) A-l and A-IL. Further subfractionation by electro-
phoresis of apoA-I-containing HDL defines two meta-
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bolically interrelated species, the pref- and o-HDL.
The identification of the specific HDL subclass that
might be the primary cholesterol acceptor, and the
mechanism(s) responsible for regulating cellular cho-
lesterol release, have been only partially answered
(2-6).

Several studies have postulated a specific metabolic
role for the pre-B-HDL subfractions. Hara and Yoko-
yama (7) have proposed that free apolipoproteins (A,
AL, and E) react with cellular cholesterol and phos-
pholipid to generate small, disc-shaped pre-B-HDIL-like
particles. These lipoprotein species had previously been
demonstrated to be the initial recipients of effluxed
cholesterol in short-term incubations of donor cells
with human plasma (2, 4). Kawano et al. (8) demon-
strated the presence of two distinct pathways of choles-
terol efflux: one is directly proportional to plasma pre-
B-HDL concentration and may involve a cell-surface
protein and the other is a “‘nonspecific’ efflux process
which is protease insensitive. Kinetic and pulse-chase in-
vestigations from the laboratories of Castro and Fiel-
ding (2), Francone, Gurakar, and Fielding (3), and
Huang, von Eckardstein, and Assmann (5), using
fibroblasts radiolabeled with cholesterol and fresh hu-
man plasma, suggested that cell-derived cholesterol
moved along a pathway involving three different pre-3-
HDL subclasses. The initial cholesterol acceptor, pre-
Bi-HDL, transferred its cholesterol, either by a transfer
process or particle fusion, to a larger pre-3,-HDL, then
sequentially to pre-f;-HDL, and finally to the o-HDL

Abbreviations: HDL, high density lipoprotein; LDL, low density li-
poprotein; BMI, body mass index; CETP, cholesteryl ester transfer
protein; LCAT, lecithin:cholesterol acyltransferase; HTGL., hepatic
triglyceride lipase; LpAl, apolipoprotein A-I-containing lipoprotein;
ALA, o-linolenic acid; MUFA, monounsaturated fatty acid; PUFA,
polyunsaturated fatty acid; EDTA, ethylene-diaminetetraacetic acid;
apo, apolipoprotein.
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subspecies. Sviridov and Fidge (9) have confirmed the
importance of pre-B;-HDL as the earliest acceptor and
have found that over time, the effluxed cholesterol be-
comes distributed among pre-B- and «-HDL in propor-
tion to the amounts of apoA-l in these particles. This
subsequent redistribution is mediated through the es-
terification of free cholesterol by lecithin:cholesterol
acyltransferase (LCAT) and the transfer of cholesteryl
esters to other lipoproteins by cholesteryl ester transfer
protein (CETP) (10). Thus, not only the concentrations
of apoA-I-containing HDL (11, 12) but also the activities
of LCAT (13, 14) and CETP (13) and the lipoproteins
with which they react combine to affect cholesterol ef-
flux and thus presumably the generation of pre-3-HDL.

Each of these factors is, therefore, likely to determine
the amounts of the HDL species in plasma and the
amounts of cholesterol that they carry. At present, there
is substantial information reported on the ultracentrifu-
gally separated o-HDL species, HDL, and HDL;, but
such data are scarce for the pre--HDL particles. Thus,
it is well known that HDL,, especially the more choles-
terolrich subspecies HDL,;, is lower in men than in
women (15), and in disorders such as obesity (16, 17)
and dyslipidemia with coronary artery disease (18-20).
By contrast, only Ishida, Frolich, and Fielding (21) have
specifically reported on pre-$-HDL levels in hyperlipid-
emic subjects, finding the average concentration to be
above average.

We chose to quantify the distribution of apoA-l
among HDL subfractions in obese men and women
with several characteristics of the metabolic (insulin-
resistance) syndrome in which HDL-cholesterol levels
are generally less than normal. Further, we report mea-
surement after dietary changes during which either
oleic or o-linolenic acid was substituted for saturated
fatty acids, the rationale being the observation by others
(22) that increasing the fluidity of discoidal reconstitu-
ted HDL phospholipid by raising the content of unsatu-
rated acyl chains promoted cholesterol efflux from
cells.

MATERIALS AND METHODS

Subjects

Twenty-three middle-aged obese subjects, 15 men
and 8 post-menopausal women, were recruited through
advertisement. Inclusion criteria were body mass index
(BMI) 25-36 kg/m? age 45-65 years, absence of
known metabolic disorders other than those resulting
from obesity but excluding diabetes, pharmaco-therapy
that might affect lipid metabolism, smoking, and alco-
hol >20 g/day.

Relevant vital data are shown in Table 1. Men and
women were of similar age. The men were taller and
heavier as expected but had average BMI similar to that
of the women.

Healihy lean subjects (BMI <25 kg/ m?), 10 men and
8 post-menopausal women, were selected from other
volunteers. Their lipid profiles were normal and they
were not on medication known to affect plasma lipids
(including hormone replacement therapy). Their gen-
der and age distributions were similar to those of the
obese subjects.

Dietary intervention

Fifteen obese subjects, 8 men and 7 post-menopausal
women, ate in turn four diets of 4 weeks each: high satu-
rated fat diet, oleic acid low-fat diet (MUFA diet), o-
linolenic acid (ALA) low-fat diet (PUFA diet), and
again, the high saturated fat diet. As one dietary period
(linseed oil) was high in ALLA and as the carry-over ef-
fects of long-chain n-3 fatty acids extend over many
weeks for some biological functions (23), we chose
MUFA diet for the first test period. However, there was
no significant carry-over effect after 4 weeks saturated
fat diet period (data not shown).

The probable account of nutrients eaten during the
four periods is shown in Table 2 (derived from daily
diaries of consumed foods and from regular periods
when foods were weighed). Fat intake during the two
high saturated fat periods was 35% of energy (high fat),
about the Australian average, as were the proportions of
saturated, polyunsaturated (mainly linoleic acid), and
monounsaturated fatty acids. During the two low-fat in-
tervention periods, fat intake fell to 26% energy and
dietary cholesterol more modestly to about 210 mg
daily. Supplemental foods were provided during the test
periods, comprising soft margarine and biscuits and
muffins baked with the margarine. Purified deodorized
linseed oil was the basic oil in the PUFA period (percent
fatty acid composition of the margarine: palmitic 8.7,
stearic 3.7, oleic 15, linoleic 10.5, o-linolenic 36.7, and
trans 7.4). ALA provided 9.5% energy in the whole diet.
Sunola oil, an oleic acid-rich variant of sunflower oil,
provided the basic oil for the other test period (MUFA)
(percent fatty acid composition of the margarine: pal-
mitic 9.2, stearic 4.4, oleic 52, linoleic 11, o-linolenic
0.3 and #rans 4.6). Oleic acid provided 13.3% of the
whole diet. &-Tocopherol was added to equalize its con-
centration in both margarines and to provide antioxi-
dant to the linseed products (final o-tocopherol was 463
mg/kg in both margarines).

