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Effects of the human apolipoprotein A-I promoter G-A mutation on
postprandial lipoprotein metabolism1–3
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Jiménez-Perepérez, José María Ordovás, and Francisco Pérez-Jiménez

ABSTRACT
Background: There is considerable interindividual variability in the
postprandial lipid response to a fat-rich meal, and genetic factors
have been considered to account for some of these effects. We pre-
viously showed that the G-A mutation 5� to the apolipoprotein (apo)
A-I gene was significantly associated with the LDL-cholesterol
response to diet.
Objective: We evaluated whether this effect is mediated by mech-
anisms involving postprandial lipoprotein metabolism.
Design: Twenty-eight G/G and 23 G/A healthy male subjects,
homozygotes for the apo E3 allele, were subjected to a vitamin A
fat-loading test. Blood was drawn at time 0 and every hour for 11 h.
Results: There was a significant postprandial decrease in plasma
cholesterol, LDL cholesterol, and apo B in G/G subjects but not
in G/A subjects. A greater postprandial response in large triacyl-
glycerol-rich lipoproteins (TRLs) and a smaller postprandial
response in large TRL apo A-IV was observed in G/A than in G/G
subjects. Retinyl palmitate in large and small TRL concentra-
tions was similar for both genotypes. No significant genotype
effects were detected for triacylglycerol concentrations in
plasma, small TRL fraction, and apo A-I and HDL-cholesterol
concentrations.
Conclusion: Our data suggest that the G-A mutation affects the
LDL-cholesterol response to diet by mechanisms involving post-
prandial lipoprotein cholesterol metabolism. Am J Clin Nutr
2002;76:319–25.
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INTRODUCTION

Elevated fasting concentrations of LDL cholesterol and reduced
concentrations of HDL cholesterol are risk factors for coronary
artery disease, the major cause of death and disability in most
industrialized countries (1, 2). Members of these societies, by eat-
ing regular fat-rich meals, are predominantly in a postprandial
state throughout the day. In these individuals, the fed state, and its
effects on lipoprotein metabolism, may be more representative of
their physiologic status than is the fasting state. Since the Zil-
versmit proposal in 1979 (3) about the important role of triacyl-
glycerol-rich lipoproteins (TRLs) in the development of athero-
sclerosis, considerable knowledge about postprandial lipemia has
been accumulated, and some fasting dyslipidemic conditions, as
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well as myocardial infarction, have been associated with abnor-
mal postprandial lipoprotein patterns (4–13). In persons with a
moderate elevation of fasting triacylglycerols, an impaired post-
prandial response to a fat load constitutes an early biological
expression of a paternal history of premature coronary heart dis-
ease (14). The basic mechanisms involved during alimentary
lipemia are relatively well known, and the effects of different
nutrients on the variability of the postprandial response are under
active investigation (15–27). However, less is known about the
dramatic interindividual variability observed during postprandial
lipemia. Some evidence suggests that the genetic variability at the
apolipoprotein (apo) E gene locus might affect cholesterol absorp-
tion and the postprandial lipemic response (28–32). Other studies
indicate that several other gene loci may also be involved in
determining this variability (33–36).

A common variant due to a G-to-A transition was described 76
base pairs upstream from the apo A-I gene transcription start site
(37). Some studies reported that subjects with the A allele, which
occurs at a frequency of 0.15–0.20 in white populations, have
higher concentrations of HDL cholesterol than do subjects who
are homozygous for the most common G allele (38). However, the
magnitude and the sex distribution of this effect have differed
among studies (38–42). In a previous study (43), we examined the
effect of this mutation on the responses of HDL and LDL choles-
terol to changes in the amount of dietary fat. That study showed
that subjects carrying the A allele had a significantly greater
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increase in LDL cholesterol after a high-fat meal than did subjects
who were homozygous for the common G allele (44). The present
study was therefore designed to evaluate whether the difference
in dietary response between the 2 allele groups was mediated by
mechanisms involving postprandial lipoprotein metabolism in
subjects homozygous for the apo E3 allele.

