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Abstract 

The cytotoxic T lymphocyte antigen-4 (CTLA4) gene is a key negative regulator of the T 
lymphocyte immune response. It has been found that CTLA4 +49A>G (rs231775), +6230G>A 
(rs3087243), and 11430G>A (rs11571319) polymorphisms are associated with susceptibility 
to many autoimmune diseases, and can down-regulate the inhibition of cellular immune re-
sponse of CTLA4. Three SNPs in CTLA4 were genotyped by using the PCR and DNA se-
quencing methods in order to reveal the susceptibility and pathology correlation to pulmo-
nary tuberculosis in Southern Han Chinese. We found that the frequency of CTLA4 +49AG 
genotype in the pulmonary tuberculosis patients (38.42%) was significantly lower than that of 
the healthy controls (49.77%), (Pcor=0.038, OR 0.653, 95% CI 0.436-0.978). But, no associations 
were found between the other 2 SNPs (+6230G>A, 11430G>A) and tuberculosis (P>0.05). 
Haplotype analysis showed that the frequency of haplotype AGG in the healthy controls 
group (6.9%) was significantly higher than the pulmonary tuberculosis patients group (1.4%), 
(global P=0.005, Pcor=0.0002, OR 0.183, 95% CI 0.072-0.468). In addition, haplotype GGA was 
found to be significantly related to tuberculosis with double lung lesion rather than single lung 
lesion (Pcor=0.042). This study is the first to report that genetic variants in the CTLA4 gene can 
be associated with pulmonary tuberculosis in Southern Han Chinese, and CTLA4 +49AG 
genotype as well as haplotype AGG may reduce the risk of being infected with pulmonary 
tuberculosis. The GGA haplotype was related to tuberculosis with double lung lesion, which 
provides a new experimental basis to clarify the pathogenesis of pulmonary tuberculosis. 

Key words: Pulmonary Tuberculosis; Single-nucleotide polymorphism; CTLA4 gene; Southern Han 
Chinese; Lung lesion. 

Introduction 

 Tuberculosis (TB) is the leading cause of death 
among infectious diseases [1, 2]. Although about one 
third of the world's population is thought to be in-
fected with Mycobacterium tuberculosis (MTB), only 
5-15% of people develop clinically active TB during 
their lifetime [3]. This indicates that genetic differ-

ences between individuals play an important role in 
susceptibility to TB. Cumulative evidence suggests 
that different susceptibility genes can lead to incon-
sistent incidence rate of TB in ethnic groups [4]. Our 
previous findings also suggest that both genetic and 
environmental factors are associated with the patho-
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genesis of TB [5-7]. 
 Cellular immune response and delayed-type 

hypersensitivity reactions are considered to play a 
major role in the immunopathogenesis of pulmonary 
TB [8]. T cell activation requires two signals: one sig-
nal triggered by MHC-peptide complex and another 
from CD28 on the T cell’s surface binding to the B7 
molecules on the antigen presenting cell (APC). The 
cytotoxic T lymphocyte associated antigen 4 (CTLA4) 
is a CD28-family receptor, which inhibits T cell pro-
liferation through combination with B7 molecules [9]. 
Human CTLA4 gene is located on chromosome 2q33, 
and the single-nucleotide polymorphism (SNP) 
+49A>G (rs231775) is located in the first exon of the 
CTLA4 gene. A +49A>G base substitution can lead to 
threonine to alanine amino acid change in the coding 
region of CTLA4 [10]. The CTLA4 +6230 (rs3087243) 
and CTLA4 +49 SNPs have been shown to be in strong 
linkage disequilibrium, resulting in excellent combi-
nations of haplotype analysis [11, 12]. Previous stud-
ies have demonstrated that the +49 SNP of the CTLA4 
is related to the development of Graves' disease [13], 
systemic lupus erythematosus [14] and other auto-
immunity diseases, while CTLA4 +6230 SNP have 
been shown to be associated with susceptibility to 
Hepatitis B virus infection [15] and inflammatory 
bowel disease [16]. Thye et al. [17] found that the 
CTLA4 +6230G allele contributes to pathology of TB in 
the African population. However, no previous study 
has investigated whether polymorphic sites in CTLA4 
correlate with the development of pulmonary TB in 
Southern Han Chinese. 

