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Abstract 

Background: Pseudoxanthoma Elasticum (PXE) is an inborn disorder o f the 

connective tissue w i th specific skin, ocular and cardiovascular disease (CVD) 

manifestat ions. Recently, we and others have identif ied mutat ions in the gene 

coding for the ABCC6 transporter in PXE patients wi th ocular and skin involvement. 

In the Netherlands, as in the rest o f Europe, a part icular premature truncat ion 

variant ABCC6 (R1141X) was found in a large cohor t o f PXE patients. Given the 

association between CVD and PXE we hypothesized that heterozygosity o f this 

ABCC6 muta t ion could also confer an increased risk for CVD. 

Methods and results: To assess the relationship between the frequent R1141X 

muta t ion in the ABCC6 gene and the prevalence o f premature coronary artery 

disease (CAD) , we conducted a case-control study o f 441 patients under the age o f 

50 years w i th definite CAD and 1057 age- and sex-matched populat ion-based 

controls who were free o f coronary disease. Strikingly, the prevalence o f the R1141X 

muta t ion was 4.2 times higheramong patients than among controls (3.2% vs. 0.8%; 

p < 0.001). Consequently, among subjects wi th the R1141X muta t ion , the odds 

ratio for a coronary event was 4.23 (95% CI: 1.76 - 1 0.20, p=0.001). 

Conclus ion: The presence o f the R1141X muta t ion in the ABCC6 gene is associated 

wi th a sharply increased risk of premature CAD. 

Introduction 

Pseudoxanthoma Elasticum (PXE) is an inborn disorder, the hallmark o f which is 

dystrophic mineral izat ion o f elastic tissue o f the skin, retina and arterial walls.1"4 

Most PXE patients seem random, but autosomal recessive and autosomal 

dominan t inheritance also is observed.5-6 The frequency o f PXE in the general 

popula t ion is unknown, particularly because it is likely that individuals wi th a mi ld 

clinical phenotype wil l escape diagnosis. Recently, we and others elucidated the 

molecular basis o f PXE by demonstrating mutat ions in an ATP- binding cassette 

(ABC) t ransporter gene (ABCC6) as the cause for this disorder.7"12 Cardiovascular 

manifestat ions o f PXE include accelerated atherosclerosis, which results in 

myocardial infarct ion at a young age, at t r ibuted to calcif ication o f the internal 

elastic laminae o f the coronary arteries. On several occasions we were struck by the 

fact tha t , in our patients suffering f rom premature cardiovascular disease, PXE was 

found to be concomi tant ly present. Whether carriership o f a single ABCC6 gene 
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mutat ion on one allele would also confer addit ional risk for CAD was hitherto 

impossible to assess. This situation changed wi th the elucidation o f the molecular 

basis o f PXE. In parallel studies (Xiaofeng Hu , unpublished data) , we found that the 

R1141X mutat ion is the most common mutat ion in the Dutch PXE patients and 

families, and it seems as though this is the case for the rest o f Europe as wel l . We 

therefore studied the prevalence o f the R1141X mutat ion in the ABCC6 gene in 

patients wi th premature CAD and in a large populat ion based group o f healthy 

controls to further delineate the role o f this genetic variat ion as a risk factor for 

CAD. 

Methods 

Case and Control Population 

Consecutive Dutch patients under the age o f 50 years wi th CAD (n = 441) referred 

between 1995 and 2001 to the Atherosclerosis Outpat ient Clinic o f the Academic 

Medical Center o f the University o f Amsterdam were included in the study. Patients 

quali f ied for inclusion after a myocardial infarct ion, surgical or percutaneous 

coronary revascularisation, or a coronary angiogram wi th evidence o f at least a 70% 

stenosis in a major epicardial artery. The Institutional Review Board approved the 

pro toco l . All patients gave informed consent. 

