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We studied the relationships postprandially between triglyceride-rich lipoprotein (TRL) and high-density lipoprotein {HDL) in
11 mixed hyperlipoproteinemia (MHL} and 11 hypercholesterolemia (HCL) patients. The high and prolonged postprandial
triglyceridemia response observed in MHL but not HCL patients was essentially dependent on very-low-density lipoprotein
(VLDL) changes. This abnormal response was related to decreased lipoprotein lipase (LPL} activity (—48.7%, P < .01) in MHL
compared with HCL subjects. Cholesteryl ester transfer protein (CETP) activity was postprandially enhanced only in MHL
patients, and this elevation persisted in the late period (+19% at 12 hours, P < .05), sustaining the delayed enrichment of VLDL
with cholesteryl ester (CE]l. The late postprandial period in MHL patients was also characterized by high levels of
apolipoprotein B (apoB)-containing lipoproteins with apoClil {ILpB:Clil] +36% at 12 hours, P < .01) and decreased levels of
apoClll contained in HDL ([LpCIll-HDL] —34% at 12 hours, P < .01), reflecting probably a defective return of apoClll from TRL
toward HDL. In MHL compared with HCL patients, decreased HDL2 levels were related to both HDL2b and HDL2a
subpopulations (—57% and —49%, respectively, P < .01 for both) and decreased apoA-I levels (—53%, P < .01) were equally
linked to decreased HDL2 with apoA-l only (LpA-l) and HDL2 with both apoA-l and apoA-li ([LpA-L:A-ll}] —55% and —52%,
respectively, P < .01 for both). The significant inverse correlations between the postprandial magnitude of LpB:Clll and
HDL2-LpA-1 and HDL2b levels in MHL patients underline the close TRL-HDL interrelationships. Qur findings indicate that TRL
and HDL abnormalities evidenced at fasting were postprandially amplified, tightly interrelated, and persistent during the late
fed period in mixed hyperlipidemia. Thus, these fasting abnormalities are likely postprandially originated and may constitute

proatherogenic lipoprotein disorders additional to the HCL in MHL patients.
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YPERCHOLESTEROLEMIA (HCL) with elevated low-
density lipoprotein cholesterol (LDL-C) levels is associ-

ated with a high risk of coronary heart disease (CHD).! Patients
with mixed hyperlipoproteinemia (MHL), ie, a combination of
HCL and hypertriglyceridemia, appear to be exposed to addi-
tional risk factors, given their hypertriglyceridemia® and de-
creased high-density lipoprotein cholesterol (HDL-C) levels.?
The relation between fasting hypertriglyceridemia and CHD is
still under discussion,*¢ although several publications’® have
reported that the metabolism of triglyceride-rich lipoprotein
(TRL), chylomicrons, very—low-density lipoprotein (VLDL),
and their remnants is a determinant of fasting HDL-C levels.
HDL particles are heterogeneous, considering their density
(HDL2 and HDL3),!° size (HDL2a, 2b, 3a, 3b, and 3c),!! and
apolipoprotein (apo) content (with apoA-I only [LpA-I] or with
apoA-I and apoA-II [LpA-I:A-II}).12 Among these HDL par-
ticles, several are considered antiatherogenic markers.!*1# The
TRL-HDL exchanges concern apolipoproteins and neutral lip-
ids and involve lipoprotein-modifying enzyme activities: lipo-
protein lipase (LLPL), hepatic triglyceride lipase (HTGL), and
cholesteryl ester (CE) transfer protein (CETP).!5!6 To better
investigate apolipoprotein exchanges, the distribution of apoE
and apoCIlI within TRL, ie, apoB-containing lipoproteins with
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apoE or apoCIII (LpB:E or LpB:CIII), and within HDL, ie,
LpE-HDL or LpCHI-HDL, could be studied as previously
proposed.!7-1

To date, there are no data on the postprandial changes and
interrelationships between LpB:E, LpB:CIII and LpCIII-HDL,
LpE-HDL in MHL patients. To focus on the hypertriglyceri-
demia, these patients were compared with HCL patients. The
criteria of selection were proposed to consider both groups with
the same level of HCL but differing in fasting triglyceridemia.
In addition, to define fasting normal values of the parameters
analyzed, we recruited 11 healthy normolipidemic subjects.

SUBJECTS AND METHODS
Subjects

Eleven subjects each for the hyperlipidemic and normolipidemic
groups were recruited from the Endocrinology-Metabolism Department
at La Pitié Hospital in Paris.

Since there is currently no genetic marker allowing clinical identifica-
tion of MHL, recruitment of the patients was performed according to
fasting plasma LDL-C levels of at least 160 mg/dL and triglyceride
(TG) levels of at least 200 mg/dL, both parameters over the 90th
percentile for a sex- and age-matched population.?® Selected HCL
patients had fasting plasma LDL-C levels within the same range (=160
mg/dL) but fasting TG levels less than 120 mg/dL, considered in the
normal range. In both groups, lipoprotein(a) (Lp(a)) levels were less
than 20 mg/dL.. A complete routine medical examination was performed
including measurement of weight, height, and diastolic and systolic
blood pressure. None of the patients consumed alcohol regularly, and all
subjects reported no acute use of alcohol within the previous days. One
HCL patient was a smoker for 2 years, but stopped at least 6 months
before the study. One HCL patient discontinued lipid-lowering therapy
2 months before the study. All remaining subjects were not taking any
medication known to affect lipid metabolism. None had evidence of
diabetes mellitus (repeated fasting blood glucose <110 mg/dL) or
hepatic, gastrointestinal, thyroidal, and renal disease as ascertained by
medical history, physical examination, and routine laboratory analysis.
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At the time of the study, no patient in either group was hypertensive or
had abnormal electrocardiogram or exercise electrocardiogram profiles.
Ultrasonography of extracranial carotid arteries was performed on a
duplex system (Ultramark IV; Squibb Medical System, Reuil Malmai-
son, France). The right and left common and internal carotid arteries
(including bifurcations) were explored using a 7.5-MHz scanning
frequency in the B mode and a 3.75-MHz frequency in a pulsed Doppler
mode. Four MHL patients presented with premature CHD: three had
plaques and one had stenosis (a lesion obstructing >30% of the carotid
lumen). The other patients had normal carotid arteries or mere intimal
wall thickening (a distance >1 mm between the lumen intima and the
media adventicia interface)?! The aim of the study was explained to
each subject, and informed consent was obtained. The protocol was
approved by the local ethics committee.

