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Regulated on activation, normal Tcell expressed and secreted (RANTES) gene promoter is a regulatory region and
a site of notable genetic diversity. In order to explore a possible interaction between RANTES promoter genetic
diversity and susceptibility to coronaryartery disease (CAD) and in stent restenosis (ISR),we initially sequenced a
locus extending from -516 to 40 covering the entire region of the RANTES promoter in 100 subjects randomly
selected from our cohort. Four single nucleotide polymorphisms (SNPs) were identified: -403G/A, -256G/A,
-109C/Tand -28C/G. The frequency of the -109C/Tand -256G/Avariationswas b0.01, andwas considered to be
of limited significance. The frequency of the -403G/A and -28C/G polymorphisms was evaluated in the entire
sample, which consisted of 118 patients subjected to percutaneous coronary intervention (PCI) without ISR on
angiographic re-evaluation (no IRS group), 74 CAD patients with ISR on angiographic re-evaluation (IRS group)
and 146 controlswithout angiographic evidence of CAD (no CADgroup). No associationwas established between
the RANTES promoter genotype and ISR. A genotype-phenotype interactionwas observed between the -403G/A
polymorphism and CAD. The -403A homozygoteswere significantly more common in the CAD group than in the
controls. The severity of CAD among case subjects, expressed as the mean number of diseased vessels, was
significantly higher among -403A homozygotes as compared to wild-type homozygotes and heterozygotes. In
conclusion, the RANTES -403A allele was associated with the presence and severity of CAD independently of
conventional cardiovascular risk factors. The RANTES promoter genotype did not influence susceptibility to ISR in
patients subjected to PCI.

© 2009 Elsevier Ltd. All rights reserved.

Introduction

Chemokines are small chemotactic cytokines with a pivotal role in
leukocyte trafficking and activation [1]. Chemokine-induced pathways
have been extensively implicated in the course of atherosclerosis [2,3].

Regulated on activation, normal T cell expressed and secreted
(RANTES) is a member of the CC chemokine family. It is a strong
chemoattractant for T-lymphocytes and macrophages [4,5]. Several
studies have linked RANTES expression levels with the intensity of
vascular inflammation and resulting lesion formation [6,7]. It has been
demonstrated that the RANTES gene promoter is a regulatory region
and a site of notable genetic diversity. Two RANTES promoter
polymorphisms (-28 C/G, -403 G/A, rs2107538) have been identified

and extensively investigated in case-control and functional studies [8–
10]. Both have been associated with increased RANTES transcriptional
activity, and thus with increased RANTES-mediated inflammatory
response [11,12].

In the present study, we explored the possible impact of RANTES
promoter genetic variability on susceptibility to coronary artery
disease (CAD) and restenosis after percutaneous coronary interven-
tion (PCI). In order to explore the hypothesized existence of a
genotype-phenotype interaction not attributed to the two commonly
studied polymorphisms (-28C/G and -403G/A), we applied direct
sequencing in a large proportion of our study population.

Patients and methods

Study population

Two hundred CAD patients presenting with clinical signs of
recurrent ischemia one month to two years after PCI and stent
placement were recruited from two independent cardiology depart-
ments over a two-year period. Clinical signs of recurrent ischemia
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were defined as: relapse of effort angina, occurrence of acute coronary
syndrome (ACS), new evidence of myocardial ischemia revealed by
stress electrocardiogram or SPECT myocardial perfusion imaging. All
patients were angiographically re-evaluated and classified into the in
stent restenosis (ISR) group or no in stent restenosis (no ISR) group
based on the angiographic status of the intervened lesion. ISR was
defined as ≥50% diameter reduction on follow-up angiography. The
control group comprised 160 age-matched subjects without angio-
graphic evidence of CAD (ns CAD group). Subjects selected as controls
also had at least one conventional predisposing factor of CAD (besides
age and gender). Nine patients and 11 controls were excluded from
the study due to incomplete clinical data or failure of the genotyping
process. A total of 192 CAD patients (median age 64; male : female
ratio 8.1) were included in the genotype-phenotype association study
along with 149 controls (median age 62; male : female ratio 2.5). All
the subjects enrolled were Caucasian. Clinical and epidemiological
characteristics are summarized in Tables 1 and 2.