 The aim of the present study was to investigate 
the occurrence of CTLA4 SNPs and their association 
with susceptibility to pulmonary TB in Southern Han 
Chinese. The patients were divided into single lung 
lesion and double lung lesion groups in order to re-
veal the correlation between CTLA4 SNPs and the 
severity of lung damage, and to clarify the role of 
CTLA4 in the pathogenesis of pulmonary TB. 

Material and Methods  

Patients and Control Subjects 

 A total of 274 Southern Han Chinese subjects 
with pulmonary TB, aged 18-70 years (mean age 39.5 
± 16.3 years) were recruited from the Sixth Hospital of 
Shaoxing (133 subjects) and Hangzhou Red Cross 
Hospital (141 subjects). The control group comprised 
266 healthy subjects, aged 20-62 years (mean age 36.3 
± 10.9 years), unrelated blood donors with no history 
of TB or other immune diseases. Females constituted 
41.2% of the pulmonary TB patients, and 40.6% of 
healthy controls (Table 1). CTLA4 +49 SNP consisted 
of 203 TB patients and 221 healthy controls from 
above, while CTLA4 +6230 and 11430 SNPs consisted 
of 264 TB patients and 262 healthy controls. This study 
was approved by the Ethics Committee of the Faculty 
of Medicine (Zhejiang University, China), and in-
formed consents were obtained from all subjects be-
fore blood sampling. 

Patients were diagnosed according to the diag-
nostic criteria for pulmonary TB of Ministry of Health 
of China [18]. All patients meet one of the following 
pulmonary TB diagnostic criteria: (1) positive sputum 
examination (smear or culture); (2) negative sputum 
examination, chest X-ray and CT revealing evidence 
of typical active TB; (3) pathological diagnosis of TB in 
lung specimens; (4) suspected of having pulmonary 
TB after clinical follow-up and X-ray observations, 
and excluding other lung diseases; (5) clinically ruling 
out other causes of pleural effusion, and diagnosis of 
tuberculous pleurisy. In the present study, 59.9% TB 
patients were diagnosed by the positive sputum 
smear and 40.1% were diagnosed by chest X-ray and 
CT revealing evidence of typical active TB. According 
to the radiographic findings (Figure 1), we divided TB 
patients into two groups: single lung lesion group 
with 70 subjects and double lung lesion group with 69 
subjects. 

 

Table 1. Characteristics of healthy controls and TB patients. 

 Patients from Shaoxing Sixth 
Hospital (N = 133) 

Patients from Hangzhou Red 
Cross Hospital (N = 141) 

Control Group 
(N= 266) 

P  

Age, years range (mean ± SD) 18-70 (41.5 ± 15.8) 18-67 (37.4 ± 17.4) 20-62 (36.3 ± 10.9) 0.573a 

Gender: female, no. (%) 51 (38.3) 62 (44.0) 108 (40.6) 0.922b 

Body mass index (mean ± SD) 21.5 ± 3.0 20.7 ± 3.3 23.0 ± 3.9  0.103a 

Tuberculin skin test (>10 mm), no. (%) 102 (76.69) 127 (90.07) ND / 

Positive sputum smear, no. (%) 81 (60.9) 83 (58.9) ND / 

Presence of TB history of relatives, no. (%) 13 (9.8) 13 (9.2) 19 (7.1) 0.364b 

BCG vaccination, no. (%) 56 (42.1) 70 (49.6) 151 (56.8) 0.155b 

TB: tuberculosis; N: number of subjects; ND: not determined. aP value between total patients and controls, for t test. bP value between total patients and controls, 
for χ2 test. 
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Figure 1. Radiographic findings of the pulmonary tuberculosis patients. Arrow: lesions. A: The chest X-ray of single lung lesion patient; 

B: The chest CT of single lung lesion patient; C: The chest X-ray of double lung lesion patient; D: The chest CT of double lung lesion 

patient. 