Blood was obtained on 2 consecutive days at the end
of all dietary periods for determination of fasting state
lipids.

The subjects maintained their normal activities and
were encouraged to exercise constantly and similarly
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TABLE 1. Clinical characteristics and plasma parameters in control and obese subjects

Age Height Weight BMI Cholestero! Triglyceride  HDIL-C LDL-C ApoA-]
yr cm kg kg/m? mmol/I. mmol/L mg/dl
Male
Control (n = 10) 54,1 £ 883 178753 7565+ 41 23718 5010 1.0*+03 1202 35 =10 1250 = 14.1
Obese (n = 15) 540 + 7.8 1749 * 5.1° 942 + 9.1¢ 309 35455+ 1.0 1.8 1.0 1.0 = 0.2 42 = 0.9 1155 = 14.0
Obese (diet study)
High saturated (n = 8) 54.5 £ 57 1757 = 38 968 =83 314*+29 54*10 21*10 09=*02 40x1.01139=*175
MUFA (n = 8) 95.0 + 94 308 =31 4709 18=*=0.7 09 £0.2 3.4 08 103.5 = 14.1
PUFA (n = 8) 958 96 31.0*32 49*+07 1809 1.0x:03 36 0.7 994 = 5.1
Female
Jontrol (n = 8) 52,9 * 3.4 1629 + 10.9° 59.0 * 6.3" 223 *15 55*1.2 1.2*04 1.7+ 0.3" 36 * 1.1 1382 = 11.5*
Obese (n = 8) 52.0 = 7.1 163.2 + 9.3" 77.0 £ 6.8" 30.0 £ 25452+ 0.7 1.9 *22 1.2+ 0.3" 3.7 + 0.8 1275 = 165
Obese (diet study)
High saturated (n = 7) 53.0 £ 7.0 1622 + 95" 772 + 74" 294+ 24 52+ 08 20+ 23 1.2+ 03" 36 * 0.8 1254 + 16,6
MUFA (n = 7) 772 74" 29424 5007 15*11 1.2 =03 34 %06 121.8 + 19.8
PUFA (n = 7) 772 £ 81" 29427 50+07 1.7*13 1.2 * 0.3 385+ 0.7 1157 + 13.6
Total
Control (n = 18) 536 £ 6.2 1722 = 11.8 682+ 98 229 *+18 52+ 11 L1*x03 1403 36 1.0 1309 = 143
Obese (n = 23) 53.3 = 74 1708 = 87 882 *11.77302+33 5409 1915 1.0=x 0.3 4.0 * 0.9 119.7 = 15.7°
Obese (diet study)
High saturated (n = 15) 53.8 = 6.1 169.4 = 9.7 876 = 126 304 +28 53+09 21*17 1.1 03 38=*09 1192 =175
MUFA (n = 15) 86.7 + 12.3 30.1 =28 48 08 1.7*x09 1.0+ 03 3.4 x 0.7 112.0 = 18.9/
PUFA (n = 15) 871 129 303*+30 49+07 1809 1.0+ 0.3 3.6 0.7 107.0 = 12,7

High saturated, high saturated fat diet; MUFA, monounsaturated fatty acid-rich low-fat diet; PUFA, polyunsaturated fatty acid (o-linolenic,
n-3 + linoleic, n—6, acids)-rich low-fat diet; BMI, body mass index; HDL-C, high density lipoprotein-cholesterol; LDL-C, low density lipoprotein-

cholesterol; apoA-l, apolipoprotein A-l. Values are mean * SD.
“P < 0.05, *P < (.01 versus male subjects (unpaired ttest).

P < 0.05, ‘P < 0.01, ‘P < 0.001 versus control subject (unpaired ttest).
/P < 0.05 versus baseline of obese subjects. (ANOVA and pairwise multiple comparison procedure (Student-Newman-Keuls method)).

during each period. Supervision was maintained by at
least two weekly visits to the unit, supplemented by fre-
quent telephone calls and occasional home spot-checks.

Food records were analyzed by a program based on
English food tables supplemented with relevant Austra-
lian food data (24).

Blood sampling

Blood samples were taken after the subjects had
fasted overnight and were immediately placed on ice.
Ethylene-diaminetetraacetic acid (EDTA) was used as

the anticoagulant at a final concentration of 1.0 mg/
ml blood. Plasma samples were obtained by centrifuga-
tion at 4°C (2000 g, 15 min) and frozen at —80°C. Freez-
ing and thawing of plasma did not affect the distribu-
tion of apoA-I-containing lipoprotein subclasses. Frozen
plasma was thawed at 37°C for about 1 min and used
immediately in the two-dimensional electrophoresis.

Two-dimensional nondenaturing electrophoresis

The distribution of apoA-I in HDL subfractions was
determined by two-dimensional nondenaturing electro-

TABLE 2. Calculated dietary intakes obtained from food records

Saturated MUFA PUFA Saturated

Fat Diet Low-Fat Dict Low-Fat Diet Fat Diet
Energy (kcal) 2605 = 496 2588 + 426 2732 * 533 2496 * 493
Fat* (% energy) 359 £ 94 26.3 + 4.2 26.4 + 4.2 347 + 6.8
CHO* (% energy) 452 £ 8.5 579 = 50 584 *+ 4.5 46.6 *+ 6.7
Protein® (% energy) 17.2 * 3.4 15.0 £ 2.3 142 * 2.4 18.0 = 3.0
SFA“ (% total fat) 50.7 * 4.4 258 + 2.7 23.4 + 2.1 46.9 + 7.3
MUFA* (% total fat) 35.3 £ 3.0 58.1 £ 1.8 275 * 1.5 36.2 £ 6.5
PUFA“ (% total fat) 143 + 4.8 16.1 = 1.7 49.1 = 2.1 16.4 = 6.2
Cholesterol“ (mg) 295 * 105 206 *= 65 210 *+ 83 287 = 104
Fiber (g) 31+ 6 33 +8 34 +9 37 £ 13
Sodium (mg) 3584 + 1420 3017 = 799 3070 * 1045 3353 + 992

CHO, carbohydrate; SFA, saturated fatty acid; MUFA, monounsaturated fatty acid; PUFA, polyunsaturated

fatty acid. Values are mean * SD.

“P < 0.001 by repeated-measures analysis of variance.
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phoresis as described previously (2, 6, 9). In brief, in
the first dimension, 20 pl of plasma was separated by
electrophoresis on a 0.75% agarose gel equilibrated in
a 50 mm barbital buffer (pH 8.6) at 4°C. Agarose gel
strips containing the preseparated lipoproteins were
then transferred to 3-15% polyacrylamide gradient gel
(Gradiopore, North Ride, NSW, Australia) electropho-
resis. Separation in the second dimension was per-
formed at 300 V for 1.5 h at 4°C in the second dimen-
sion running buffer (200 mm glycine, 25 mm Tris, pH
8.3). After electrophoresis, the proteins were trans-
ferred by electroblotting to 0.1 um nitrocellulose mem-
brane (Schleicher and Schuell, Dassel, Germany) in the
transfer buffer (25 mm Tris-glycine buffer, pH 8.3, con-
taining 20% (v/v) methanol) at 20 V overnight at 4°C.

