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ABSTRACT
 

 chemokine الأشكال  بين تعدد  الارتباط  لتقييم  الأهداف:  
28C>G (C-C motif-    وخطر مرض  ) ligand 5 (CCL5)

السل.

الطريقة:  أجري بحث في Web of Science ،PubMed ، و
WanFang حتى 9 أبريل 2015م للدراسات المؤهلة على تعدد 
الأشكال CCL5 -28C>G . تم حساب البيانات المستخرجة مع  

.)CI( 95% ونطاق الثقة ،)ORs( نسبة الأرجحية

 8 من  للحالات-الشواهد  دراسات   8 استخراج  تم  النتائج:  
السل  حالات   1852 تشمل  التي  الأشكال  تعدد  عن  مقالات 
مخاطر  على  عثر  أنه  التحليل  نتائج  وأظهرت  ضوابط.  و2068 
الآسيويين  في  السل  خطر  مع  الأشكال  لتعدد  كبيرة  انخفاض 
 CI 95%=  ،0.12=)ORs( التالي:  النحو  على  والعرب 
 mutant homozygous  )GG(  p=0.000  ،0.06-0.26
الآسيوية،  للأصول   CC wild-type homozygous مقابل 
GG  p=0.000 ،CI 95% =0.07-0.28 ،OR=0.14   مقابل 

CC في الأصول العربية.

 -28C<G CCL5 الخاتمة:  أظهرت النتائج أن تعدد أشكال جين
قد يكون عاملًا وقائياً لتطور حالة مرض السل .

Objectives: To assess the association between 
chemotactic chemokine (C-C motif ) ligand 5 (CCL5) 
-28C>G  polymorphism and tuberculosis (TB) risk. 

Methods: PubMed, Web of Science, and WanFang 
were searched up to April 2015 for eligible studies on 
CCL5 -28C>G polymorphism. Data was extracted, 
and pooled odd ratios (ORs) as well as 95% confidence 
intervals (95% CI) were calculated. 

Results: Eight case-control studies were extracted 
from 8 articles on the polymorphism involving 
1852 TB cases and 2068 controls. The results of 
meta-analysis showed that significant reduced risks 
were found for the polymorphism with the risk 
of TB in Asians and Arabs as follows: OR=0.12, 

Systematic Review

95% CI=0.06-0.26, p=0.000 for mutant  homozygous 
(GG) versus wild-type homozygous (CC) for Asian 
descent, OR=0.14, 95% CI=0.07-0.28, p=0.000 for 
GG versus CC in the Arab descent. 

Conclusion: Our findings demonstrated that CCL5 
gene -28C>G  polymorphism might be a protective 
factor for the development of TB. 
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Tuberculosis (TB) is one of the most important 
infectious causes of death worldwide.1 According 

to reports from the World Health Organization 
(WHO), more than 8.8 million new TB cases were 
reported in 2010, and 1.1 million patients died.2 
Numerous studies showed that only one-third of the 
population exposed to Mycobacterium tuberculosis (M. 
tuberculosis) were infected asymptomatically, and less 
than 10% of them developed TB,3 indicating that the 
individuals had different susceptibility to TB. Although 
the underlying etiological mechanism of TB infection 
was still unclear, the host genetic gene is considered 
to be one of the reasons for the incidence of TB, and 
may be impact on the disease before the onset.  In 
recent years, genetic variants, including Toll-like 
receptors-2,4 nucleotide-binding oligomerization 
domain 2,5 interleukin-12B,6  cytotoxic T-lymphocyte-
associated protein 4,7 and so on, were demonstrated to 
be associated with TB susceptibility, while their roles in 
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the incidence of TB were conflicting. Among various 
cytokines, the  chemotactic chemokine (C-C motif )
chemokine ligand 5 (CCL5), also called regulated upon 
activation and normal T cell expressed and secreted 
(RANTES), is an 8 kDa protein belonging to T-helper 
type 1, and produced by macrophages in the presence of 
infection with M. tuberculosis. It could not only mediate 
migration, activation of T-cells and macrophages,8 but 
also play a major role in the antimycobacterial immune 
responses by recruiting mononuclear cells to the site 
of infection.9 At present, several single nucleotide 
polymorphisms (SNPs) in the CCL5 gene have been 
found. For example, -403G>A, -28C>G SNPs have 
been identified in the promoter of CCL5, which may 
regulate the transcriptional activity of CCL5.10,11 In 
1.1 T/C (allele T mutate into allele C), a functionally 
important polymorphism located in the first intron of 
CCL5 was found to regulate the transcription level of 
the gene by differentially binding to alternative forms 
of nuclear proteins.12 Several studies have reported the 
association between CCL5 polymorphisms and TB, the 
results were inconsistent due to limited sample sizes and 
different study populations. Therefore, we performed a 
systematic review and meta-analysis in this article  to 
summarize the associations between CCL5 -28C>G 
gene polymorphism and TB susceptibility.

