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Abstract: Aim: Three common polymorphisms in CD209 gene (-336A/G, -871A/G and -139G/A) have been report-
edly associated with pulmonary tuberculosis risk. However, the findings from different studies were inconsistent.
Therefore, we conducted a comprehensive meta-analysis to determine the association between CD209 gene poly-
morphisms and pulmonary tuberculosis susceptibility. Methods: The PubMed, SCI and Elsevier were searched up
to April 18, 2015 for studies on the association of CD209 gene polymorphisms and pulmonary tuberculosis. Pooled
odds ratio (ORs) and 95% confidence intervals (95% Cls) were calculated in a fixed-effects or random-effects model.
Results: Twelve case-control studies with 3114 cases and 3088 controls were included. For -871A/G mutation, sig-
nificant decreased pulmonary tuberculosis risk was observed in allele model (G vs. A: P =0.009; OR = 0.70, 95% ClI
= 0.54-0.92), heterozygous model (AG vs. AA: P = 0.009; OR = 0.59, 95% CI = 0.40 to 0.88) and dominant model
(AG+GG vs. AA: p =0.01; OR = 0.61, 95% Cl = 0.42 to 0.89). For -336A/G polymorphism, no associations were found
in all genetic models. In the subgroup analysis by ethnicity, statistical association was observed for Asians in GG vs.
AA (P =0.04; OR = 2.31, 95% Cl = 1.05-5.09). No significant association was identified between -139G/A variation
and pulmonary tuberculosis risk. Conclusions: This meta-analysis provides evidences that CD209 gene -871A/G is
associated with decreased susceptibility to pulmonary tuberculosis in overall population; -336A/G polymorphism is
associated with increased susceptibility of pulmonary tuberculosis in Asians. However, the -139G/A polymorphism
is not associated with susceptibility to pulmonary tuberculosis.
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Introduction

Tuberculosis is caused by the bacillus
Mycobacterium tuberculosis and is one of the
most prevalent infectious diseases [1]. There
were 8.6 million incident cases of tuberculosis
which caused 1.3 million deaths according to
the report from World Health Organization in
2012 [2]. However, only 5% to 10% of the indi-
viduals infected with Mycobacterium tubercu-
losis develop symptomatic tuberculosis [3].
Although host immune response and environ-
mental factors are supposed to contribute to
tuberculosis, increasing evidence has con-
firmed that various genetic factors affect the
susceptibility to tuberculosis [4].

Human CD209 gene contains 7 exons and 6
introns and is localized on chromosome
19p13.2-3 [5]. Dendritic cell-specific ICAM3-
grabbing non-integrin (DC-SIGN), a C-type lectin
encoded by the CD209 gene, is one of major
receptors expressing on dendritic cells (DCs)
and alveolar macrophages. DC-SIGN plays an
important first-line role in host defense against
pathogens [6]. In mature DCs, DC-SIGN also
promotes the activation and proliferation of
resting T cells and increases primary immune
responses [7]. In addition, DC-SIGN may influ-
ence the pathogenesis of tuberculosis by acti-
vating the Raf-1-acetylation-dependent signal-
ing pathway that is involved in the regulation of
adaptive immune [8, 9]. Moreover, it has also
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230 studies were searched from PubMed,
SCI, Elsevier

A 4

215 Studies were excluded
after title or abstract review

15 Studies chosen for full text review

A 4

3 Studies were excluded: 2
for meta-analysis and 1 was
not relevant to the three
polymorphisms

12 Studies screened for a meta-analysis

3 Studies were excluded: 1
for not written in English, 1
for not indicating the
tuberculosis type and 1

more precise and com-
prehensive  estimation
of the association be-
tween CD209 gene poly-
morphisms and pulmo-
nary tuberculosis risk.

