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Abstract Previous studies have indicated that a G to A substi-
tution at position —76 in the gene encoding apolipoprotein A-I
(apoA-I) confers increased plasma high density lipoprotein cho-
lesterol (HDL-C). Increased HDL-C may be a direct conse-
quence of the A allele, or may reflect the action of a locus in link-
age disequilibrium with the A allele. To elucidate this question,
we examined the effect of this polymorphism in a large sample
(n = 409) of unrelated Caucasians and their nuclear families
(n = 22). To eliminate the confounding effects of hypertriglyc-
eridemia, individuals with triglyceride levels greater than
150 mg/d] were excluded from the study. ApoA-I genotype was
determined by polymerase chain reaction (PCR) amplification
of genomic DNA and restriction digestion with Msp 1. In-
dividuals were grouped by genotype (GG, GA or AA) and mean
adjusted HDL levels of the three groups were compared by one-
way analysis of variance. Our analysis indicates that HDL-C
levels do not vary by genotype, and no gene dosage effect is ap-
parent in men or in women. Analysis of 22 informative Cauca-
sian nuclear families showed no significant difference between
individuals with the A allele and their GG siblings. Bl These
data suggest that polymorphism at ~76 in the apoA-I gene does
not directly affect HDL levels. Therefore, the increased HDL-C
levels reported in other populations must reflect linkage dis-
equilibrium between the A allele and a putative HDL-raising
allele. As we find no evidence for association between the A al-
lele and high HDL levels, this putative allele must occur at a low
frequency in the population sampled in this study —Barre,
D. E., R. Guerra, R. Verstraete, Z. Wang, S. M. Grundy, and
J. C. Cohen. Genetic analysis of a polymorphism in the human
apolipoprotein A-I gene promoter: effect on plasma HDL-
cholesterol levels. /. Lipid Res. 1994. 35: 1292-1296.
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Familial aggregation of plasma high density lipoprotein
cholesterol levels (HDL-C) has been reported in several
studies (see ref. 1 for review). A component of the familial
resemblance in HDL-C levels can be attributed to shared
environment, but the major fraction appears to be geneti-
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cally determined (2). Heritability estimates derived from
twin and family data have indicated that genetic factors
probably account for 40-60% of the inter-individual vari-
ation in plasma levels of HDL-C (3), but the specific
genes involved have not been identified.

Candidate genes that potentially contribute to inter-
individual variation in plasma HDL-C levels have been
examined by comparing the HDL-C levels of unrelated
individuals with different alleles of the gene under con-
sideration (4). In most cases, alleles have been defined by
restriction fragment length polymorphisms. Since most of
these polymorphisms are in non-coding regions, an as-
sociation between a candidate locus and plasma HDL-C
levels is usually assumed to indicate linkage disequi-
librium between the marker locus and another, un-
identified, polymorphic sequence that actually confers
phenotypic variation. Perhaps the most consistent associ-
ation identified by these methods is that between apolipo-
protein A-1 (apoA-I) alleles bearing an adenine (A) at
position —76, and high plasma levels of HDL-C. Five
studies (5-9) have reported that individuals with the A al-
lele, which occurs at a frequency of about .18 in Cauca-
sian populations, have higher levels of HDL-C or apoA-1
than do individuals homozygous for alleles bearing gua-
nine (G) at —76, the common allele in these populations.

The magnitude and the gender distribution of the in-
crease in plasma HDL-C levels associated with the A al-
lele has differed among these studies. Jeenah et al. (5)
reported that, in a sample of healthy English men, plasma
apoA-I and HDL and HDL, cholesterol levels were

Abbreviations: HDL-C, high density lipoprotein cholesterol; PCR,
polymerase chain reaction.
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significantly higher in those individuals with the A allele
than in those homozygous for the G allele. Pagani et al.
(6) found that the A allele was over-represented in Italian
women in the highest decile of HDL-C levels, but not in
Italian men in the corresponding decile. These authors
concluded that the A allele was associated with high
HDL-C levels in women, but not in men. Paul-Hayase et
al. (7) reported that plasma apoA-I levels were higher in
Belgian men and boys (aged 7-23 years) with the A allele
than in those homozygous for the G allele, although the
magnitude of the difference reported by these authors
(5 mg/dl) was much lower than that reported by Jeenah et
al. (23 mg/dl). Siggurdsson et al. (8) reported that Ice-
landic male nonsmokers with the A allele had significantly
higher HDL-C and apoA-I levels than did male non-
smokers homozygous for the G allele. In this study (8), the
A allele had no effect on male smokers, or on women. Xu
et al. (9) found no effect of the A allele on plasma HDL-C
levels of Italian boys and girls aged between 8 and 11
years. ApoA-I levels were higher in boys, but not in girls
with the A allele. The reasons for these discrepancies are
not known.