Methods. We carried out this systematic review and 
meta-analysis in accordance with the recommendations 
of the Cochrane Handbook for Systematic Reviews 
of Interventions,13 and the results were reported in 
accordance with the PRISMA Statement.14

A literature research was conducted by using 
PubMed and Web of Science, and WanFang up to April 
9, 2015. Relevant studies were identified by searching 
from following terms: [‘CCL5 OR RANTES gene’] 
AND [‘genetic polymorphism OR polymorphisms OR 
SNP’] AND [‘tuberculosis OR TB’]. Potentially relevant 
genetic association studies were evaluated by examining 
their titles and abstracts,15 and all published studies 
matching the selected eligible criteria were retrieved 
and incorporated in this study. The study protocol was 
approved by the Ethical and Science Committee of the 
Ministry of Health.

Selection criteria. Studies were selected for this meta-
analysis if they met the following criteria: 1) studies that 

evaluated the association between the CCL5 -28C>G 
polymorphism and TB, 2) a case-control study design, 
3) recruited pathologically confirmed TB patients 
and TB free controls, and 4) had detailed genotype 
frequency of cases and controls or could be calculated 
from the article text. The exclusion criteria were 1) 
case-only study, case reports, and review articles, and 
2) studies without the raw data of the genotype of TB15 

(Figure 1). 
Data extraction. The 2 investigators independently 

extracted the data and reached a consensus for all items. 
If the 2 investigators generated different results, they 
checked the data again and discussed to come to an 
agreement. If they could not reach an agreement, an 
expert was invited to the discussion. Data extracted from 
the selected articles included the first author’s name, year 
of publication, country of origin, ethnicity, number of 
cases and controls, and minor allele frequency in the 
controls. Different ethnicity was categorized as Asian 
and Arab.

Statistical analysis. Before assessing the effects of 
CCL5 polymorphisms on the susceptibility to TB, we 
tested whether genotype frequencies of controls were in 
Hardy Weinberg Equilibrium (HWE) by using x2 test. 
We also quantified the effect of heterogeneity by I2 test. 
When a significant Q test (p<0.1) or I2 >50% indicated 
heterogeneity across studies, the random effects model 
was used, or the fixed effects model was used.16 The 
odds ratio (OR) and 95% confidence interval (CI) were 
employed to estimate the risk of TB with  the CCL5 
gene. A x2-test-based Q statistic test was performed 
to assess the between-study heterogeneity.17 Analysis 
of sensitivity was performed to evaluate the stability 
of the results. Finally, potential publication bias was 
investigated using Egger’s regression test.18  P<0.05 was 
regarded as statistically significant. Meta-analysis was 
performed by Review Manager 5.1 and Stata 12 (Stata 
Corporation, College Station, Texas, USA) software 
packages.