Materials and methods

Literature search strat-
egy

We conducted a compre-
hensive search on the
PubMed, SCI and Else-
vier (up to April 18,
2015). The following ter-
ms were used: (“tuber-
culosis” or “TB”) and
(“CD209” or “DC-SIGN”)
and (“polymorphism” or

without sufficient usable
data

“mutation” or “variati-
on”). To access addition-

9 studies included in qualitative synthesis
(meta-analysis)

Figure 1. Flow diagram of the study selection.

been proposed that the DC-SIGN may play a
role in immune evasion to tuberculosis progres-
sion by suppress Toll-like receptor signaling
leading to cytokine secretion [10].

The association between CD209 gene polymor-
phisms and tuberculosis risk has been exten-
sively investigated. The most common single-
nucleotide polymorphisms (SNPs) in the CD209
gene are the -336A/G (rs4804803), -871A/G
(rs735239) and -139G/A (rs2287886), which
are considered as potential susceptibility fac-
tors for tuberculosis [11-13]. However, the con-
clusions of the published studies remain con-
flicting. Genome-wide association studies
(GWASs) were used as an important tool to
improve our knowledge of many common vari-
ants and the association with different diseas-
es. Pulmonary tuberculosis susceptibility genes
have also been studied. However, these studies
did not provide an association between pulmo-
nary tuberculosis and the CD209 gene.
Therefore, we chose the three widely studied
polymorphisms (-336A/G, -871A/G and -139G/
A) and performed a meta-analysis to provide a
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al publications, we also
searched the references
of the retrieved litera-
tures. There was no
restriction for popula-
tion, sample size, time
period, or types of re-
ports. The language of the articles was restrict-
ed to English.

Inclusion and exclusion criteria

Eligible studies in this meta-analysis had to
meet the following criteria: (@) a human case-
control study on the association between
CD209 polymorphisms and the risks of pulmo-
nary tuberculosis; (b) original papers containing
available data in cases and controls for esti-
mating an odds ratio (OR) and 95% confidence
interval (Cl); (c) studies written in English. The
exclusion criteria were: (a) abstracts, letters,
reviews, editorial articles or case reports; (b)
studies on the association between other gene
polymorphisms and pulmonary tuberculosis
risks; (c) studies with HIV/TB patients; (c) stud-
ies without specific tuberculosis type.

Data extraction

Two investigators (Yi and Zhang) extracted the
data independently from all of the eligible pub-
lications according to the inclusion and exclu-
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Table 1. Characteristics of the case-control studies included in the meta-analysis

) ) ) Cases, . Male Pati- Male Con-  Age of Age of ) .
First Author Year Population Genotyping method / SNP studied N o g g Diagnosis method Control source
Controls ents (%) trols (%) cases controls
Barreiro et al. 2006 African fluorescence polarization 351/360 -336A/G, -871A/G 51.8 22 36.7+£10.9 34.6x12.5 Smear, culture Healthy individuals
(South African) or TagMan
da Silva et al. 2014  Mixed (Brazilian)  Taq Man SNP genotyping 95/164 -336A/G, -871A/G, 63.2 34.8 24.8+17.6 21.6+2.4 Baciloscopy or Healthy unrelated
assays -139G/A culture individuals
Kobayashi et al. 2011 Asian (Indonesian) Sequencing 532/561 -336A/G,-871A/G, 53.7 DNR 41.6+15.4 39.3+12.7 Smear, radiologic, Healthy individuals
-139G/A clinical symptoms
Naderi et al. 2014 Asian (Iran) T-ARMS-PCR 156/154 -336A/G 37.2 43.5 48.1+15.6 49.8+20.7 Smear, culture, radiologic, Healthy individuals
clinical symptoms
Ogarkov et al. 2012 Caucasian (Russian) Taq Man LNA technology 101/177 -336A/G 76.3 71.8 42.3+12.1 41.949.2 DNR Healthy individuals
Olesen et al. 2007 African Taq Man SNP genotyping 315/340 -336A/G, -139G/A 60.4 49.9 37.3 38.1 Smear, culture, radiologic, Healthy unrelated
(Guinea-Bissau) assays clinical symptoms donors
Selvaraj et al. 2009 Caucasian (Indian) PCR-RFLP 107/157 -336A/G,-139G/A 49.5 51 34.0£8.2 30.6+8.3 Smear, culture, radiologic, Healthy individuals
clinical symptoms
Vannberg et al. (a) 2008 African (Gambian) MALDI-TOF 676/327 -336A/G DNR DNR DNR DNR Smear, culture and history Healthy unrelated
donors
Vannberg et al. (b) 2008 African (Guinean) MALDI-TOF 151/180 -336A/G DNR DNR DNR DNR Smear, culture and history Healthy unrelated
donors
Vannberg et al. (c) 2008 African MALDI-TOF 162/141 -336A/G DNR DNR DNR DNR Smear, culture and history Healthy unrelated
(Guinea-Bissau) donors
Vannberg et al. (d) 2008 African (Malawian) MALDI-TOF 244/295 -336A/G DNR DNR DNR DNR Smear, culture and history Healthy unrelated
donors
Zheng et al. 2011 Asian (China) Sequencing 237/244 -336A/G,-871A/G 65.4 DNR 44.6+17.7 DNR Culture, radiologic Healthy individuals