SUBJECTS AND METHODS

Human subjects

Fifty-one healthy men aged 18–49 y, 28 who were homozy-
gous for the most common allele (G/G) and 23 who were car-
riers of allele A (G/A), were studied. All the subjects were stu-
dents at the University of Cordoba, and all responded to an
advertisement. None of the subjects had diabetes or liver, renal,
or thyroid disease. All the subjects were selected to have the
apo E3/E3 genotype to avoid allele effects of this gene locus on
postprandial lipemia (31). None of the subjects were taking
medication or vitamins known to affect plasma lipids. The sub-
jects’ fasting plasma lipid, lipoprotein, and apolipoprotein con-
centrations; ages; and body mass indexes (in kg/m2) are shown
in Table 1. All studies were carried out in the Research Unit at
the Reina Sofía University Hospital, and the experimental pro-
tocol was approved by the hospital’s Human Investigation
Review Committee.

Vitamin A fat-loading test

After a 12-h fast, the subjects were given a fatty meal enriched
with 60 000 U vitamin A/m2 body surface area. The meal consisted
of 2 cups whole milk, eggs, bread, bacon, cream, walnuts, and but-
ter. The meal provided 1 g fat and 7 mg cholesterol/kg body wt. It
contained 65% of energy as fat, 15% as protein, and 25% as car-
bohydrates and was eaten in 20 min. After the meal, the subjects
consumed no energy for 11 h but were allowed to drink water.
Blood samples were drawn before the meal, every hour until the
6th hour, and every 2.5 h until the 11th hour.

Lipoprotein separations

Blood was collected in tubes containing EDTA to give a final
concentration of 0.1% EDTA. Plasma was separated from red
blood cells by centrifugation at 1500 � g for 15 min at 4 �C. The
chylomicron fraction of TRL (large TRL) was isolated from 4 mL
plasma overlayered with 0.15 mol NaCl/L, 1 mmol EDTA/L (pH 7.4,

density < 1.006 kg/L) by a single ultracentrifugal spin (36 200
� g for 30 min at 4 �C) in a type 50 rotor (Beckman Instruments,
Fullerton, CA). Chylomicrons, contained in the top layer, were
removed by aspiration after cutting the tubes, and the infranatant
fluid was centrifuged at a density of 1.019 kg/L for 24 h at
183 000 � g in the same rotor. The nonchylomicron fraction of
TRL (also referred to as small TRL) was removed from the top
of the tube. All operations were done in subdued light. Large and
small TRL fractions were stored at �70 �C until assayed for
retinyl palmitate (RP).

Lipid analysis

Cholesterol and triacylglycerols in plasma and lipoprotein
fractions were assayed by enzymatic procedures (45, 46). Apo
A-I and apo B were determined by turbidimetry (47). HDL cho-
lesterol was measured by analyzing the supernatant fluid
obtained after precipitation of a plasma aliquot with dextran sul-
fate and Mg2+ as described by Warnick et al (48). The LDL
cholesterol was obtained as the difference between the HDL
cholesterol and the cholesterol from the bottom part of the tube
after ultracentrifugation (183 000 � g for 24 h at 4 �C) at a den-
sity of 1.019 kg/L.

