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SUMMARY Y 

Background Background 
Individualss with decreased high-density lipoprotein cholesterol (HDL-C) present with 
sharplyy increased cardiovascular risk. HDL-C levels are directly related to cholesterol 
effluxx from cells, the first step and a key process in reverse cholesterol transport (RCT). 
Cholesteroll  efflux is mediated by the ATP-binding cassette AI transporter (ABCA1), a 
rate-limitingg step in the production of HDL. We aimed to assess the relationships 
betweenn cholesterol efflux, HDL-C and arterial wall changes in individuals with impaired 
ABCA11 function. 

Methods Methods 
Wee measured cholesterol efflux from skin fibroblasts, plasma HDL-C levels and intima-
mediaa thickness (IMT) of the carotid and femoral arteries by B-mode ultrasound in heter-
ozygotess for mutations in the gene for the ABCA1 transporter and in controls matched 
forr age, sex and ethnicity. 

Findings Findings 
ABCA11 heterozygotes exhibited a decrease in both cholesterol efflux and HDL-C levels 
andd increased IMT measurements (p=o.oo4). An IMT of 0.75 mm was reached by age 
555 in these ABCA1 heterozygotes instead of the usual age of 80 in unaffected controls 
(p<o.ooi),, indicating a much more rapid initiation and severity of preatherosclerotic arte-
riall  wall abnormalities. In addition, strong correlations were observed between HDL-C 
andd cholesterol efflux {R= 0.9; p= 0.001), HDL-C and IMT (R= -0.70; p= 0.01) and, 
strikingly,, cholesterol efflux and IMT (R= -0.60; p= 0.018). 

Interpretation Interpretation 
Thesee results reveal, for the first time, a direct relationship between ABCA1 driven cho-
lesteroll  efflux and arterial wall thickness and therefore suggest that increasing efflux 
couldd inhibit, or even reverse, atherosclerosis progression prior to the manifestation of 
symptomaticc cardiovascular disease. 
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INTRODUCTION N 

Atheroscleroticc cardiovascular disease (CVD) the worldwide leading cause of death.1 Dis-
orderss of lipoprotein metabolism constitute a frequent cause for premature CVD, with 
decreasedd high-density lipoprotein cholesterol (HDL-C) values being the most frequent 
abnormality.2,33 One current theory to explain this relationship is that HDL mediates the 
fluxx of cholesterol from macrophage-derived foam cells in the arterial wall back to the 
liver,, where it is excreted into the bile, a process called reverse cholesterol transport 
(RCT).44 Evidence that definitely establishes the relationship between HDL, RCT and early 
atherogenesiss in humans has till now been unavailable.5 The elucidation of the molecular 
basiss of Tangier disease (TD) and familial HDL deficiency (FHD) has significantly 
changedd this situation.6-10 Both TD and FHD are characterized by a sharply increased 
riskrisk for premature CVD and the molecular defect for both disorders has proven to be 
mutationss in an ATP binding cassette transporter, ABCA1.6-10 

ABCA11 stimulates cholesterol and phospholipid efflux particularly to lipid free Apo 
AI,, the initial step in the formation of nascent HDL particles, and this discovery has pro-
videdd the scientific basis for establishment of the link between defective cholesterol 
efflux,, decreased HDL and defined coronary artery disease (CAD) endpoints. We have 
recentlyy provided further evidence of this relationship in a substantial number of differ-
entt ABCA1 deficient kindreds where we could show a sharp reduction of levels of HDL-C 
andd Apo AI and a more than threefold excess of CVD in individuals with ABCA1 muta-
tionss compared to unaffected family members.11 In addition, it became evident that varia-
tionn in ABCA1 function, as assessed by cholesterol efflux in a cellular assay, correlates 
significantlyy with HDL levels.11 However, in the previous study the number of CVD end-
pointss was small and might have been further complicated by selection bias as only 
patientss with established coronary endpoints were studied. 

Carotidd and femoral B-mode ultrasound intima-media thickness measurements are a 
validatedd surrogate marker for atherosclerosis.12 In cross-sectional and prospective stud-
iess IMT has emerged as a predictor of future CAD endpoints13-17 and is increasingly used 
too assess the effects of intervention strategies in cardiovascular disease.18 To explore the 
relationshipp between cholesterol efflux, HDL-C and early atherogenesis, we measured 
apoo AI and HDL-particle driven cholesterol efflux in skin fibroblasts and assessed carotid 
andd femoral arterial wall thickness in unselected ABCA1 heterozygotes and controls. 
Thesee individuals share their genetic background, and were not selected by a history of 
CAD. . 