Genotyping 

Genomic DNAs were extracted from the pe-
ripheral blood leukocytes with DNA extraction kit 
(QIAamp® DNA Blood Min Kit, Germany). SNPs in 
the CTLA4 gene were analyzed by polymerase chain 
reaction (PCR) and direct sequencing. Primers were 
designed by Prime 5.0. The CTLA4 +49 (rs231775) PCR 
primers were: forward TTCAAGTGCCTTCTGTG 
TGTG and reverse AATCACTGCCCTTGACTGCT. 
The PCR was performed by denaturing at 94°C for 5 
min, followed by 35 cycles at 94°C for 50 s, 59°C for 50 
s, and 72°C for 35 s, and a final extension at 72°C for 
10 min. The CTLA4 +6230 (rs3087243) PCR primers 
were: forward AGGCAGCAGGTGGCAGAAT and 
reverse TAAGCAAGAATCACAGAGGGC, which 
contains 11430 SNP (rs11571319). The PCR was per-
formed by denaturing at 94°C for 5 min, followed by 
35 cycles at 94°C for 50 s, 58.5°C for 50 s, and 72°C for 
40 s, and a final extension at 72°C for 10 min. The 
amplified products were purified by PCR cleaning kit 
(AxyPrep PCR cleaning kit, USA) and then identified 
by scanning with the ABI 3100 sequencer (Applied 
Biosystems, Carlsbad, CA, USA). 

Statistical Analysis 

Hardy-Weinberg equilibrium was assessed by 

using the chi-square test for each group. The 
chi-square test was used to compare allele and geno-
type distribution in the TB patients and healthy con-
trols by the GraphPad Prism version 5.01 software, 
while n<5, a correction of the two-tailed Fisher exact 
method was used. Odds ratios (OR) and 95% confi-
dence intervals (CI) were calculated by Miettinen 
method. A P value of <0.05 was considered to be sta-
tistically significant. Haplotype frequencies and asso-
ciations were calculated by Haploview version 4.2, 
which uses the expectation-maximization algorithm. 
Pairwise linkage disequilibrium was estimated by 
calculating pairwise D' and r2. 

Corrections for multiple testing of single variants 
were made by False Discovery Rate (FDR) correction. 
The statistical analyses were performed using the R 
computer package software (version 2.13.0) for global 
and haplotype-specific P values. The study sample 
provided 75% power to identify significant genotypic 
differences between TB cases and controls at a statis-
tical support level of α=0.05 with an OR of 1.4 and a 
minor allele frequency of 0.1 applying a multiplicative 
model. 

Results  

We sequenced all samples of the healthy control 
group and the TB patients group. Three CTLA4 SNPs: 
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+49A>G (rs231775), +6230G>A (rs3087243), and 
11430G>A (rs11571319) were found in Southern Han 
Chinese (Figure 2). Otherwise, 9 SNPs (rs138279736, 
rs146541851, rs16840275, rs145950656, rs231721, 
rs35482731, rs139354616, rs34031880 and rs59387738) 
with minor allele frequencies (MAF) of less than 1% 
were removed from the association analysis. All 
CTLA4 SNPs were in Hardy-Weinberg equilibrium 
(Table 2). 

There were no significant differences in allele 

frequencies in 3 SNPs between the healthy control 
group and the TB patients group (Table 2). The CTLA4 
+49 AG genotype frequency was significantly higher 
in the healthy control group compared to the TB pa-
tients group (Pcor=0.038, OR 0.653, 95% CI 0.436-0.978) 
(Table 3). The frequencies of +6230AG and 11430 AG 
were higher in the TB patients compared to the 
healthy controls, but the difference was not significant 
(P>0.05). 