Study Design and Fat-Feeding Protocol

Patients were hospitalized on the day before the study. Between 6:30
and 7:00 pMm, they received a dinner of 500 kecal/m? body surface area
prepared in the Dietetic Department of the hospital, containing 45% of
calories as carbohydrate, 19% as protein, and 36% as fat, with 215 mg
cholesterol. After fasting overnight, at 7:00 AM the next morning,
patients ingested a fat-rich meal as previously used by others.”?2 This
contained 729 kcal/m? body surface area, with 83% fat (polyunsaturated
to saturated fatty acid ratio, 0.06), 14% carbohydrate, and 3% protein,
and the cholesterol content was 240 mg/m? body surface area. The meal
was consumed within 15 minutes, and patients were allowed to be
ambulatory throughout the protocol period and to drink water only. The
meal was well tolerated by all subjects, and none complained of
gastrointestinal problems or steatorrhea.

Blood Sampling

Fasting and 2-, 4-, 6-, 9-, and 12-hour postprandial blood samples
were collected via a small forearm indwelling catheter into sterile tubes
(Vacutainer, Orsay, France). Samples were immediately centrifuged at
3,000 X g for 15 minutes at 4°C, and the plasma was added to
proteolytic inhibitors (Sigma, Saint-Quentin Fallavier, France). Samples
were kept 4t +4°C and used for analytical studies within 24 hours. For
CETP activity, fasting and postprandial 4-, 6-, 9-, and 12-hour samples
were stored at —80°C until assay. For lipase activities, subjects received
an intravenous injection of heparin 100 U/kg body weight at least 1
week after a 12-hour fast. Postheparin blood was drawn 10 minutes later
into ice-cooled heparin-lithium—containing glass tubes and centrifuged
at +4°C, and the plasma was stored at —80°C until assay.

Analytical Assays

Total cholesterol (TC), free cholesterol (FC), TG, and phospholipid
(PL) levels in plasma and lipoprotein fractions were determined using
commercial enzymatic kits (Biomérieux, Marcy-L'Etoile, and Boeh-
ringer, Meylan, France). CE levels were calculated as the CE mass,
(TC — FC) X 1.67, and thus represent the sum of esterified cholesterol
and fatty acid moieties. HDL-C levels were measured after selective
precipitation of apoB-containing lipoproteins with a phosphotungstic
acid/MgCl, reagent (Boehringer). LDL-C was calculated according to
the method of Friedewald et al?® when plasma TG levels were less than
400 mg/dL. Lipid levels were measured on an autoanalyzer (Kone,
Evry, France), and apolipoprotein levels were determined by immuno-
ephelometry (BNA; Behring, Reuil Malmaison, France: apoA-I, apoB,
apoE, and Lp(a) with Behring kits, and apoA-II with ImmunoFrance
antibodies). Intrassay and interassay variation coefficients were less
than 2.7% and less than 3.4% for lipids and less than 3.2% and less than
4.1% for apolipoproteins.
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Lipoprotein Isolation

Chylomicrons were first isolated at d << 0.99 g/mL, and the remaining
lipoprotein fractions were separated on 3-mL aliquots of d > 0.99 g/mL
infranatants. For this, a discontinuous density gradient with different
NaCl-KBr densities was used as previously described?: 2 mL d = 1.25
g/mL, 3 mL d > 0.99 g/mL infranatant adjusted at d = 1.21 g/mL with
solid KBr, 2 mL d = 1.063 g/mL, 2.5 mL d = 1.019 g/mL, and 2.5
mL d = 1.006 g/mL. Ultracentrifugation was performed in an SW41
swinging-bucket rotor at 197,568 X g for 48 hours at 10°C (L8-55
Ultracentrifuge; Beckman, Gagny, France). Recovered lipoprotein
fractions were dialyzed overnight against phosphate-buffered saline
containing 1 mmol/L. EDTA (pH 7.3). The protein amount was
determined by the method of Lowry et al.2’

Apolipoprotein Phenotyping

ApoE phenotyping was performed by isoelectric focusing according
to Bouthillier et al,?6 and the isoelectrophoretic mobility of apoA-I,
A-I1, and A-TV isoforms was analyzed®’ on a Hoeffer apparatus (Hoeffer
Scientific Instrument, San Francisco, CA).