It is also not clear whether the putative effect of the
polymorphism on HDL levels is due to the G to A substi-
tution per se, or to linkage disequilibrium between the
A locus and a distinct as yet unidentified effector locus. In
vitro analysis of the effects of this polymorphism on tran-
scription has yielded conflicting results. Smith, Brinton,
and Breslow (10) reported that substitution of an A for G
at position —76 in the apoA-I promoter decreased in vitro
transcription by about 30%. This finding was consistent
with in vivo turnover studies that showed decreased apoA-I
synthetic rates in individuals with the A allele, although
plasma HDL levels did not differ between GG and GA
individuals. Tuteja et al. (11) reported that substitution
of A for G decreased transcription about 2-fold in
a promoter construct spanning the region -330 to
+1, but had no effect in a construct spanning the
region -1469 to +397. Jeenah and Wells (12) reported
that substitution of A for G increased transcription about
4-fold in a 350-bp fragment spanning the region from
-256 to +100.

The present study was undertaken to elucidate the
effects of the G to A substitution. We reasoned that if the
A substitution at position -76 confers higher HDL-C
levels, then a gene dosage effect should be evident. Homo-
zygotes for the A allele should, on average, have higher
HDL-C levels than GA heterozygotes, who should in turn
have higher HDL-C levels than GG homozygotes. As the
A allele is relatively infrequent, we studied a large sample
of normolipidemic individuals in order to include a repre-
sentative number of AA homozygotes. To reduce the pos-
sible confounding effects of genetic heterogeneity at other
loci that affect HDL-C levels, we also compared the
HDL-C levels of individuals bearing the A allele with

those of their siblings who were homozygous for the G
allele.

METHODS

Subjects

Blood samples were obtained from fasting, non-
Hispanic whites living within 50 miles of the Dalias
metropolitan area. Where possible, the nuclear families of
these subjects were also ascertained. Blood lipid analysis
was performed, and individuals with triglyceride levels
greater than 150 mg/d]l were excluded from the analysis.

Laboratory procedures

Plasma triglyceride, cholesterol, and HDL-C levels
were determined enzymatically, as described previously
{13). Genomic DNA was isolated using the procedure de-
scribed by Lahieri and Nurnberger (14). The region of the
apoA-I gene containing the G/A polymorphism was ampli-
fied by PCR. Each PCR reaction contained 15 pmol of each
primer, 100 uM dNTP, 3.3 pmol 32RdCTP (3000 mCi/
mmol), 100 ng genomic DNA, and 0.25 U Taq polymer-
ase in the buffer provided by the manufacturer. Amplifi-
cations were performed in 10 ul volumes. The PCR mix-
tures were overlaid with mineral oil and subjected to 30
cycles of denaturing at 94°C for 30 sec and annealing and
extension at 68°C for 2 min in a thermocycler. The sam-
ple volume was then increased to 40 ul by addition of a
restriction enzyme, Msp I, in the buffer recommended by
the manufacturer, incubated twice for 2 h at 37°C, and
subjected to electrophoresis on polyacrylamide gels.

Statistical methods

The observed HDL-C values were adjusted for the
effects of age and sex using a procedure similar to that
described by Sokal and Rohlf (15). The adjusted value for
an observation y is y,q; = ¥ + (y — #), where p is the ex-
pected value of an individual of the observation’s age and
sex, and y is the sample average of the y values. The ex-
pected values were obtained from sex and age specific
HDL-C tables reported by Heiss et al. (16). Within each
sex-age specific class, the mean and standard deviation of
our sample was similar to that of Heiss et al. (16).

For the sample of unrelated individuals, a one-way
analysis of variance (17) was performed on the deviations
y — pto test the null hypothesis that phenotypic variation
is unaffected by the marker genotype polymorphism.
Separate analyses for men and women were conducted.
For the sample of nuclear families, a generalization of a
comparison based on paired data was performed. Com-
parison of phenotypes within families accounts for genetic
correlations and thereby removes biases that might other-
wise be incurred. The adjusted HDL-C levels were ranked
within families and the ranking scores were analyzed
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across families. Due to the paucity of A homozygote in-
dividuals, the AA individuals were combined with the AG
individuals to form one class, A+ genotypes. We thus
compared HDL-C levels from AA and AG genotypes
within families. Let S;;<...<S;, denote the n; A ranks
from the ith family, and W = S + ..o+ Sin, the Wil-
coxon rank-sum statistic computed for the ith family. For
unequal family sizes the test statistic W5 = Z{WW/(N; +
1)}, where N; is the number of siblings in the ith family,
is appropriate for testing the significance of the effects of
the marker polymorphism on adjusted HDL-C levels.
This test, including its exact null distribution, is discussed
by Lehmann (18). Two analyses were performed, one
comparing all sibs within a family, and another compar-
ing same sex sibs within families. The statistical computer
package StatXact (19) was used to determine exact P-values.