 
 

 

Figure 2. Sequence diagrams of three SNPs of CTLA4. Arrow: single-nucleotide polymorphism. A: rs231775; B: rs3087243; C: 

rs11571319. 

 

Table 2. CTLA4 allele frequencies in controls (N=266) and TB patients (N=274). 

SNP sites Allele Controls N (Freq) TB patients N (Freq) P value OR (95% CI) 

+49 G 296 (66.97) 280 (68.97)   

rs231775 A 146 (33.03) 126 (31.03) 0.534 0.912 (0.683-1.218) 

 HWE(P) 0.063 0.145   

+6230 G 430 (82.06) 421 (79.73)   

rs3087243 A 94 (17.94) 107 (20.27) 0.439 1.130 (0.829-1.540) 

 HWE(P) 0.055 0.411   

11430 G 445 (84.92) 436 (84.17)   

rs11571319 A 79 (15.08) 82 (15.83) 0.736 1.059 (0.757-1.483) 

 HWE(P) 0.051 0.102   

SNP: single-nucleotide polymorphism; HWE: Hardy-Weinberg equilibrium; N: number of alleles; Freq: frequency; OR: Odds Ratio (TB patients/controls); 95% 

CI: 95% Confidence Intervals. 
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Based on the radiographic findings in TB pa-
tients, we divided 273 patients into the single lung 
lesion group (N=70) and the double lung lesion group 
(N=69) (Figure 1). There were no significant differ-
ences in CTLA4 +49A/G, +6230G/A, and 11430G/A 
allele frequencies (Table 4) and genotype frequencies 
(Table 5) between the single lung lesion and double 
lung lesion groups (P>0.05). 

We further performed pairwise linkage disequi-
librium analyses (Figure 3) and found that there was a 
strong linkage disequilibrium between CTLA4 +49 
and +6230, +6230 and 11430 (D'>0.75). We also found 
that the frequency of haplotype AGG was signifi-
cantly higher in the healthy controls than the TB pa-
tients (global P=0.005, Pcor=0.0002, OR 0.183, 95% CI 
0.072-0.468) (Table 6). There was no significant dif-
ference in the frequency of haplotype AGG between 
the single lung lesion group and the double lung le-
sion group. However, the frequency of haplotype 
GGA in the double lung lesion patients was higher 
than the single lung lesion group (Pcor=0.042), indi-
cating that this haplotype is significantly related to TB 
with double lung lesion (Table 7). 

 

Figure 3. Pairwise linkage disequilibrium based on 3 CTLA4 SNPs 

using HaploView 4.2 software. Red squares represent high pair-

wise linkage disequilibrium, coloring down to white squares of low 

pairwise linkage disequilibrium. The numbers in the individual 

squares are D' multiplied by 100. 

 

Table 3. CTLA4 genotype frequencies in controls (N=266) and TB patients (N=274). 

SNP sites Genotype Controls N (Freq) TB patients N (Freq) P value Pcor1 OR (95% CI) 

+49 GG 93 (42.08) 101 (49.75)   1  

rs231775 AA 18 (8.15) 24 (11.83) 0.550  1.228 (0.626-2.407)  

 AG 110 (49.77) 78 (38.42) 0.038* 0.038 0.653 (0.436-0.978) 

       

+6230 GG 181 (69.08) 170 (64.39)   1  

rs3087243 AA 13 (4.96) 13 (4.93) 0.877   1.065 (0.480-2.362)  

 AG 68 (25.96) 81 (30.68) 0.225   1.268 (0.863-1.863)  

       

11430 GG 193 (73.66) 187 (72.20)   1  

rs11571319 AA 10 (3.82) 10 (3.86) 0.945   1.032 (0.420-2.537)  

 AG 59 (25.52) 62 (23.94) 0.697   1.085 (0.720-1.633)  

SNP: single-nucleotide polymorphism; N: number of alleles; Freq: frequency; OR: Odds Ratio (TB patients/controls); 95% CI: 95% Confidence Intervals. *P<0.05. 
1False Discovery Rate (FDR) corrected P value. 

