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Background: Almost one-third of the world's population is infected with Mycobacterium tuberculosis, but only 10% of them develop 
tuberculosis. TNF-α/IL-10 balance has key roles in controlling latent/activation stages of tuberculosis.
Objectives: The objective of this study was to determine an association between polymorphic variants of the TNF-α and IL-10 genes and 
tuberculosis.
Patients and Methods: This case-control study was performed on 100 patients with tuberculosis (TB) and 194 healthy blood donors. There 
was no significant difference among the groups regarding gender and race (P > 0.05). The patients were diagnosed at Boo-Ali Hospital 
in Sistan-Baluchestan province, Iran. Polymerase chain reaction (PCR) was performed using commercially available CTS-PCR-SSP Tray Kit 
(University Clinic Heidelberg) for single nucleotide polymorphisms (SNPs) at IL-10 -1082 A/T, -819 C/T and -592 A/C; TNF-a-308 G/A and -238 
G/A. Analysis of the specific amplicons was done by electrophoresis on 2% agarose gel containing 0.5 μg/mL ethidium bromide. Results 
were analyzed using the statistical software package SPSS 17.0 for Windows (SPSS Inc.).
Results: A total number of 100 patients (50 with pulmonary TB [PTB] and 50 with extrapulmonary TB [EPTB]) and 194 healthy blood donors 
were genotyped. The results showed significantly increased frequency of AA genotype of IL-10 (C/A-592). Also, polymorphism was observed 
in EPTB patients compared to normal human subjects (NHS) and PTB patients (P = 0.05). The genotype frequency of IL-10 (C/T-819), IL-10 
(G/A-1082) TNF-α (G/A-308) and TNF-α (G/A-238) did not show any significant difference. Frequency of high producing IL-10 (-819) T allele was 
significantly over-represented in EPTB group in comparison to both healthy blood donor and PTB groups (47.7% vs. 36.9%, P = 0.035; 47.7% vs. 
31.8%, P = 0.03; respectively). Frequency of IL-10(-592) A allele was significantly increased in EPTB patients compared to NHS and PTB patients 
(51% vs. 37%, P = 0.01; 51% vs. 33%, P = 0.01; respectively).
Conclusions: Results of the present study showed IL-10 gene polymorphism (C/T –819, C/A –592) plays a key role in susceptibility to or 
protection against EPTB development in the Iranian population.
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Implication for health policy/practice/research/medical education:
Evaluation of cytokine gene polymorphisms allows us to understand its pathogenesis, helping to find better methods for prevention of tuberculosis. 
IL-10 gene polymorphisms (C/T –819, C/A –592) play key roles in susceptibility to or protection against extra-pulmonary tuberculosis development in the 
Iranian population.
Copyright © 2013, Infectious Diseases and Tropical Medicine Research Center. This is an open-access article distributed under the terms of the Creative Commons 
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

1. Background
After AIDS, tuberculosis is the second most common 

reason of death due to a single-agent infectious disease, 
world-wide. Annually, over nine million new cases of TB, 
and almost two million deaths from TB, are estimated to 
occur around the world. In addition, most of these deaths 
(≥ 90%) occur in developing countries (1). With regard to 
the neighboring of Sistan-Baluchestan province of Iran 
to Afghanistan and Pakistan, high rates of TB prevalence 
has been observed in this region (64.3% of which were 
smear positive TB), and the incidence of tuberculosis in 
the province included 48.5/100000 and 28.8 /100000 PTB 
with positive smear. This province has the highest inci-

dence of positive smear TB in Iran (2, 3). Although one 
third of the world’s population is infected with M. tubercu-
losis, only 10% of them actually develop tuberculosis. This 
is strongly dependent on immune defense of the host 
against M. tuberculosis (1). The defense system against M. 
tuberculosisis complex and this infection is controlled by 
different groups of cells like macrophages, monocytes, T 
CD4, T CD8 lymphocytes (4). The cells interfere with the 
production of cytokines, for example, Th1 cells generate 
IL-2 and INF-γ contribute to resistance against tubercu-
losis, whereas Th2 cells that produce IL-4, 10 and IL-13 are 
related to disease progression. The regulatory cytokines, 
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such as IL-10, seem to have a key role in reactivation of tu-
berculosis (5).