RESULTS

HDL.-C levels from 205 women (aged between 14 and
86 years, mean 45 years), and 204 men (aged between 16
and 84 years, mean 45 years) were included in this analy-
sis. Mean values of adjusted HDL-C levels for each geno-
type in the sample of unrelated individuals are given in
Table 1. We found no evidence to suggest that the mean
HDL-C levels of the genotype groups were significantly
different in women (P = 0.84) or in men (P = 0.77).

Furthermore, there was no evidence for a gene dosage
effect in either sex; mean HDL-C levels for AA homo-
zygotes were not higher than those of GG homozygotes in
men or in women (Table 1). Figure 1 shows the HDL-C
distributions associated with the three genotypes in
women; it is clear that the between-genotype variation is
negligible compared to the within-genotype variation. A

TABLE 1. Mean values of adjusted HDL levels among marker

genotypes
Genotype
Sex GG GA AA i
Females’ n 131 64 10
Yo 57.4 58.9 57.5
Y T g -0.9 0.6 -0.7 0.84
SD(Y - u) 15.48 16.99 17.69
Males’ n 130 66 8
Yad 45.8 46.8 43.8
Y - i -0.2 0.7 -23 0.77
SD(Y - p) 12.35  14.02 7.03

?P-value associated with analysis of variance F-ratio.

*From sample of unrelated individuals.

“Y - u denotes observed HDL value minus expected value condition-
al on age and sex.
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Fig. 1. Distributions of HDL-C levels for the marker genotypes AA
(n = 10), AG (n = 64), and GG (n = 131) in a sample of 205 unrelated
Caucasian women. Median values are indicated by the white bars within
the boxes; the upper and lower quartiles are indicated by the top and
bottom of the boxes, respectively.

corresponding plot for the men, Fig. 2, leads to the same
conclusion. To evaluate whether our findings were biased
by the procedure used to adjust HDL-C levels, we per-
formed identical analyses on unadjusted HDL-C data,
and on HDL-C data adjusted by regression. No effect of
apolipoprotein A-I genotype was evident is either of these
analyses.

Of the 80 nuclear families examined, 22 included sib-
ships with both GG and GA genotypes. Four of these sib-
ships included three children, eight sibships included four
children, seven sibships included five children, and three
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Fig. 2. Distributions of HDL-C levels for the marker genotypes AA
(n = 8), AG (n = 66), and GG (n = 130) in a sampie of 204 unrelated
Caucasian males. Median values are indicated by the white bars within
the boxes; the upper and lower quartiles are indicated by the top and
bottom of the boxes, respectively.
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sibships included six children. The sample of informative
nuclear families included few A homozygotes, therefore
we combined the AA and AG individuals into one class,
A +. The within-family comparisons rank G homozygotes
with respect to the A+ genotypes. Comparing all sibs
within families resulted in a P-value of 0.19 and thus we
failed to reject the null hypothesis assuming equality of
A+ and GG phenotypic means (o = 0.05). The investi-
gation comparing same sex sibs reduced the number of
informative families to 12 and 10 for the female and male
analyses, respectively. The sibships that did qualify for the
analysis typically were of size 3. In neither case, male or
female, did we reject (&« = 0.05) the null hypothesis: male
P-value = 0.39, female P-value = 0.15.

DISCUSSION

In this study we have examined the influence of a G to
A substitution in the 5' flanking region of the apoA-I gene
on plasma levels of HDL-C. Previous studies (5-9) have
reported that the A allele is associated with higher HDL
levels than the G allele, but the magnitude and gender
specificity of the effects have not been consistent. Our
study design differed significantly from that used by
previous investigators in that we exploited the effects of
gene dosage and segregation.

First, to maximize the possibility of detecting variation
in HDL levels that may be associated with this poly-
morphism, we compared the HDL-C levels of individuals
homozygous for the A allele with those of individuals
homozygous for the G allele. Our analysis indicated that
HDL-C levels did not vary by genotype, and no gene
dosage effect was apparent in men or in women.

Second, to evaluate the possibility that the slight differ-
ence in HDL-C levels between GA heterozygotes and GG
homozygotes reflects a systematic effect of the A allele,
and that this effect is obscured by random variation in
HDL-C levels due to genetic polymorphism at other loci,
we compared the HDL-C levels of GA heterozygotes with
those of their siblings who were homozygous for the G al-
lele. On average, siblings share 50% of their genetic
material identical by descent, therefore this comparison
should significantly reduce variation due to polymor-
phism at other genetic loci. Analysis of 22 informative sib-
ships revealed no effect of the A allele on HDL-C levels,
a result consistent with our finding in unrelated in-
dividuals. These findings indicate that the G to A substi-
tution at —76 in the apoA-I gene does not, per se, confer
higher HDL-C levels. Accordingly, the association be-
tween the A allele and increased HDL levels observed in
other populations (5-9) must reflect linkage dis-
equilibrium between the A allele and a locus that raises
HDL-C levels. Since we find no evidence for association

between the A allele and high HDL-C levels, this putative
HDL.-raising locus must occur at a low frequency in the
population sampled in this study. 8l
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