Table 4. CTLA4 allele frequencies in single lung lesion patients (N=70) and double lung lesion patients (N=69). 

SNP sites Allele Single lung lesion N (Freq) Double lung lesion N (Freq) P value OR (95% CI) 

+49 G 93 (66.43) 89 (64.49)   

rs231775 A 47 (33.57) 49 (35.51) 0.734 1.089 (0.664-1.787) 

 HWE(P) 0.096 0.874   

+6230 G 111 (79.29) 95 (75.40)   

rs3087243 A 29 (20.71) 31 (24.60) 0.449 1.249 (0.702-2.222) 

 HWE(P) 0.469 0.138   

11430 G 121 (86.43) 104 (82.54)   

rs11571319 A 19 (13.57) 22 (17.46) 0.388 1.347 (0.691-2.626) 

 HWE(P) 0.768 0.069   

SNP: single-nucleotide polymorphism; HWE: Hardy-Weinberg equilibrium; N: number of alleles; Freq: frequency; OR: Odds Ratio (double lung lesion/single 
lung lesion); 95% CI: 95% Confidence Intervals. 
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Table 5. CTLA4 genotype frequencies in single lung lesion patients (N=70) and double lung lesion patients (N=69). 

SNP sites Genotype Single lung lesion N (Freq) Double lung lesion N (Freq) P value OR (95% CI) 

+49 GG 34 (48.57) 29 (42.03)  1 

rs231775 AA 11 (15.71) 9 (13.04) 0.936 0.959 (0.349-2.636) 

 AG 25 (35.72) 31 (44.93) 0.310 1.454 (0.705-2.997) 

      

+6230 GG 45 (64.29) 38 (60.32)  1 

rs3087243 AA 4 (5.71) 6 (9.52) 0.509 1.776 (0.467-6.764) 

 AG 21 (30.00) 19 (30.16) 0.858 1.071 (0.503-2.282) 

      

11430 GG 52 (74.29) 45 (71.43)  1 

rs11571319 AA 1 (1.43) 4 (6.35) 0.192 4.622 (0.498-42.900) 

 AG 17 (24.28) 14 (22.22) 0.905 0.952 (0.422-2.144) 

SNP: single-nucleotide polymorphism; N: number of alleles; Freq: frequency; OR: Odds Ratio (double lung lesion/single lung lesion); 95% CI: 95% Confidence 
Intervals. 

 

Table 6. CTLA4 haplotype frequencies in controls and TB patients. 

Haplotype CTLA4 SNP Control Freq TB patients freq P value2 Pcor3 OR (95%CI)  

+49 +6230 11430 

 Global P=0.0051   

1 G G G 0.608 0.630 0.632 0.768 1.072 (0.807-1.424) 

2 A A G 0.155 0.164 0.666 0.603 1.086 (0.747-1.578) 

3 A G A 0.106 0.132 0.252 0.359 1.285 (0.836-1.976) 

4 A G G 0.069 0.014 <0.0001* 0.0002 0.183 (0.072-0.468) 

5 G G A 0.038 0.020 0.168 0.290 0.550 (0.232-1.304) 

6 G A G 0.015 0.032 0.070 0.101 2.366 (0.908-6.164) 

Freq: frequency; OR: Odds Ratio (TB patients/controls); 95% CI: 95% Confidence Intervals. *P<0.05. 
1P values obtained testing an overall association between haplotypes and the phenotype. 
2 Adjusted for age and sex. 
3P values of haplotype-specific associations. 

