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Abstract: Cysteine-cysteine chemokine ligand 5 (CCL5) with immunoregulatory 
and inflammatory activities has an important role in granuloma formations that 
activates and stimulates T-cells and macrophages. Cysteine-cysteine chemokine 
receptor 5 (CCR5) is a chemokine receptor, which is important for migration 
of immune cells to site of infection. In the present study we investigated the 
possible association between CCL5 –403G/A (rs2107538), CCL5 –28C/G 
(rs2280788) and CCR5 Δ32 polymorphisms and pulmonary tuberculosis (PTB) 
in an Iranian population. This case-control study was performed on 160 patients 
with pulmonary tuberculosis and 160 unrelated healthy subjects. The CCL5 
–403G/A, CCL5 –28C/G and CCR5 Δ32 polymorphisms were genotyped by 
allele-specific polymerase chain reaction (AS-PCR), tetra amplification refractory 
mutation system polymerase chain reaction (T-ARMS PCR) and PCR, respectively. 
Our results showed that GA as well as GA+AA genotypes of CCL5 –403G/A 
(rs2107538) increased the risk of PTB in comparison with GG genotype 
(OR=1.70, 95% CI=1.03–2.81, P=0.038 and OR=1.64, 95% CI=1.00–2.68, P=0.049, 
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respectively). No significant association was found between CCL5 –28C/G as well 
as CCR5 Δ32 polymorphism and PTB risk. In conclusion, our findings proposed 
that CCL5 –403G>A polymorphism may be a risk factor for susceptibility to PTB 
in our population. Larger sample sizes with different ethnicities are required to 
validate our findings.

Introduction
Tuberculosis (TB) is one of the most communicable diseases in humans caused by 
various strains of mycobacteria frequently Mycobacterium tuberculosis. According to 
the World Health Organization (WHO) report, most of the estimated number of 
TB cases occurred in Asia (55%) and Africa (30%). TB with 8 million new cases and 
1.5 million deaths worldwide annually remains as a major global health problem 
(Millet et al., 2013). Though one third of human infected with Mycobacterium 
tuberculosis, only 10% of the infected persons develop the clinical disease (Cobat et 
al., 2013). Cumulative evidence designates that in addition to the environment, host 
genetic factors play an important role in susceptibility to TB (Bahari et al., 2012; 
Hashemi et al., 2013a, 2015; Naderi et al., 2014a, b).

It is well known that chemokines are essential regulators of immune system 
in response to Mycobacterium tuberculosis infectious. CCL5 is an 8 kDa protein 
belongs to the CC chemokines family and known as RANTES (Regulated on 
Activation, Normal T-cell Expressed and Secreted). CCL5 is chemotactic for T-cells 
as well as macrophages and mediate the migration and activation of these cells 
into inflammatory sites (Alqumber et al., 2013). It is a main chemokine involved 
in both the acute and chronic phase of inflammation and possibly participate in 
pathogenesis and formation of granuloma during infection with Mycobacterium 
tuberculosis (Méndez-Samperio, 2008). Indeed, this chemokine may have a role in the 
inhibition of intracellular growth of Mycobacterium tuberculosis (Chu et al., 2007). 
The human CCL5 mapped to chromosome 17 (17q11.2-q12) and consist of three 
exons and two introns. This gene is polymorphic and have been suggested that two 
polymorphisms in promoter region (–403G/A and –28C/G) effect the expression 
of CCL5 (Chu et al., 2007).

