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Abstract. Objective: Pulmonary tuberculosis (PTB) is a leading cause of morbidity and mortality. Macrophages play an important
role in the immunopathogenesis of tuberculosis. Extracellular ATP induces macrophage bactericidal activity through activation
of the purinergic P2X7 receptor. This case- control study assesses the association of −762 T/C, 1513A/C and 1729T/A P2X7
polymorphisms in patients with PTB and healthy controls to establish association if any with risk of developing the disease.
Materials and methods: The genotyping for P2X7 was carried out using PCR and RFLP analysis in 256 individuals, which
included 156 active PTB patients and 100 age and sex, matched healthy volunteers with no clinical symptoms or family history
of PTB as controls.
Results: A chi square test showed a significant difference between the PTB patient and controls for −762 C allele; p = 0.0051
(OR 1.6972, CI 95% 1.1839 to 2.4332) and1729 T allele was found to be positively associated with the PTB; p < 0.0005 (OR-
2.4623, CI 95% 1.6376 to 3.7022). 1513A/C polymorphism did not show any significant difference between the two groups.
Significance: The study revealed a significant association of P2X7-762C allele and P2X7 1729T allele receptor polymorphisms
with PTB in Asian Indian population. The use of these alleles as biomarkers for identifying individuals at high risk of developing
TB needs to be ascertained.
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1. Introduction

Tuberculosis (TB) remains a global health burden
and in humans it is mainly caused by Mycobacterium
tuberculosis (M.tb) infection. Pulmonary tuberculo-
sis (PTB) is still a leading cause of death worldwide,
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and the incidence of the disease has been reported to
have increased since 1980. India accounts for a fifth
of the world’s new TB cases with 1.8 million being
diagnosed annually [1]. Almost a third of the world’s
population is infected with M. tb, however, only 5–15%
of those who have been infected develop clinical TB
during their lifetime [2,3]. It is considered that genes
regulating the immune response confer susceptibility
to active disease [4,5].

Macrophages, the principal host cells for intracellu-
lar replication of mycobacteria, play an important role
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Table 1
Details of the primers used for the P2X7 polymorphisms studied. The conditioned for PCR along with the target
amplicon size and restriction enzymes used

P2X7
polymorphisms

Primer sequences (5’ – 3’) Annealing
temp.

Detection
method

Amplicon
size (bp)

−762 C/T ATGTGCGTAGCTCTTCTGGTG
GGCAGGTCGATCTATGACCTA

59◦C Hinc II
15% PAGE

126/80/46

1513 A/C AGACCTACGATGGACTTCACAG
AGCGCCAGCAAGGGCTC [17]

56◦C Hae II, 2%
agarose

316/200/
119

1729 T/A CTGGATGTGGATTCCACCAA-
AAACTCTTTCCGGATCCTCCA′

56◦C BtsCI,
15% PAGE

138/90/48

in controlling the infection. They act as antigen pre-
senting cells during reactivation of lymphocytes at the
sites of infection [6]. Extracellular ATP induces the
bacteriocidal activity of macrophages through activa-
tion of the P2X7 purinergic receptor, this leads to apop-
tosis of the macrophage, which serve as an important
host defense mechanism against M. tb infection [7].

Various gene polymorphisms of the P2X7 receptor
have been identified which affect its function and have
been associated with a number of diseases including
TB [8–10]. Several genetic polymorphisms have been
studied in association with TB in Indian population but
to the best of our knowledge there are no studies asso-
ciating P2X7 polymorphisms with TB [11,12]. Hence,
this case – control study assessed three polymorphisms
of P2X7: (i) −762 T/C promoter polymorphism, (ii)
A1513C (rs3751143) and (iii) T1729A (rs1653624)
polymorphisms in Indian PTB patients.

2. Materials and methods

PTB patients who attended two hospitals in Hy-
derabad, a cosmopolitan city of south India were en-
rolled in this study (Refer Acknowledgement). A to-
tal of 256 individuals were assessed after obtaining
written consent from each subject. This includes 156
unrelated newly diagnosed active PTB patients con-
firmed by sputum smear positive for M. tb and Chest
X-ray findings according to World Health Organization
(WHO)/Renewed National Tuberculosis Control Pro-
gramme (RNTCP) norm [1,2]. Hundred age and sex
matched healthy unrelated volunteers with no clinical
symptoms or family history of TB were taken as con-
trols. The study was approved by the institutional ethi-
cal committee. Detailed clinical and family history was
collected in a well-designed Proforma. One ml periph-
eral blood was taken and genomic DNA was isolated
by the method routinely followed in our lab [13].