Retinyl palmitate assay

The RP content of large and small TRL fractions was assayed
with a method previously described (49). Briefly, different vol-
umes of the various fractions (100 �L for chylomicrons and
100–500 �L for remnant) were placed in 13 � 100-mm glass
tubes. The total volume in each tube was adjusted, as necessary,
to 500 �L with the use of isotonic sodium chloride solution.
Retinyl acetate (40 ng in 200 �L mobile phase buffer) was added
to each tube as an internal standard. Five hundred milliliters
methanol was added, followed by 500 �L mobile phase buffer,
for a total volume of 1.7 mL. The mobile phase buffer was pre-
pared fresh daily by combining 90 mL hexane, 15 mL n-butyl
chloride, 5 mL acetonitrile, and 0.01 mL acetic acid (82:13:5 by
volume with 0.01 mL acetic acid). The tubes were thoroughly
mixed after each step. The final mixture was centrifuged at
350 � g for 15 min at room temperature, and the upper layer was
carefully removed by aspiration and placed in individual
autosampler vials. The autoinjector was programmed to deliver
100 �L/injection and a new sample every 10 min in a custom-
prepackaged silica column SupelcoSil LC-SI (5 mm, 25 cm �
4.6 mm inner diameter) provided by Supelco Inc (Bellefonte, PA).
The flow was maintained at a constant rate of 2 mL/min, and the
peaks were detected at 330 nm. The peaks of RP and retinyl
acetate were identified by comparing their retention times with a
purified standard (Sigma, St Louis), and the RP concentration in
each sample was expressed as the ratio of the area under the RP
peak to the area under the retinyl acetate peak (50). All operations
were performed in subdued light.

Determination of apo B-48 and apo B-100

Apo B-48 and apo B-100 were determined by sodium dodecyl
sulfate–polyacrylamide gel electrophoresis (SDS-PAGE) as
described by Karpe and Hamsten (51). In brief, samples contain-
ing isolated lipoprotein fractions were delipidated in a
methanol–diethyl ether solvent system and the protein pellet was
dissolved in 100–500 �L of 0.15 mol/L sodium phosphate, 12.5%
glycerol, 2% SDS, 5% mercaptoethanol, and 0.001% bromophe-
nol blue (pH 6.8) at room temperature for 30 min, followed by

TABLE 1
Baseline characteristics of the study subjects according to APOA1
genotype1

G/G (n = 28) G/A (n = 23)

Age (y) 22.9 ± 5.9 22.3 ± 5.2
BMI (kg/m2) 24.5 ± 2.4 23.8 ± 2.9
Cholesterol (mmol/L) 4 ± 0.5 3.8 ± 0.8
Triacylglycerols (mmol/L) 0.9 ± 0.4 0.8 ± 0.3
LDL cholesterol (mmol/L) 2.3 ± 0.5 2.3 ± 0.7
HDL cholesterol (mmol/L) 1.3 ± 0.3 1.2 ± 0.2
Apolipoprotein B (g/L) 0.6 ± 0.2 0.6 ± 0.2
Apolipoprotein A-I (g/L) 10.1 ± 0.2 1 ± 0.2
Large TRL triacylglycerol (mmol/L) 0.23 ± 0.16 0.16 ± 0.12

1 x– ± SD. TRL, triacylglycerol-rich lipoprotein. There were no signifi-
cant differences between the 2 groups (ANOVA).

 by guest on D
ecem

ber 18, 2016
ajcn.nutrition.org

D
ow

nloaded from
 

http://ajcn.nutrition.org/


APOA1 POLYMORPHISM AND POSTPRANDIAL LIPEMIA 321

denaturation at 80 ºC for 10 min. Electrophoresis was performed
with a vertical Hoefer Mighty Small II electrophoresis apparatus
connected to an EPS 400/500 power supply (Amersham Pharma-
cia Biotech Inc, Piscataway, NJ) on 3–20% gradient polyacryla-
mide gels. The upper and lower electrophoresis buffers contained
25 mmol/L tris, 192 mmol/L glycine, and 0.2% SDS adjusted to
pH 8.5. Apo B-100 derived from LDL was used as a reference pro-
tein and for standard-curve dilutions. A dilution curve ranging
from 0.10 to 2 mg apo B-100 was applied to 4 of the gel lanes.
Electrophoresis was run at 60 V for the first 20 min and then at
100 V for 2 h. Gels were fixed in 12% trichloroacetic acid
for ≥ 30 min and stained in 0.2% Coomassie G-250:40%
methanol:10% acetic acid for ≥ 4 h. Destaining was done in 12%
methanol:7% acetic acid with 4 changes of destaining solution for
24 h. Gels were scanned with a videodensitometer scanner (TDI,
Madrid) connected to a personal computer for integration of the
signals. Background intensity was calculated after scanning an
empty lane. The CV for the SDS-PAGE was 7.3% for apo B-48
and 5.1% for apo B-100.