METHODS S 

Subjects Subjects 
Exhaustivee efforts were made to find all available family members of four Dutch kindreds 
withh known mutations in the ABCA1 gene. Two index patients were described previ-
ously.6-99 No selection was made on the basis of HDL-C levels or CAD status of the partici--
pants.. The control cohort (N=III ) represented ethnically matched, normolipidemic, 
normotensivee persons free of clinical signs or symptoms of CVD, comprising 54 male 
andd 57 female subjects, with an age range of 11-76 years. All subjects gave their written 
informedd consent for participation in this study. The protocol was approved by both Insti-
tutionall  Review Boards of the University Hospitals of Amsterdam and Groningen. 
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LaboratoryLaboratory analyses 

Genomicc DNA extraction was isolated from leucocytes used for mutation detection as 
previouslyy described.6-911 

Lipidd and lipoprotein levels in ABCA1 heterozygotes were measured as described pre-
viously.6-99 LDL-cholesterol was calculated by use of the Friedewald formula.20 Cellular 
cholesteroll  efflux from fibroblasts was measured as described previously.21 

B-modeB-mode ultrasound IMT measurements 

B-modee ultrasound images were acquired in a standardized fashion as reported previ-
ously.22,233 In short, images of three right and three left carotid and two right and two fem-
orall  arterial segments were acquired. An Acuson 128XP/10V ultrasound machine with a 
7MHzz linear array transducer and Extended Frequency software was used (Acuson Corp., 
Mountainview,, CA). Images were saved as JPEG still image files on the minidisk of a 
SONYY DKR-700P video still image recorder (SONY Corporation). Analyses were done 
off-line.. Image analysis software as described by Selzer et al.24and Stok et al.25 was used. 
Sonographerss and image analysts were unaware of the disease state of subjects. 

StatisticalStatistical analyses 

IMT'ss of segments were combined to a per subject average. Student's t-test for unpaired 
dataa was used to compare ABCA1 heterozygotes and controls. Linear regression analysis 
wass used to evaluate the relation between IMT and efflux data. The relationships between 
IMTT and data were adjusted for age and smoking. The strength of the relationships was 
quantifiedd by (partial) correlation coefficients. A p-value <o.c»5 was considered sig-
nificant.. SPSS 10.0 (SPSS, Inc., Chicago, IL, USA.) statistical packages were used. 

RESULTS S 

SubjectsSubjects and DNA analysis 

Ourr cohort consisted of 30 ABCA1 heterozygotes identified by active screening efforts in 
44 unrelated families (NL-oi4=TDi (N=8), NL-oi6=FHA5 (N-4), NL-020=FHA6 (N=c>) 
andd NL-027=TD3 (N=9). The ABCA1 mutations in NL-014 and NL-016 were previously 
describedd and consist of T4369C (C1477R) and T3212C (M1091T), respectively6,9. Fur-
thermore,, heterozygotes from two newly discovered FHD families were included; NL-
0200 had a C6844T (P2150L) mutation in the ABCA1 gene and NL-027 carried a C3181T 
(T929I)) mutation, respectively. All of the confirmed ABCA1 heterozygotes of the four 
kindredss were approached for IMT examination and consented to participation, except 
forr one subject who died earlier this year and four subjects who were living abroad. Of the 
totall  cohort of 30, the male/female distribution was equal, with an age range of 6-81 
years. . 

LaboratoryLaboratory analyses 

Lipidss and lipoproteins of ABCi heterozygotes were characterized by decreased mean 
HDL-cholesteroll  levels (0.80(0.30) vs 1.40(0.40) mmol/1; p< 0.001) and slightly 
increasedd TG levels (1.50(0.10) vs 1.20(0.30) mmol/1; p=n.s.), as previously reported.11 

Controlss were normolipidemic (Table 1). 
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B-modeB-mode ultrasound and cholesterol efflux measurements 
Thee relationship between HDL-C and HDL particle driven efflux is illustrated in Figure 1. 