Immunoblotting

Nitrocellulose blots were incubated for 2 h in buffer
A (10 mmM Tris-HCI and 50 mm NaCl (pH 7.5)) con-
taining 3% (w/v) skimmed milk. After incubation for
1 h with rabbit anti-human apoA-I polyclonal antibody
(9), membranes were washed five times with washing
buffer (PBS (pH 7.5) containing 0.5% Tween-20), and
subsequently incubated for 1 h with goat '®I-labeled
anti-rabbit IgG (Amersham, England). Membranes
were washed five times with washing buffer. All the pro-
cedures were performed at room temperature. Mem-
branes were then exposed to imaging plates (Fuji Photo
Film, Japan) for 24 h, and the distribution of '®I radio-
activities among lipoprotein subfractions was analyzed
by using a bioimage analyzer BAS-1000 (Fuji Photo
Film, Japan). ApoA-I concentration in each HDL sub-
fraction was calculated by percent distribution of apoA-
Iin each HDL subfraction and total plasma apoA-I con-
centration.

Linearity standards

To demonstrate linearity of the measurement of
apoA-1 concentrations, the following experiments were
performed. Plasma samples containing 0, 1, 2, 5, 10, 15,
and 20 ug of apoA-I were spotted on nitrocellulose
membranes and incubated with the above antibodies.
Membranes were then exposed to imaging plates for 24
h, and the "I radioactivities in spots were analyzed by
using a bioimage analyzer BAS-1000 (25). Similar linear
experiments were performed with plasma samples of
obese subjects following the high saturated fat diet,
MUFA low-fat diet, and PUFA low-fat diet to check for
possible perturbations in affinity of HDL-apoA-I for the
antibodies.

Analytical methods

Plasma cholesterol and triglycerides were determined
using enzymatic kits on a Cobas-Bio automated analyzer

(Roche, Basel). HDL~cholesterol was measured after
precipitation of apoB-containing lipoproteins with
heparin/MnCl,. Levels of plasma apoA-I were mea-
sured by immunoturbidimetric analysis on a Cobas-
Bio automated analyzer (Boehringer Mannheim, Ger-
many).

Statistical analysis

The data were calculated as means = SD. Differences
between apoA-I concentrations in HDL subfractions,
clinical characteristics, and plasma parameters for lean
and obese subjects were carried out by unpaired Stu-
dent’s ftest.

Differences among apoA-I concentrations in HDL
subfractions and other parameters measured during di-
etary treatments were determined by repeated-mea-
sures analysis of variance (ANOVA), and if significantly
different, contrasts in dietary periods were compared
by the paired Student-Newman-Keuls method.

RESULTS

Table 1 shows the clinical characteristics and plasma
concentrations of lipids of the subjects. Differences be-
tween lean men and lean women for body height and
body weight were significant (P < 0.01), but mean BMI
values were not significantly different.

Differences between lean subjects and obese subjects
for body weight and BMI were, as expected, significant
(P < 0.01 both in men and in women, and P < 0.001
in all subjects). Whereas plasma total and low density
lipoprotein (LDL) cholesterol levels were on average
similar in the obese and lean subjects (for men and for
women), plasma triglycerides were significantly higher
in the obese men and in obese men and women to-
gether (P < 0.05), while HDL-cholesterol and apoA-I
levels were significantly lower for all obese subjects (P
< 0.05).

Characterization of HDL subfractions by two-
dimensional nondenaturing electrophoresis

Figure 1 presents the distribution of HDL subfrac-
tions after separation of normal plasma by two-dimen-
sional nondenaturing electrophoresis. Three major
particles appeared with o-mobility: o;, o, and o3 and
three minor particles appeared with pre-f-mobility: pre-
Bi. pre-B., and pre-f, (6).

Linearity standards

Figure 2 demonstrates linearity in the quantification
of HDL-apoA-I. The concentrations of responses were
linear with HDL-apoA-I concentrations up to 20 pg and
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Fig. 1. Distribution of apoA-I in normal plasma. The distribution of
apoA-l in plasma was determined by two-dimensional nondenaturing
electrophoresis. After electrophoresis, the gels were transferred to ni-
trocellulose membranes, and apoA-I-containing lipoproteins were de-
tected using a rabbit anti-human apoA-I polyclonal antibody, goat '*’I-
labeled anti-rabbit IgG, and bioimage analyzer BAS-1000.

were similar for all subjects tested (lean and obese, and
eating different diets). These results indicate that the
affinity of the antibody for apoA-I does not change in
HDL in which the fatty acid composition had been al-
tered

Characterization of HDL subfractions in lean and
obese subjects

Figure 3A shows the combined data (for men and
women) of the distribution of apoA-I in HDL subfrac-
tions. ApoA-I percentage in o,-HDL was significantly
lower in obese subjects than that in lean subjects. Values
for 0,-HDL in lean and obese subjects were 22.40 * 4.05
and 12.77 = 3.78 % of total apoA-I, respectively (P <
0.001). However, the proportions of apoA-I in 0, 0,
and pre-B,-HDL in obese subjects were significantly
higher than those in lean subjects. Percent distribution
of 0, 0, and pre-B-HDL was 43.30 = 6.42, 16.23 *
4.61,and 9.18 = 3.13 in lean subjects, and 46.74 * 4.92,
20.98 = 4.26, and 12.51 = 3.57% in obese subjects, re-
spectively (P < 0.05 for o and P < 0.001 for o5 and
pre-B;-HDL). The percentage of apoA-I in pre-f,-HDL
in obese subjects tended to be lower than that in lean
subjects, though the difference was not significant.
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Fig. 2. Comparison of dose-responses of '“I-radioactivity using the
quantification of HDL-apoA-I. Radioactivities after immunoblotting
were measured by BAS 1000 in plasma in lean subjects, obese subjects
with high-saturated fat diet, those with MUFA low-fat diet, and those
with PUFA low-fat diet. PSL, photostimulated luminescence; Lean,
lean subjects; High saturated, high saturated fat diet; MUFA, mo-
nounsaturated low-fat diet; PUFA, polyunsaturated low-fat diet. The
error bars represent standard error.

Figure 3B shows apoA-I distribution in HDL subfrac-
tions in men alone. ApoA-I percentage in o,-HDL in
obese men was significantly lower in obese than that in
lean men (P < 0.001), while those in oy and os-HDL
were significantly higher in obese men (P < 0.001 for
o- and P < 0.05 for a;-HDL). The percentage of apoA-
I in pre-B,-HDL in obese men tended to be higher than
that in lean men, and those in pre-Bs- and pre--HDL
tended to be lower, though the differences were not
significant.