 

Table 7. CTLA4 haplotype frequencies in single lung lesion patients and double lung lesion patients. 

Haplotype CTLA4 SNP Single lung lesion Freq Double lung lesion freq P value2 Pcor3 OR (95%CI)  

+49 +6230 11430 

 Global P=0.3741   

1 G G G 0.633 0.579 0.204 0.419 0.723 (0.437-1.194) 

2 A A G 0.194 0.212 0.435 0.736 1.276 (0.691-2.359) 

3 A G A 0.135 0.134 0.956 0.987 1.020 (0.500-2.083) 

4 A G G 0.023 0.009 0.371 0.388 0.378 (0.041-3.453) 

5 G A G 0.015 0.025 0.594 0.553 1.622 (0.270-9.753) 

6 G G A 0.000 0.041 0.018* 0.042* --- 

Freq: frequency; OR: Odds Ratio (double lung lesion/single lung lesion); 95% CI: 95% Confidence Intervals. *P<0.05. 
1P values obtained testing an overall association between haplotypes and the phenotype. 
2 Adjusted for age and sex. 
3P values of haplotype-specific associations. 

 

Discussion  

 TB is an infectious disease caused by MTB. The 
adaptive immune system plays an important role in 
susceptibility to TB [8]. Besen et al. [19] compared the 
clinical, radiological, and laboratory characteristics of 

individuals with pulmonary TB co-infected or not 
with HIV and confirmed the importance of T lym-
phocyte in the immunopathogenesis of pulmonary 
TB. Our experiments indicate that CTLA4 SNPs are 
associated with pathological lung injury and suscep-
tibility to pulmonary TB. 
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 Different gene polymorphisms can lead to dif-
ferent incidence of pulmonary TB in different ethnic 
groups [4]. According to the NCBI database (dbSNP), 
the frequencies for the CTLA4 +49AG in Asians 
(36.5%) and Sub-Saharan Africans (47.8%) were lower 
than the European population (58.3%). Since China, 
India and Africa have a higher incidence of TB, we 
speculated that the CTLA4 +49AG is negatively cor-
related with susceptibility to pulmonary TB. Our re-
sults suggest that in the Southern Chinese Han pop-
ulation, the frequency of CTLA4 +49AG in TB patients 
(38.42%) was significantly lower than the control 
subjects (49.77%), and there was a negative correlation 
with susceptibility to TB (Pcor=0.038, OR 0.653, 95% CI 
0.436-0.978) (Table 3). These findings confirmed our 
speculation. CTLA4 +49 A>G caused an amino acid 
change at position 17 in exon 1 from threonine to ala-
nine, leading to affinity differences between CTLA4 
and B7. Ligers et al. [20] and Sun et al. [21] indicated 
that +49A>G polymorphism causes decreased CTLA4 
molecule production resulting in lower surface ex-
pression and lower affinity of CTLA4 for B7-1 mole-
cule, which leads to a lower inhibition of T lympho-
cyte activity and a higher inhibition of the develop-
ment of many tumors. Walldén et al. [22] found that 
CTLA4 polymorphisms were associated with in-
creased secretion of cytokines such as, IFN-gamma 
and IL2, and end up with enhanced immune re-
sponse. Therefore, we proposed that after the popula-
tion carrying the CTLA4 49AG genotype is infected 
with MTB, the CTLA4-mediated inhibition of T lym-
phocytes is reduced, resulting in the enhancement of 
T lymphocyte response for the removal of pathogens 
and protection against pulmonary TB. 