Apo A-IV measurement

Apo A-IV was measured in total plasma and in both large and
small TRLs in postprandial samples obtained at 0, 1, 3, 5, 8.30,
and 11 h with the use of an enzyme-linked immunosorbent assay.
Briefly, polystyrene microtiter plates (Nuc, Naperville, IL) were
coated with affinity-purified polyclonal apo A-IV antibody (10 �g/
mL) in phosphate-buffered saline (PBS) 0.1 mol/L (pH 7.4),
100 �L/well. The plates were covered with acetate plate sealers
(ICN Biomedicals, Asse-Relegem, Belgium) and incubated
overnight at room temperature. The next day, the solution con-
taining the unbound antibody was removed and the remaining
binding sites in the plate were blocked with the use of 0.5% bovine
serum albumin (radioimmunoassay grade BSA; Sigma) and 0.1%
NaN3 in PBS (1-h incubation). Plates were then washed 3 times
with PBS containing 0.5% Tween-20 (PBST).

Control and plasma samples were diluted (1:5000) in PBS-BSA.
Large and small TRL samples were diluted 1:500 and 1:100, respec-
tively. Twofold serial dilutions were performed for the plasma stan-
dard (standard curve: 333.3–10.4 �/L). Controls were prepared in
the laboratory by pooling plasma from different individuals. Mul-
tiple aliquots were stored at �70 �C. Controls were calibred against
a primary standard determined by amino acid analysis.

Aliquots (100 �L) of standards, controls, and plasma samples
were added to designated wells in the microtiter plate. Aliquots
were diluted and thoroughly mixed immediately before addition.
Controls and samples were run in duplicate wells in each plate.
After a 2-h incubation at 37 �C, the content of the plate was dis-
carded and the plate was washed 3 times with PBST.

The goat-immunopurified apo A-IV antibody conjugated to per-
oxidase was diluted in PBS-BSA at 1:5000, and 100 �L was added
to each well. The plate was sealed and incubated at 37 ºC for 2 h.
After this incubation, the plate was washed 5 times with PBST.
The substrate used for the enzymatic color reaction is o-phenylene
diamine and hydrogen peroxide in 0.1 mol/L citrate buffer. This
solution was added to each well (100 �L) and incubated for 30 min
at room temperature and then read at 410 nm on a microtiter plate
reader (Dynatech MR 600; Albertville, Minnesota).

DNA amplification and genotyping

DNA was extracted from 10 mL EDTA-containing blood.
Amplification of a 432–base pair region of APOA1 was done by

polymerase chain reaction (PCR) with 250 ng genomic DNA and
0.2 �mol of each oligonucleotide primer (P1, 5�-AGGGACAGA
GCTGATCCTTGAACTCTTAAG-3�, and P2, 5�-TTAGGGGAC
ACCTACCCGTCAGGAAGAGCA-3�) in 50 �L. DNA was dena-
tured at 95 �C for 5 min followed by 30 cycles of denaturation at
95 �C for 1 min, annealing at 58 �C for 1.5 min, and extension at
72 �C for 2 min. The PCR product (10 �L) was digested with 5 U
restriction enzyme MspI (GIBCO BRL, Paisley, Scotland) in a
total volume of 35 �L. Digested DNA was separated by elec-
trophoresis on an 8% nondenaturing polyacrylamide gel at 150 V
for 2 h. Bands were visualized after silver staining. Samples con-
taining the A allele were amplified a second time to verify the
genotype.