CCR5 or CD195 is a member of the beta chemokine receptor family. This 
protein is expressed by T-cells, macrophages, immature dendritic cells and 
granulocytes and has an important role in inflammatory response to infection 
(Carpenter et al., 2014). It has been reported that CCR5 is overexpressed in PTB 
(pulmonary tuberculosis) patients in comparison with normal subjects (Mamtani 
et al., 2011). The ligands of this receptor are CCL5 (RANTES), macrophage 
inflammatory protein (MIP-1α and MIP-1β or CCL3 and CCL4) and CCL3L1 
(Han et al., 2012). The CCR5 gene is located on short arm of chromosome 3 
at the chemokine receptor gene cluster region (Mishra et al., 2012). Several 
polymorphisms have been recognized in CCR5 which one of them is CCR5-delta32 
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(CCR5 Δ32). CCR5 Δ32 is a deletion of gene results in a non-functional receptor 
form of the chemokine receptor that is unable to bind CC chemokine ligands such 
as CCL5. Numerous studies have shown the association of CCL5 and CCR5 gene 
polymorphism and the risk of TB in various ethnic populations, but the results were 
controversial (Ben-Selma et al., 2011; Selvaraj et al., 2011; Carpenter et al., 2014). 
Therefore, the present case-control study was designed to investigate the possible 
association between CCL5 –403G/A (rs2107538), CCL5 –28C/G (rs2280788) and 
CCR5 Δ32 polymorphisms and pulmonary tuberculosis in a sample of southeast 
Iranian population.

Material and Methods
Patients
This case-control study was done from June 2012 to September 2013 on patients 
who referred to Bou-Ali Hospital (referral center for TB, Zahedan, Iran). A total of 
320 subjects including 160 confirmed PTB and 160 unrelated healthy subjects with 
no clinical symptoms or history of TB and living in the same area as the patients 
with PTB (Southeast Iran) were enrolled in the study. Informed consent was taken 
from all subjects and the project was approved by Ethics Committee of Zahedan 
University of Medical Sciences. TB was diagnosed by clinical symptoms, posterior-
anterior chest radiography, presence of acid-fast-bacilli (AFB) on a sputum smear, 
culturing Mycobacterium tuberculosis organisms from a specimen taken from the 
patient and response to antituberculosis chemotherapy as described in our 
previous study (Kouhpayeh et al., 2012). DNA was extracted from whole blood 
samples using salting out method as described previously (Hashemi et al., 2013b).

Genotyping
CCL5 –403G/A (rs2107538) as well as CCR5 Δ32 polymorphisms 
were genotyped using allele specific PCR (AS-PCR) and PCR method 
as described previously (Eskandari-Nasab et al., 2014). Briefly, primers 
for the CCL5 –403G/A (rs2107538) polymorphism were as follows: 
reverse (command): TTCTTGGGGACAACAAGGAG, forward (A allele): 
GGATGAGGGAAAGGCGA and forward (G allele): GGATGAGGGAAAGGCGG. 
The forward and reverse primers for detection of 32 bp ins/del 
polymorphism were 5’-TCAAAAAGAAGGTCTTCATTACACC-3’ and 
5’-AGCCCAGAAGAGAAAATAAACAATC-3’, respectively.

For detection of CCL5 –28C/G (rs2280788) variant we designed 
a tetra amplification refractory mutation system polymerase chain 
reaction (T-ARMS PCR). We used two external primers (forward 
outer: 5’-AGGAGCGCAGAGGGCAGTAGCAATGA-3’, reverse outer: 
5’-TGAGGAGGACCCCTTCCCTGGAAGGT-3’) and two internal primers 
(forward inner [C allele]: 5’-GGAATGAAAAATTAGAACAACAGAACCA-3’ 
reverse inner [G allele]: 5’-TTTGCTAAAGAAATAGAAGTGGCTTACAAC-3’).  
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PCR was performed in 25 µl reaction volumes containing 0.4 µM of each primer, 
250 µM of each dNTP, 1 U Taq DNA polymerase with 2 mM MgCl2, and 50 ng 
genomic DNA. The PCR cycling conditions was as follows: an initial denaturation 
step of 5 min at 95 °C followed by 30 cycles of 30 s at 95 °C, annealing at 54 °C 
for 30 s and extension at 72 °C for 30 s. Final extension was performed at 72 °C 
for 5 min. The PCR products were separated by electrophoresis in 2% agarose 
gels, and observed under ultraviolet light. Product sizes were 272 bp for C allele 
and 181 bp for G allele, whereas the product size of the two outer primers was 
400 bp.