 There were no significant differences between 
TB patients and healthy controls in allele or genotype 
frequencies of CTLA4 +6230 and 11430. However, in a 
Norwegian case-control study, Zhu et al. [23] found 
that +49A as well as +6230G polymorphisms are pro-
tective factors of chronic obstructive pulmonary dis-
ease (COPD). Thye et al. [17] demonstrated that in an 
African population, +6230G contributed to pathology 
rather than to protection in pulmonary TB. Further-
more, in our data, there were also no significant dif-
ferences in all 3 SNPs' allele frequencies and genotype 
frequencies between single lung lesion group and 
double lung lesion group. However, a study in an 
African population [17] showed a significant influ-
ence of the +6230G variant on the disease severity as 
radiographically assessed by the extent of opacities 
and size and number of pulmonary cavities. The 
+6230G had been found to be associated with severe 
pathology in pulmonary TB. These inconsistent re-
sults may reflect the heterogeneity of case-control 

association studies in different ethnic populations. 
This has been confirmed by Delgado et al. [4] eth-
nic-specific genetic studies of pulmonary TB and our 
previous studies [5-7]. It is noteworthy that the fre-
quency distribution of these SNPs was not same in all 
races. The polymorphisms such as, +49A and +6230A 
were much higher in the European population than 
the Asian and African populations. This difference, 
along with gene-gene interactions and environmental 
and cultural factors, and even the variations in my-
cobacterium strains, are making the understanding of 
the observed differences between ethnic groups even 
more complicated. 

 In our haplotype analysis, the frequency of AGG 
haplotype was significantly higher in the healthy 
controls compared to the TB patients (global P=0.005, 
Pcor=0.0002, OR 0.183, 95% CI 0.072-0.468) (Table 6). 
Ueda et al. [24] found that the change in +6230A>G 
enabled decreased mRNA level of soluble CTLA4, 
thus affecting its combination with B7 molecules and 
resulting in the decreased inhibition of T cell activa-
tion. Although, this change has been challenged in a 
recent study [25], but still some studies indicate that 
+6230GG polymorphism in a population significantly 
decrease soluble CTLA4 levels in peripheral blood 
[26]. Therefore, we speculate that there is a functional 
decline in the inhibition of T cell activation in the 
AGG haplotype group, leading to a stronger T cell 
immune response. 

 We found that the frequency of haplotype GGA 
in the double lung lesion group was higher than the 
single lung lesion group (Pcor=0.042) (Table 7). Thye et 
al. [17] suggested that haplotype 
-1765A/-1722A/-1661A/-443T/+49G/+923C/+6230
G is associated with the severity of opacities and cav-
ities in the lung. As the radiological findings of the 
lung lesions including, opacities and cavities are con-
sidered to result from cellular infiltration and necrosis 
[27], our observations suggest that a reduced activity 
of CTLA4 causes an increased cellular infiltration of 
the lung, which may lead to more serious lung lesions. 
This is in agreement with the concept that pathology 
of pulmonary TB to some extent is immune mediated. 
Considered all, together, two kinds of CTLA4 poly-
morphisms such as, +49G and +6230G can lead to 
enhanced T cell immune response, but the respective 
polymorphisms are not associated with the severity of 
lung lesion. So, we thought that only the presence of 
+49A>G and +6230A>G polymorphisms together in 
individuals could significantly enhanced the T cell 
immune response in pulmonary TB, and cause double 
lung lesion. 

 In conclusion, our data suggested that the 
CTLA4 +49AG is a protective factor to pulmonary TB 
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in Southern Han Chinese. The haplotype AGG was 
related to healthy controls while, the haplotype GGA 
was associated with double lung lesion of pulmonary 
TB. This is the first report that shows an association of 
CTLA4 gene polymorphisms with TB in the Southern 
Han Chinese population. It provides a new potential 
genetic protective factor for pulmonary TB, and 
shows that +6230 site associated with TB in the Afri-
can population may not affect the severity of lung 
damage in the Chinese population. 

 In the present study, we analyzed alleles, geno-
types and haplotypes, and concluded that the 
+49A>G polymorphism of CTLA4 was associated 
with pulmonary TB, and may have a protective func-
tion. This indicates an important role of T cell activa-
tion in the immunopathogenesis of TB. 
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