Cont ro l subjects (n = 1057) were selected f rom the par t ic ipants o f the 

Cardiovascular Disease Risk Factor Moni tor ing Project, a large project that screened 

for cardiovascular risk factors and was carried out in three Dutch towns 

(Amsterdam, Doetinchem and Maastricht) between 1987 and 1991. All participants 

completed an informed consent form, agreeing to the use o f stored b lood samples 

for further scientific research. A detailed description o f these examinations is 

previously publ ished.1 3 Approximately 2 controls per case were selected, group 

matched for sex and age (within 5 years). All controls were Dutch and reported no 

history o f myocardial in farct ion, percutaneous transluminal angioplasty, or 

coronary artery bypass graft ing in a self-administered questionnaire. 

Mutation analysis: 

Genomic DNA was extracted according to standard protocols. The polymerase 

chain reaction primers used to ampli fy exon 24 were MRP6 ex 

24F: AAGGTCTTCTCTGCCCTGGCTCTT and MRP6 ex 

24R: CTTCCCTCTCCCATCCATCCTTCT. 
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After PCR (20 ng/ ui DNA in 25 ul) the product and an internal control were 

digested wi th the restr ict ion enzyme BsiYI. Mutated products remain uncut. The 

fragments obtained were separated on a 3% agarose gel and visualized after 

staining wi th eth id ium bromide. The presence o f the muta t ion was conf i rmed by 

direct sequencing. 

Biochemical analysis: 

For the CAD patients the plasma cholesterol and triglycerides were determined wi th 

commerc ia l l y avai lable enzymatic methods (Boehr inger M a n n h e i m , FRG, 

Nos.237574, and Sera-PAK, Miles, Italy, no 6639, respectively). To determine high-

density l ipoprotein cholesterol, the polyethylene glycol 6000 precipitat ion method 

was used. Low-density l ipoprotein cholesterol was calculated by the Friedewald 

formula. The biochemical analysis for the controls is described previously.13 

Statistical analysis: 

Fisher's exact test was applied to compare allele frequencies between groups, and 

exact 95% confidence intervals were calculated for the odds rat io, wi th adjustment 

for matching criteria. Risk factors were compared between cases and controls, and 

between carriers and non-carriers using Fisher's exact or t-test, where appropriate. 

Table 1. Characteristics o f 

Characteristic 

ABCC6 mutation carriers 

Male sex 

Age, years 

BMI, kg/m2 

Total cholesterol (mmol/ l ) 

HDL-cholesterol (mmol/ l ) 

Smokers 

Hypertension 

D M 

History o f Ml 

Values are mean ± SD or n 
infarction. 

cases 

(%). 

and controls 

Cases 

n = 4 4 1 

14(3.2%) 

358 (81%) 

40.4 ±6.2 

27.0 ±4.0 

5.83 ± 1.54 

1.10 ± 0.31 

320 (73%) 

168(38%) 

125(28%) 

323 (78%) 

BMI= body mass 

Controls 

n = 1057 

8 (0.8%) 

801(76%) 

39.4 ± 6.9 

25.3 ±3.8 

5.39 ± 1.04 

1.22 ±0.33 

390(37%) 

158(15%) 

6 (0.6%) 

index; DM= diabetes mellitus 

p-value 

0.001 

0.029 

0.006 

<.001 

<.001 

<.001 

< 0.001 

<0.001 

<0.001 

Ml= myocardial 
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Results 

The characteristics o f the 441 cases and 1057 controls are presented in Table 1. As 

expected, the frequency o f increased body mass index, dyslipidemia, smoking, 

hypertension and diabetes was increased in cases versus controls. In cases, 14 out 

o f 441 (3.2%, 95% CI: 1.9-5.6%) were carriers o f the R1141X truncat ion variant, 

whereas 8 out o f 1057 controls (0.8%, 95% CI: 0.3-1.5%) carried this ABCC6 

muta t ion , yielding a statistically significant difference at a probabi l i ty value o f 

<0.001 wi th an odds ratio corrected for age and sex o f 4.23 (95% CI: 1.76 to 

10.20). 

We subsequently categorized the premature CAD patients in carriers (n = 14) and 

non-carriers (n = 427) o f the R1141X variant o f the ABCC6 gene (Table 2). The 

major risk factors for CAD were equally divided in both groups. 