The three P2X7 gene polymorphisms were analyzed
with PCR followed by Restriction fragment length

polymorphism (RFLP) and electrophoresis. Briefly
genotyping was carried out by a 3-step PCR in Xp
thermal-cycler (Hangzhow, China) at 94◦C for 3 min-
utes followed by 35 cycles at 94◦C for 30 seconds,
annealing at specific temperatures for 30 seconds and
extension at 72◦C for 45 seconds and a final extension
at 72◦C for 5 minutes was carried out [13].

The primers for −762C/T and 1729T/A polymor-
phism were designed using Primer 3 Input software ver-
sion 3.1 while the primers for 1513A/C was based on an
earlier report and their details are given in Table 1 [8].
Primers sets were synthesized by MWG (Bangalore,
India). Hinc II and Hae II were procured from Fermen-
tas (Bulington, Ontario, Canada) and BstCI from New
England Biolabs, (Ipswish, Suffolk, UK). PCR prod-
uct analysis was done on 2% agarose gel while RFLP
products were visualized after silver staining of 15%
Poly acrylamide gel electrophoresis (PAGE). Genotyp-
ing of P2X7 −762C/T polymorphism was done by di-
gesting the 126bp PCR product with Hinc II, while
1729T/A was genotyped with BtsCI. The genotyping
for 1513A/G was carried out as described by Li et
al. [17].

Chi square test was used for comparison of expect-
ed and observed frequencies of categorical variables.
Values of p (two – tailed) less than 0.05 were consid-
ered statistically significant. Odds ratio was calculated.
Statistical analysis was performed using MedCalc for
Windows, version 7.4.1.0 (MedCalc Software, Mariak-
erke, Belgium).

3. Results

The mean age of PTB patients and controls was 30.4
± 18.3 years and 35.6±13.3 years, respectively. Out of
156 PTB patients 50.7% were male and 49.4% female,
while 57% males and 43% females were in the control
group.

Genotyping of P2X7 −762C/T polymorphism; 80
and 46bp fragments indicated a homozygous CC geno-
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Table 2
Comparison of frequency distribution of P2X7 −762C/T genotypes and alleles in pulmonary tuberculosis patients and controls in the present
study with other studies

Population PTB patients Controls P Ref.
studied Genotype (%) Allele Genotype(%) Allele value No

CC TC TT C T CC CT TT C T

Gambian PTB
(n = 323)

23
(7.1)

118
(36.5)

182
(56.3)

0.25 0.75 n = 347 44
(12.7)

141
(40.3)

163
(47)

0.33 0.67 0.003 17

Mexican PTB
(n = 92)

8
(8.5)

32
(34.04)

52
(57.45)

0.25 0.75 n = 110 15
(13.64)

44
(40)

51
(46.3)

0.34 0.66 0.075 19

Russian PTB
(n = 190)

86
(45.3)

87
(45.8)

17
(8.9)

0.68 0.32 n = 127 65
(51.2)

46
(36.2)

16
(12.6)

0.70 0.30 0.800 20

Chinese
Hans PTB
(n = 38)

23
(60.5)

11
(28.9)

4
(10.5)

0.75 0.25 n = 384 208
(54.2)

135
(35.2)

41
(10.7)

0.72 0.28 0.546
&
0.262

21

Chinese Hans
EP TB
(n = 58)

40
(69)

12
(20.7)

6
(10.3)

0.77 0.23

Our Study
(n = 156)

38
(24.3)

88
(56.4)

30
(19.23)

0.53* 0.47 n = 100 15
(15)

49
(49)

36
(36)

0.40* 0.60

*χ2 = 0.0051 and OR = 1.6972(CI 95% 1.1839 to2.4332) between Pulmonary TB subjects and controls.