Amplification of a region of 266 base pairs of APOE was done by
PCR with 250 ng genomic DNA and 0.2 mmol of each oligonu-
cleotide primer (E1, 5�-GAACAACTGACCCCGGTGGCGGAG-3�,
and E2, 5�-TCGCGGGCCCCGGCCTGGTACACTGCCA-3�) and
10% dimethyl sulfoxide in 50 �L. DNA was denatured at 95 ºC for
5 min followed by 30 cycles of denaturation at 95 �C for 1 min,
annealing at 63 �C for 1.5 min, and extension at 72 �C for 2 min.
Twenty microliters of PCR product was digested with 10 U of
restriction enzyme CfoI (BRL) in a total volume of 35 �L. Digested
DNA was separated by electrophoresis on an 8% nondenaturing
polyacrylamide gel at 150 V for 2 h. Bands were visualized by sil-
ver staining.

Amplification of a region of APOA4 was done by PCR with
250 ng genomic DNA and 0.2 �mol of each oligonucleotide primer
(P1, 5�-GCCCCTGGTGCAGCAGATGGAACAGCTCAGG-3�,
and P2, 5�-CATCTGCACCTGCTCCTGCTGCTGCTCCAG-3�)
in 50 �L. DNA was denatured at 95 �C for 5 min followed by 30
cycles of denaturation at 95 �C for 1 min, annealing at 65 �C for
1 min, and extension at 70 �C for 2 min. The PCR product (10 �L)
was digested with 5 U restriction enzyme HinfI (Promega, Madi-
son, WI) in a total volume of 35 �L. Digested DNA was separated
by electrophoresis on an 8% nondenaturing polyacrylamide gel at
150 V for 2 h. Bands were visualized after silver staining. Sam-
ples containing the A allele were amplified a second time to ver-
ify the genotype.

Statistical analysis

Several variables were calculated to characterize the post-
prandial responses of plasma triacylglycerols, large TRLs, and
small TRLs to the test meal. The area under the curve (AUC) is
defined as the area between the plasma concentration-versus-
time curve and a line drawn parallel to the horizontal axis
through the 0-h concentration. This area was calculated by a
computer program using the trapezoidal rule. Other variables
were the normalized peak concentration above baseline and the
peak time, which was the average of the time of peak concen-
tration and the time to the second highest concentration. Data
were tested for statistical significance between genotypes by
analysis of variance (ANOVA) and the Kruskal-Wallis test and
between genotypes and time by ANOVA for repeated measures.
In this analysis, we studied the statistical effects of the genotype
alone, independent of the time in the postprandial study; the
effect of time alone or the change in the variable after the inges-
tion of fatty food over the entire lipemic period; and the effect of
the interaction of both factors, genotype and time, indicative of
the magnitude of the postprandial response in each group of sub-
jects with a different genotype. When statistical significance was
found, the Tukey’s post hoc comparison test was used to identify
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FIGURE 1. Postprandial normalized plasma total cholesterol, LDL-
cholesterol, and apolipoprotein (apo) B responses in G/G (n = 28; �) and
G/A (n = 23; �) subjects. For each group, the concentrations at each time
point were averaged and adjusted to the baseline concentration. Multi-
variate ANOVA for repeated measures: G, genotype effect; T, time effect;
G � T, genotype-by-time interaction. *Significantly different from G/G, P
< 0.05 (Tukey’s test for normally distributed variables or Kruskal-Wallis
for nonparametric variables).

