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Abstract

Aims—Our goals were to examine the relationships of a specific ATP-binding cassette
transporter A1 (ABCAL1) variant, rs2230806 (R219K), on baseline lipids, low density lipoprotein
(LDL) cholesterol lowering due to pravastatin, baseline heart disease, and cardiac endpoints on
trial.

Methods and Results—The ABCA1 R219K variant was assessed in 5,414 participants in
PROSPER (PROspective Study of Pravastatin in the Elderly at Risk) (mean age 75.3 years), who
had been randomized to pravastatin 40 mg/day or placebo and followed for a mean of 3.2 years.
Of these subjects 47.6 % carried the variant, with 40.0 % carryin g one allele, and 7.6 % carrying
both alleles. No effects on baseline LDL cholesterol levels were noted, but mean HDL cholesterol
increased modestly according to the number of variant alleles being present (1.27 vs 1.28 vs 1.30
mmol/L, p=0.024). No relationships between the presence or absence of this variant and statin
induced LDL lowering response or CHD at baseline were noted. However within trial those with
the variant as compared to those without the variant, the overall adjusted hazard ratio for new
cardiovascular disease (fatal CHD, non-fatal myocardial infarction, or fatal or non-fatal stroke)
was 1.22 (95% CI 1.06-1.40, p=0.006), w hile for those in the pravastatin group it was 1.41
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(1.15-1.73, p=0.001), and for those in the placebo group it was 1.08 (0.89-1.30, p=0.447) (p for
interaction 0.058).

Conclusion—Our data indicate that subjects with the ABCA1 R219K variant may get
significantly less heart disease risk reduction from pravastatin treatment than those without the

variant.
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ABCAL1 Gene; Statins; Low Density Lipoprotein Cholesterol Lowering Response; Heart Disease
Risk Reduction

Introduction

Elevated low-density lipoprotein cholesterol (LDL-C) and reduced high-density lipoprotein
cholesterol (HDL-C) levels independently predict the risk of developing coronary heart
disease (CHD) (1,2). Statins reduce LDL-C effectively, but considerable inter-individual
variation exists in treatment responses. Previous pharmacogenetic studies have explored
genetic variation as determinants of statin response. We have previously documented that
genetic variation at the APOE, low density lipoprotein receptor (LDLR), proprotein
convertase subtilisin/kexin type 9 (PCSK9), the Niemann-Pick C1-like protein (NPC1L1),
and the solute carrier organic anion transporter (SLCO1B1) and the kinesin like protein
(KIF6) gene loci affects the degree of statin induced LDL-C lowering response in the
PROspective Study of Pravastatin in the Elderly at Risk (PR O S PE R) (3-7). Moreover in
this same study we have docu mented that genetic variation at the APOE, LDLR, NPC1L1,
KIF6, and the taste receptor type 2, member 50 (TAS2R50) gene loci affected on trial CHD
risk (3,5,7).

In prosper, there was a significant interaction (p=0.0069) between baseline HDL-C levels
and treatment effect. Subjects in the lowest HDL-C tertile (with baseline HDL-C < 1.11
mmol/L or < 43 mg/dl) experienced apparently a greater benefit in terms of CHD risk
reduction from pravastatin (hazards ratio 0.64) than did subjects with higher HDL-C levels
(8). The ATP binding cassette transporter A1 (ABCAL) has been found to be critical in
promoting the efflux of cellular cholesterol and phospholipid onto small pre-beta 1 HDL
particles and in the process converting them to larger alpha migrating HDL particles (9).
Patients with significant defects in ABCA1 have marked HDL deficiency and Tangier
disease, characterized by cholesterol deposition in the tonsils, liver, spleen, and neurologic
tissue, as well as premature CHD (10). The most studied variant at the ABCA1 gene locus is
the R219K variant which causes an amino substitution in which an arginine is replaced by a
lysine at amino acid position 219 in the ABCAL protein (11). It has been previously reported
that individuals carrying the R219K variant (found in 46% of a population of 790 subjects)
had significantly lower triglyceride levels, slightly higher HDL-C levels, and significantly
reduced severity of CHD as compared to non-carriers (12). Moreover these authors
suggested that this variant may be associated with a modest gain of ABCA1 function (11,
12). Subsequently it was reported that the presence of the R219K ABCAL variant in patients
with familial hypercholesterolemia (n=374) was associated with a markedly reduced risk of
CHD (hazards ratio 0.32, p<0.001) as compared to non-carriers (13). A recent meta analysis
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based on an examination of 6,597 CHD cases and 15,369 controls concluded that the
presence of the R219K ABCA1 variant was associated with a lower risk of CHD (hazards
ratio 0.76, p <0.0001), and modestly higher HDL-C levels (14).