Figure 3C shows the distribution of apoA-I in HDL
subfractions in women alone. Mean apoA-I percentage
in 0,-HDL in lean women was significantly higher, and
that in pre-B,-HDL was significantly lower than that in
lean men (P < 0.05 for both). ApoA-I percentage in o-
HDL in obese women was significantly lower and those
in o- and pre-B;-HDL were significantly higher than in
lean women (P < 0.001 for o,- and pre-f-HDL and P
< 0.05 for a-HDL). ApoA-I in pre-B,- and pre-B-HDL
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Fig. 3. Relative concentrations of apoA-I in HDL subfractions in
0.01, P < 0.001 vs. lean subjects (Student’s ttest). *P < 0.05 vs. lean male subjects (Student’s ttest). The
error bars represent standard deviation.

tended to be lower than that in lean women, but the

differences were not significant.

The apparent anomaly in the obese subjects having
higher pre-B,-HDL but if anything, lower pre-B,-HDL is
emphasized in the ratios (Fig. 4). Pre-B,/ pre-f, ratio in
obese subjects was significantly lower than that in lean
subjects. Values for pre-B,/pre-; ratios in lean and

pre-f3

O Lean (n=8)
B Obese (n=8)

11

- &
o an o
AR N
T 8T T 2 o2 o2
(=S =T =5

lean and obese subjects. P < 0.05, ¥P <

0.01 in men and women), respectively. That in obese
men tended to be lower than that in lean men, but the
difference was not significant. The o, /o, ratio in obese
subjects was significantly lower than that in lean sub-
jects. Values for o,/ 0, in lean and obese subjects were
0.56 + 0.14 and 0.27 = 0.10 (P < 0.001 in men), 0.49
+ 0.13 and 0.29 += 0.10 (P < 0.001 in women) and 0.53
+0.14and 0.28 = 0.10 (P < 0.001 in men and women),

obese subjects were 1.06 = 0.62 and 0.47 = 0.20 (P <
0.05 in women) and 1.02 = 0.62 and 0.60 = 0.35 (P < respectively.
L5 0.8
]' 0.6
14 ## [
S
g 2
“:',: ‘{c!:-l 0.4 4 #ith HH #i#
& )¢
2 I 3 [ [
2
a2 0.5
0.2 1
0 0
Total ~ Male Female Total  Male Female

Sasahara et al.

Fig. 4. Pre-B,/pre-B, and o,/ 0, ratios in lean and
obese subjects. Lean subjects (male n = 10, female
n = 8,all n = 18), open column; obese subjects (male
n = 15, female n = 8, all n = 23); shaded column.
P <0.05, P < 0.01, P < 0.001 vs. control subjects,
respectively (Student’s ttest). The error bars repre-
sent standard deviation.
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Relative concentration of apo Al (%)

TABLE 3. Matrix of univariate correlations reaching or approaching significance, or where r > 0.4

o, Oy oy Pre-p, Pref, Pref,
Variable r I r P r P r 4 T P r P
BW (kg) —0.51 <0.001 0.52 <0.001
BMI (kg/m?) —-0.72 <0.001 0.40 0.009 0.57 <0.001
TC (mmol/L)
TG (mmol/L)
HDL-C (mmol/L) 0.58 <0.001 -0.40 0.011 -0.42 0.007
LDI-C (mmol/L)
ApoA-I (mg/dl) 0.44 0.004
Sex — <0.05 — <0.05

BW, body weight; BMI, body mass index; TG, total cholesterol; TG, triglycerides; HDL-C, high density lipoprotein-cholesterol; LDL-C, low

density lipoprotein-cholesterol; apoA-I, total apolipoprotein A-L

Correlations

Univariate correlations for all obese and lean sub-
jects, between various parameters and HDL subfrac-
tions are shown in Table 3. There was a significant in-
verse correlation between BMI and the proportion of
apoA-l in o;-HDL (r = —0.72, P < 0.001), also shown
in Fig. 5. The percentage of apoA-I in pre-B,-HDL was
also significantly and positively correlated with BMI,
also shown in Fig. 6. HDL-cholesterol was significantly
correlated with both o4- and oas-HDI-apoA-I and also
with pre—Bl-HDL-apoA-I. There was no significant rela-
tionship between either total cholesterol, triglycerides,
or LDL-cholesterol and the distribution of apoA-l
among HDL subfractions. ApoA-I concentrations
among HDL subfractions differed between men and
women within - and pre-f,-HDL (P < 0.05 for both).

y = -0.987x + 43.668, r=0.722, P<0.001
30- .

0 ) ! T T

15 20 25 30 35 40
BMI (kg/m2)

Fig. 5. Relationship between apoA-l in 0,-HDL (% of total apoA-I)
and BMI (n = 41).
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Stepwise regression analysis

Stepwise regressions were carried out with those uni-
variate correlations that had reached or approached a
1% level of significance or where r > 0.4, as shown in
Table 3. Table 4 shows those correlations that have con-
tributed to the changes in apoA-l relative concentra-
tions in HDL subfractions which in several analyses rep-
resent the combined contributions from each set of
variables to changes in apoA-l relative concentrations
in HDL subfractions (R?). Decreasing BMI maintained
independent associations with increasing apoA-I in o-
HDL which accounted for 52% of the variance. BMI
maintained significant independent association with
apoA-I in pre-f;-HDL (positive) which accounted for
33% and in a;-HDL (negative), but the contribution to
the variance was less (16%).

20

Relative concentration of apo Al (%)

y =0.474x - 1.750, r=0.573, P<0.001

T

15 20 25 30 35 40
BMI (kg/m2)

0

Fig. 6. Relationship between apoA-lin pre-B,-HDL (% of total apoA-
1) and BMI (n = 41).
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TABLE 4. Matrix of stepwise regression analysis
of univariate correlations

Step Variable R? P
o, 1 —BMI 0.52 <0.0001
Oy
Oy 1 +BMI 0.16 0.0088
Pre-f, 1 +BMI 0.33 0.0001
Pre-B,
Pre-f3;

BMI, body mass index.

Effects of dietary intervention

Effects of oleic rich (MUFA) and o-linolenic acid rich
(n=3 + n-6; PUFA) low-fat diets on plasma lipids and
plasma apoA-I concentrations in obese subjects are also
shown in Table 1. Total cholesterol level fell after
MUFA diet only (P < 0.05), and total apoA-I level fell
with both MUFA and PUFA diets (P < 0.05). Changes
in apoA-I relative concentrations in HDL subfractions
after diets are shown in Fig. 7. After MUFA diet apoA-
I in oy- and pre-Bs-HDL increased from 11.61 * 2.87
and 0.34 * 0.30 to 16.64 = 291 and 0.57 = 0.23%,
respectively (P < 0.05 for both), and that in o;-HDL
decreased from 21.10 = 4.90 to 15.91 = 3.64% (P <
0.05). The percentage of apoA-I in a,-HDL decreased
and those in pre-f; and pre-B-HDL increased after the

A Total B Male

diet, but the differences were not significant. After
PUFA diet, apoA-I relative concentrations in 0y- and
pre-B;-HDL increased to 15.87 = 3.76 and 0.60 = 0.15%
respectively (P < 0.05 for both), and that in os-HDL
decreased to 17.84 = 4.45% (P < 0.05). The tendencies
in other fractions were similar to those with the MUFA
diet. Men and women showed similar responses to the
diets with respect to o-, 04, and pre-Bs-HDL, but re-
sponses for 0, pre-B;-, and pre-B-HDL were different.
ApoA-I percentages in o, pre-B;-, and pre-B-HDL did
not change in men, but o,-HDL decreased and pre-Bi-
and pre-B,-HDL increased in women, though the differ-
ences were not significant.