Clinical definitions

Smoking was defined as a current or prior history of tobacco use.
Diabetes was defined as a fasting blood glucose level N126 mg/dl, or
treatment with dietary modification, oral hypoglycemic agents or
insulin at the time of the study. Hypertension was defined as systolic
blood pressure N140mmHg and/or diastolic pressure N90mmHg in at
least three distinct measurements, or in cases where such a diagnosis
had been made in the past and the patient was being treated with
medication or lifestyle modification. To define dyslipidemia in
patients whose coronary status was unknown prior to the study,
cut-off levels for the general population were applied. For patients
with CAD established prior to the study, dyslipidemia was defined as
treatment with lipid-lowering medication, dietary modification or
lipid levels higher than those recommended by the Third Joint Task
Force of European and Other Societies on Cardiovascular Disease
Prevention in Clinical Practice [13]. Parental history of myocardial
infarction was considered to be positive family history. CAD was
classified as 1, 2 or 3 vessel disease based on the number of major
epicardial vessels with ≥70% lumen stenosis. Depending on the
clinical presentation of CAD, patients were further classified according
to whether they suffered from stable disease (asymptomatic patients
or patients with stable angina) or unstable disease (unstable angina or
myocardial infarction).

Informed consent was obtained from all the individuals participat-
ing in the study. Study protocol conformed to the ethical guidelines of
the 1975 Declaration of Helsinki as reflected by a priori approval by

the ethics committee of the University Hospital of Crete and Onassis
Cardiac Surgery Centre.

DNA extraction and sequencing

Genomic DNA was extracted from blood samples using the
standard phenol/chloroform and ethanol precipitation protocol.
Direct sequencing of the promoter region of the RANTES gene was
performed in 100 randomly selected samples. Polymerase chain
reaction (PCR) was used to amplify the RANTES gene promoter region.
A pair of primers framing a 556 bp fragment ranging from -516 to 40
in the gene sequence was applied. The PCR products were resolved on
2% agarose gel, excised and processed with the Qiaquick PCR
purification kit (Qiagen Inc.) Sequences were analysed using ABI
PRISM 310 Genetic Analyser (PE Applied Biosystems). The sequences
were double-checked by the separate application of the forward and
reverse primers.

PCR and RFLP analysis

Genotyping of the polymorphisms was originally performed using
pairs of external primers framing the regions surrounding each
polymorphic site of the RANTES gene. Allele assessment for the -28C/
G and -408G/A polymorphisms was performed by subjecting the
corresponding polymerase chain reaction products to restriction
fragment length polymorphism (RFLP) analysis with, respectively,
the MnlI (Fermentas, Canada) and MaeIII (Roche Applied Science
Germany) restriction enzymes, as previously described [14].

Statistical analysis

Genotype distributions for each polymorphism were first com-
pared to values predicted by the Hardy-Weinberg equilibrium (HWE)
through χ2 analysis. Haplotypes were calculated and linkage dis-
equilibrium was measured using the classic statistic, disequilibrium
coefficient.

The correlation of each of the studied polymorphisms to clinical
parameters was first evaluated by χ2 analysis with two degrees of
freedom. The extent of the association of each genotype with the
disease was initially estimated by Pearson's χ2 analysis or the Fisher
exact test when indicated (expected frequencies b5). Adjustment for
conventional patient risk factors (age, gender, smoking status,

Table 1
Demographic and clinical characteristics of patients with clinical signs of recurrent
ischemia after percutaneous coronary intervention, and of the controls.