Abbreviations and definitions: T-ARMS-PCR, Tetra-amplification Refractory Mutation System -Polymerase Chain Reaction; PCR-RFLP, Restriction Fragment Length Polymorphism analysis of PCR amplified fragments; MALDI-TOF, Matrix-Assisted

Laser Desorption/lonization Time of Flight Mass Spectrometry; DNR: data not reported.
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Odds Ratio

Experimental Control

Barreiro 2006 63 702 102 720 247% 0.60 [0.43, 0.83 *

da Silva 2014 41 160 127 306 20.0% 0.49[0.32,0.74) &

Kobayashi 2011 114 1076 134 1126 28.9% 0.88[0.67, 1.14] I

Zheng 2011 98 474 114 488 264% 0.86 [0.63, 1.16]

Total (95% Cl) 2412 2640 100.0% 0.70 [0.54, 0.92] ¢

Total evenls 316 477 . .

Heterogeneity: Tau? = 0.04; Chi* = 7.86, df = 3 (P = 0.05); I* = 62%

Test for overall effect: Z = 2.61 (P = 0.009) By, S L L

Favours [experimental] Favours [control]

Figure 2. Forest plot and ORs with 95% CI of CD209-871A/G polymorphism and pulmonary tuberculosis risk (G
vs. A). The squares and horizontal lines correspond to the OR and 95% CI for each study. The area of the squares
reflects the weight. The diamond represents the summary OR and 95% CI.

Experimental Control Odds Ratio Odds Ratio

. gNLS d eNnis d 210 H, Random, 3957 1= Q]!l,gs'[{gl
Barreiro 2006 55 347 94 356 26.4% 0.52 (0.36, 0.76) -
da Silva 2014 21 70 7 128 18.5% 0.280.15, 0.53) —=
Kobayashi 2011 102 532 122 557 28.9% 0.85(0.63, 1.14) _I
Zheng 2011 80 228 98 236 26.2% 0.76 [0.52, 1.11)
Total (95% Cl) "7 1277 100.0% 0.59 [0.40, 0.88) ¢
Total events 258 391 . ' l .
Heterogeneity: Tau* = 0.12; Chi* = 11.80, df = 3 (P = 0.008); I* = 75% '0 o1 0' 1 1 1'0 1 00‘

Test for overall effect: Z = 2.62 (P = 0.009) Favours [experimental] Favours [control]

Figure 3. Forest plot and ORs with 95% CI of CD209-871A/G polymorphism and pulmonary tuberculosis risk (AG
vs. AA).