FIGURE 2. Postprandial normalized plasma triacylglycerol (TG),
apolipoprotein (apo) B-48, and apo A-IV responses in large TG-rich
lipoproteins (TRLs) in G/G (n = 28; �) and G/A (n = 23; �) subjects. For
each group, the concentrations at each time point were averaged and
adjusted to baseline TG in the top panel. Multivariate ANOVA for repeated
measures: G, genotype effect; T, time effect; G � T, genotype-by-time
interaction, AU, arbitrary units. *Significantly different from G/G, P < 0.05
(Tukey’s test).

group differences. A P value < 0.05 was considered significant.
Stepwise multiple regression analyses were carried out using
small and large TRL–apo B-48, large TRL–apo A-IV, total cho-
lesterol, LDL cholesterol, and apo B concentrations, and the
AUC was defined as dependent variables and age, body mass
index, APOA1 genotypes, HDL cholesterol, basal cholesterol,
and triacylglycerol values as independent variables. Discrete
variables were divided into classes for analysis. All data pre-
sented in the text and tables are expressed as means ± SDs. SPSS
7.5 for WINDOWS (SPSS Inc, Chicago) was used for the sta-
tisical comparisons.

RESULTS

The baseline characteristics of the study subjects are shown in
Table 1. No significant differences for any of the variables ana-
lyzed were detected between subjects heterozygous for the A allele
(n = 23) and those homozygous for the G allele (n = 28).

Plasma cholesterol responses after the fat-loading test are
shown in Figure 1. In G/G subjects, the plasma cholesterol con-
centrations decreased significantly at time points 1–11 h compared
with baseline concentrations; in G/A subjects, plasma cholesterol

concentrations showed no significant change between 1 and 9 h
but increased significantly from time 0 at the last time point (11 h).
The G/A subjects had a significantly higher postprandial total
cholesterol response than did the G/G subjects, as shown by
ANOVA for repeated measures (P = 0.002) and by a higher AUC
(P < 0.002).

In G/G subjects, plasma LDL-cholesterol concentrations
decreased significantly at time points 1–9 h from baseline and
returned to baseline concentrations at the end of the experimen-
tal period (Figure 1). In G/A subjects, plasma LDL-cholesterol
concentrations increased significantly at 11 h. In G/G subjects,
plasma apo B concentrations (Figure 1) decreased significantly
at the 1–9-h time points from baseline; no significant changes in
postprandial apo B were observed in G/A subjects. The G/A sub-
jects had a greater postprandial response in LDL cholesterol
(P < 0.009) and apo B (P < 0.014), as shown by ANOVA for
repeated measures, and a higher AUC (P < 0.006; and P < 0.008,
respectively) than did G/G subjects.

Triacylglycerol concentrations in large TRL particles (Figure 2)
remained significantly elevated over baseline in G/A and G/G sub-
jects during the entire period. A significant genotype effect was
also observed by ANOVA for repeated measures (interaction
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TABLE 3
Multiple stepwise regression analyses1

Dependent Independent Variable
variable variable in the model �-Coefficient Multiple R2 P Model R2

Plasma TC AUC G-A mutation G-A mutation 0.468 0.148 0.009 0.197
TC BMI 0.237 0.049 0.115

Plasma LDL cholesterol AUC G-A mutation G-A mutation 0.419 0.176 0.004 0.176
Plasma apo B AUC G-A mutation G-A mutation 0.399 0.141 0.011 0.233

TC Age 0.287 0.132 0.042
BMI TC �0.258 0.057 0.087

Large TRL apo B-48 AUC G-A mutation G-A mutation 0.541 0.190 0.024 0.451
TC BMI 0.483 0.132 0.042
BMI TC �0.278 0.097 0.062
TG TG �0.189 0.031 0.277

1 We introduced as independent variables BMI, total triacylglycerol (TG), age, HDL cholesterol, and apolipoprotein (apo) A-IV and polymorphism. The
G/G genotype was given the value of 1 and the G/A genotype the value of 2. TC, total cholesterol; TRL, triacylglycerol-rich lipoprotein; AUC, area under
the curve.