All patients Controls

(n=192) (n=149)

Age 64 (0.7) 62 (0.9)
Male gender 171 (89.1) 106 (71.1)⁎
Hypertension 165 (85.9) 88 (59.1)⁎
Diabetes 91 (47.3) 25 (16.8)⁎
Dyslipidemia 190 (98.9) 100 (67.1)⁎
Smoking 114 (59.4) 59 (39.6)⁎
Positive family history 81 (42.2) 61 (40.9)
Number of diseased vessels:
1 50 (26)
2 44 (23)
3 98 (51)

Clinical presentation:
Unstable disease 40 (20.1)
Stable disease 152 (79.1)

Values refer to the number of subjects (%) or the means (±SEM).
⁎p-values under the cut-off point of statistical significance.

Table 2
Demographic and clinical characteristics of patients with clinical signs of recurrent
ischemia after percutaneous coronary intervention.

ISR group no ISR group

(n=74) (n=118)

Age mean (±SEM) 64 (1.2) 64 (0.9)
Male gender 68 (91.9) 103 (87.3)
Hypertension 68 (91.9) 97 (82.2)
Diabetes 38 (51.4) 53 (44.9)
Dyslipidemia 74 (100) 116 (98.3)
Smoking 50 (67.6) 64 (54.2)
Positive family history 30 (40.5) 51 (43.2)
Number of diseased vessels:
1 15 (20.3) 35 (29.7)
2 15 (20.3) 29 (24.6)
3 44 (59.4) 54 (45.8)

Clinical presentation:
Unstable disease 15 (20.3) 25 (21.2)
Stable disease 59 (79.7) 93 (78.8)

Type of stent:
BMS 40(54) 50 (42.4)
DES 33(44.6) 61 (51.7)
BMS and DES 1 (1.4) 7 (5.9)

Values refer to the number of subjects (%) or the means (± SEM).
ISR: in stent restenosis; DES: Drug eluting stent; BMS: Bare metal stent.
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diabetes mellitus, hypertension, dyslipidemia and family history) was
performed by including these covariates in a logistic regressionmodel.
To provide separate odds ratios (ORs) for each genotype, the most
common genotype was considered the reference group. Both adjusted
and unadjusted ORs are reported in the presence of significant results
or borderline significance.With the present sample size, the study had
a power of 80% to detect a 1.4-fold increase in allele frequencies,
assuming a 40% prevalence of the rare allele in the control group and a
type I error probability of 0.05.

Numerical values are expressed as themean± SEM, and differences
between themeanswere comparedby the2-tailed unpairedStudent's t-
test. In all cases, p-valuesb0.05 were considered statistically significant.
Analyses were performed using SPSS v10 (SPSS Inc., Chicago, IL, USA).

Results

Sequencing analysis

Direct sequencing revealed four polymorphisms spanning the
556 bp fragment of the RANTES promoter region (Fig. 1): -403 G/A,
-256 C/G, -109 C/T, -28 C/G. Allele frequencies in the sequenced
samples were 0.25, 0.005, 0.005 and 0.015, respectively. Due to their
extremely low frequency, the -256C/G and -109 C/T polymorphisms
were not further genotyped in the study population.

Hardy-Weinberg Equilibrium and genetic Interaction within the
RANTES gene

The -403A promoter allele was common in the case and control
populations, with respective allele frequencies of 0.284 and 0.225,

whereas the -28G promoter allele was rather infrequent. Genotyping
yielded strong linkage disequilibrium between RANTES promoter
SNPs (D’=1). -28G always occurs on the haplotype containing 403A
variant alleles. Therefore, genotyping resulted in 3 haplotypes and 5
of the 6 possible combined genotypes (Tables 3–5). In accordance
with previous observations, the wild-type allele-containing haplo-
type (C-28G-403 or H1) was the most common in both patients and
controls. Five of six permitted combined genotypes accounted for the
entire sample. The genotype containing wild-type alleles in a
homozygote state (28C/C 403G/G or G1) was the most common in
all groups (Tables 4 and 5). Genotype frequencies for RANTES-403
complied with HWE in the CAD group as a whole and in the ISR and
no ISR subgroups, but deviated from HWE in the controls (χ2=9.4,
p=0.002).