Control Odds Ratio

351 98 360 26.0%

Barreiro 2006

da Silva 2014 K] 80 102 153 19.4% 0.32[0.18, 0.55] =
Kobayashi 2011 108 538 128 563 28.6% 0.85[0.64, 1.14)

Zheng 2011 89 237 106 244 26.0% 0.78[0.54, 1.13]

Total (95% Cl) 1206 1320 100.0% 0.61[0.42, 0.89)

Total events 287 434

Heterogeneity: Tau? = 0.10; Chi* = 11.61, df = 3 (P = 0.009); I* = 74%

Test for overall effect: Z = 2.59 (P = 0.010) o W 1 e

Favours [experimental] Favours [control]

Figure 4. Forest plot and ORs with 95% Cl of CD209-871A/G polymorphism and pulmonary tuberculosis risk (AG+GG
vs. AA).

sion criteria, and reached a consensus on all
items. Primary extraction data were reviewed
by Zhao, in case of disagreement, a third author
would assess these articles. From each study,
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the collected data included: first author’s name,
year of publication, study location, sample size,
source of control, the genotyping method, gen-
otype distribution in cases and controls.
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Experimental Control Odds Ratio Odds Ratio
_Study or Subgroup  Events Total Events Total Weight M-H Fixed 95%Cl  M-H Fixed 95%Cl

2.1.2 African
Barreiro et al 2006 71 174 67 204 156% 1.41[0.93,2.15] ksl
Olesen et al 2007 85 145 84 169 13.7% 1.43[0.92, 2.24) B
Vannberg el al(a) 2008 151 336 98 170 30.7% 0.60 [0.41, 0.87) -
Vannberg et al(b) 2008 39 82 43 97 8.8% 1.14 [0.63, 2.06] N
Vannberg et al(c) 2008 45 98 37 73 9.8% 0.83[0.45, 1.52] i
Vannberg el al(d) 2008 34 140 33 146 10.5% 1.10 [0.84, 1.80) -
Subtotal (95% CI) 975 859 89.2% 1.01 [0.83, 1.22) ‘
Total events 425 362
Heterogeneity: Chi* = 12,96, df =5 (P = 0.02); P =61%
Test for overall effect: Z = 0.07 (P = 0.94)
2.1.3 Asian
Kobayashi et al 2011 4 407 4 426 1.7% 1.05[0.26, 4.22) N
Naderi et al 2014 15 76 4 83 1.3% 4.86 [1.53, 15.38] = T
Zheng et al 2011 0 208 1 210 06% 0.33[0.01,8.27] ™
Subtotal (95% Cl) 691 719 3.6%  2.31[1.05,5.09] -
Tolal events 19 9
Heterogeneity: Chi*=4.23, df =2 (P = 0.12); F =53%
Test for overall effect: Z = 2.07 (P = 0.04)
2.1.4 Caucasian
Ogarkov et al 2012 3 67 5 124 14% 1.12[0.26, 4.82) - r
Selvaraj et al 2009 4 69 1 109 34% 0.55[0.17, 1.80) T
Subtotal (95% CI) 136 233 49%  0.72[0.29, 1.78] N
Total events 7 16
Heterogeneity: Chi* = 0.55, df = 1 (P = 0.46); P = 0%
Test for overall effect: Z=0.72 (P = 0.47)
2.1.5 Mix
da Silva et al 2014 6 68 7 94 23% 1.20[0.39, 3.75) =
Subtotal (95% CI) 68 94 2.3% 1.20 [0.39, 3.75) .
Tolal events 6 ¥
Hetercgeneity: Not applicable
Test for overall effect: Z = 0.32 (P = 0.75)
Total (95% CI) 1870 1905 100.0% 1.04 [0.87, 1.25) L ]
Total events 457 394
Heterogeneity: Chiz = 21,60, df = 11 (P = 0.03); I = 49% ?0_0 . o.= 7 - 1=o s oo=

Test for overall effect: Z = 0.47 (P = 0.64)

Test for subgroup differences: Chi* = 4.72. df = 3 (P = 0.19). I* = 36.5%

Favours [experimental] Favours [control]

Figure 5. Forest plot and ORs with 95% Cl of CD209 -336A/G polymorphism and pulmonary tuberculosis risk (GG

vs. AA).