Distribution Profile of HDL Subpopulations

The distribution of HDL subpopulations according to diameter was
determined on fasting and postprandial samples for total lipoproteins
isolated at d < 1.21 g/mL.!! Briefly, samples containing 4 parts of
dialyzed d < 1.21 g/mL fractions (15 pg protein) and 1 part of a solution
consisting of 40% sucrose and 0.01% bromopheny! blue were applied to
4% to 30% nondenaturing polyacrylamide gradient gels. Electrophore-
sis was performed at 4°C: 2 hours at 30V, 10 hours at 100V, and 8 hours
at 200V (Touzart & Matignon, Courtaboeub, France). The migrating
buffer contained 25 mmol/L Tris and 186 mmol/L glycine, pH 8.3. At
the end of electrophoresis, proteins were fixed for 1 hour (10%
sulfosalicylic acid), stained for 1.5 hours in 0.04% Coomassie G-250
and 3.5% perchloric acid, and then destained in 5% acetic acid. The wet
gels were then scanned using a Preference densitometer at 570 nm
(Sebia, Issy-Les-Moulineaux, France). The limits of each HDL subclass
on the scapning curves were derived from the relative migration of
protein standards of known Stokes diameter (HMW Calibration Kit;
Pharmacia, Saint-Quentin-en-Yvelines, France) applied on the same
gels. The relative distribution of each HDL subclass was obtained by
calculation of the area under the curve (AUC) of each subclass as
defined according to its diameter range: HDL2b, 9.71 to 12.9 nm;
HDL2a, 8.77 to 9.71; HDL3a, 8.17 to 8.77; HDL3b, 7.76 to 8.17; and
HDL3c, 7.21 to 7.76. To estimate the protein level of each HDL
subclass, the relative percentage of the AUC for each HDL subclass was
multiplied by the total HDL (HDL2 + HDL3) protein content of the
sample.

ApoCHI-, ApoE-, and ApoA-I-Containing Lipoprotein
Concentrations

Plasma levels of LpB:CIII were indirectly determined by the
difference between the plasma level of total lipoproteins containing
apoCIII (LpCIII) and lipoproteins containing apoCII without apoB
(LpCHI-HDL). Both LpCIHI and LpCHI-HDL levels were directly
measured by electroimmunoassay on ready-to-use Hydragel kits (Se-
bia). A previous precipitation of apoB-containing lipoproteins by a
polyclonal anti-apoB antibody was performed to allow measurement of
LpCHI-HDL. levels. ApoE-containing lipoproteins (LpE, LpE-HDL,
and LpB:E) were assayed with ready-to-use specific Hydragel kits
according to the same method. LpA-I levels in plasma and in HDL2 and
HDLS3 subfractions were measured using the same technique (ready-to-
use LpA-I Hydragel kits), and LpA-I:A-II levels were calculated by
subtracting LpA-I from total apoA-I levels previously determined in
plasma and in HDL2 and HDL3 subfractions by nephelometry. Details
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of the method are provided in the manufacturer’s instructions. For all
parameters, intraassay and interassay variation coefficients were less
than 5.6% and less than 6.1%, respectively.

CETP Assay

CETP activity was determined on fasting and 4-, 6-, 9-, and 12-hour
postprandial samples using a substrate-independent assay measuring the
transfer of radiolabeled CE ([*H]-CE) from exogenous labeled HDIL3
([*H]-CE-HDL3) as CE donors toward exogenous unlabeled LDL as
CE acceptors. Exogenous LDL and HDL3 were obtained from a pool of
normolipidemic plasma and respectively isolated by sequential ultracen-
trifugation at 1.019 < d < 1.063 and 1.125 < d < 1.21 g/mL. Labeled
[*H]-CE-HDL3 was prepared according to Albers et al,®® and CETP
activity was determined according to Mann et al.? Briefly, plasma (5
uL) was incubated for 3 hours at 37°C with [3H]-CE-HDL3 (25 nmol
CE) and unlabeled LDL (500 nmol CE) in Tris buffer saline containing
50 mmol/L Tris, 150 mmol/L. NaCl, and 2 mmol/L EDTA, pH 7.4 (final
vol, 100 pL). After incubation, 95 pL. of the mixture was added to 5.5
mL NaCl-KBr solution of d = 1.07 g/mL (final d = 1.068 g/mL) in
quick-seal tubes (Beckman) and uitracentrifuged at 560, 196 X g for 2.5
hours at 10°C (rotor NVT; Optima XL-90; Beckman). Then, the
supernatant (1.5 mL) of d < 1.068 g/mL and the infranatant of d >
1.068 g/mL were collected and transferred into counting vials (Packard
liquid scintillation counter, Les Ulis, France). Blank controls were
incubated for the same period without plasma, and nonincubated
confrols were maintained at 4°C. Results are expressed as nanomoles of
[*H]-CE transferred to the d < 1.068 g/mL fraction per milliliter of
plasma per hour. Intraassay and interassay variation coefficients were
less than 5% and less than 8%, respectively.

Postheparin Lipase Activities

LPL and HTGL activities were measured in postheparin plasma as
previously reported.® Briefly, the LPL assay was performed in the
presence of antihuman HTGL antibodies. The substrate was an emul-
sion containing [9,10-1“CJoleic acid-labeled trioleoyiglycerol (Amer-
sham, Amersham, England), lysophosphatidyl-choline, and unlabeled
triacylglycerol (Sigma) in 0.2 mol/L Tris-HCl buffer (pH 8.0). After
sonication, bovine serum albumin (BSA) 4% and heat-inactivated
plasma (providing apoC-II as LPL activator) were added. For HTGL
activity, the same emulsion was used but contained BSA 1% in 0.2
mol/L Tris-HCI buffer (pH 9.0) and 4 mol/L NaCl (to inhibit LPL
activity). Incubations were performed at 37°C for 30 minutes. Reactions
were stopped by adding a methanol:chloroform:heptane mixture (1.45:
1.25:1.00 vol/vol/vol) and borate buffer, pH 10.5. Radioactivity was
determined in 1-mL aliquots of the upper extraction phase. LPL and
HTGL activities were expressed as micromoles of free fatty acids
released per milliliter of postheparin plasma per hour. Intraassay and
interassay variation coefficients were less than 7.5% and less than 8.4%
for LPL and less than 6.8% and less than 7.9% for HTGL, respectively.