Statistical analysis
Statistical analysis was performed by SPSS software V18.0. In order to investigate 
potential association of the selected polymorphism with tuberculosis, the allele 
and genotype frequencies in patients and healthy controls were compared using 
Pearson’s chi-squared test. Logistic regression analysis was applied to estimate odds 
ratio (OR) and 95% confidence intervals (CI) of genetic risk in PTB. P-values less 
than 0.05 were considered statistically significant.

Results
The study groups consist of 160 PTB patients (77 males and 83 females) and 
160 control subjects (59 males and 101 females). Mean age of PTB patients and 
control groups were 48.78 ± 20.374 and 47.68 ± 15.86, respectively. No significant 
difference was seen between two groups regarding age and sex (P=0.592 and 0.054, 
respectively).

The genotype and allele frequency of CCL5 –403G/A polymorphism is shown 
in Table 1. The results indicated that GA as well as GA+AA genotype increased 
the risk of PTB in comparison with GG genotype (OR=1.70, 95% CI=1.03–2.81, 
P=0.038 and OR=1.64, 95% CI=1.00–2.68, P=0.049, respectively). The allele 
frequency of CCL5 –403G/A polymorphism was not significantly different between 
the groups (P=0.08).

The genotype frequency of CCL5 –28C/G polymorphism showed that all PTB 
patients and healthy controls had GG genotype which indicates that this variant is 
not polymorphic in our population.

The analysis of the PTB patients and healthy controls revealed no statistically 
significant difference between the groups regarding 32 bp insertion/deletion 
polymorphism of the CCR5 gene. In each groups 154 persons has Ins/Ins genotypes 
and 6 has Ins/Del (Table 2). Our finding demonstrated that the 32 bp deletion 
polymorphism of CCR5 is not a risk factor for PTB.

Discussion
Tuberculosis after HIV is the second leading cause of death worldwide and killing 
about 2 million people annually (Millet et al., 2013). Besides of environment factor 
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Table 1 – The genotypes and allele distribution of CCL5 –403G>A 
polymorphisms in pulmonary tuberculosis (PTB) patients and control 
groups

Polymorphism
CCL5 –403G>A

Patients
n (%)

Normal
n (%)

OR (95% CI) P

Codominant

GG
GA
AA

104 (65)
54 (33.8)
2 (1.2)

121 (75.6)
36 (22.5)
3 (1.9)

1.00
1.70 (1.03–2.81)
0.82 (0.13–5.05)

0.038
0.827

Dominant

GG
GA+AA

104 (65)
56 (35)

121 (75.6)
39 (24.4)

1.00
1.64 (1.00–2.68) 0.049

Recessive

GG+GA
AA

158 (98.8)
2 (1.2)

157 (98.1)
3 (1.9)

1.00
1.43 (1.04–2.58)

0.369

Alleles

G
A

262 (81.9)
58 (18.1)

278 (86.9)
42 (13.1)

OR – odds ratio (adjusted for sex and age); CI – confidence interval

Table 2 – The genotypes and allele distribution of CCR5 Δ32 
polymorphisms in pulmonary tuberculosis (PTB) patients and control 
groups

Polymorphism
CCR5 Δ32

Patients
n (%)

Normal
n (%)

OR (95% CI) P

Codominant

WW
WD
DD

154 (96.25)
6 (3.7)
0 (0)

154 (96.25)
6 (3.7)
0 (0)

1.00
1.05 (0.33–3.40)

–
0.92

Alleles

W
D

308 (96.25)
12 (3.7)

308 (96.25)
12 (3.7)