Results. Search results. The search strategy 
retrieved 12 potentially relevant studies. According 
to the inclusion criteria, 8 studies with full-text were 
included in this meta-analysis and 4 studies were 
excluded. The flow chart of the study selection is 
summarized in Figure 1. As shown in Table 1, there 
were 8 case-control studies with 1852 TB cases and 
2068 controls concerning -28C>G polymorphism. 
As for the 3 ethnicities addressed, 5 studies focused 
on Asian populations,19-23 2 on Arab populations,24,25 
and one on a Caucasian population.26 Because of the 
insufficient samples available for Caucasian groups, 
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we have performed subgroup analysis in the Asian 
and Arab groups. In 2 studies,19,21 the distribution of 
the genotypes in the control group was not in HWE 
(p<0.05). Then, a sensitivity analysis was performed by 
excluding these studies from the analysis.

Associations between CCL5 -28C>G  polymorphisms 
and TB. The analysis on CCL5 -28C>G  
polymorphism, qualified into 8 studies (Table 1), 
revealed that there was no difference in CCL5 -28C>G  
genotype distribution between TB patients and 
control populations (Table 2, Figure 2). To avoid the 
heterogeneity of ethnicity, we performed a subgroup 
analysis, reduced risk was found in the Asian descent 
(mutant homozygous [GG] versus CC: OR=0.12, 95% 
CI=0.06-0.26, p=0.000) and in the Arab descent (GG 
versus CC: OR=0.14, 95% CI=0.07-0.28, p=0.000) 

(Table 3, Figure 3). Sensitivity analysis was performed by 
sequential omission of individual studies. For analysis 
on -28C>G  polymorphism, we examined the influence 
of these studies that were not in HWE on the pooled 
OR by repeating the meta-analysis while excluding each 
study. The results showed that the estimated pooled 
OR were not changed, indicating that our results were 
statistically robust. For the other polymorphisms, the 
significance of pooled OR in all individual analyses was 
not altered excessively by omitting any single study. 

Test of heterogeneity. There was significant 
heterogeneity for overall comparisons (dominant 
model: p=0.000; heterozygote comparison: p=0.020; 
homozygote comparison: p=0.020; recessive model: 
p=0.010). In the subgroup analysis by ethnicity, results 
were similar in the Arab population. While in the 

Figure 1 -	The process for the screening of 8 potentially relevant studies included in the meta-analysis. CCL5 - chemotactic 
chemokine (C-C motif ) ligand 5, TB - tuberculosis.  

Table 1 - Characteristics of 8 potentially relevant studies included in the meta-analysis.

Study Year Country Ethnicity Study 
design

Sample size MAF PHWE
(control)Case Control Case Control 

Chu et al20 2007 China Asian HB 412 465 0.108 0.114 0.022771
Mishra et al22 2012 India Asian PB 216 217 0.970 0.980 7.03E-32
Selvaraj et al24 2011 India Asian PB 212 213 0.002 0.009 0.889712
Sui25 2011 China Asian HB 338 390 0.101 0.142 0.966272
Zhang26 2011 China Asian HB 239 270 0.140 0.130 0.313990
Ben-Selma et al19 2011 Tunisia Arab HB 168 150 0.670 0.230 0.402715
Mhmoud et al21 2013 Sudan Arab HB 191 206 0.039 0.009 0.888097
Sánchez-Castañón et al23 2009 Spain Caucasian PB   76 157 0.170 0.050 0.501107

HB - hospital based, PB - population based, HWE - Hardy Weinberg equilibrium, MAF - minor allele frequencies
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Table 2 - Pooled analysis for the associations between polymorphisms of CLL5 -28C>G and the risk of TB.