Statistics

Mean differences between groups were analyzed by the nonparamet-
ric Mann-Whitney U test. Repeated-measures ANOVA was performed.
When the overall F statistic was significant (P < .05), further compari-
sons within a given group were evaluated by the nonparametric
Wilcoxon matched-pairs test after Bonferroni correction.?! The magni-
tude of TG or lipoprotein responses during the entire 12-hour postpran-
dial period was calculated as the total AUC by the trapezoidal rule,
taking the zero concentration as the abscissa axis. Area measurements
were expressed as milligrams per deciliter per hour. Associations
between lipoprotein variables were determined by Pearson correlation
coefficients after adjusting for AUC plasma TG. Analyses were
performed by the Statistical Analysis System (SAS) program of the
Biomathematics Department of the Hospital.
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RESULTS

Anthropometric Data and Fasting Levels of Plasma Lipids,
Apolipoproteins, and Lipoproteins

The sex ratio, mean age, and body mass index were not
different between the three groups (Table 1). The distribution of
apoE phenotypes was similar in hyperlipidemic groups: among
11 patients in each group, there were six E3/E3, three E4/E3,
one E3/E2, and one E4/E4. Isoelectrophoretic patterns of
apoA-I, apoA-II, and apoA-IV were normal. Levels of TC,
LDL-C, and apoB were higher in hyperlipidemic versus normo-
lipidemic subjects. TG and apoE were higher and HDL-C and
apoA-I were lower in MHL compared with HCL. and normolip-
idemic subjects. LpB:E and LpB:CIII were higher and LpCIII-
HDL was lower in MHL versus HCL and normolipidemic
subjects. LpE-HDL levels were similar in the three groups.

Postprandial Levels of Plasma Lipids and Apolipoproteins

The peak of plasma TG was greater (512 £ 97 v 218 = 48
mg/dL, P < .01) and delayed (6 v 4 hours) in MHL versus HCL
patients. At all postprandial times, the levels of TC, LDL-C, and
apoB were unchanged; however, HDL-C was decreased at 6
hours only in MHL patients (—10% * 4%, P < .05). ApoE
increased by 26% at 6 hours in MHL and by 12% at 4 hours in
HCL patients (P < .05 for both).

Postprandial Neutral Lipid Changes of VLDL

In MHL patients, the postprandial TRL-TG response resulted
essentially from the changes of VLDL (93% at O hours, 62% at
6 hours, and 77% at 12 hours), which levels remained higher at

Table 1. Anthropometric Data and Fasting Plasma Lipid,
Apolipoprotein and Lipoprotein Levels in MHL and HCL Patients and
Normolipidemic Subjects

MHL HCL Normolipidemic
Parameter Patients Patients Subjects

Sex (F/M) 5/6 6/5 6/5
Age {yr} 49 +5 504 48 = 6
BMI (kg/m?) 24.6 £ 0.9 249 = 1.1 23.7£14
Lipids {(mg/dL)

TG 229 * 26%**T1t 110 = 21 111+ 25

TC 297 = 201t 304 + 29%+ 207 + 27

FC 98 £ 1111 100 = 124+ 68+ 9

LDL-C 179 = 171t 184 = 21#4% 132 = 14

HDL-C 41 = 9%t 55 = 11 54+ 8
Apolipoproteins (mg/dL)

ApoA-i 144 = 26%*1t 172 £ 23 169 = 25

ApoA-Il 45 * 8 50 = 14 49 + 12

ApoB 144 = 1311 151 £ 18%F 114 = 12

ApoE 7.0 £ 2.2%*tt 44 = 1.6 3.9*=1.0
Lipoprotein particles

{mg/dL)

LpB:E 4.5 = 1.4%*tt 1.3+06 1505

LpE-HDL 2404 2406 22=x07

LpB:Clll 2.6 = 0.6%*t{ 14+ 0.3 1.1+ 0.6

LpClIlI-HDL, 1.6 £ 0.4**tt 32x1.0 35*13

NOTE. Values are the mean = SD.

Abbreviations: F, female; M, male; BMI, body mass index.

*Between MHL and HCL groups, T between MHL and normolipid-
emic groups, and # between HCL and normolipidemic groups: *, t or
FP <.05; **, Tt or #tP < .01; *** or T11 P < .005.
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Fig 1. Postprandial VLDL-TG levels in MHL (®) and HCL (O}
patients. Significant differences between postprandial and fasting
values in each group: **P < .01 and ***P < .005. Total TG AUC was
2.7-fold higher in MHL vHCL patients: 2,661 + 515 v974 + 215 mg/dL X
h (P < .005).

12 hours than at fasting (Fig 1). Thus, we focused the analysis of
neutral lipid changes only on this fraction (Table 2). Compared
with fasting, the increases of both TG and CE within VL.DL at 6
hours were higher in MHL versus HCL patients (81% v 60% for
TG and 37% v 25% for CE, P < .01 for both comparisons). At
12 hours, TG and CE remained higher than at fasting in MHL
patients (by 25% and 39%, respectively), whereas these neutral
lipids returned to basal values in HCL patients. Consequently,
VLDLs were first TG-enriched at 6 hours in both groups and
CE-enriched at 12 hours only in MHL patients, as indicated by
the CE/TG ratio.

HDL Analysis: Neutral Lipids, Subpopulation Profiles, and
ApoA-I-Containing Particles

Fasting HDL2-TG and CE levels were about twofold lower
in MHL versus HCL patients (Table 2). By contrast, fasting
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HDL3-TG and CE levels were similar in both groups (data not
shown). Postprandially, although HDL2 and HDL3 mass were
unchanged in both groups, HDL2 was TG-enriched and CE-
depleted at 6 hours in MHL patients only, and these changes
persisted partially at 12 hours.

The distribution profile of HDL subpopulations at fasting was
characterized by lower levels of both HDI.2b and HDL.2a and
higher levels of both HDL3b and HDL3c in MHL versus HCL
and normolipidemic subjects (Table 3). Postprandially, HDL2b
decreased at 6 hours (4.4 = 2.0 v 6.9 = 2.3 mg/dL., P = .065)
and HDL3c increased at 12 hours (17.9 = 4.6 v 153 = 4.2
mg/dL, P = .072) in MHL patients only.