TABLE 2
Area under the postprandial curve in subjects according to APOA1
genotype1

G/G (n = 28) G/A (n = 23)

Total cholesterol (mmol · s/L) �1.491 ± 2.15 0.961 ± 2.832

Triacylglycerols (mmol · s/L) 8.220 ± 5.73 8.934 ± 6.51
LDL cholesterol (mmol · s/L) �1.884 ± 1.82 0.045 ± 2.663

HDL cholesteol (mmol · s/L) �0.083 ± 1.14 �0.300 ±1.27
Apo B (g/L s) �0.373 ± 0.45 0.229 ± 0.994

Apo A-I (g/L s) �0.435 ± 0.62 �0.187 ± 0.91
Large TRL TG (mmol · s/L) 5.097 ± 3.64 5.417 ± 3.94
Small TRL TG (mmol · s/L) 0.822 ± 1.21 0.974 ± 1.48
Large TRL RP (ng · s/L) 46.202 ± 40.90 42.204 ± 50.29
Small TRL RP (ng · s/L) 16.688 ± 11.79 17.058 ± 17.01
Large TRL apo B-48 (AU) 147 ± 91 423 ± 4195

Small TRL apo B-48 (AU) 291 ± 322 122 ± 202
Large TRL apo B-100 (AU) 432 ± 628 337 ± 280
Small TRL apo B-100 (AU) 12.115 ± 18.311 12.882 ± 11.402

1 x– ± SD. TRL, triacylglycerol-rich lipoprotein; RP, retinyl palmitate;
AU, arbitrary units.

2–5 Significantly different from G/G: 2 P = 0.002, 3 P = 0.006, 4 P = 0.008,
5 P = 0.007.

between genotype and time), with a significantly greater post-
prandial response (P = 0.022) in the large TRL triacylglycerol
concentrations in G/A than in G/G subjects. Triacylglycerols in
the small TRL fraction increased over baseline during the first 6 h
of the postprandial period for both G/A and G/G subjects. No
significant genotype effects were observed by ANOVA for
repeated measures in triacylglycerol concentrations in the small
TRL fraction.

RP and apo B-48 were used as markers for intestinal lipopro-
tein production. RP concentrations in large and small TRLs were
similar for both genotypes. No significant genotype effect was
observed by ANOVA for repeated measures in postprandial large
and small TRL-RP (Table 2). Large apo B-48 responses in G/G
and G/A subjects are shown in Figure 2. Apo B-48 concentrations
in large TRLs and small TRLs were significantly elevated over
baseline in G/G and G/A subjects during the entire period. A signi-
ficant genotype effect was also observed with ANOVA for
repeated measures: G/A subjects had a significantly greater
(P = 0.007) AUC in large apo B-48 than did G/G subjects

(Table 2). There were no significant differences in the small TRL
apo B-48 response between G/G and G/A subjects. No significant
genotype effects were observed for apo B-100 in large or small
TRL particles (Table 2). A significant genotype effect was also
observed with ANOVA for repeated measures, showing a signifi-
cantly greater postprandial decrease (P = 0.028) in large TRL apo
A-IV in G/A subjects than in G/G subjects (Figure 2).

The possible linkage dysequilibrium between the G-A poly-
morphism and APOA4 was analyzed. We did not observe any link-
age dysequilibrium between the APOA1 G-A polymorphism and
the APOA4 polymorphism.

Multiple regression analysis (Table 3) showed that the G-A
mutation at APOA1 was the only significant (P = 0.003) predictor
of the variability in LDL-cholesterol postprandial response (AUC)
in our study population, accounting for 18% of the variance. In
addition, the G-A mutation (P = 0.008) was a significant predic-
tor for the apo B postprandial response, accounting for the 14.1%
of the variance. When total cholesterol postprandial response
(AUC) was used as a dependent variable with the same variables
in the model as for LDL cholesterol, only the APOA1 genotype
entered the model as a predictor (P = 0.006), accounting for the
15.2% of the variance. When large TRL apo B-48 and large TRL
apo A-IV were introduced in the model as dependent variables,
the G-A mutation was a significant predictor (P < 0.004 and P < 0.042,
respectively), accounting for the 17.8% and 11.8% of the variance,
respectively.