SNP N Comparison Test of association Test of heterogeneity Publication bias 
P-value† 

Odds ratio 95% CI P-value P-value* I2 (%) Egger’s test
-28C>G 8 CG versus CC 1.12 0.79-1.59 0.530 0.020 59 0.887

GG versus CC 1.32 0.55-3.18 0.540 0.020 61 0.441
CG+GG versus CC 0.39 0.14-1.12 0.080 0.000 92 0.543
GG versus CG+CC 1.64 0.67-4.03 0.280 0.010 62 0.393

G versus C 1.40 0.93-2.12 0.110 0.000 81 0.466
SNP - single-nucleotide polymorphism, CI - confidence interval, I2 - statistical variable of heterogeneity test, *heterogeneity,

†Egger’s test, CCL5 - chemotactic chemokine (C-C motif ) ligand 5, TB - tuberculosis, CC -  wild-type homozygous,  
GG - mutant homozygous

Figure 2 -	Meta-analysis of the association between CCL5 -28C>G polymorphism and susceptibility to TB. A) CG+GG versus CC. 
B) GG versus CC. CCL5 - chemotactic chemokine (C-C motif ) ligand 5, TB - tuberculosis,  CC - wild-type homozygous, 
GG - mutant homozygous, CG - mutant heterozygous 
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Figure 3 -	 Subgroup analysis of CLL5 -28C>G polymorphism by ethnicity (GG vesus CC). TB - tuberculosis, 95% CI - 95% confidence interval, df - degrees 
of freedom, CCL5 - chemotactic chemokine (C-C motif ) ligand 5, TB - tuberculosis M-H - Mantel Haenszel test 

Table 3 - Subgroup analysis for the associations between the polymorphisms of CLL5 -28C>G and the risk of tuberculosis.

SNP Comparison Subgroup Test of association Test of heterogeneity Subgroup differences
Odds ratio 95% CI P-value* P-value† I2(%) P-value‡ I2 (%)

-28C>G CG versus CC Asian 1.45 0.72-2.93 0.300 0.790 0 0.210 35.2
Arab 0.18 0.01-4.47 0.300 0.060 72

GG versus CC Asian 0.12 0.06-0.26 0.000 0.070 54 0.820 0
Arab 0.14 0.07-0.28 0.000 0.620 0

CG+GG versus CC Asian 1.34 0.69-2.58 0.390 0.550 0 0.130 56.6
Arab 0.27 0.04-1.92 0.190 0.150 53

GG versus CG+CC Asian 0.89 0.72-1.09 0.260 0.990 0 0.990 0
Arab 0.89 0.60-1.31 0.560 0.970 0

G versus C Asian 0.95 0.67-1.35 0.790 0.040 61 0.090 65.2
Arab 2.21 0.89-5.49 0.090 0.100 63

SNP - single-nucleotide polymorphism, CI - confidence interval, I2 - statistical variable of heterogeneity test, CCL5 - chemotactic chemokine (C-C 
motif ) ligand 5, CC -  wild-type homozygous,  GG - mutant homozygous,  CG - mutant heterozygous, *test of association, †heterogeneity, 

‡subgroup differences.  

Asian population, there was significant heterogeneity 
for minor allele (G versus C, p=0.040), but not for 
dominant comparison (mutant heterozygous [CG]+GG 
versus CC p=0.550), recessive comparison (GG versus 
CG+CC: p=0.990), heterozygote model comparison 
(CG versus CC: p=0.790) and homozygous model (GG 
versus CC: p=0.070) (Table 2).

Q-test and I2 statistics were employed to test 
the heterogeneity among the selected publications. 
Heterogeneity was observed in all of the models. Thus, 
when a significant Q test (p<0.1) or I2 >50% indicated 
heterogeneity across the studies, the random effects 
model was used, or else the fixed effects model was used 
(Tables 2 & 3).
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Publication bias. We used the Begg’s funnel plot and 
Egger’s test to address potential publication bias in the 
available literature. The publication bias of the meta-
analysis on the association between CCL5 -28C>G  
polymorphism and susceptibility to TB was detected. 
The shape of funnel plots did not reveal any evidence 
of funnel plot asymmetry. Egger’s test also showed that 
there was no statistical significance for the evaluation 
of publication bias (P dominant model = 0.543, P 
heterozygote comparison = 0.887, P homozygote 
comparison = 0.441, P recessive model = 0.393) 
(Figure 4).