Meann IMT in ABCA1 heterozygotes was increased; o.73(o.22)mm versus 
o.63{o.i4)mmm in controls: AIMT=o.oo,6mm; p=o.oo4. The IMT increase with age was 
o.oo7o(o.ooi3)mmm per year in ABCA1 heterozygotes vs. o.oo47(o.ooo3)mm per year in 
controls:: p<o.oooi (Figure 2). From these estimates, it was calculated that heterozygotes 
forr the ABCA1 mutation reach an IMT of 0.75mm at age 55 years compared to age 80 in 
unaffectedd controls, indicating a much more rapid initiation and progression of athero-
genesis.. Since IMT is a validated surrogate marker for atherosclerosis, this extends our 
previouss findings of earlier onset of CAD in ABCA1 heterozygotes.11 Age, smoking and 
HDLL were all significantly correlated with IMT in both controls and heterozygotes. The 
correlationn coefficient between adjusted IMT and HDL-cholesterol was in heterozygotes 
-0.711 (p=o.oio). The correlation coefficient for the apoAI and HDL particle driven 
effluxess was R= -0.61 (p=o.03o) and R= -0.60 (p=o.oi8), respectively. The relationship 
betweenn IMT and HDL particle driven efflux is illustrated in Figure 3. 

DISCUSSION N 

Thee current study demonstrates that ABCA1 heterozygotes possess significantly larger 
meann IMT's than controls and therefore have increased arterial wall thickness. These 
individualss reach the upper limit of normal IMT of 0.75 mm at the age of 55 compared to 
80,, in controls. Even more striking, a strong correlation was observed between levels of 
cholesteroll  efflux in skin fibroblasts and mean arterial wall IMT's. These findings there-
foree unequivocally show that compromised ABCA1 activity leads to accelerated and early 
atherogenesiss and suggests that HDL mediated removal of excess cholesterol from the 
arteriall  wall would be associated with atheroprotection. 

Ourr data therefore provide a link for the sequence of events starting with cholesterol 
depositionn in macrophages in the arterial wall, followed by ineffective cholesterol efflux 
andd lack of protection against the LDL driven increase of the intima of the arterial wall. 

Currentt strategies to intervene in this process, including lipid lowering therapy, have 
failedd to produce results in at least half of the patients in large controlled trials.26 Pharma-
cologicall  modalities to specifically raise HDL-C are currently lacking, but could contri-
butee significantly to our intervention strategy.5 Our findings suggest that therapies 
designedd to promote cholesterol efflux, raise HDL and increase RCT may have a signifi-
cantt therapeutic benefit. It can be predicted from the steep correlations between efflux, 
HDLL levels and IMT that only small changes in efflux will have measurable impact on 
arteriall  wall thickness and therefore on CAD prevalence. It has been estimated that for 
everyy 0.026 mmol/1 increase in HDL-C, the risk for CAD would be reduced by 3.1-3.5%. 
27,288 Furthermore, we have predicted, using the regression equation of HDL-C and efflux, 
thatt a 50% increase in ABCA1 mediated cholesterol efflux would be predicted to result in 
aa 30% increase in HDL-C.11 
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Figuree 1 
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High-densityy lipoprotein cholesterol (HDL-C) and HDL-C efflux values are significantly correlated (R=0-9O, 
p=o.oi8). . 
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Figuree 2 Estimated IMT increase with age in subjects with ABCAl-transporter gene mutations and unaffected 
asymptomaticc controls. IMT increase with age was 0.0070 {SE 0.0013) mm/year in ABCAl heterozygotes 
comparedd to o.oo47(SE 0.0003) mm/year in controls (p<o.oooi). Subjects heterozygous for the ABCAi 
mutationn reach an IMT of 0.75mm at age 55 years compared to age 80 in the unaffected controls. 
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R=-o.6o;; p=o.oi8 
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Figuree 3 The relation between IMT (adjusted for the major confounders age and smoking) and HDL particle driven 
effluxx exhibited a significant correlation (R=-o.6o; p=o.ol8). 

Mostt CAD patients have mildly depressed HDL-C levels, typically around 0.9 mmol/129. 
AA 30 % increase would translate into a 0.3 mmol/1 rise or to an additional 35 to 50% 

reductionn of CAD risk. 
Wee have shown a clear relationship between cholesterol efflux and arterial wall thick-

ness,, directly linking, for the first time in humans, ABCA1 function and the pathogenesis 
off  early presymptomatic atherosclerotic vascular disease. 
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