Decreased fasting plasma apoA-I levels in MHL were related
to reduced levels of apoA-I, LpA-I, and LpA-LA-II in HDL2
compared with HCL and normolipidemic controls (Table 3).
However, in HDL3, no significant differences were noted
between MHL, HCL, and normolipidermic subjects for apoA-1
(95 £ 14 v 104 = 21 and 100 = 17 mg/dL), LpA-1 21 £ 7 v
22 * §and 23 * 7mg/dL), and LpA-T:A-II (74 = 16 v82 = 20
and 79 = 18 mg/dL).

Postprandially, LpA-I and LpA-L:A-II within HDL.2 tended
to decrease at 9 hours in MHL patients only, without reaching
significance (—7% * 3% and —6% = 2%, respectively). The
levels of these particles did not vary within HDL3 in any group.

Postprandial TRL-HDL Interrelations: ApoE- and
ApoCHI-Containing Particle Analysis

The peak increase of LpB:E levels was higher (29% v 20%,
P <.05) and more delayed (6 v 4 hours) in MHL versus HCL
patients, and the return to fasting values was also more delayed
in the former group (12 v 9 hours). In contrast, LpE-HDL levels
did not vary in any group (Fig 2A).

The peak increase of LpB:CIII levels was higher (56% v
16%, P < .01) and more delayed (6 v 4 hours) in MHL versus
HCL patients, and the elevated levels persisted in the late period
(9 to 12 hours) in MHL patients only (Fig 2B). In the same
periods, LpCIII-HDL levels were decreased in MHL patients,
remaining lower at 12 hours than at fasting, whereas they did
not vary in HCL. patients. As a consequence, the LpB:E/LpE-
HDL and LpB:CHI/LpCIII-HDL ratios, which reflect the distri-
bution of apoE- and apoCIII-containing particles between TRL
and HDL, were higher in MHL versus HCL patients (Fig 2A and
B). The elevated LpB:CII/LpCIII-HDL ratio at late postpran-
dial times corresponded to the combined LpB:CII increase and
LpCIII-HDL decrease.

Table 2. Postprandial Neutral Lipid Changes in VLDL and HDL2 in MHL and HCL Patients

MHL Patients HCL Patients

Lipid 0 Hours TG Peak (6 hours) 12 Hours 0 Hours TG Peak {4 hours}) 12 Hours
VLDL-CE 67 = 151t 92 + 17**tt 93 £ 22**t71 287 35 =11 28=x9
TG 159 = 211t 287 £ 41%*1t 198 = 29*t1 70 = 16 112 = 22*% 63 = 17
CETG 0.42 = 0.06 0.32 = 0.05%% 0.47 + 0.05% 0.40 = 0.1 0.31 £ 0.07* 0.44 = 0.08
HDL2-CE 7.1 = 2311 4.5 = 1.6%*t1 6.2 = 1.57t 15 £ 3.8 14.2 + 3.1 15.2 = 4.0
TG 4.3 £ 1.611 6.2 = 1.7t 5.0 + 1.21 8.6 +2.7 9.0 = 2.1 9.1+ 1.9
CE/TG 1.65 = 0.22 0.72 £ 017** 1T 1.24 = 0.201 1.74 = 0.21 1.58 £ 0.16 1.69 = 0.19

NOTE. Values are the mean =+ SD. CE and TG levels are mg/dL.

*Represents a significant difference between postprandial times and the fasting value within a group; T represents the significant difference

between the two groups for a given time. * or tP< .05 and ** or 1P < .01.
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Table 3. Fasting Levels of HDL Subpopulations, LpA-l, and LpA-1:A-ll
in MHL and HCL Patients and Normolipidemic Subjects

MHL HCL Normolipidemic
Parameter Patients Patients Subjects
HDL subpopulations
(mg/dL)
HDL2b 6.9 £ 2.3**1t 16.0 + 4.8 18 + 5.1
HDL2a 14.8 + 4.0**1t 291 = 7.7 27.0 = 8.2
HDL3a 46.6 = 9.3 51.2 = 11.8 50.3 = 9.8
HDL3b 41.0 = 6.4%1 33.2 £ 5.1 32570
HDL3c 15.3 £ 4.2 129 + 4.4 11.4 3.7
LpA-l and LpA-L:A-Il
(mg/dL)
Plasma LpA-I 37 = 11%*tt b1+ 14 54 + 10
Plasma LpA-L:A-Il 107 £ 19 120 = 32 115 + 28
HDL2 apoA-I 21 £ 2.8*%*t1 45 £ 4.0 47 + 5.7
HDL2 LpA-l 10 + 3.1%*t1 22 +44 26 = 4.0
HDL2 LpA-EA-I 11 £ 2.7%%%1 23 +£3.2 2139

NOTE. Values are the mean = SD.

Comparisons between groups were made using the Mann-Whitney
Utest. Comparisons between groups are designated: * between MHL
and HCL groups and t between MHL and normolipidemic groups.
* 1P <<.05; **, 1P < .01,
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CETP and Postheparin Lipase Activities

At fasting, CETP activity was not different between hyperlip-
idemic groups (192 * 34 v 185 * 29 nmol CE/mL/h, P = .81),
but was higher than the value in normolipidemic subjects
(142 = 26 nmol CE/mL/h, P < .01). Postprandially in MHL
patients only, this activity was maximally increased at 6 hours
and remained higher at 12 hours than at fasting (Fig 3).

LPL activity was lower (9.7 =2v 189 = 5and v 162 = 6
umol FFA/mL/h, P < .05) and HTGL activity was higher
(27 =7 v 18 =5 and v 21 £ 4 umol FFA/mL/h, P < .05) in
MHL versus HCL and normolipidemic subjects, respectively.