DISCUSSION

Our results show that carriers of the A allele mutation in the
promoter region of APOA1 (�76 base pairs G/A genotype) have
a greater increase in large TRLs and a smaller decrease in LDL
cholesterol and apo B after the consumption of a fatty meal than
do those with the G/G genotype. These responses are accompa-
nied by a greater postprandial decrease in the concentrations of
apo A-IV carried in large TRLs.

Many factors—such as age, body mass index, tobacco, and
alcohol consumption—influence the individual variability
observed in postprandial lipid transport and affect the synthesis
and catabolism of TRLs from the liver and the intestine. Our study
found no significant differences among such factors that could
influence the difference in postprandial lipemia between carriers
of the mutation and homozygotes for the G allele. Furthermore,

 by guest on D
ecem

ber 18, 2016
ajcn.nutrition.org

D
ow

nloaded from
 

http://ajcn.nutrition.org/


324 MARÍN ET AL

the influence of several genetic factors, such as the genetic vari-
ants of apo B (51) and the isoform of apo E, on the absorption or
clearance of dietary fat is well known (31, 52, 29). Carriers of the
E2 allele show a delayed clearance, and carriers of the E4 allele
show a faster process represented by the concentration of RP in
the plasma (29).

Apo A-I is an apolipoprotein of intestinal origin that increases
its synthesis after the consumption of a fatty meal. The gene for
apo A-I is clustered with APOC3 and APOA4, creating a genetic
complex. Previous studies showed that the specific locus of APOA1
could be responsible for 33% of the variability observed in the
response to high-fat diets (53, 54). This fact may be relevant to
postprandial metabolism. However, the mechanisms responsible
for the effects of the genetic variants of APOA1 on postprandial
lipemia remain unknown. Calabresi et al (55) showed that carriers
of the APOA1 Milano mutation have greater postprandial lipemia.
Our results show that carriers of the A allele have a longer post-
prandial lipemia than do homozygotes for the G allele, as well as
a postprandial decrease in the concentrations of LDL cholesterol
and apo B after a fat-rich meal.

Today, the mechanisms that determine the phenomena
observed in our study are unknown, but we can consider several
hypotheses. The different postprandial responses observed could
be due to changes in fat absorption and cholesterol from the diet,
as was previously shown with the apo E polymorphism (28–32).
These differences could also be the result of less clearance of
large triacylglycerol-enriched particles of intestinal origin, as
indicated by the greater increase of apo B-48 and large TRL
triacylglycerol concentrations. The lower concentrations of apo
A-IV observed in the large TRLs of carriers of the A allele may
determine this phenomenon. Goldberg et al (56) reported that in
the presence of HDL, apo A-IV facilitates apo C-II catalysis of
lipoprotein lipase by increasing transfer of apo C-II from HDL
to substrate particles. The lipoprotein lipase activity is critical for
normal clearance of postprandial TRL particles (57). Further-
more, apo A-IV itself increases catabolism of the triacylglycerol-
enriched particles. Apo A-IV can modulate lipoprotein lipase and
postprandial lipid metabolism. Thus, apo A-IV may regulate the
clearance of TRLs of intestinal origin. Another possible expla-
nation of our results is that they are not the direct consequence
of the G-A mutation effect on APOA1 but are caused by another
functional mutation, closely connected to the previous one, in
APOC3 or APOA4. This would explain the lower content of apo
A-IV in the large TRLs, but we did not observe any linkage
dysequilibrium between the APOA1 G-A polymorphism and
APOA4 polymorphisms.

In conclusion, carriers of the G/A genotype show a greater
plasma postprandial response of large TRLs associated with a
lower postprandial decrease in the concentrations of LDL choles-
terol and apo B.

We appreciate the cooperation of Beatriz Pérez in the translation of the
manuscript.
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