DISCUSSION

Identification of a subpopulation of HDL particles,
named pre-B-HDL because of their electrophoretic mo-
bility, and their apparent importance in cholesterol
transport has stimulated interest in their role in lipid
metabolism. Yet little is known of the concentrations of
these lipoproteins in the circulation of either normal
subjects or in subjects with disorders that involve re-
duced HDL-~cholesterol concentrations. Certain forms
of dyslipidemia appear to favor paradoxically raised pre-

CFemale

80
O High saturated (n=15)

70+ @ MUFA (n=15) 4l MUFA (n=8) 1B MUFA (n=7)

B PUFA (n=15)
60

Relative concentration (%)

—
g 8 3

pre-p,
pre-B3

<
2
(=%

O High saturated (n=8)

| M PUFA (n=8)

— ™
g 3

o
o]

O High saturated (n=7)

| M pUFA (n=7)
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;
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Fig. 7. Effects of mono-and polyunsaturated fatty acid-rich (MUFA and PUFA) low-fat diets on the distribution
of apoA-I in HDL subfractions in obese subjects. High saturated, high saturated fat diet; MUFA, mono-
unsaturated fatty acid-rich low-fat diet; PUFA, polyunsaturated fatty acid-rich low-fat diet *P < 0.05 vs. High
saturated (ANOVA and paired Student-Newman-Keuls methods). *P < 0.05, **P < 0.01 vs. male subjects,
respectively (Student’s ttest). The error bars represent standard deviation.
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B-HDL, despite a low total HDL (21). In this paper, we
report the concentrations of six species of apoA-l-
containing HDL (quantified by their apoA-I content)
in obese men and women, most of whom showed less
than average HDL-cholesterol levels. As this group was
gender-matched with a lean group, differences in the
HDL distribution between men and women were also
noted. The profile of HDL subfractions differed be-
tween obese and lean subjects (Fig. 3); o,-HDL was sig-
nificantly reduced in the obese, which was expected, as
it is largely identical to apoA-I-containing lipoproteins
(LpAI) in the largest HDL, HDL,, (by the ultracentrifu-
gal nomenclature), which is known to be low in obesity
(16, 26, 27). The finding of raised pre-B-HDL is novel,
and together with the raised o-HDL fraction (largely
HDL; LpAl), it raises questions about the metabolic in-
terrelationships of these HDL particles.

The correlations also supported the differences
found between obese and lean people. BMI was directly
correlated with pre-HDL and o;-HDL and inversely
with o;-HDL, on both univariate and stepwise regres-
sion analysis (Tables 3 and 4).

Within the lean group of women the apoA-I concen-
tration was significantly higher in o,-HDL and lower in
pre-Bl—HDL than in men. This is also consistent with the
well-known gender differences in LpAl concentrations
in larger HDL (15). Therefore, in this group of subjects,
higher o,-HDL (as apoA-l particles) were associated
with higher total HDL-apoA-I levels (in lean people and
in lean women) while higher pre-f;- and o,-HDL were
linked to lower HDL-apoA-I levels (in obese people and
in lean men).

To gain further insight into the relationship between
subclass distribution and total apoA-I concentrations,
HDL levels were further reduced in 15 obese subjects
by dietary fat reduction (and possibly also by fatty acid
modification) (Fig. 7). With both interventions (high
oleic or high o-linolenic acids), o,-HDL, which had
been low in subjects on the high-fat, high saturated fatty
acid diet, rose significantly despite lower apoA-I levels.
The total reduction in apoA-I was reflected mainly in
the o, (or LpAl in HDL,,) fraction and o3 (HDLs-LpAI)
fraction, although not all differences were significant.
Changes in pre-f fractions were minor: pre-f; rose but
is quantitatively a very small fraction.

In considering the implications for HDL metabolism,
the origins and metabolism of pre-B-HDL particles are
of particular interest. As pre-B-HDL are discoidal parti-
cles comprising protein, phospholipid, and free but
minimal esterified cholesterol (2), they are regarded as
possibly the earliest nascent HDL. Their origin may be
multiple and their metabolic cycle relates to the key li-
pases and transfer proteins involved in the modeling of
the HDL species from nascent to mature and back to
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nascent particles (10, 13). During the initial anabolic
cycle, apoA-l in plasma and probably lymph associates
with lipids (free cholesterol and phospholipid) to gen-
erate pre-3-HDL. The source of that lipid is from the
surface of cells as part of the cholesterol efflux process
or from the surface of catabolized mature HDL, (7, 10,
13) and other lipoproteins, and even as free fatty acid
as shown recently by Clay and Barter (28). As HDL,
transfers cholesteryl esters to apoB-containing lipopro-
teins under the influence of CETP, or has its core re-
duced through the action of hepatic triglyceride lipase
(HTGL), excess surface lipid and apoA-I become disso-
ciated (10). Thus, pre-3-HDL may also be generated
from the catabolism of the most mature HDL.

Small discoidal HDL are primary acceptors of cellular
cholesterol that is then partially esterified by LCAT, for
which such discoidal particles are the preferred sub-
strate (3, 29, 30). During this continuing cycle of lipid
uptake into nascent HDL and the esterification of its
free cholesterol, pre-B, particles are transformed into
larger pre-B-HDL and eventually into o-HDL (5). The
particles become progressively enriched in cholesteryl
esters partly through the action of CETP, which is a re-
quirement for the continuing activity of LCAT upon
which the HDL metabolic cycle depends (31). LCAT
directly esterifies a minor proportion of cell-derived
cholesterol during its passage through pre-f-HDL,
whereas most of the cholesterol is esterified in o-HDL,
some after retransfer from LDL (5). Two lipid transfer
proteins contribute to further HDL remodeling (32).

In this context, are there known effects of excess body
weight on the preceding regulatory steps? To what ex-
tent may the different HDL profiles between men and
women be explained on such a basis? The profile of
HDL subfractions in obese subjects differed from that
in lean subjects in that apoA-I concentration in o,-HDL
in obese subjects was significantly lower whereas those
in Oy, O, and pre-Bl—HDL were significantly higher in
obese subjects than those in lean subjects. Further, BMI
correlated significantly with apoA-I concentration in
each of the above HDL fractions except o,-HDL and,
on stepwise regression analysis, BMI accounted for 52%
of the variance in oy, 33% of the variance in prej-
HDL, and for 16% of the variance in os-HDL.