However, there are no studies to our knowledge that have assessed whether the R219K
ABCAZ1 genetic variant affects responses to statin treatment in terms of lipid modification or
CH D risk reduction. Our goals in this study were to determine whether the ABCA1 variant
rs2230806 or R219K in PROSPER participants would affect baseline lipids, CHD
prevalence at baseline, pravastatin induced LDL-C lowering, and pravastatin mediated CHD
risk reduction.

Materials and Methods

Study Subjects

The results and the methodology used in the PROspective Study of Pravastatin in the
Elderly at Risk (PROSPER) study have been previously described (8, 15). In this study
2,804 men and 3,000 women, aged 70-82 years, with pre-existing vascular disease
(n=2,404) or at least one of three major vascular risk factors (diabetes n=575, smoking
n=1,433, or hypertension n=3,360) were randomized to pravastatin 40mg/day (n=2,891) or
placebo (n=2,913) and followed for an average of 3.2 years. Over this time period, the mean
LDL-C reduction in the active treatment group was 32%, and the risk of developing CHD
was decreased by 19%, which was statistically significant (8).

Biochemical and DNA analysis

Total cholesterol (TC), HDL-C, and triglycerides were assessed after an overnight fast, at 6
months, and at 12 months, and LDL-C was calculated by the Friedewald formula, as
previously described (8). Apolipoprotein A-1 (apoA-I) and apolipoprotein B (apoB) were
measured only at baseline as described. DNA was isolated from cells from this cohort and
DNA from 5,783 subjects participating in this study were available for this study. ApoE
phenotype was determined on plasma samples by Western blotting, using the method of
Havekes et al. in the central laboratory of the Royal Infirmary in Glasgow, Scotland.
Subjects were classified according to the presence of apoE2, apoE3, or apoE4 bands on gel
blotting (16). This gel phenotyping method has been shown to have 99% concordance with

genotyping (17).

For DNA analysis the single nucleotide polymorphism (SNP), R219K (rs2230806) of the
ABCAL1 gene was genotyped using Taq Man ® SNPs genotyping assays (Applied
Biosystems, Foster City, CA). The custom assay identification number was C_2741051 1.
The end point was read after PCR amplification was performed using an Applied
Biosystems 7900 HT Sequence Detection System. Genotypes with quality scores below the
95% were repeated (n=13) and 5% blinded replicates for genotype determinations were
performed. In addition, a total of 119 subjects or 2.2% who had the apoE4/2 phenotype were
excluded from these analyses, as well as 246 subjects who had missing apoE phenotypes.
These exclusions were carried out because apoE phenotype or genotype can affect statin-
induced LDL-C lowering response, as well as CHD risk. Subjects carrying the apoE4 allele
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have the lowest statin-induced LDL-C lowering response and the highest CHD risk, while
the converse is true for carriers of the apoE2 allele (18-21). The subject characteristics for
these individuals representing the 5,414 subjects studied are shown in Tablel.

Statistical analysis

Results

Observed genotype frequencies were compared with those expected under Hardy-Weinberg
equilibrium using a 42 test. For data analysis, multivariate analysis of covariance
(ANCOVA) was performed to detect associations between lipoprotein levels at baseline as
well as changes in response to treatment with pravastatin at 6 months and with ABCA1
genotypes adjusted for gender, body mass index, age, alcohol, smoking, diabetes, apoE
phenotype, baseline HDL-C levels, and country of origin, since subjects participating in PR
O S P E R were either from Scotland, Ireland, or the Netherlands. Prevalence at baseline of
myocardial infarction (MI) and all types of vascular disease (history of angina, claudication,
MI, stroke, transient ischemic attack, peripheral arterial disease surgery, or amputation for
vascular disease more than 6 months before study entry) at baseline, as well as incidence of
primary endpoints (CHD death or nonfatal MI or fatal non-fatal stroke), and all
cardiovascular events (primary endpoints and coronary artery bypass grafting, coronary
angioplasty, and peripheral artery surgery or angioplasty), were co mpared between carriers
of different ABCA1 SNP genotypes using multivariable logistic regression analysis in all
subjects, and also with stratification by gender and treatment. All analyses were fully
adjusted for age, gender, country, history of vascular disease, body mass index, history of
diabetes, as well as history of hypertension, alcohol use, current smoking, apoE phenotype,
and baselin e HDL-C levels. We estimated the power of the study to detect genotypic
differences in the incidence of cardiovascular events by assuming an alpha-level of 0.05, a
dominant inheritance model, an assumed prevalence of events of 15% and a power of 80%
for a balanced case-control study (1:1) for minor allele frequency 0.30, and genetic relative
risk may around 1.2, which indicated approximately 2,000-2,500 as the number of cases per
group required.