Table 3
Comparison of frequency distribution of P2X7 1513A/C genotypes and alleles in pulmonary tuberculosis patients and controls in the present
study with other studies

Population PTB patients Controls P Ref.
studied Genotype (%) Allele Genotype(%) Allele value No

AA AC CC A C AA AC CC A C

Gambian PTB
(n = 325)

261
(80.3)

58
(17.8)

6
(1.8)

0.89 0.11 n = 297 256
(86.2)

37
(12.5)

4
(1.3)

0.92 0.08 0.117 17

Mexican PTB
(n = 94)

53
(75.9)

33
(22.9)

8
(12.2)

0.88 0.12 n = 110 70
(63.4)

38
(34.55)

2
(1.82)

0.81 0.19 0.02 19

Russian PTB
(n = 188)

120
(63.8)

59
(31.4)

9
(4.8)

0.80 0.20 n = 126 96
(76.2)

27
(21.4)

3
(2.4)

0.87 0.13 0.856 20

Australian PTB
(n = 56)

34
(60)

17
(30.3)

5
(9.7)

0.75 0.25 n = 167 105
(62.8)

55
(33.3)

7
(4.19)

0.79 0.21 0.94
&
< 0.01

18

Australian
Extra PTB
(n = 30)

9
(30)

17
(56.6)

4
(13.3)

0.58 0.42

Chinese Hans
PTB (n = 38)

21
(51.2)

18
(43.9)

2
(4.9)

0.73 0.27 n = 384 221
(57.6)

119
(31)

44
(11.4)

0.73 0.27 0.981
&
0.868

21

Chinese Hans
EP TB (n = 58)

30
(54.5)

19
(34.5)

6
(10.9)

0.72 0.28

Our Study
(n = 156)

89
(57)

55
(35.3)

12
(7.7)

0.74 0.26 n = 100 71
(71)

21
(21)

8
(8)

0.82 0.18 0.0909

type, while CT heterozygotes showed 126, 80 and 46
bp fragments and TT homozygotes had only the 126
bp band when visualized on PAGE. The genotype and
allele frequencies for the −762C/T polymorphism are
given in the Table 2. The chi square between the PTB
patient and control group was significant for −762 C
allele (p = 0.0051) and a dominant mode of analysis
for genotype (CC+CT) showed a significant difference
(p = 0.004). The −762 C allele was significantly as-
sociated with PTB in the cohort of patients from our
population (OR 1.6972, CI 95% 1.1839 to 2.4332).

Genotyping of P2X7 1513A/C polymorphism; an
uncut PCR product of 319bp for AA genotype, while
200 and 119bp fragments indicated CC genotype and
heterozygote had all three bands. The genotype and
allele frequencies for the 1513A/C polymorphism in
patients and controls are shown in Table 3. A statistical
analysis did not show association of this polymorphism
with PTB.

Genotyping of P2X7 1729T/A polymorphism; the
uncut product of 138bp indicated TT genotype and
a 138bp, 98bp and 40bp indicated TA heterozygous,
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Table 4
Frequency of P2X7 1729T/A genotype and allele frequencies in the studies in which it was assessed

Population Cases Controls P Ref.
studied Genotype (%) Allele Genotype(%) Allele value No

TT TA AA T A TT TA AA T A

Australian
(CLL)
(n = 45)

42
(93.4)

3
(6.6)

0.97 0.03 (n = 85) 82
(96.6)

3
(3.4)

0.963 0.037 0.73 10

American
(n = 1764)
Postmenopausal
woman

1646
(93.3)

117
(6.6)

1
(0.1)

0.97 0.03 − 23

Our study
PTB
(n = 156)

99
(63.46)

57
(36.54)

0.81* 0.19 (n = 100) 29
(29)

71
(71)

0.64* 0.36

*χ2 < 0.0001 and OR = 2.4623(CI 95% 1.6376 to 3.7022) between Pulmonary TB subjects and controls.

while 98bp and 40bp bands indicate AA genotype. The
genotype and allele frequencies for the 1729T/A poly-
morphism in patients and controls are shown in Table 4.
The 1729 T allele was found to be positively associated
with the PTB (OR- 2.4623, CI 95% 1.6376 to 3.7022,
p < 0.0005). The AA genotype was not identified in
any of the patients and controls from Indian population.