Possible reasons for these findings include the dem-
onstration of raised HTGL activities in male obese sub-
jects (33) and higher plasma CETP activities in obese
subjects of both sexes compared with lean subjects (33).
The fractional catabolic rate of LpAl has been reported
to be strongly correlated with intraabdominal fat (34).
These regulatory steps might lead to higher pre-f3; pro-
duction. Increased HTGL activity would also lead to re-
duced o, and increased og-HDL as others have docu-
mented (35). Obese subjects also show an increased
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turnover of body cholesterol including that from fat
stores (36), and this increased flux of cholesterol
through plasma might be expected to lead to more pre-
B, formation. The low pre-B,/ pre-B, ratio (Fig. 4) in the
obese suggests, in addition, possible impairment in the
transformation of the smaller to the larger pre-f species
and then to a-HDL. However, cholesterol esterification,
measured kinetically in vivo, is increased in fat subjects
(37). As the esterification of cholesterol by LCAT takes
place on HDL, CETP may be expected to relieve prod-
uct inhibition of this reaction by transferring cholesteryl
esters out of HDL. Transgenic mice expressing human
CETP and apoA-I show higher pre-B-HDL levels and
heightened LCAT-mediated cholesterol esterification
of efftuxed cholesterol (38). CETP activity may there-
fore be expected to maintain the discoidal particles
such as pre-B-HDL by continually removing cholesteryl
ester as soon as produced by LCAT. These factors may
underlie the higher levels of pre-B,-HDL but they do
not offer a reason for the trend to reduced pre-B-HDL.

Hypertriglyceridemia has been reported to lead to an
increase in plasma pre-f-HDL of up to 40% of total
plasma apoA-I compared with normolipidemic subjects
(21). In the present study, plasma triglycerides were sig-
nificantly higher than those in lean subjects (£ < 0.001
for all subjects, P < 0.01 for either men or women),
although there was no significant relationship between
triglycerides and pre-B-HDL-apoA-I levels. HTGL activ-
ity is also raised in hypertriglyceridemia associated with
low HDL (39), which together with increased choles-
teryl ester transport (40) offer a likely explanation for
increased pre-f-HDL concentrations.

With respect to the differences between men and
women, plasma CETP levels have been shown to be
about 25% higher in women than in men (41}. Shoji
et al. (42) reported that there was no significant differ-
ence in LCAT activities between genders, but men had
1.7- to 2.5-fold higher HTGL activities than women. The
latter is consistent with reports that men have signifi-
cantly higher HDLg, and significantly lower HDLg, {¢5)
and HDL,, () levels than women (15), and also consis-
tent with our results that men have significantly lower
o,-HDL and significantly higher pre-B,-HDL levels than
women. The HDL apoA-l fractional catabolic rate in
women is lower than in men accounting partly for their
higher apoA-I concentrations (43).

Although there was only a trend to lower pre-B~HDL,
the absence of a rise to match the level in pre—B1 raises
the possibility of some inhibition of pref}; to pref,
transformation.

In the current study, the low-fat (26% energy fat) diet
led to lower total apoA-I concentrations as anticipated.
This has been reported to be due to increased catabo-
lism of HDL (44, 45), but we did not observe any in-

crease in pre-f;-HDL. There was, however, a rise in o,-
HDL that had previously been depressed and this may
reflect increased cholesterol transport which has been
reported to occur with increasing unsaturation of HDL
phospholipid acyl chains (22). However, the number of
subjects in the diet study was only 15, and therefore the
results should be viewed as tentative. Nevertheless, both
unsaturated fatty acids led to a rise in o-HDL.

Finally, what are the implications of these findings for
cholesterol efflux? Despite the presumptive initial role
for pre-B-HDL in this process, other HDL species, espe-
cially those containing apoA-I rather than apoA-II, have
the capacity to accept cellular cholesterol (11, 46) and
in this respect, HDL4 or 0,-HDL have been shown to be
particularly potent {47). Even in severe inherited ab-
normalities of apoA-I and HDL in general, in vitro ef-
flux of cholesterol, though reduced, is not abolished
(48, 49). An apoE-containing particle, although a very
minor component of HDL, has been shown to be capa-
ble of accepting surface cholesterol (50} as can apoB-
containing lipoproteins (5).

We have found that both pre-f- and a-HDL particles,
measured by their apoA-I content, are affected by obe-
sity. Further, within both the pre—B— and the a-groups,
there is a dissociation in their distribution, so that apoA-
I concentrations in pre-p;- and a-HDL rise as BMI in-
creases whereas those in o,-HDL fall. Although the re-
sponsible mechanisms are uncertain, it is possible that
the reduced HDL-cholesterol levels often observed in
obese subjects represent, in part, disturbance in reverse
cholesterol transport that may require a sequential
transfer of cholesterol along a chain of their HDL parti-
cles. il

This work was supported by the Merck Foundation (Australia)
and National Heart Foundation of Australia. Dr. Sasahara has
been supported by the Manpei Suzuki Diabetes Foundation.
Foods were generously manufactured and provided by
Meadow Lea Foods, Sydney: Dr. R. Bowrey and C. Eyres.

Manuscript received 23 September 1996 and in revised form 16 December
1996.

REFERENCES

1. Miller, N. E., A. L. Ville, and D. Crook. 1985. Direct evi-
dence that reverse cholesterol transport is mediated by
high-density lipoprotein in rabbit. Nature. 314: 109-111.

2. Castro, G. R.,and C. ]J. Fielding. 1988. Early incorporation
of cell-derived cholesterol into pre-B-migrating high-den-
sity lipoprotein. Biochemistry. 27: 25—29.

3. Francone, O. L., A. Gurakar, and C. Fielding. 1989. Distri-
bution and functions of lecithin:cholesterol acyltransfer-
ase and cholesteryl ester transfer protein in plasma lipo-
proteins. J. Biol. Chem. 264: 7066—7072.

4. Miida, T., M. Kawano, C. J. Fielding, and P. E. Fielding.
1992. Regulation of concentration of pref high-density

Sasahara et al. HDL subfractions in obese subjects 609

2T0Z ‘8T aunr uo ‘1sanb Aq Bio 1) mmm wouy papeojumoq


http://www.jlr.org/

ASBMB

JOURNAL OF LIPID RESEARCH

i

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

610

lipoprotein in normal plasma by cell membranes and leci-
thin:cholesterol acyltransferase activity. Biochemistry. 31:
11112-11117.

. Huang, Y., A. von Eckardstein, and G. Assmann. 1993.

Cell-derived unesterified cholesterol cycles between dif-
ferent HDLs and LDL for its effective esterification in
plasma. Arterioscler. Thromb. 13: 445-458.