Statistical analysis

Pooled ORs and their 95% Cl were calculated to
examine the relation between CD209 polymor-
phisms and pulmonary tuberculosis risks in
allele model, the co-dominant model, the domi-
nant model and recessive model based on the
extracted data. Heterogeneity among included
studies was measured by chi-square-based Q
test and P and P test [14]. The heterogeneity
was not considered significant if > < 50%, and
Mantel-Haenszel fix effect model was used,
otherwise DerSimonian-Laird random effect
model was adopted [15]. To explore the source
of heterogeneity, the subgroup analysis by eth-
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nicity was performed. Hardy-Weinberg equilib-
rium (HWE) was also tested in controls by
asymptotic Pearson’s chi-square test [16].
Sensitivity analyses were performed by omit-
ting certain studies each time to identify indi-
vidual study’s effect on pooled results and test
the reliability of the results. Publication bias
was assessed by Begg's adjusted rank correla-
tion test and Egger’'s regression asymmetry
test, and the statistical significance was identi-
fied as P < 0.05 [17]. Data were analyzed using
the program Review Manager 5.2 and STATA
11.0 Software (StataCorp LP, College Station,
TX, USA).

Int J Clin Exp Pathol 2015;8(10):12437-12445
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Table 2. Determination of the genetic effects of CD209 polymorphisms on pulmonary TB and sub-

group analysis

Allele model Dominant model

Reccessive model Homozygous model Heterozygous model

OR (95% Cl), 12 (%) OR (95% Cl), I (%)

OR (95% Cl), I (%) OR (95% Cl), I? (%) OR (95% Cl), I? (%)

-336A/G G allele vs. A allele GG+AG vs. AA GG vs. AA+AG GG vs. AA AG vs. AA
African 1.66 (0.77-3.62), 90 1.01 (0.87-1.18), 69 0.97 (0.83-1.15),42 1.01(0.83-1.22),61 1.02(0.87-1.19), 66
Asian 1.22 (0.67-2.21), 87 1.07 (0.86-1.32), 58 2.13(0.97-4.67),42 2.31(1.05-5.09), 53 1.04 (0.84-1.29), 29
Caucasian 1.05(0.77-1.44),0 1.13(0.79-1.62),0 0.67 (0.27-1.66),0 0.72(0.29-1.78),0 1.19(0.82-1.73),0
Mixed 0.52 (0.31-0.86) 0.43 (0.24-0.78) 1.64 (0.53-5.04) 1.20 (0.39-3.75) 0.34 (0.17-0.66)
Overall 1.18 (0.85-1.65),84 1.01(0.90-1.13), 62 1.00 (0.86-1.17),35 1.04 (0.87-1.25), 49 1.00 (0.89-1.13), 62

-871A/G G allele vs. A allele GG+AG vs. AA GG vs. AA+AG GG vs. AA AG vs. AA
Overall 0.70 (0.54-0.92), 62 0.61(0.42-0.89), 74 0.93(0.56-1.52),0 0.71(0.43-1.17),0 0.59 (0.40-0.88), 75

-139G/A Aallele vs. G allele AA+GA vs. GG AA vs. GG+GA AAvs. GG GA vs. GG
Overall 1.18 (0.88-1.60), 50 1.21(0.99-1.49), 49 1.10(0.90-1.35),21 1.18 (0.88-1.60), 50 1.22(0.98-1.52), 21

Results CD209 -871A/G polymorphism and the risk of

Studies selection process and characteristics

The flow chart was shown in Figure 1. All
retrieved articles were examined carefully by
reading the titles and abstracts, 17 potential
studies were identified for further investigation.
Based upon the inclusion and exclusion crite-
ria, one study was excluded for data overlap-
ping and one was excluded for not written in
English. The studies not indicating the tubercu-
losis type were also excluded. Only case-control
studies having frequency of all three genotypes
were included in this meta-analysis. In Vannberg
and colleagues’ study [18], the results of peo-
ple in different contries were presented seper-
ately, each group in this study was considered
as a case-control study. Thus, 9 articles with
12 case-control studies [11-13, 18-23] were
included for data extraction (Figure 1). Among
these studies, only one study enrolled subjects
with pulmonary tuberculosis and extra-pulmo-
nary tuberculosis [11] while others were
focused on the association between pulmonary
tuberculosis risks and CD209 polymorphisms.
A total of 3114 subjects with pulmonary tuber-
culosis were included in this meta-analysis.
2494 subjects in 8 studies were diagnosed by
culture, 532 subjects were diagnosed by smear
(Table 1). The genotype distributions in controls
were in agreement with HWE except for one
study conducted by Naderi [20].