OR – odds ratio (adjusted for sex and age); CI – confidence interval

and virulence of pathogen, the differences in host immune genes polymorphisms 
has been proposed to play a key role in determining TB susceptibility (Möller 
and Hoal, 2010). In the present study, we investigated the possible association 
between CCL5 –403G/A (rs2107538), CCL5 –28C/G (rs2280788) and CCR5 Δ32 
gene polymorphisms and susceptibility to PTB in a sample of Iranian population. 
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To the best of our knowledge this is the first genetic association study regarding 
the relationship between polymorphism in CCL5 and CCR5 genes and PTB in 
a sample of Iranian population. Our results showed that GA (in the codominant 
model) as well as GA+AA (in the dominant model) genotypes of CCL5 rs2107538 
were associated with increased risk of PTB. The findings of this study indicated 
no significant association between CCL5 rs2280788 variant as well as CCR5 
Δ32 polymorphism and PTB risk. In contrast to our finding Mhmoud et al. (2013) 
showed significant differences in allele distribution of CCL5 –28C/G (rs2280788) 
in TB patients compared with healthy controls. They found that G allele was more 
frequently in the patient population. However, they didn’t detect any association 
between CCL5 rs2107538 –403G/A polymorphism and TB. The CCL5 –28G 
probably increased promoter activity and CCL5 expression. In agreements to our 
study, Mishra et al. (2012) showed that the frequency of AA genotype and A allele 
in CCL5 –403G/A polymorphism were significantly higher in cases than controls, 
thus they supposed that this polymorphism may be associated with susceptibility 
to TB. Also they found that CCL5 –28G/A was not associated with resistance or 
susceptibility to TB. Chu et al. (2007) showed that the distribution of CCL5 
–28C/G and –403G/A polymorphisms was not associated with TB susceptibility 
in Hong Kong Chinese population. Selvaraj et al. (2011) revealed that allele and 
genotype frequencies of CCL5 –403G/A and –28C/G polymorphisms were not 
different between PTB patients and healthy individuals. Whereas, Ben-Selma et 
al. (2011) findings indicated an association of the CCL5 –28C/G and –403G/A 
polymorphisms with susceptibility to TB infection in Tunisian populations. 
They found that –28G/C polymorphism was significantly associated with PTB 
susceptibility. They reported that –28CC genotype decreased PTB risk while 
–403A allele increased the risk of PTB development. Sánchez-Castañón et al. 
(2009) identified that the frequency of the CCL5 –403G/A and –28C/G promoter 
polymorphisms were significantly different between PTB patients and control 
subjects. They observed that –403G/G and –28C/C genotypes as well as –403G 
allele and –28C allele were significantly more frequent in control subjects. 
Carpenter et al. (2014) didn’t find any association between CCR5 polymorphism 
and susceptibility to clinically active TB. Mishra et al. (2012) have found no 
significant association between CCR5 polymorphism with either resistance or 
susceptibility to TB in Sahariya tribe of north central India population. Mamtani et 
al. (2011) have found an association between CCR5 gene polymorphisms and risk 
of TB.

During infection by Mycobacterium tuberculosis some chemokines including 
MCP-1 and CCL5 recruiting T-cells and macrophages to sites of TB infection 
and have important role in the formation of granuloma which enclose and 
control distribution of TB (Selvaraj et al., 2011). CCL5 concentration increase 
in PTB patients and decreased during period of recovery which indicate that 
play a key role in the immune response against TB infection. CCL5 function at a 
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precise concentration and production of CCL5 over or under this concentration 
accompanied with dysfunction of this chemokine (Chu et al., 2007). It is plausible 
that –403G/A and –28C/G polymorphisms affect the expression of CCL5 and 
might be associated with development of TB. Also polymorphisms in CCR5 cause 
alteration in binding of this receptor to its ligands such as CCL5 (Mamtani et al., 
2011).

In summary, our study showed that CCL5 –403G/A (rs2107538) polymorphism 
might be a candidate gene, which determines the susceptibility to PTB in our 
population. Whereas CCL5 –28C/G (rs2280788) and CCR5 Δ32 polymorphisms 
may not be major genetic factors for susceptibility to PTB. Further investigations 
with different ethnicities and larger sample sizes are needed to validate our 
findings.
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