Associations Between Lipoprotein Parameters and
Lipoprotein-Modifying Enzyme Activities

Levels of HDL2-LpA-I and HDL2b were inversely associ-
ated with the postprandial magnitude of LpB:ClIl, reaching
significance in MHL patients only. Such associations with
LpB:E were not significant in either group (Table 4). For the
MHL and HCL groups together, CETP activity was positively
correlated with the levels of HDL2-TG (r = .63, P < .05) and
VLDL-CE (r = .64, P < .05) and LPL activity was inversely
correlated with the changes in VLDL-TG (r = —.61, P < .05).
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Fig2. (A)Postprandial changes in LpB:E (@, O) and LpE-HDL (M, [} in MHL (® and W) and HCL {O and ) patients. (B) Postprandial changes in
LpB:Clli (®, O) and LpCIlI-HDL (M, O} in MHL {® and M) and HCL (O and ) patients. LpB:E/LpE-HDL and LpB:Clil/LpCIli-HDL ratios {enclosed
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Significant differences between postprandial and fasting values in each group: **P < .01 and ***P < ,005.



POSTPRANDIAL LpB:Clll, HDL IN MIXED HYPERLIPIDEMIA

400

g X
E 300 * % T * %
89
@]
)
E 200
o
=
& 100 A
[~%
[_(
23|
@]

0 o

0 4 6 12
Hours after the fat meal

Fig 3. Postprandial CETP activity evolution in MHL (lll) and HCL
(D) patients. Significant differences between postprandial and fast-
ing values in each group: **P < .01 and ***P < .005.

The association between LPL activity and LpB:CIII changes
reached significance in MHL patients (r = —.69, P < .05), but
not in HCL patients (r = —.54, P = .073). The activity of
HTGL was correlated with HDL3b and HDL3c levels (r = .61,
P < .05 and r = .51, P = .068, respectively) in MHL patients
only.

DISCUSSION

The present study investigated the postprandial changes of
TRL and HDL and their interrelationships in MHL compared
with HCL. These analyses were focused for the first time on the
variations of apoE- and apoClll-containing TRL and HDL
(LpB:E and LpB:CIII in TRL and LpE-HDL and LpCHI-HDL)
after an oral fat load. The postprandial changes of neutral lipids
in VLDL and HDL2 were studied in relation to lipoprotein-
modifying enzyme activities (LPL, HTGL, and CETP).

To study postprandial variations, we used a very-high-fat
meal to maximally stress the lipolytic pathways. Such a fatty
meal has been used by several investigators who reported that

Table 4. Correlation Coefficients Between HDL2 Parameters (mg/dL)
and the Magnitude of LpB:Clll and LpB:E {(mg/dL x h} in MHL and

HCL Patients

Parameter HDL.2-CE HDL2-LpA-I HDL2b
AUC LpB:E

MHL —.41 -.35 —.40

HCL -.32 —.42 -.29
AUC LpB:Clll

MHL -.57 —.61* —.69*

HCL —.28 —-.33 -.37

NOTE. Correlations were evaluated by Pearson correlation coeffi-
cients.
*P < .05,
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the magnitude of postprandial lipemia varies greatly among
individuals but shows a constant response within a given
subject.”2132 The elevated and prolonged postprandial triglyceri-
demia response in MHL patients was relevant to the increase of
all TRLs but was mainly associated with VLDL levels, remain-
ing higher at 12 hours than at fasting. This impaired TRL
catabolism was likely associated with the significantly reduced
LPL activity in these patients. Subsequent to the postprandially
increased activity of CETP, known to exchange TG against CE
between TRL and HDL,*3 VLDLs were CE-enriched in the late
postprandial period, and concomitantly, HDL2 was TG-
enriched and CE-depleted, in MHL patients only. Therefore, the
combined effects of decreased LPL and enhanced CETP
activities in these patients favor the long circulating time for
VLDLs and their CE-enrichment associated with the TG-
enrichment of HDL2. These latter particles are known to be
susceptible to hydrolysis by HTGL and then conversion into
small HDL3.** In line with this, the elevated HTGL activity and
its positive correlations with HDL3b and HDL3c levels in MHL
patients are consistent with the role attributed to this enzyme in
the generation of increased small-sized HDL3.3* Thus, the
enhanced activities of both CETP and HTGL in MHL patients
could explain the abnormal distribution profile of HDL subpopu-
lations, ie, increased levels of small-sized particles (HDL3b and
HDL3c) and decreased levels of large-sized particles (HDL2b
and HDIL.2a). Such a profile has been reported to be associated
with CHD severity in previous angiographic studies.'>3> The
HDL subclass profile in MHL patients was also characterized by
decreased LpA-I and LpA-LA-II levels within HDL2. The
LpA-I decrease likely could be related to the impeded postpran-
dial VLDL catabolism; however, the LpA-I: A-II decrease might
be linked to the elevated HTGL activity, considering that
LpA-TI:A-1I particles within HDL2 constitute a substrate avidly
hydrolyzed by this enzyme, as reported by Mowri et al.36:7

If decreased LpA-I-HDL2 and HDL2b and increased HDL3b
and HDL3c levels are known to be associated with impaired
postprandial lipemia and thus are considered proatherogenic
disturbances,’®3 there is no available information on the
interrelationships between the postprandial changes of LpB:E
and LpB:CIII in TRL and LpE-HDL and LpCIII-HDL in mixed
hyperlipidemia.