Quantitative data synthesis

Four case-control studies (1208 cases and
1320 controls) evaluating the susceptibility of
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pulmonary tuberculosis. A protective effect on
pulmonary tuberculosis development was ob-
served in allele model (G vs. A: P =0.009; OR =
0.70, 95% CI = 0.54-0.92) (Figure 2), heterozy-
gous model (AG vs. AA: P = 0.009; OR = 0.59,
95% Cl =0.40 to 0.88) (Figure 3) and dominant
model (AG+GG vs. AA: P=0.01; OR =0.61, 95%
Cl =0.42to 0.89) (Figure 4).

There were 12 case-control studies (3114
cases and 3088 controls) were pooled together
for evaluation of the association between
CD209 -336A/G polymorphism and risk of pul-
monary tuberculosis. The combined results
showed that no associations were found in all
genetic models (G allele vs. A: p =0.32;
OR=1.18, 95% CI = 0.85-1.65; GG vs. AA: P =
0.64; OR = 1.04, 95% Cl = 0.87 to 1.25; AG vs.
AA: P=0.98; 0R =1.00,95% Cl =0.89 10 1.13;
AG+GG vs. AA: P = 0.92; OR = 1.01, 95% CI =
0.90 to 1.13; GG vs. AG+AA: P = 0.96; OR =
1.00, 95% ClI = 0.86 to 1.17). In the subgroup
analysis by ethnicity, statistical association
was observed for Asians in GG vs. AA (P = 0.04;
OR = 2.31, 95% CI = 1.05-5.09) (Figure 5).
However, there was no association in other
comparison models in African and Caucasian
populations (Table 2).

There were 4 case-control studies (1036 cases
and 1210 controls) exploring CD209 -139G/A
variation and pulmonary tuberculosis suscepti-
bility. We did not find any significant association
between CD209 -139G/A variation and the risk
of pulmonary tuberculosis in all genetic models
(A allele vs. G: P = 0.31; OR=1.12, 95% CI =
0.90-1.39; AAvs. GG: P = 0.27; OR=1.18, 95%
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Cl = 0.88 to 1.60; GA vs. GG: P = 0.07; OR =
1.22,95% Cl = 0.98 to 1.52; AA+AG vs. GG: P =
0.07; OR = 1.21, 95% Cl = 0.99 to 1.49; AA vs.
AG+GG: P =0.33; OR = 1.10, 95% CI = 0.90 to
1.35) (Table 2).

Publication bias

Begg’'s funnel plot and Egger’s test were con-
ducted to assess the risk of publication bias in
the studies. The shape of the funnel plots did
not reveal obvious asymmetry under the allele
model (-336A/G, P=0.63;-871A/G, P =0.308;
-139G/A, P = 1.00). Besides, the result of
Egger’s test also showed no publication bias.
These results indicated there is no risk of publi-
cation bias in this meta-analysis.

Test of heterogeneity

Heterogeneity among the included studies is
shown in Table 2. For CD209 -871A/G muta-
tion, The I? showed a stable variation under all
comparisons, thus the random effect model
was applied. For CD209 -336A/G polymor-
phism, significant heterogeneity was observed
in Gvs. A (?=84% P < 0.00001), AG vs. AA (P
=62% P = 0.002), AG+GG vs. AA (P =62% P =
0.002). In subgroup analyses, P value for het-
erogeneity was still significant in African and
Asian groups. The heterogeneity sources may
be due to the sample size, control source and
environmental factors.