To evaluate the modifying effects of genotypes and gender on the response to treatment,
gene-treatment and gene-gender interaction terms were added to the regression models.
There was no interaction between R219K and apoE phenotype. All analyses were performed
using SAS/STAT and SAS/Genetics (SAS Version 9.1, SAS Institute Inc., Cary, NC). A
two-sided p<0.05 was considered statistically significant. As for correction of multiple
testing, we applied Bonferroni correction and the p-value threshold of 0.05 was divided by
the number of independent tests.

As summarized in Table 1, the participating subjects were elderly, with a median age of
75+3 years at baseline. Mean LDL-C levels were in the moderate-risk category (3.36-4.14
mmol/L or 130-160 mg/dl), as defined by the U nited States National Cholesterol
Education Progra m (22). Approxim ately half of the men and about one third of the women
reported a history of any type of vascular disease. Data on apoE phenotype distribution in
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this population are also shown in Table 1. Genotype frequencies for the ABCA1 SNP
examined conformed to Hardy—Weinberg equilibrium (p>0.05, data not shown).

Association with Baseline Lipid Levels

Neither baseline LDL-C or triglyceride levels differed significantly among the three
genotypic groups. However mean HDL-C levels increased modestly according to the
number of variant allele present (1.27 versus 1.28 versus 1.30 mmol/L, p=0.024) (Table 2).
After gender separation, similar trend in terms of HDL-C levels was observed although
statistical significance was no longer present (Table 2).

Associations with Lipid Response to Treatment

To determine whether the R219K variant affected lipid responses to pravastatin, the
association between the R219K variant under study and 6 month and 12 month changes in
TC, LDL-C, HDL-C, and triglyceride levels in individuals treated with pravastatin or
placebo were examined. No significant relationships between the presence or absence of this
variant and statin induced LDL-C response (Table 3) or changes in other lipid parameters
including triglycerides or HDL-C levels (data not shown) were noted.

Associations with History and within Trial Incidence of Cardiovascular Disease

There were no significant associations between the prevalence of various forms of vascular
disease at baseline and the presence of the R219K variant (data not shown). As shown in
Tables 2, 3A and 3B, the number of AA homozygotes in placebo or pravastatin group was
around 100, and cases with primary endpoint were 10 to 20 in each gender. Therefore, we
examined variant effects in a dominant model, not additive model, to avoid false positive or
negative association. In Table 4, we show the data on the relationships between ABCA1
genotypes and cardiovascular endpoints within trial. For all subjects, there was a
significantly increased risk of new cardiovascular disease (fatal CHD, non-fatal myocardial
infarction, or fatal or non-fatal stroke) on trial for those who carried the ABCA1 R219K
variant as compared to those who did not. The overall adjusted hazard ratio on trial for
carriers versus non-carriers was 1.22 (95%CI 1.06-1.40, p=0.006). Examining two treatment
arms, it was seen that for carriers in the placebo group the HR was 1.08 (0.89-1.30,
p=0.447), while for carriers in the pravastatin group it was 1.41 (1.15-1.73, p=0.001). An
interaction between this genetic variation and treatment benefit was very close to statistical
significance (p=0.058), suggesting that the R219K variant is a novel genetic marker for
pravastatin treatment benefit in the elderly. Similar findings for this variant were observed in
both men and women (Table 4), but an interaction between this genetic variant and
treatment benefit (primary endpoint) in both gender did not reach statistical significance,
p=0.206 in men and 0.148 in women.