. Asztalos, B. F., C. H. Sloop, L. Wong, and P. S. Roheim.

1993. Two-dimensional electrophoresis of plasma lipo-
proteins: recognition of new apoA-J-containing subpopu-
lations. Biochim. Biophys. Acta. 1169: 291-300.

. Hara, H., and S. Yokoyama. 1992. Role of apolipoproteins

in cholesterol efflux from macrophages to lipid micro-
emulsion: proposal of a putative model for the pre-f-high-
density lipoprotein pathway. Biochemistry. 31: 2040-2046.

- Kawano, M., T. Miida, C. ]. Fielding, and P. E. Fielding.

1993. Quantitation of pref-HDL-dependent and nonspe-
cific components of the total efflux of cellular cholesterol
and phospholipid. Biochemistry. 32: 5025-5028.

. Sviridov, D., and N. Fidge. 1995. Pathway of cholesterol

efflux from human hepatoma cells. Biochim. Biophys. Acta.
1256: 210-220.

Barrans, A., X. Collet, R. Barbaras, B. Jespard, J. Manent,
C. Vieu, H. Chap, and B. Perret. 1994. Hepatic lipase in-
duces the formation of pre-p;, high density lipoprotein
(HDL) from triacylglycerol-rich HDL,. J. Biol. Chem. 269:
11572-11577.

Huang, Y., A. von Eckardstein, S. Wu, and G. Assmann.
1995. Cholesterol efflux, cholesterol esterification, and
cholesteryl ester transfer by LpA-I and LpA-I/A-Il in na-
tive plasma. Arterioscler. Thromb. Vasc. Biol. 15: 1412-1418.
Johnson, W. J., E. P. C. Kilsdonk, A. van Tol, M. C. Phillips,
and G. H. Rothblat. 1991. Cholesterol efflux from cells
to immunopurified subfractions of human high density
lipoprotein:LP-Al and LP-Al/AIl J. Lipid Res. 32: 1993—
2000.

Kunitake, S. T., C. M. Mendel, and L. K. Hennessy. 1992.
Interconversion between apolipoprotein A-I-containing
lipoproteins of pre-beta and alpha electrophoretic mobili-
ties. J. Lipid Res. 33: 1807-1816.

Neary, R., D. Bhatnagar, P. Durrington, M. Ishola, S. Ar-
rol, and M. Mackness. 1991. An investigation of the role
of lecithin:cholesterol acyltransferase and triglyceride-
rich lipoproteins in the metabolism of pre-beta high den-
sity lipoproteins. Atherosclerosis. 89: 35-48.

Williams, P. T., R. M. Krauss, K. M. Vranizan, M. L. Ste-
fanick, P. D. S. Wood, and F. T. Lindgren. 1992. Associa-
tions of lipoproteins and apolipoproteins with gradient
gel estimates of high density lipoprotein subfractions in
men and women. Arterioscler. Thromb. 12: 332—340.
Berti¢re, M. C,, F. Fumeron, D. Rigaud, M. Apfelbaum,
and A. Girard-Globa. 1988. Low high density lipoprotein-
2 concentrations in obese male subjects. Atherosclerosis. 73:
57-61.

Williams, P. T., R. M. Krauss, K. M. Vranizan, J. J. Albers,
and P. D. S. Wood. 1992. Effects of weight-loss by exercise
and diet on apolipoproteins A-I and A-II and the particle
size distribution of high-density lipoproteins in men. Me-
tabolism. 41: 441-449.

Wallentin, L., and B. Sundin. 1985. HDL, and HDL,; lipid
levels in coronary artery disease. Atherosclerosis. 59: 131~
136.

Breier, C., J. R. Patsch, V. Mihlberger, H. Drexel, E.
Knapp, and H. Braunsteiner. 1989. Risk factors for coro-
nary artery disease: a study comparing hypercholesterol-

Journal of Lipid Research Volume 38, 1997

20.

21.

22.

23.

24.
25.

26.

27.

28.

29.

30.

31.

32.

33.

emia and hypertriglyceridemia in angiographically char-
acterized patients. Eur. J. Clin. Invest. 19: 419-423.
Calabresi, L., G. Franceschini, M. Sirtori, G. Gianfran-
ceschi, P. Werba, and C. R. Sirtori. 1990. Influence of se-
rum triglycerides on the HDL pattern in normal subjects
and patients with coronary artery disease. Atherosclerosis.
84: 41-48.

Ishida, B. Y, ]J. Frolich, and C. J. Fielding. 1987. Prebeta-
migrating high density lipoprotein: quantitation in nor-
mal and hyperlipidemic plasma by solid phase radioim-
munoassay following electrophoretic transfer. J. Lipid Res.
28: 778-786.

Davidson, W. S., K. L. Gillotte, S. Lund-Katz, W. ]J. John-
son, G. H. Rothblat, and M. C. Phillips. 1995. The effect
of high density lipoprotein phospholipid acyl chain com-
position on the efflux of cellular free cholesterol. J. Biol.
Chem. 270: 5882-5890.

Tremoli, E., P. Maderna, F. Marangoni, S. Colli, S. Eligini,
I. Catalano, M. T. Angeli, F. Pazzucconi, G. Gianfran-
ceschi, G. Davi, E. Stragliotto, C. R. Sirtori, and C. Galli.
1995. Prolonged inhibition of platelet aggregation after
n-3 fatty acid ethyl ester ingestion by healthy volunteers.
Am. J. Clin. Nutr. 61: 607-613.

1989. Composition of Foods Australia (COFA). ISBND 0
644 12376 1. Canberra, AGPS.

Amemiya, Y., and J. Miyahara. 1988. Imaging plate illumi-
nates many fields. Nature. 336: 89~90.

Albrink, M. J., R. M. Krauss, and F. T. Lindgren. 1980.
Intercorrelations among plasma high density lipoprotein,
obesity and triglycerides in a normal population. Lipids.
15: 668-676.

Haffner, S. M., D. Applebaum-Bowden, P. W. Wahl, J. J.
Hoover, G. R. Warnick, J. J. Albers, and W. R. Hazzard.
1985. Epidemiological correlations of high density lipo-
protein subfractions, apolipoproteins A-I, A-Il and D, and
lecithin:cholesterol acyltransferase: effects of smoking, al-
cohol and adiposity. Arteriosclerosis. 5: 169-177.

Clay, M. A, and P. J. Barter. 1996. Formation of new HDL
particles from lipid-free apolipoprotein A-L. J. Lipid Res.
37: 1722-1732.

Huang, Y., A. von Eckardstein, S. Wu, C. Langer, and G.
Assmann. 1995. Generation of pre-f,-HDL and conver-
sion into o-HDL evidence for distributed HDL conversion
in Tangier disease. Arterioscler. Thromb. Vasc. Biol 15:
1746-1754.