Sensitivity analysis

Sensitivity analysis was performed by sequen-
tially omitting one single study at each time for
all studies. The pooled ORs showed that none
of the studies alone had a significant impact on
the results of all CD209 -336A/G, -871A/G and
-139G/A variations, suggesting stability of the
results of this meta-analysis.

Discussion

Previous studies have shown that the patho-
genesis of tuberculosis is affected by environ-
mental factors, host-pathogen interactions and
genetic factors [24]. Many polymorphic genes
have been reported as candidate genes in
tuberculosis susceptibility [4]. Among them,
SLC11A1 (formerly NRAMP1), monocyte che-
moattractant protein-1and vitamin D receptor
gene polymorphisms were considered as risk
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factor for tuberculosis susceptibility, while the
tumor necrosis factor-a (TNF-o), P2X7 and
SP110 (Speckled 110) gene were not related to
the susceptibility to tuberculosis [25, 26].
CD209 polymorphisms including -336A/G,
-871A/G and -139G/A may influence the patho-
genesis of tuberculosis by increasing or
decreasing the level of DC-SIGN [27].

In a previous meta-analysis of 11 publications
including 14 case-control studies, it has been
reported that -871A/G mutation do not affect
susceptibility to tuberculosis, while the -336A/
G polymorphism might be a genetic risk factor
that increases tuberculosis susceptibility for
Asians in two genetic models (GG vs. AA and
GG vs. AG+AA) [28]. Our meta-analysis included
12 case-control studies with 3114 cases and
3088 controls indicated that CD209 -871A/G
mutation is associated with resistance to pul-
monary tuberculosis in overall population, while
-336A/G polymorphism is not associated with
the risk of pulmonary tuberculosis in overall
population. In subgroup analysis by ethnicity,
-336A/G polymorphism is associated with the
risk of pulmonary tuberculosis in homozygous
model (GG vs. AA) for Asians. However, the
-139G/A variation is not associated with sus-
ceptibility to pulmonary tuberculosis. Several
reasons may explain the different results
between previous meta-analysis and ours.
First, our meta-analysis focused on pulmonary
tuberculosis. Second, our work allowed for the
inclusion of two new studies. Thus, our conclu-
sions may be more scientific for the association
between CD209 polymorphisms and pulmo-
nary tuberculosis.

Our meta-analysis indicated that Asian sub-
jects with variant homozygous (GG) in CD209
-336A/G polymorphism may have 2.31 fold
increased risk of developing pulmonary tuber-
culosis. This polymorphism was found to regu-
late DC-SIGN gene promoter activity by affect-
ing a Spl-like biding site [27]. For -871A/G
mutation, the presence of G allele, both in het-
erozygous model and dominant model, was
associated with a protective effect against pul-
monary tuberculosis. The -139G/A variation
was significantly associated with extra-pulmo-
nary tuberculosis in the study conducted by da
Silva [11]. However, we did not find any associa-
tion between CD209 -139G/A variation and
pulmonary tuberculosis in this meta-analysis.

Int J Clin Exp Pathol 2015;8(10):12437-12445
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This meta-analysis has some limitations. First,
only studies published in English were includ-
ed, it might be possible that some relevant
studies published in other language were
missed. Second, heterogeneity was observed
in some comparisons. The genetic backgro-
unds, different environmental exposures may
contribute to the heterogeneity. Third, one
study included in the meta-analysis did not con-
form with HWE [20]. Despite of these limita-
tions, our study also has some advantages. We
updated the recent data for CD209 polymor-
phisms and focused on pulmonary tuberculo-
sis. Besides, the methodological issues were
all well investigated to provide reliable results.

In conclusion, this meta-analysis indicates that
the CD209-871A/G polymorphism is associat-
ed with decreased susceptibility to pulmonary
tuberculosis. For -336A/G mutation, the G
allele may contribute to the occurrence of pul-
monary tuberculosis in Asians. However,
-139G/A variation is not associated with pulmo-
nary tuberculosis risk. Future studies with large
sample size and stringent design are required.
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