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Abstract:
CONTEXT: Asthma is a complex inflammatory condition often associated with bronchial hyper reactivity and 
atopy. Genetic and environmental factors are implicated in the etiopathogenesis of asthma. Regulated upon 
Activation Normal T‑ cell Expressed and Secreted (RANTES) is a CC chemokine responsible for the recruitment 
of inflammatory cells, suggesting a possible role for this chemokine in asthma. Both ‑403A and ‑28G alleles of 
the RANTES promoter region were found to be associated with asthma/atopy in some but not all studies.

AIM: The purpose of this study was to investigate the genetic influence of ‑403A and ‑28G alleles of the RANTES 
promoter region on the development of asthma in Lebanon.

SETTINGS AND DESIGN: This case control study was conducted at Makassed Hospital, Beirut on 40 asthmatic 
patients and 38 healthy controls.

METHODS: RANTES gene polymorphisms ‑403G/A and ‑28C/G alleles were genotyped using PCR‑RFLP.

RESULTS: No significant differences in allele or genotype frequencies for the RANTES gene polymorphisms 
between asthmatic patients and controls were found. The difference of the ‑403 GA genotype frequency between 
patients and controls was not statisti cally significant; (OR=0.8, 95% CI=0.2‑2.3, P=0.8). Similarly, the difference 
of the A‑allele frequencies between patients and con trols was not significant (OR=0.824, CI=0.3‑2.2, P=0.7).

CONCLUSIONS: Our data show that RANTES gene promoter polymorphisms are not associated with asthma 
susceptibility in the Lebanese population.
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Asthma is  a complex,  multifactorial 
disease of the lungs with an increasing 

prevalence worldwide.[1] Both genetic factors[2] 
and environmental factors such as viruses,[3] 
allergens,[4] and occupational exposures[5] are 
indicated in the disease aetiology.

Regulated upon Activation Normal T-cell 
Expressed and Secreted (RANTES) is a C-C 
chemokine, which can produce chemotaxis and 
activation of inflammatory cells that are central 
to the airway inflammation characteristic of 
asthma.[6] Increased RANTES mRNA expression 
has been demonstrated in bronchial biopsy 
specimens derived from asthmatic patients,[7] and 
higher RANTES levels have been demonstrated 
in the bronchoalveolar lavage fluid of patients 
with active asthma.[8] The number of eosinophils 
recruited to the lung has been reported to 
be strongly associated with immunoreactive 
RANTES concentration.[9]

Previous linkage studies have found that human 
chromosome 17q,[10,11] where the gene encoding 
RANTES is located, contains loci linked with 
asthma. It has been demonstrated that 2 functional 
polymorphisms in the proximal promoter region 

of the RANTES gene (−28C to G and −403G to A) 
increase transcriptional activity of RANTES 
gene.[12,13] In human cell lines, the −28G and 
the −403A were shown to increase promoter 
activity of RANTES in comparison with the more 
frequent −28C and −403G, suggesting that these 
polymorphisms increase RANTES expression.[12,13] 
The known biological activity and contribution of 
the chemokine pathway to allergic inflammation 
supports an important role for RANTES in the 
expression of atopy and atopic asthma.[14] Increased 
production of RANTES would be expected to 
increase the level of inflammatory cell recruitment, 
as it is one of the major chemoattractant proteins 
for eosinophils[11] into asthmatic airways after 
allergen challenge.[15,16]

The role of this particular pathway to immune 
regulation is also supported by observations that 
the GATA transcription motif in position -403 
of the chemokine RANTES gene is associated 
with a number of inflammatory-mediated 
diseases including rheumatoid arthritis,[17] 
childhood atopic dermatitis[12] and in delaying 
the progression of HIV infection.[18]

Through the use of genome-wide searches, 
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several candidate genes for asthma and atopy have been 
described;[11,10,19] one of these is RANTES. The gene encoding 
RANTES is located on chromosome 17q11.2–q12[20] that 
has been shown to be in linkage with asthma in several 
studies.[11,10] Two common single nucleotide polymorphisms 
(SNPs) consisting of G to A exchange at position -403 in 
the promoter of RANTES gene and C to G exchange at 
position -28, have been associated with asthma,[21-23] atopy 
and elevated levels of total IgE.[24] A significant higher 
constitutive transcriptional activity of the -403 A and -28 G 
expressing promoter was detected respectively in atopic 
dermatitis children[12] and human immunodeficiency (HIV) 
disease.[13]

In this study, we investigate the possible association of the 
-403A and -28G alleles with asthma susceptibility in Lebanese 
patients.