Discussion. Tuberculosis has been one of 
the most important illnesses in the history of the 
world, it was never understood why only some 
people, and not others, developed to the disease.  
Recently, published genome-wide association studies 
(GWAS),27-29 demonstrated that host genetics 
strongly influence susceptibility to TB. Since it acts 
as a chemokine for T cells, monocytes/macrophages, 
eosinophils, and basophils, CCL5 was supposed to 

be a strong candidate for increasing susceptibility to 
TB. Chensue et al30 revealed that CCL5 promoted 
granuloma formation in M. tuberculosis-infected lungs 
in a mouse model.  Sadek et al31 reported that CCL5 
levels on bronchoalveolar lavage fluid in patients with 
active PTB increased nearly 8 times higher than that in 
the control group. According to a previous study,32 there 
is a significant association between the CCL5 -403 
G>A polymorphism and increased risk of TB.  Another 
study33 showed that genetic polymorphism -28C>G  in 
CCL5 is not associated with increased TB risk. Although 
the exact molecular mechanism was still unclear, 
several polymorphisms in CCL5 have been reported 
previously,19-26 and the results were controversial. 

Via a comprehensive meta-analysis, we evaluated 
the association of one common polymorphism in the 
CCL5 gene with the risk of TB. In this meta-analysis, 
we included a total of 8 case-control studies.  The 
pooled results indicated that there was no association 
between CCL5 -28C>G  polymorphism and TB under 
all models: allele contrast (G versus C), homozygote 
(GG versus CC), heterozygote (GC versus CC), 

Figure 4 -	Begg’s funnel plot for publication bias. A) CG versus CC, B) GG versus CC, C) dominant model, and D) recessive model. Each point 
represents a separate study for the indicated association. logor - natural logarithm of OR. OR - odds ration, horizontal line - means effect size, 
s.e. of  logor - standard error of logor, OR - odds ratio
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dominant (GC+GG versus CC), and recessive (GC 
versus GG+CC) model. To avoid the heterogeneity of 
ethnicity, 8 eligible case-control studies were stratified 
into 2 subgroups (Asian and Arab). We found that 
CCL5 -28C>G  GG genotype reduced the risk of TB 
in 2 subgroups by ethnicity analysis, which suggested  a 
possible role of ethnic differences in genetic backgrounds 
and the environment they lived in. But because only 
2 studies in an Arab population selected, these results 
should be interpreted with caution, and more studies 
are needed for further analysis in the future.

We attempted to minimize the likelihood of bias 
by developing a detailed protocol before initiating 
the study, some insurmountable limitations of this 
meta-analysis may affect the results and even the 
subsequent conclusions. First, there was a potential 
language bias, because the PubMed, Web of Science, 
and Wanfang digital database search engines were 
used to identify articles and to exclude articles written 
in languages other than English and Chinese. This 
might have prevented the researchers from accessing 
all relevant studies. Second, the number of published 
studies was not sufficiently large for a comprehensive 
analysis, and some studies with small size may not have 
enough statistical power to explore the real association. 
Third, the overall outcomes were based on individual 
unadjusted ORs; a more precise estimation should be 
adjusted by menstrual status, age, environmental, and 
other confounding factors. In spite of these limitations, 
our meta-analysis had several advantages. First, a 
substantial number of cases and controls were pooled 
from different studies, which significantly increased the 
statistical power of the analysis. Second, the quality of 
case-control studies included in current meta-analysis 
was satisfactory and met our inclusion criterion. 

In summary, we have shown that the CCL5 -28C>G  
polymorphism was associated with the susceptibility to 
TB and the -28C>G  GG genotype appeared to reduce 
the risk of TB in Asian and Arab population. However, 
large and well-designed studies are warranted to validate 
our findings. As TB-related genetic factors may interfere 
with non-genetic risk factors, such as environment, 
future studies should therefore be stratified accordingly. 
In addition, gene-gene and gene–environment 
interactions should also be investigated in the future. 
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