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ABSTRACT

Objective: We tested the hypothesis that the aberrant methylation of the promoters and first
exons of CDKN2A (p16INK4a, pl4ARF), CDKN2B (p15INK4b) and RBI genes was associated
with carotid atherosclerosis.

Methods and results: The DNA methylation status of these cell cycle control-associated genes
was analysed in 120 samples of carotid arteries using two different techniques: methylation-
sensitive polymerase chain reaction (MS-PCR) and methylation-specific PCR (MSP-PCR). DNA
methylation was not detected in advanced atherosclerotic plaques or nearby macroscopically
intact tissues of the vascular wall from the same patients.

Conclusion: The methylation status of CDKN2A4, CDKN2B and RBI genes does not appear to be
a marker of human carotid atherosclerosis.
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INTRODUCTION

Atherosclerosis and associated ischaemic events remain a major cause of morbidity and
mortality worldwide, including Russia. In the last years, insights into the molecular mechanisms
of disease pathogenesis have progressed considerably.

The 9p21 locus is currently considered the most robust genetic marker of atherosclerotic
vascular disease [10]. Disease-associated SNPs are located in proximity to CDKN24 (coding for
the cyclin-dependent kinase inhibitor pl6INK4a and its alternative reading frame transcript
variant pl4ARF in humans and p19ARF in mice) and CDKN2B (coding for the CDK inhibitor
p15INK4b). These genes are involved in regulating the cell cycle and apoptosis. Deletions and
aberrant DNA methylation of the INK4b-ARF-INK4a locus are frequent events in tumours.
Recent studies have demonstrated that the loss of cell cycle control-associated proteins, such as
p19ARF and Rb in gene-targeted animal models, are related to atherosclerotic lesion progression

coinciding with changes in cellular composition [4, 7].
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It is becoming clear that the inappropriate epigenetic regulation of the 9p21 locus via a

large antisense ncRNA named ANRIL also contributes to atherosclerosis [10]. It is possible that
this mechanism occurs not in isolation but in close relation to other epigenetic modifications,
such as DNA methylation. Aberrant methylation in promoters leads to the transcriptional
inactivation of genes involved in the cell cycle regulatory plSINK4b-pl16INK4a-
cyclin D/CDK4-RB1-mediated pathway (RB1 pathway) in human malignancies. To our
knowledge, the methylation status of these genes has never been investigated in atherosclerosis.

In this study, the methylation status of the promoters and first exons of CDKN2A4
(pl16INK4a, pl4ARF), CDKN2B (p15INK4b) and RBI genes was evaluated in carotid artery
samples of patients with atherosclerosis.

MATERIALS AND METHODS

The study group included 60 asymptomatic/symptomatic patients (men, age 62.3+6.7
years, mean+S.E.) diagnosed with >70% carotid artery stenosis (NASCET criteria) referred to
the Research Institute for Complex Problems of Cardiovascular Diseases for the surgical
treatment of severe carotid artery stenosis. Twenty-one patients (35%) presented with an
ischaemic cerebral event history before surgery. All cases were diagnosed as having coronary
heart disease and hypertension. A total of 26 patients (43.3%) had peripheral artery disease.
Fifty-three men (88.3%) had hyperlipidaemia. Diabetes mellitus was found in 50% of patients.
Cardiovascular risk factors and disease history were recorded at the time of surgery. This study
was approved by the local ethics committee, and written informed consent was obtained from all
patients.

Vascular samples were collected from advanced atherosclerotic plaques and nearby
macroscopically intact tissues from the same patients. Immediately after endarterectomy, the
samples were examined by a pathologist, carefully cleaned of calcifications, fatty deposits, and
thrombotic material, and washed with a sterile physiological saline solution. All samples, which
consisted of intima and the inner media, were fixed in liquid nitrogen and stored at -80°C until
used for molecular analysis.

Genomic DNA was purified using standard proteinase K digestion and
phenol/chloroform extraction methods.

The methylation status of the promoters of CDKN2A (pl16INK4a, pl4ARF) and RBI
genes was determined with methylation-sensitive polymerase chain reaction (MS-PCR), as
previously described [1]. Genomic DNA samples were digested with Hpall (Fermentas,
Lithuania) before PCR. A 351-bp fragment of the CDKN2A4 (p16INK4a) promoter containing 4
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Hpall sites, a 283-bp fragment of the CDKN2A (p14ARF) promoter containing 6 Hpall sites, and

a 239-bp fragment of the RBI promoter containing 4 Hpall sites were amplified using PCR.
Fragments of EXT2 exon 8 (253 bp) and microsatellite D9S145 (144 bp) were used as internal
PCR controls.

In addition to MS-PCR, another approach, methylation-specific PCR (MSP-PCR), was
used to analyse the methylation status of exon 1 of CDKN2A (pl6INK4a, pl4ARF) and
CDKN2B (p15INK4b). The sodium bisulfite conversion of DNA was performed using an EZ
DNA Methylation Kit (Zymo Research, United States). Bisulfite-modified DNA was amplified
with PCR using two primer sets specific for methylated sequences and two primer sets specific
for unmethylated sequences, as described by Herman et al. (1996) [8] and Amatya et al. (2004)
[2]. In total, twenty-three CpG dinucleotides from exon 1 of CDKN2A (p16INK4a, pl4ARF) and
CDKN2B (p15INK4b) were investigated using MSP-PCR.

RESULTS AND DISCUSSION

The methylation of CDKN24, CDKN2B and RBI was analysed in 120 carotid artery
samples of atherosclerotic patients using two different techniques: MS-PCR and MSP-PCR. No
PCR band was observed in the Hpall-digested DNA samples from atherosclerotic plaques (APs)
or the macroscopically intact tissue (IT) of carotid arteries (fig. 1). In the experiments using
MSP-PCR, all arteries exhibited only unmethylated alleles (fig. 2).

Atherosclerosis is a common disease in which cell proliferation plays an important role.
This biological process underlies lesion evolution at all stages, from establishment to plaque
complications [6]. The unique roles of CDKN2A4 (p16INK4a, pI4ARF), CDKN2B (p15INK4b)
and RBI in cell proliferation suggest a possible role of these genes in atherogenesis.

Numerous studies have underscored the importance of DNA methylation changes in
atherosclerosis [3, 13]. However, only a few studies to date have reported DNA methylation
changes in vascular tissues from patients with atherosclerosis using a candidate gene approach
[9,11,12,14,15] and microarray-based genome-wide analysis [5].

The principal finding of the current study was that the promoters and/or first exons of
CDKN2A4 (p16INK4a, p14ARF), CDKN2B (p15INK4b) and RBI genes were unmethylated in the
atherosclerotic plaques and nearby macroscopically intact tissues of the carotid arteries from the
same patients.

DNA methylation within gene promoters is suggested to have the highest functional

relevance to gene expression control. Our findings are in agreement with those of other authors
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who showed that CDKN2A4 (p16INK4a, pI4ARF) and CDKN2B (p15INK4b) were expressed in

the smooth muscle cells of coronary atherosclerotic plaques and normal human arteries [10].
There are several limitations of the current study. The DNA methylation profile may be

affected by differences in the cell type composition in various arterial beds, which was not

characterised in the present study. Laser microdissection with an appropriate quantitation method

(e.g., pyrosequencing) would provide cell-specific information on DNA methylation.

CONCLUSION
Our study of patients with advanced carotid atherosclerosis provides evidence that the
methylation status of CDKN24, CDKN2B and RBI does not appear to be an important

determinant of human carotid atherosclerosis.
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