Methods

Study subjects
A case-control study including 40 patients with asthma and 
38 healthy unrelated individuals were recruited for this study. 
All patients attended Makassed Hospital, Beirut. Asthma was 
diagnosed according to the criteria of the American Thoracic 
Society 1995.[25] All patients completed an asthma assessment 
questionnaire.

The participants reported whether they are current smokers, 
ex-smokers or whether they never smoked. Those who 
smoked more than 5 packs per year were excluded from the 
study. Controls consisted of 38 healthy Lebanese unrelated 
individuals; they were recruited from Beirut Arab University 
for this study, all showed no clinical evidence or family 
history of asthma or other conditions. All subjects signed 
an informed consent before enrolment in the study. The 
clinical characteristics of recruited subjects are summarized 
in [Table 1]. EDTA blood samples were collected from both 
cases and controls after consent. The study was approved by 
the local research committee.

Genomic DNA was extracted from whole blood through use 
of a GFX Genomic Blood DNA Purification Kit (Amershan 
Bioscience Co, UK) for all study subjects.

Spirometry was done at Makassed Hospital pulmonary 
laboratory via Collins® machine which is calibrated weekly. 
The subjects had at least 3 trials and the highest forced 
expiratory volume in one second (FEV1) and forced vital 
capacity (FVC) were used in the analysis. Data on the 
pulmonary functions were expressed as percentage of the 
predicted value (% predicted), using predicting equations 
based on age, sex, and height. Participants who were taking 
medications for asthma were asked not to use an inhaled 
short-acting bronchodilator for 6 hours and long acting 
b2-agonist for 24 hours before the test.

Bronchodilator reversibility was determined using a standard 
dose of ß2- agonist (salbutamol). Spirometry was performed 
after 15 minutes and reversibility calculated as percent change 
of FEV1 and/or FVC. Reversibility was considered significant if 
there was an increase of ≥12% and/or >200 cc in FEV1 or FVC.

All laboratory tests were carried out at Makassed Hospital. 
Total serum IgE levels were determined by means of Unicap 
100, IgE levels were defined as high when total serum IgE 
exceeded 100 IU/ml; atopy was defined as a personal history 
of allergy, seasonal rhinitis, eczema, or allergic conjunctivitis in 
addition to positive skin prick test to at least 1 allergen (wheal 
diameter 3 mm greater than saline solution) and/or total serum 
IgE level >100 IU/ml.

The white blood cell counts and the eosinophil cell counts were 
measured by means of Beckman Coulter.

Determination of RANTES genotypes
RANTES promoter -403 and -28 polymorphisms were detected 
by polymerase chain reaction-restriction fragment length 
polymorphism (PCR-RFLP), as previously described by Hajeer 
et al.[26,27] Genomic DNA was amplified using the forward 
(5’-ACA GAG ACT CGA ATT TCC GGA-3’) and reverse 
(5’-CCA CGT GCT GTC TTG ATC CTC-3’) primers for -28C/G; 
forward (5’-GCC TCA ATT TAC AGT GTG-3’), and reverse 
(5’-TGC TTA TTC ATT ACA GAT GTT-3’) primers for -403G/A.

Since neither the wild-type nor the mutant allele of -403 
polymorphism abolishes or introduces a restriction enzyme 
site, a single base change was introduced at the 3’ end of the 
reverse primer (C→G, underlined) at position -396 relative to 
the transcription site, thus creating an enzyme site that can be 
used to differentiate between wild-type and mutant alleles.

The PCR reaction was performed in a final volume of 25 µl 
containing 2 µl (100 ng) genomic DNA, 6.3 pmol of each primer, 
1.5 mM of MgCl2 (Fermentas), 1x NH4 Buffer (Fermentas), 
0.2 mM dNTPs (ABgene), and 1 U Taq polymerase (Fermentas). 
PCR cycles were as follows: Initial denaturation at 95°C for 
2 minutes followed by 35 cycles each of denaturation at 95°C 
for 40 seconds, annealing at 50°C for 40 seconds and extension 
at 72°C for 40 seconds. A final extension step was carried out 
at 72°C for 5 minutes.

PCR products were visualized on 2% agarose gel stained with 
ethidium bromide (Amresco). For the -403G/A polymorphism 
the PCR product length generated is 135 bp, while for the 
-28C/G polymorphism, the PCR product length generated 
is 187 bp.