4. Discussion

P2X7 receptor is a ligand-gated channel, selective for
cationic permeants, it has a wide distribution on human
cells including those of the immune system especially
macrophage and hemopoietic system [14,15]. The hu-
man P2X7 gene is located on chromosome 12q24.31
and consists of 13 exons, with exon 12 and 13 coding
for the C-terminal tail of this molecule [16]. After ATP
activation this receptor opens a channel that allows a
cascade of intracellular downstream events which lead
to the apoptosis of the target cell. The expression of this
receptor is further up-regulated by Interferon- gamma
(IFN- γ), an important cytokine playing a major role in
the inflammatory process seen in TB infection. Vari-
ous gene polymorphisms like −762 C/T, 1513 A/C and
1729 T/A in P2X7 receptor gene have been reported,
some have been associated with TB in different ethnic
groups [8–10,17,18]. This is the first report from In-
dia on all three P2X7 gene polymorphisms and their
association with PTB.

The result from the present study suggests a posi-
tive association of P2X7 −762C/T polymorphism with
PTB. There are four reports on P2X7 −762C/T poly-
morphism in PTB with Gambian, Mexican, Russian
and Chinese Han populations [17,18,20,21]. The fre-
quency of T allele in controls is 0.6 in our study which

is similar to that of Gambian (0.67) and Mexican (0.66)
populations but is two-fold higher than the frequency
of T allele reported for the Russian (0.30) and Chinese
Han (0.28) population. This shows that T allele may
have been favored during evolution in this region akin to
the prevalence of the sickle cell anemia allele in African
and Mediterranean populations where malaria is highly
prevalent [22]. The-762 promoter polymorphism falls
in the region where various transcription factors tend
to bind [17]. Thus, sequence changes in promoter re-
gion may influence the activity of P2X7 receptor ex-
pression and alters its ability to regulate macrophage
activity which helps in controlling TB infection [17,
19]. The variations observed in the allele frequency
for P2X7 −762C/T polymorphism in different ethnic
groups explains the survival advantage over TB infec-
tion [22]. The result from the present study suggests
a significant association between P2X7 −762C allele
with PTB (OR 1.6972, CI 95% 1.1839 to 2.4332). The
other three studies did not show any association with
PTB patients.

The frequency of genotypes and alleles for P2X7
1513 polymorphism appears to be similar across most
populations as is seen in the controls from five ethnic
groups including ours. However, the Gambian popula-
tion has the lowest 1513C allele frequency [17]. Anal-
ysis from the present study shows no association of ei-
ther genotype or allele with the PTB, similar result was
observed in studies from Gambian, Chinese Hans and
Australian PTB patients. However, a positive associa-
tion of 1513C allele was reported with PTB in Russian
and Mexican population and Extra-pulmonary TB in
Australian-Vietnamese population [17–20]. This poly-
morphism does not seem be associated with PTB in In-
dian population; however, studies on extra-pulmonary
TB are warranted.
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The P2X7 1729T/A gene polymorphism did not fol-
low the Hardy- Weinberg equilibrium (P > 0.05), since
the AA genotype was not detected in any of the 256
individuals analyzed in the present study. Similarly a
study from Australia (n = 130) did not identify any
individuals with AA genotype [10]. However, a recent
study from USA by Ohlendroff et al. [23] on a large
sample (n = 1764) revealed AA genotype in one indi-
vidual (< 0.05%) [23]. This polymorphism results in
loss of receptor trafficking and thereby affecting the re-
ceptor expression. All these observations suggest that
the AA genotype may have a deleterious effect and per-
sons with this genotype may fail to survive. The other
possibility is that they may develop neuronal problems
since P2X7 is said to play a major role in neural de-
velopment during embryogenesis [15]. It is surprising
that the A allele is 13 times higher than what is reported
in American and Australian population and this needs
to be investigated [13,23]. The P2X7 1729 T allele
was found to be significantly associated with PTB (OR
2.4623, CI 95% 1.6376 to 3.7022). This is the first
study reporting association of P2X7 1729T/A polymor-
phism with an infectious disease like tuberculosis.

In conclusion, our study revealed a significant asso-
ciation of two P2X7 receptor polymorphisms with PTB
in our population. The −762C and 1729T alleles may
be used as biomarkers for identifying contacts at high
risk (family members and health personnel, who are
taking care of PTB) and putting them on surveillance
thereby helping in reducing the incidence of PTB.
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