Discussion

We examined the association of a prevalent genetic polymorphis m, R219K, at the ABCA1
gene locus with baseline lipids and vascular disease, pravastatin induced LDL-C lowering
response, and cardiovascular endpoints on trial in PROSPER, in which participants who had
been randomized to pravastatin 40mg/day or placebo and were followed for a mean of 3.2
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years (8). We found that the presence of this variant was associated with modestly, but
significantly greater levels of baseline HDL-C. More importantly we noted that, in this trial
of pravastatin in elderly subjects, those on active treatment carrying variant allele had a
significantly greater cardiovascular risk (close to that in the placebo group) than those on
pravastatin without the variant.

Amino acid 219 is located in the long extracellular loop of ABCA1, a region of the
transporter known to contain various glycosylation sites (23, 24). The substitution of an
arginine by a lysine at this residue probably alters the conformation of the extracellular
domain of the ABCA1 protein, and enhances its interaction with apoAl, thereby increasing
the efficiency of phospholipid and cholesterol transfer from the plasma membrane to HDL
particles (25-27). These increases could therefore elevate baseline HDL-C levels. To date,
the association between ABCA1 R219K variant and increased HDL-C level remains
controversial. To our knowledge, only one small study examined potential effects of the
R219K variant on statin-induced lipid responses (28). These investigators reported similar
LDL-C reductions among the three ABCA1 genotypic groups after 12 weeks of treatment
with pravastatin. Our study in a much larger population with a longer treatment period
supports these prior observations and indicates that this polymorphism does not play a
significant role as a determinant of LDL-C lowering response to pravastatin treatment.

Our study did not provide direct evidence for the mechanism by which the R219K variant
affect the statin effects in cardiovascular event reduction. Wild-type homozygotes for this
variant showed significantly lower HDL-C levels at baseline. If this could be recognized as a
simple representation of high-risk population, our observation might be the case that greater
benefit from pravastatin treatment could be expected in the higher risk group. Another
possible mechanism is that R219K variant plays a novel role in lipid metabolism.
Supporting this is a recent study suggesting that the R219K variant not only affects apo A-I
and HDL metabolism, but may also significant influence postprandial lipid metabolism (29).
Further in vitro and in vivo study would clearly be required to establish the significance of
this genetic variation as determinant for statin response. In comparison with previous
studies, the present results are concordant with some and discordant with others to
investigate ABCA1 polymorphism with respect to both cardiovascular diseases and statin
response. As for R219K variant, a meta-analysis including 5,388 participants reported
opposite genotype effects, K-variant as a protective allele, in Chinese population (30).
However, authors of this report found significantly more frequent prevalence of K-variant
allele in Chinese population as compared to Caucasians, and recommended the
interpretation with great caution. Another meta-analysis including 42 studies for R219K
variant reported a potential protective role of K-allele, but again suggested limited
interpretation of results because of significant heterogeneity among enrolled studies (31). As
for statin response, only one study examined potential influence of ABCAL polymorphism
(32). This pharmacogenetic study enrolled 1,686 patients with familial hypercholesterolemia
without history of coronary heart disease and analyzed statin-ABCA1 C69T, not R219K,
polymorphism interaction by comparing treated and untreated patients. They found that TT
genotype was associated with increased disease risk in untreated patients, but that the risk
was no longer significantly different between genotypes, at least partially explained by a
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higher rise in HDL-C levels (despite similar pretreatment levels) during statin treatment in
TT individuals. Effects of this polymorphism on ABCA1 transcription were proposed, but
further studies appear to be required to confirm this consideration. In addition, difference in
study populations, familial hypercholesterolemia without coronary disease (mean age 39
years) in this study and elderly (75 years) in our study could not allow us to consider these
two studies equally.

In the original analysis in PROSPER, subgroup analysis demonstrated that the benefit of
pravastatin in the prevention for primary endpoint was predominantly in the lowest tertile of
HDL-C with significant interaction (8). Our current observations, associations with wild
allele homozygosity, lower HDL-C levels, and fewer cardiovascular events on pravastatin,
could provide one possible genetic explanation for this finding. This kind of issue which
could only be obtained through a well-conducted large randomized study enrolling
significant number of both genders and examining genotypic effects on treatment response
is the most important strength of the present study. Despite that the primary weakness of the
study is its narrow focus, only one polymorphism investigated and lack of providing
evidence of possible explanation for observations, further in vitro and clinical studies are
required to extend our observations to more wide range of populations.