The simultaneous postprandial increases of LpB:E and
LpB:CIII in both MHL and HCL patients are likely related to
the enhanced hepatic secretion of VLDL associated with
decreased LPL activity. At the late postprandial period, the
return of LpB:E to basal values indicates that these particles are
efficiently cleared, probably by B/E receptors as previously
reported.*® The impaired catabolism of LpB:CIII is the result, at
least in part, of an inefficient or weak lipolysis of these particles
in MHL patients. This suggestion is sustained by the significant
inverse association between postprandial LpB:CIII changes and
LPL activity in these patients and by previous data underlining
the deleterious effect of increased apoCIIl molecules at the
surface of VLDL.41#2 If the decrease of LpCIII-HDL levels in
the early postprandial period reflects the transfer of apoCIIl
from HDL toward newly synthesized TRL, its persistence in the
late period is likely associated with the inefficient return of
apoCIIl toward HDL. Inasmuch as both increased fasting
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LpB:CIII and decreased LpCIII-HDL levels were previously
reported to be associated with elevated CHD risk,*** the long
postprandial plasma residence of high LpB:CIII levels associ-
ated with the depletion of plasma LpCIII-HDL levels could be
considered proatherogenic events in mixed hyperlipidemia. In
addition, the specific inverse correlations between the postpran-
dial magnitude of LpB:CIII and HDL2 parameters (HDL2-CE,
HDL2-LpA-I, and HDL2b) indicate that among VLDLs, the
impaired postprandial metabolism of LpB:CIII is tightly associ-
ated with low levels of large-sized antiatherogenic HDL2 in
MHL patients.

In conclusion, this study found that several fasting TRL and
HDL abnormalities were postprandially amplified and closely
interrelated in MHL. These postprandial defects were particu-
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larly persistent during the late postprandial period, emphasizing
the interest in analyzing lipoprotein metabolism disturbances
during this period. Among these disorders, the persistence of
high levels of LpB:CIII and the reduction of LpCIII-HDL levels
represent interesting findings that should be taken into account
in the evaluation of cardiovascular risk linked to hypertriglycer-
idemia.

ACKNOWLEDGMENT

We gratefully acknowledge Drs S. Griglio and A. Girard-Globa for
critical discussions. We also thank C. Cherfils and C. Auer for technical
assistance, and the dietitian and clinical nursing staff of the Endocrinol-
ogy-Metabolism Department for assistance throughout the study.

REFERENCES

1. Goldstein JL, Brown MS: The low-density lipoprotein pathway
and its relation to atherosclerosis. Annu Rev Biochem 46:897-930, 1977

2. Kissebah AH, Alfarsi S, Adamo PW: Integrated regulation of very
low density lipoprotein triglyceride and apolipoprotein B kinetics in
man: Normolipidemic subjects, familial hypertriglyceridemia and famil-
ial combined hyperlipidemia. Metabolism 30:856-868, 1981

3. Brunzell JD, Albers JJ, Chait A, et al: Plasma lipoproteins in
familial combined hyperlipidemia and monogenic familial hypertriglyc-
eridemia. J Lipid Res 24:147-155, 1983

4. Austin ME: Plasma triglyceride and coronary heart disease.
Arterioscler Thromb 11:2-14, 1991

5. National Institutes of Health Consensus Development Panel on
Triglyceride, High-Density Lipoprotein, and Cardiovascular Heart
Disease. JAMA 269:505-510, 1993

6. Hokanson JE, Austin MA: Plasma triglyceride level is a risk factor
for cardiovascular disease independent of high-density lipoprotein
cholesterol level: A meta-analysis of population-based prospective
studies. J Cardiovasc Risk 3:213-219, 1996

7. Patsch JR, Karlin JB, Scott LW, et al: Inverse relationship between
blood levels of high density lipoprotein and magnitude of postprandial
lipemia. Proc Natl Acad Sci USA 80:1449-1453, 1983

8. Hopkins GJ, Barter PJ: Role of triglyceride-rich lipoproteins and
hepatic lipase in determining the particle size and composition of high
density lipoproteins. J Lipid Res 27:1265-1273, 1986

9. Patsch JR, Miesenbock G, Hopferwieser T, et al: Relation of
triglyceride metabolism and coronary artery disease: Studies in the
postprandial state. Arterioscler Thromb 12:1336-1345, 1992

10. Delalla OF, Elliot HA, Gofman JW: Ultracentrifugal studies of
high density lipoproteins in clinically healthy adults. Am J Physiol
179:333-337, 1954

11. Blanche PJ, Gong EL, Forte TM, et al: Characterization of
human high density lipoproteins by gradient gel electrophoresis.
Biochim Biophys Acta 665:408-419, 1981

12. Cheung MC, Albers JJ: Characterization of lipoprotein particles
isolated by immunoaffinity chromatography. J Biol Chem 259:12201-
12209, 1984

13. Johansson J, Carlson LA, Landou C, et al: High density
lipoproteins and coronary atherosclerosis. A strong inverse relation with
the largest particles is confined to normotriglyceridemic patients.
Arterioscler Thromb 11:174-182, 1991

14, Barbaras R, Puchois P, Fruchart J-C, et al: Cholesterol efflux
from cultured adipose cells is mediated by LpA-I particles but not by
LpA-L:A-II particles. Biochem Biophys Res Commun 142:63-69, 1987

15. Olivecrona G, Olivecrona T: Triglyceride lipases and atheroscle-
rosis. Curr Opin Lipido! 6:291-305, 1995

16. Tall AR: Plasma lipid transfer proteins. J Lipid Res 27:361-366,
1986

17. Windler E, Chao Y-S, Havel RJ: Regulation of the hepatic uptake
of triglyceride-rich lipoproteins in the rat. Opposing effects of homolo-
gous apolipoprotein E and individual C apoproteins. J Biol Chem
255:8303-8307, 1980

18. Kandoussi A, Cachera C, Parsy D, et al: Quantitative determina-
tion of different apolipoprotein B containing lipoproteins by an enzyme
linked immuno-absorbent assay: ApoB with apoCIIl and apoB with
apoE. J Immunoassay 12:305-323, 1991