Table 1: Demographic and clinical  characteristics of 
the study population
Clinical parameters Patients 

with asthma 
(n=40) (%)

Healthy control 
subjects (n=38) 

(%)

P

Age in yrs 32.6 (±13.8) 23.4 (±7.8) 0.0005
Females 62.5 47.4 0.18
Current smokers 3 (7.5) None
Exsmokers 3 (7.5)
Age at onset in yrs (range, 
2 months‑53 years) 

17.2 (±14.9) N/A

Atopic patients (%) 26 (65)
Total serum IgE in IU/mL 618.5 (±924) 
Log IgE 2.8 (±2.96)
Eosinophil count % 5.1 (±4)
FEV1% predicted 87.6 (±22.7)
Data are presented as mean (±SD) N/A not applicable
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Enzyme digestion (RFLP) was carried out as described 
previously;[28,29] in a 15 µl final volume using 5 µl of PCR product 
and: 3 U of MnlI (Fermentas) enzyme for RANTES-28C/G, the 
reactions were incubated at 37°C overnight, the wild- type 
allele was detected as five bands (114, 27, 20, and two 13 bp), 
while heterozygous individuals with CG genotype, three 
bands were revealed (134, 27, and two 13 bp) or 4 U of MaeIII 
(Roche Diagnostics GmbH) enzyme for RANTES -403G/A, the 
reactions were incubated at 55°C overnight; Digestion with 
MaeIII yields 112 and 23 bp fragments when G allele is present, 
while the mutant A allele was detected as a band of 135 bp. 
The digested products were subjected to electrophoresis on 3% 
agarose gel stained with ethidium bromide.

DNA sequencing
To confirm the genotyping results obtained in PCR‑RFLP 
of the promoter region of the RANTES gene, four random 
samples were examined by DNA sequencing using an 
automated fluorescent labelling system. DNA sequences of 
the PCR products were determined using Applied Biosystems 
model 3130 sequencer (Hitachi Applied Biosystems, Genetic 
Analyzer). All sequences matched the RFLP patterns.

Statistical methods
Cases and controls were compared regarding age using 
Wilcoxon-Rank-Sum-Test and sex using Chi-Square test to assess 
whether cases differ significantly in age and sex from controls. 
The association of the mutant allele with asthma was assessed 
by calculating the odds ratio (OR) and 95% confidence interval 
(95% CI). Chi-square and Fisher’s Exact test were used to test 
for the difference in RANTES genotypes and alleles between 
patients and controls. The statistical significances of the traits 
values (blood eosinophil counts, total serum IgE levels, and 
FEV1% predicted) between genotypes were compared by means 
of the t‑ independent test. Statistical significance was defined 
as P≤0.05. Calculations were performed with the statistical 
package SPSS 16.0 for Windows (SPSS Inc., Chicago, IL, USA).

Results

The distribution of RANTES polymorphisms in the study group 
are shown in [Table 2]. Results of DNA genotyping in asthmatic 
patients showed that -28CC genotype is the only genotype 
detected with 100% frequency in the absence of the two other 
genotypes. In the control population, the CC genotype was the 
most frequent (97.4%), followed by the CG genotype (2.6%), 
and the GG genotype was absent. The frequency of the C-allele 
was 98.7% and that of the G-allele was 1.3%.

The frequencies of RANTES -403 GG, GA and AA genotypes 
among asthmatic patients were 75%, 25% and 0% respectively. 
The frequency of the G- allele was 87.5% and that of the 
A-allele was 12.5%. In control subjects, the distribution of 
RANTES-403 GG, GA and AA genotypes was 78.9%, 21.1%, 
and 0%, respectively. The allele frequencies were 89.5% and 
10.5% for the G and A alleles, respectively.

Statistical analysis showed no significant difference in the 
-28CG and -28CC genotype frequency between patients and 
control [Table 2]. In addition, the frequency of the -28G allele, 
as well as the CG genotype, showed no statistical difference 
between patients and controls [Table 2].

Furthermore, the difference of the -403 GA genotype frequency 
between patients and controls was not statisti cally significant; 25% 
for patients and 21.1% for controls (OR=0.8, 95% CI=0.2‑2.3, P=0.8) 
[Table 2]. Similarly, the difference of the A-allele frequencies 
between patients and con trols was not significant; 12.5% for 
patients and 10.5% for controls (OR=0.824, CI=0.3-2.2, P=0.7).

Moreover, there was no significant difference in levels 
biological markers (serum IgE, eosinophils count, and FEV1% 
predicted) between asthmatic patients with -403G/G and G/A 
RANTES genotypes (data not shown).