Genotype-phenotype interactions were evaluated for each geno-
type alone, and also for each of the 3 haplotypes and the 5 combined
genotypes. The rarity of the -28C/G variation in the present sample
did not allow for any genotype-phenotype association.

Fig. 1. The genomic structure of the RANTES promoter on chromosome 17q11.2 and representative chromatograms of the four polymorphisms observed in the study population. The
polymorphic site is indicated by the arrow.

Table 3
Haplotype frequencies in patients and controls.

Haplotype ISR no ISR Patients Controls

1 G403C28 0.737 0.699 0.714 0.775
2 A403C28 0.25 0.288 0.273⁎ 0.208⁎
3 A403G28 0.013 0.013 0.013 0.017

Total (n) 148 236 384 298

Total (n) count refers to the number of alleles.
*p=0.051.
ISR: in stent restenosis.
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RANTES promoter polymophisms and in stent restenosis

Statistical analysis did not reveal any significant differences
between genotype and haplotype frequencies in patients in the ISR
and no ISR groups. A predominance of the -403A allele frequency was
noted in the no ISR group; however it did not reach the cut-off point
for statistical significance (Table 4).

RANTES promoter polymorphisms and coronary artery disease

A genotype-phenotype interaction between the -403G/A poly-
morphism and CAD was revealed by χ2 analysis (χ2=8.1, df=2,
p=0.017). Statistical significance was obtained for the -403A homo-
zygotes using thewild-type homozygous genotype as the baseline risk.
-403A homozygotes were significantly more common in the CAD
group than in the controls (OR=11.2, 95%CI: 1.4-87.8, p=0.004). The
latter observation retained statistical significance when the results
were adjusted for age, gender and conventional CAD risk factors in a
multiple regression analysis (adjusted OR=12.8, 95%CI: 1.14-144,
p=0.039). Combined genotype analysis revealed a predominance of
the AACC genotype (G3) in the patients compared to the controls
(adjusted OR=12.6, 95%CI: 1.1-143, p=0.041), while the A-403C-28,
haplotype (H2)wasmore common in the CAD group gene pool than in
the controls, with borderline statistical significance (p=0.051).

The severity of CAD among case subjects, expressed as the mean
number of diseased vessels per patient, was significantly higher
among -403A homozygotes as compared to wild type homozygotes
and heterozygotes (2.9 vs. 2.2, p=0.02) (Fig. 2).

No association was established between the RANTES gene
promoter genotype and the clinical presentation of CAD.

Discussion

In the present study, no association was observed between the
RANTES promoter genotype and ISR. However, a genotype-phenotype
interaction was observed between the -403G/A polymorphism and

CAD. -403A homozygoteswere significantlymore common in the CAD
group than in the controls. Lastly, the severity of CAD among patients,
expressed as the mean number of diseased vessels, was significantly
higher among -403A homozygotes as compared to wild-type homo-
zygotes and heterozygotes.

RANTES and coronary artery disease

Gene polymorphisms that modify the expression or bioactivity of
chemokines and their cellular receptors may affect leukocyte traffick-
ing and activation, and influence susceptibility to inflammatory
diseases such as atherosclerosis.

RANTES has been implicated in the inflammatory pathways that
promote atherosclerosis. It is expressed by T lymphocytes in advanced
lesions and is highly produced in human transplant-associated
accelerated atherosclerosis by macrophages, lymphocytes, myofibro-
blasts and endothelial cells [7]. Blocking RANTES-mediated signalling
in vivo using the CC chemokine antagonist Met-RANTES has been
shown to reduce the progression of atherosclerosis in animal models.
This indicates that the blockade of chemokine receptor/ligand
interactions is a potential novel therapeutic target for the deceleration
of the progression of atherosclerosis [15].