In conclusion, ABCA1 R219K variant might be a novel genetic determinant for pravastatin
treatment response in heart disease risk reduction in the elderly.
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Study Subjects (n=5,414)

Table 1

Study Characteristics Mean (SD)&

Placebo (n=2,732)

Pravastatin (n=2,682)

Age (years)

BMI (kg/m?)

Females, n (%)

History diabetes mellitus, n (%)
History hypertension, n (%)
History vascular disease, n (%)
History of MI, n (%)

Current smoking, n (%)
Alcohol consumption (units per week)
Total cholesterol (mmol/L)
LDL-cholesterol (mmol/L)
HDL-cholesterol (mmol/L)
Triglyceride (mmol/L)

apoA-1 (g/L)

apoB (g/L)

apoE 2/2+2/3 (%)

apoE 3/3 (%)

apoE 3/4+4/4 (%)
ABCA1_R219K-rs2230806

75.3 (3.3)
26.9 (4.3)
1413 (51.7)
294 (10.8)
1694 (62.0)
1191 (43.6)
374 (13.7)
740 (27.1)
5.0 (8.6)
5.67 (0.88)
3.79 (0.78)
1.27 (0.34)
1.53 (0.69)
1.32 (0.24)
1.15 (0.22)
121
64.7
23.2
MAF A:0.28

75.4 (3.3)
26.8 (4.1)
1382 (51.5)
281 (10.5)
1664 (62.0)
1211 (45.2)
356 (13.3)
693 (25.8)
5.3 (9.5)
5.70 (0.93)
3.81 (0.81)
1.28 (0.35)
1.55 (0.71)
1.33 (0.25)
1.15 (0.23)
121
64.3
236

BMI: body mass index. MAF: minor allele frequency. MI: myocardial infarction

aMeans (S.D.) unless otherwise specified; apoE 2/4 carriers were excluded (see Materials and Methods section)
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Adjusted Baseline Lipid Levels (mean+SD) by Gender and Genotype

Table 2

ABCA1 SNP R219K p
rs2230806 GG GA AA

All (n) 2834 2167 413

TC (mmol/L) 5.69+0.91 5.68+0.89 5.75+0.93 0.463
LDL-C (mmol/L)  3.81+0.80 3.79+0.80 3.80+0.80 0.655
HDL-C (mmol/L)  1.27+0.34 1.2840.35 1.30+0.34 0.024
TG (mmol/L) 1.56+0.72 1.53+0.69 1.52+0.64 0.140
apoA-1 (g/L) 1.32+0.24 1.33+0.25 1.35+0.23  0.066
apoB (g/L) 1154023 1.15#0.23 1.15#0.22 0.222
Men (n) 1395 1040 184

TC (mmol/L) 5.36+0.80 5.36+0.80 5.31+0.71 0.819
LDL-C (mmol/L)  3.59+0.72 3.58+0.73 3.54+0.62 0.820
HDL-C (mmol/L) 1.17+0.31 1.18+0.33 1.21+0.30 0.133
TG (mmol/L) 1.50+0.74 1.50+0.74 1.44+0.59 0.568
apoA- (g/L) 1244021 1.25#0.24 1.264#0.22 0.166
apoB (g/L) 1114022 1104021 1.09+0.19  0.227
Women (n) 1439 1127 229

TC (mmol/L) 6.00+0.89 5.97+0.88 6.11+0.93 0.110
LDL-C (mmol/L) 4.01+0.81 3.99+0.81 4.07+0.82 0.281
HDL-C (mmol/L)  1.36+x0.35 1.38+0.35 1.40+0.34 0.091
TG (mmol/L) 1.61+0.69 1.55+0.64 1.60+0.68 0.127
apoA-I (g/L) 1.39+0.25 1.40+0.24 1.42+0.21 0.221
apoB (g/L) 1.20+0.23 1.18+0.22 1.20+0.23  0.577

Page 13

ap values using the three genotypes, men and women combined; adjusted for gender, body mass index, age, alcohol, smoking, diabetes, apoE
phenotype, and country. As for Bonferroni correction of multiple testing, p-value threshold divided by independent tests would be 0.05/12=0.004.
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