Sparks, D. L., W. S. Davidson, S. Lund-Katz, and M. C.
Phillips. 1993. Effect of cholesterol on the charge and
structure of apolipoprotein A-I in recombinant high den-
sity lipoprotein particles. J. Biol. Chem. 268: 23250-23257.
Chajek, T., L. Aron, and C. J. Fielding. 1980. Interaction
of lecithin:cholesterol acyltransferase and cholesteryl es-
ter transfer protein in the transport of cholesteryl ester
into sphingomyelin liposomes. Biochemistry. 19: 3673—
3677.

Fielding, C. J., and P. E. Fielding. 1995. Molecular physiol-
ogy of reverse cholesterol transfer. J. Lipid Res. 36: 211-
228.

Arai, T., S. Yamashita, K. Hirano, N. Sakai, K. Kotani, S.
Fujioka, S. Nozaki, Y. Keno, M. Yamase, E. Shinohara,
A.H. M. W. Islam, M. Ishigami, T. Nakamura, K. Kameda-
Takemura, K. Tokunaga, and Y. Matsuzawa. 1994. In-
creased plasma cholesteryl ester transfer protein in obese
subjects. A possible mechanism for the reduction of se-
rum HDL cholesterol levels in obesity. Arterioscler. Thromb.
14: 1129-1136.

2T0Z ‘8T aunr uo ‘1sanb Aq Bio 1) mmm wouy papeojumoq


http://www.jlr.org/

ASBMB

JOURNAL OF LIPID RESEARCH

i

34.

35,

36.

37.

38.

39.

40.

41.

42.

Brinton, E. A, and J. G. Terry. 1996. Increased intra-
abdominal fat may lower HDL levels by increasing the
fractional catabolic rate of Lp A-I in postmenopausal
women. Circulation. 94: I-266.

Patsch, J. R., S. Prasad, A. M. Gotto, Jr., and W. Patsch.
1987. High density lipoproteiny: relationship of the
plasma levels of this lipoprotein species to its composi-
tion, to the magnitude of postprandial lipemia, and to the
activities of lipoprotein lipase and hepatic lipase. J. Clin.
Invest. 80: 341-347.

Nestel, P.J., P. H. Schreibman, and E. H. Ahrens, Jr. 1973.
Cholesterol metabolism in human obesity. J. Clin. Invest.
52: 2389-2397.

Nestel, P. J., and E. A. Monger. 1967. Turnover of plasma
esterified cholesterol in normocholesterolemic and hy-
percholesterolemic subjects and its relation to body build.
J. Clin. Invest. 46: 967-974.

Francone, O. L., L. Royer, and M. Haghpassand. 1996.
Increased preB-HDL levels, cholesterol efflux, and LCAT-
mediated esterification in mice expressing the human
cholesteryl ester transfer protein (CETP) and human
apolipoprotein A-I (apoA-I) transgenes. J. Lipid Res. 37:
1268-1277.

Blades, B., G. L. Vega, and S. M. Grundy. 1993. Activities
of lipoprotein lipase and hepatic triglyceride lipase in
postheparin plasma of patients with low concentrations
of HDL cholesterol. Arterioscler. Thromb. 13: 1227-1235.
Murakami, T., S. Michelagnoli, R. Longhi, G. Gianfran-
ceschi, F. Pazzucconi, L. Calabresi, C. R. Sirtori, and G.
Francescjini. 1995. Triglycerides are major determinants
of cholesterol esterification/transfer and HDL remodel-
ing in human plasma. Arterioscler. Thromb. Vasc. Biol. 15:
1819-1828.

Marcel, Y. L., R. McPherson, M. Hogue, H. Czarnecka, Z.
Zawadzki, P. K. Weech, M. E. Whitlock, A. R. Tall, and
R. W. Milne. 1990. Distribution and concentration of
cholesteryl ester transfer protein in plasma of normolipi-
demic subjects. J. Clin. Invest. 85: 10-17.

Shoji, T., Y. Nishizawa, H. Nishitani, M. Yamakawa, and
H. Morii. 1992. Impaired metabolism of high density lipo-
protein in uremic patients. Kidney Int. 41: 1653—-1661.

43.

44.

45.

46.

47.

48.

49.

50.

Sasahara et al.

Brinton, E. A, E. Shlomo, and J. L. Breslow. 1989. Ele-
vated high density lipoprotein cholesterol levels correlate
with decreased apolipoprotein A-I and A-II fractional cat-
abolic rate in women. J. Clin. Invest. 84: 262—-269.
Brinton, E. A, S. Eisenburg, and J. L. Breslow. 1991. In-
creased apoA-I and ApoA-II fractional catabolic rate in pa-
tients with low high density lipoprotein-cholesterol levels
with or without hypertriglyceridemia. J. Clin. Invest. 87:
536-544.

Hayek, T., Y. Ito, N. Azrolan, R. B. Verdery, K. Aalto-
Setdld, A. Walsh, and J. L. Breslow. 1993. Dietary fat in-
creases high density lipoprotein (HDL) levels both by in-
creasing the transport rates and decreasing the fractional
catabolic rates of HDL cholesterol-ester and apolipopro-
tein (apo) A-l. Presentation of a new animal model and
mechanistic studies in human ApoA-I transgenic and con-
trol mice. J. Clin. Invest. 91: 1665~1671.

Stein, O., Y. Dabach, G. Hollander, M. Ben-Naim, K.
Oette, and Y. Stein. 1995. Effects of interactions of apoli-
poprotein A-Il with apolipoproteins A-I or AJIV on
[*Hlcholesterol efflux and uptake in cell culture. Biochim.
Biophys. Acta. 1257: 174-180.

Bernini, F., L. Calabresi, G. Bonfadini, and G. Fran-
ceschini. 1996. The molecular structure of apolipopro-
tein A-Il modulates the capacity of HDL to promote cell
cholesterol efflux. Biochim. Biophys. Acta. 1299: 103-109.
von Eckardstein, A., Y. Huang, S. Wu, H. Funke, G.
Noseda, and G. Assmann. 1995. Reverse cholesterol trans-
port in plasma of patients with different forms of familial
HDL deficiency. Arterioscler. Thromb. Vasc. Biol. 15: 691—
703.

Duchateau, P., D. Rader, N. Duverger, N. Theret, C. De
Geitere, H. B. Brewer, Jr., and J. C. Fruchart. 1993. Tan-
gier disease: isolation and characterization of LpA-I, LpA-
11, LpA-1/A-Il and LpA-IV particles from plasma. Biochim.
Biophys. Acta. 1182: 30-36.

Huang, Y., A. von Eckardstein, S. Wu, N. Maeda, and G.
Assmann. 1994. A plasma lipoprotein containing only
apolipoprotein E and with y mobility on electrophoresis
releases cholesterol from cells. Proc. Natl. Acad. Sci. U.S.A.
91: 1834-1838.

HDL subfractions in obese subjects 611

2T0Z ‘8T aunr uo ‘1sanb Aq Bio 1)l -mmm woiy papeojumoq


http://www.jlr.org/