Table 2. Baseline 

Variable 

Age years 

Male sex, 

Age at diagnosis 

History o f Ml 

Smoking 

BMI, kg/m2 

Hypertension 

DM II 

characteristics of patients accordi 

Family history CAD 

Total cholesterol 

HDL-cholesterol, 

LDL-cholesterol, 

mmol/ l 

mmol/l 

mmol/l 

Triglycerides, mmol/ l 

Values are mean ± SD or 
BMI = body mass index; 
cholesterol; LDL-cholestero 

n (%) 
DM = 
= low 

Heterozygous 

N-14 

48.1 ± 6.0 

10(71%) 

39.6 ±6.9 

11 (79%) 

4 (29%) 

26.4 ±3.6 

8 (57%) 

6 (43%) 

9 (64%) 

5.96 ± 1.36 

1.01 ± 0.17 

3.96 ± 1.27 

2.19 ± 1.43 

Ml = myocardia 
diabetes mellitus 

i g to R1141X genotype 

Wild type 

N = 427 

47.3 ± 6.0 

322 (80%) 

40.6 + 6.1 

312(78%) 

113(28%) 

26.8 ±4.0 

145(36%) 

111 (27%) 

229(57%) 

5.81 ± 1.60 

1.10 ± 0.31 

3.82 ± 1.53 

2.09 ± 2.12 

infarction; CAD 
HDL-cholesterol 

density lipoprotein cholesterol. 

p-value 

0.64 

0.43 

0.56 

0.93 

0.84 

0.71 

0.13 

0.13 

0.33 

0.73 

0.29 

0.74 

0.43 

= coronary artery disease; 
= high density lipoprotein 
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Discussion 

We demonstrate in a large case-control study that a strong association exists 

between a frequent muta t ion in the ABCC6 gene (R1141X) and the presence o f 

premature CAD. Carriers o f this mu ta t i on had an odds ratio o f 4.2 for CAD when 

compared wi th non-carriers. In add i t i on , we could not f ind a relation between this 

muta t ion and other major CAD risk factors, suggesting that this mutat ion in the 

ABCC6 transporter is operating through a novel pathway in atherogenesis. 

PXE is character ized by deranged elastic f iber metabo l i sm, resul t ing in 

f ragmentat ion and calcif ication o f elastic f ibres, wi th resultant changes in the skin, 

eyes, gast ro in test ina l t ract and cardiovascular system. Cardiovascular 

manifestat ions in PXE include premature CAD, cerebrovascular disease, peripheral 

vascular disease and renovascular hypertension. Calcium deposits in the elastic 

lamina o f the arterial wall indeed resemble the other calcium deposits seen in PXE 

patients. 

PXE-like elastic tissue disorders have also been documented in sickle cell disease, 

(j-thalassemia and sickle thalassemia, in Marfan 's syndrome, Ehlers-Danlos's 

syndrome and Paget's disease.14 The pathology o f these PXE-like syndromes is 

generally considered to be one o f the manifestations o f the underlying systemic 

illness. PXE, or at least a number o f its clinical manifestations, could therefore also 

be considered as secondary to an underlying systemic disorder.15 

Recently, mutat ions in the ABCC6 gene have been established as the cause o f PXE. 

The exact biological funct ion of ABCC6, however, is presently still unknown, as is 

the funct ional relationship o f this t ransmembrane transporter to the pathogenesis 

o f the PXE phenotype. ABCC6 messenger-RNA was reported to be highly expressed 

in the liver and kidney in contrast to tissues characteristically affected by PXE.16 

Whatever the specific pathophysiology o f PXE, our study results seem to indicate 

that mutat ions in the ABCC6 gene are not rare in the general populat ion and 

contr ibute to an increased propensity towards premature atherosclerotic vascular 

disease. If our data are subsequently conf i rmed in other cohorts, this might have 

impl icat ions for genetic screening in PXE kindreds and may require a more 

aggressive approach towards CAD prevention in these individuals. 
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