Discussion

It has been demonstrated that two functional polymorphisms 
in the proximal promoter region of the RANTES gene 
(-28C to G and -403G to A) increase transcriptional 
activity of RANTES gene and RANTES expression in 
the human body.[12,13] Increased production of RANTES 
would be expected to increase the level of inflammatory 
cell recruitment, as it is one of the major chemo-attractant 
proteins for eosinophil[9] and other cells into asthmatic 
airways after allergen challenge.[17,16] It is therefore quite 
likely that these polymorphisms are possible loci involved 
in asthma susceptibility.

Results obtained from this study showed no significant association 
between the RANTES -403A allele or the -28G allele and asthma 
in the Lebanese population. According to these results, these 
polymorphisms in the promoter region of the RANTES gene do 
not influence significantly the development of asthma.

These results were consistent with reports from Korean,[29] 
Japanese,[21] Hungarian,[30] Spanish,[31] and African American[32] 
populations where RANTES promoter polymorphism did not 
have a significant effect on the susceptibility to asthma.

Table 2: Distribution of genotypes and alleles  in 
controls and asthmatic patients  for  the RANTES 
promoter polymorphism at positions  ‑403G/A and ‑28C/G
RANTES Controls 

n=38
Asthmatics 

n=40
P value OR

n (%) n (%)
‑403G/A 
Genotype

GG 30 78.9 30 75 0.8 0.8
GA 8 21.1 10 25
AA 0 0 0 0

‑403G/A Allele
‑403G 68 89.5 70 87.5 0.7 0.8
‑403A 8 10.5 10 12.5

‑28C/G 
Genotype

CC 37 97.4 40 100 0.5
CG 1 2.6 0 0
GG 0 0 0 0

‑28C/G Allele
‑28C 75 98.7 80 100 0.3
‑28G 1 1.3 0 0

RANTES = Regulated upon activation normal T‑cell expressed and secreted
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On the contrary, some other studies suggested a positive 
association between RANTES polymorphisms and asthma 
susceptibility, or with different types of bronchial asthma. 
A study by Lachheb et al. on Tunisian children[33] suggested 
an association between alleles level of -28C/G and -403G/A 
promoter polymorphism and asthma. In addition, a study on 
Northern European Caucasians population[34] found that the 
-403A allele was associated with an increased susceptibility to 
both asthma and atopy.

In view of the plausible role of the -403G/A polymorphism in 
promoting allergic responses and its high allelic frequency in 
Caucasian populations, Abdulhadi et al.,[23] sought to confirm 
or refute the previous reported case–control study[32] using a 
family‑based association tests (FBATs) and generation‑specific 
case-control analyses. The -403G/A was transmitted with atopy 
and atopic asthma, although its contribution appears to relate 
more to atopy than asthma and BHR.

Several studies of the RANTES genotypes in the Asian 
populations have supported this association. In a Chinese 
cohort by Wang et al.,[35] the prevalence of the -28G allele 
was significantly different between asthmatic patients 
and controls (19.5% vs. 10.6%). Also, the levels of plasma 
RANTES and peripheral eosinophils were significantly 
different among the three genotypes but not the total levels 
of plasma IgE.

Our results were consistent with previous report in Korean 
children,[29] where no significant differences in clinical 
characteristics according to the genotypes of RANTES -403G/A 
polymorphism were observed. Also, in the Hungarian study,[30] 
no clinical or laboratory characteristics were associated with a 
given RANTES genotype.

RANTES genotype was shown to be associated with 
increasing severity of airway obstruction in a previous 
study by Fryer et al.[34] However, a meta-analysis comprising 
several studies[21,22,29-32,37] was carried out by Zhang et al.,[36] 
and confirmed the absence of significant associations of the 
-403G/A and -28C/G polymorphisms with asthma.

According to our results, these polymorphisms in the promoter 
region of the RANTES gene do not influence significantly the 
development of asthma, atopy, or the eosinophil count. It can be 
assumed that these more inducible RANTES genes do not have 
a detectable effect on the investigated parameters or that, more 
simply, in those cells (e.g., airway epithelial cells) that participate 
in the pathomechanism of these diseases, other cis-regulating 
elements are responsible for the expression of RANTES.

The main weakness of this study relates to the sample size of 
both cases and controls. There has not been any report on allele 
frequencies of RANTES G-403A and C-28G in the Lebanese 
population at the time of this study, and this made sample size 
estimation difficult. This study may thus be underpowered on 
detecting any association between G-403A and rare outcomes. 
A further study with a larger population size is thus needed.

Our results showed that RANTES gene promoter 
polymorphisms are not associated with asthma susceptibility 
in the Lebanese population.
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