19. Parra HJ, Arveiler D, Evans AE, et al: A case-control study of
lipoprotein particles in two populations at contrasting risk for coronary
heart disease. The ECTIM Study. Arterioscler Thromb 12:701-707,
1992

20. Genest J Jr, Cohn JS: Clustering of cardiovascular risk factors:
Targeting high-risk individuals. Am J Cardiol 76:8A-20A, 1995 (suppl)

21. Bruckert E, Giral P, Salloum J, et al: Carotid stenosis is a
powerful predictor of a positive electrocardiogram in a large hyperlipid-
emic population. Atherosclerosis 92:105-114, 1992

22. Patsch JR, Prasad S, Gotto AM Jr, et al: High density lipoprotein
2: Relationship of the plasma levels of this lipoprotein species to its
composition, the magnitude of postprandial lipemia, and to the actions
of lipoprotein lipase and hepatic lipase. J Clin Invest 80:341-347, 1987

23. Friedewald WT, Levy RI, Fredrickson DS: Estimation of the
concentration of low density lipoprotein cholesterol in plasma without
use of the preparative ultracentrifuge. Clin Chem 18:499-503, 1972

24. Chapman MJ, Goldstein S, Lagrange D, et al: A density gradient
ultracentrifugal procedure for the isolation of the major lipoprotein
classes from human serum. J Lipid Res 22:339-358, 1981

25. Lowry OH, Rosebrough NJ, Farr AL, et al: Protein measurement
with the Folin phenol reagent. J Biol Chem 193:265-275, 1951

26. Bouthillier D, Sing CF, Davignon J: Apolipoprotein E phenotyp-
ing with a single gel method: Application to the study of informative
matings. J Lipid Res 24:1060-1069, 1983

27. Menzel HJ, Kladetzky R, Assmann G: One-step screening
method for the polymorphism of apolipoprotein A-I, A-II and A-IV. ]
Lipid Res 23:915-923, 1982

28. Albers JJ, Tollefson JH, Chen CH, et al: Isolation and character-
ization of human plasma lipid transfer proteins. Arteriosclerosis 4:49-
58,1984

29. Mann CJ, Yen FT, Grant AM, et al: Mechanism of plasma
cholesteryl ester transfer in hypertriglyceridemia. J Clin Invest 88:2059-
2066, 1991

30. Nilsson-Ehle P, Ekman R: Rapid, simple and specific assays for
lipoprotein lipase and hepatic lipase. Artery 3:194-209, 1977

31. Godfrey K: Comparing the means of several groups. N Engl J
Med 313:1450-1456, 1985

32. Patsch JR, Prasad S, Gotto AM Jr, et al: Postprandial lipemia: A



POSTPRANDIAL LpB:Clll, HDL IN MIXED HYPERLIPIDEMIA

key for the conversion of high density lipoprotein2 into high density
lipoprotein3 by hepatic lipase. J Clin Invest 74:2017-2023, 1984

33, Tall A, Sammett D, Granot E: Mechanisms of enhanced cho-
lesteryl ester transfer from high density lipoproteins to apolipoprotein
B-containing lipoproteins during alimentary lipemia. J Clin Invest
77:1163-1172, 1986

34. Grundy SM, Vega GL: Fibric acids: Effects on lipids and
lipoprotein metabolism. Am J Med 27:9-20, 1987

35. Joharisson J, Nilsson-Ehle P, Carlson LA, et al: The association
of lipoprotein and hepatic lipase activities with high density lipoprotein
subclass levels in men with myocardial infarction at a young age.
Atherosclerosis 86:111-122, 1991

36. Mowri HO, Patsch W, Smith LC, et al: Different reactivities of
high density lipoprotein2 subfractions with hepatic lipase. J Lipid Res
33:1269-1279, 1992

37. Mowri HO, Patsch JR, Ritsch A, et al: High density lipoproteins
with differing apolipoproteins: Relationships to postprandial lipemia,
cholesteryl ester transfer protein, and activities of lipoprotein lipase,
hepatic lipase, and lecithin: cholesterol acyltransferase. J Lipid Res
35:291-300, 1994

38. Foger B, Patsch JR: Strategies and methods for the assessment of
distributed postprandial lipid metabolism. Curr Opin Lipidol 4:428-
433,1992

39. Karpe F, Bard J-M, Steiner G, et al: HDLs and alimentary

67

lipemia. Studies in men with previous myocardial infarction at a young
age. Arterioscler Thromb 13:11-22, 1993

40. Agnani G, Bard JM, Candelier L, et al: Interaction of LpB,
LpB:E, LpB:Clll, and LpB:CIILE lipoproteins with the low density
lipoprotein receptor of HeLa cells. Arterioscler Thromb 11:1021-1029,
1991

41. Ginsberg HN, Le N-A, Goldberg 1J, et al: Apolipoprotein B
metabolism in subjects with deficiency of apolipoprotein CIII and AlL:
Evidence that apolipoprotein CHI inhibits catabolism of triglyceride-
rich lipoproteins by lipoprotein lipase in vivo. J Clin Invest 78:1287-
1295, 1986

42. Clavey V, Lestavel-Delattre S, Copin C, et al: Modulation of
lipoprotein B binding to the LDL receptor by exogenous lipids and
apolipoproteins CI, CII, CIII and E. Arterioscler Thromb Vasc Biol
15:963-971, 1995

43. Blankenhorn DH, Alaupovic P, Wickham E, et al: Prediction of
angiographic change in native human coronary arteries and aortocoro-
nary bypass grafts: Lipid and nonlipid factors. Circulation 81:470-476,
1990

44. Luc G, Fievet C, Arveiler D, et al: Apolipoproteins CII and E in
apoB- and non-apoB-containing lipoproteins in two populations at
contrasting risk for myocardial infarction: The ECTIM Study. J Lipid
Res 37:508-517, 1996