The impact on CAD of the genetic polymorphisms that influence
the CCR5/RANTES-mediated pathways has previously been assessed.
Studies based on the screening of the 32-base-pair deletion in the
CCR5 receptor gene and its association with CAD have reached
conflicting conclusions. Szalai et al [16] reported that the CCR5 Δ32
genotype has an atheroprotective effect, as they found a higher
frequency of CCR5-Δ32 homozygotes in controls than in CAD patients.
Similarly, Gonzalez et al [17] demonstrated that non-carriers of the
CCR5-Δ32 allele under the age of 55 years had a three-times increased
risk of myocardial infarction. In a previous study of ours, the frequency
of CCR5-Δ32 was evaluated in 210 angiographically-assessed CAD
patients and 165 controls with negative coronary angiography. No
differences were observed. However, the frequency of deletion in the
population studiedwas relatively low, limiting the power of a negative

Table 4
Genotype frequencies in patients and controls.

Genotype -403 -28 All patients Controls Odds ratio Adjusted odds ratio Adjusted

n=192 n=149 (95% Confidence Interval) (95% Confidence Interval) p

1 GG CC 96 (50) 83 (55.7) 1 1 -
2 GA CC 79 (39.6) 60 (40.3) 1.14 (0.73-1.78) 1.08 (0.6-1.8) 0.80
3 AA CC 12 (6.3) 1 (0.6) 10.4 (1.3-81) 12.6 (1.1-143) 0.041
4 GA CG 4 (3.6) 5 (3.4) 0.69 (0.18-2.7) 0.27 (0.05-1.4) 0.13
5 AA CG 1 (0.5) 0 - -
6 AA GG 0 0 - -
3, 5, 6 13 (6.8) 1 (0.7) 11.2 (1.4-87.8) 12.8 (1.13-144) 0.039

All OR and p -values refer to a comparison with the most common genotype (-403GG-28CC). Adjusted OR values have been corrected for age, gender, presence of hypertension,
diabetes mellitus, dyslipidemia, positive family history and smoking habits.
Values refer to the number of subjects (%).
ISR: in stent restenosis; OR: odds ratio; CI: confidence interval.

Table 5
Genotype frequencies in patients and controls.

Genotype -403 -28 ISR noISR Odds ratio Adjusted odds ratio Adjusted

n=74 n=118 (95% Confidence Interval) (95% Confidence Interval) p

1 GG CC 40 (54) 56 (47.4) 1 1 -
2 GA CC 30 (40.5) 49 (41.5) 0.86 (0.47-1.58) 1.08 (0.57-2) 0.8
3 AA CC 2 (2.7) 10 (8.6) 0.28 (0.06-1.35) 0.26 (0.05-1.3) 0.1
4 GA CG 1 (1.4) 3 (2.5) 0.46 (0.05-4.6) 0.45 (0.04-4.9) 0.5
5 AA CG 1 (1.4) 0 - - -
6 AA GG 0 0 - - -
3, 5, 6 3 (4.1) 10 (8.5) 0.42 (0.11-1.6) 0.4 (0.1-1.6) 0.2

All OR and p-values refer to a comparison with the most common genotype (-403GG-28CC). Adjusted OR values have been corrected for age, gender, presence of hypertension,
diabetes mellitus, dyslipidemia, positive family history and smoking habits.
Values refer to the number of subjects (%).
ISR: in stent restenosis; OR: odds ratio; CI: confidence interval.
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association [18]. It has been conclusively demonstrated that the
RANTES promoter is an important regulatory region with genetic
variability. The effect of polymorphisms of the RANTES promoter has
been investigated in several cohorts. Szalai et al [16] found no
association between RANTES polymorphisms -28G and -403A and
CAD. In a study by Boger et al [19] of type 2 diabetics in end-stage
renal disease, patients carrying the RANTES -403A or In1.1C allele of
the intronic In1.1T/C polymorphism had a significantly higher “all
cause” mortality risk, due mainly to cardiac events. Simeoni et al [20],
in the largest cohort assessing the impact of RANTES promoter
polymorphisms on susceptibility to CAD, concluded that the -403A
allele is associated with CAD independently of conventional risk
factors and C-reactive protein or fibrinogen as inflammatory
biomarkers.

RANTES and in stent restenosis

There are no data available in the scientific literature regarding the
impact of RANTES promoter genetic variability and susceptibility to
ISR post PCI, and this is the first study to assess subject. In order to
avoid omitting any genotype-phenotype association, we initially
applied direct sequencing in a large proportion of our sample. Four
polymorphisms spanning the promoter region were identified.
However, the -109 C/T and -256 G/A polymorphisms had allele
frequencies of b1%, and were unlikely to be associated with CAD or
restenosis in the given sample size. We thus concluded that -403 G/A
and, to a lesser extent, the -28 C/G polymorphismwere more likely to
result in clinically significant phenotype alterations.

Genotype-phenotype associations

We did not find a positive association between the RANTES
promoter genotype and ISR independently of stent type (BMS or DES).
However, the RANTES -403A allele was observed with significantly
greater frequently in the CAD group. Statistical significance was
established for the -403A homozygotes, which is to be expected
assuming an additive effect of the -403A alleles. These findings are in
accordance with previous observations in case-control studies, and
are fully justified by the reported functional consequences of the
RANTES -403A allele [19,20].

Functional studies have associated the -403A allele with increased
transcriptional activity of the RANTES gene [11,12]. Increased RANTES
expression at sites of endothelial dysfunction probably provokes the
accumulation and migration of target cells and enhances inflamma-
tion, accelerating the formation of atherosclerotic lesions. It is
therefore most likely that the biological mechanism underlying this
genetic association is increased gene expression from the RANTES
-403A promoter variant.

The most challenging finding in need of explanation is the
departure of RANTES-403 genotypes from HWE proportions in the
controls. Violation of HWE is commonly the result of genotyping
errors. However, genotyping was repeated twice in the control group,
and 30% of the samples were re-evaluated by direct sequencing. No
deviation was observed between PCR-RFLP and sequencing results.
Ethnic diversity was also ruled out as a possible cause of HWE
disassociation, as all the study participants were Caucasian. This is not
the first study to fail to produce results in accordance with HWE
regarding the -403A/G polymorphism. Simeoni et al [20], in a control
group consisting of 530 subjects, failed to produce genotype
frequencies in HWE. Notably, in our study and in that of Simeoni
et al, the control groups did not consist of randomly selected subjects
from the general population, but rather of subjects without angio-
graphic evidence of CAD. Consequently, we believe that this is a
reproducible finding, not the result of genotyping error, and warrants
further investigation in an unselected population.

Conclusions

In the present study, an association between the RANTES -403A
allele in the homozygote state and CAD was found. This association
was independent of conventional cardiovascular risk factors. These
findings are in agreement with the functional consequences of the
-403A polymorphism, and support a favourable effect of RANTES
down-regulation regarding susceptibility to severe CAD. It is therefore
conceivable that the blockade of RANTES receptor/ligand interaction
could serve as a novel therapeutic target in themanagement of CAD. In
fact, Veillard et al have already reported that blocking in vivo RANTES-
mediated signalling using the CC chemokine antagonist Met-RANTES
reduced the progression of atherosclerosis in a hypercholesterolemic
mouse model [15]. We believe that our findings, from a different
perspective, encourage further investigation of the favorable effects of
RANTES antagonists in the management of CAD and other complica-
tions of atherosclerosis.

The current study did not establish a positive association between
the RANTES promoter genotype and ISR. However, we believe that the
possible implication of RANTES promoter genetic variability in ISR
should be re-evaluated in a larger sample before a definite negative
association is determined.
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