TNF-α seem to play multiple roles in defense responses 
and lung tissue damage or granuloma formation. Treat-
ment of rheumatoid arthritis with tumor necrosis factor 
inhibitors also predisposes individuals to a significant 
increase in TB risk (6, 7). Some studies indicated associa-
tion of vitamin D receptor, IL-1, IL-4, IL-10, IL-13,TNF-α and 
INF-γ with susceptibility to tuberculosis (4-7). In addition, 
a research suggested that immunotherapy with the cy-
tokines may be effective in treatment of multidrug re-
sistant tuberculosis (MDR-TB) (8). The study of cytokine 
gene polymorphisms is a helpful tool to predict the ge-
netic susceptibility to diseases in special communities. 
Polymorphism in cytokine genes are known to influence 
cytokine levels and may also be associated with suscepti-
bility/resistance to tuberculosis or outcome and clinical 
forms of this disease (9-13). The pattern of cytokine gene 
polymorphisms is different in various populations (14).

2. Objectives
In this study polymorphic variants of the TNF-α and IL-

10 genes in tuberculosis patients with different clinical 
forms were evaluated and then compared to healthy con-
trols. To observe the association of these polymorphisms 
with PTB and EPTB, allelic and genotypic frequencies of IL-
10 gene (-1082, -819, -592) and TNF-a gene (-308, -238) were 
also compared between these groups.

3. Patients and Methods
This case-control study was performed on 100 patients 

with tuberculosis and 194 healthy subjects. All partici-
pants signed written informed consent. The diagnosis of 
PTB was based on clinical, radiological, sputum acid fast 
bacillus (AFB) smear positivity, culture, pathology of tis-
sue and response to anti-tuberculosis chemotherapy. The 
patients were diagnosed and treated at Boo-Ali Hospital, 
the reference hospital for the treatment of infectious 
diseases in Sistan- Baluchestan province, Iran. Blood sam-
ples were collected in tubes containing ethylenediamine-
tetraacetic acid (EDTA) and then sent to the Laboratory of 
Infectious Diseases and Tropical Medicine Research Cen-
ter, Zahedan and frozen at -20ºC until DNA extraction.

3.1. DNA Sampling and Genotyping
DNA was isolated from whole blood collected with 

EDTA as anticoagulant, using a “salting out” method. All 
cytokine typing was performed by polymerase chain re-
action with a sequence-specific primers (PCR-SSP) assay 
using identical amplification and detection conditions, 
enabling rapid and cost-efficient analysis of polymor-
phisms. The PCR-SSP kit used was the Heidelberg cytokine 
gene polymorphism SSP kit (Heidelberg University, Hei-
delberg, Germany). Amplification was performed using 

a PCR Techne Flexigene apparatus (Rosche, Cambridge, 
UK) under the following conditions: initial denaturation 
94°C, 2 min; denaturation 94°C, 10 seconds; annealing + 
extension 65°C, 1 minute (10 cycles); denaturation 94°C, 
10 seconds; annealing 61°C, 50 seconds; extension 72°C, 
30 seconds (20 cycles). The presence or absence of PCR 
products was visualized by 2% agarose gel electrophore-
sis.

After electrophoresis, the gel was placed on a UV trans-
illuminator and then a picture for interpretation and 
documentation was taken. Each of the primer mixes con-
tained a control primer pair that amplified either a part 
of the B-globin gene or a part of the C-reactive protein 
(CRP) gene. The B-globin control primers produce an 89-
bp fragment, while the primer pairs amplifying the CRP 
gene produced a 440-bp amplicon. The allele and geno-
type frequencies of the following cytokine genes were 
determined: IL-10 (G/A -1082, C/T -819, C/A -592) and TNF-a 
(G/A-308, G/A -238).

3.2. Statistical Analysis
The statistical analysis of the results was performed us-

ing SPSS for Windows (version 17.0) and a P value of less 
than 0.05 was considered as statistically significant.

4. Results
Fifty patients with PTB, 50 patients with EPTB and 194 

healthy blood donors were genotyped. One hundred 
and ninety four healthy individuals were investigated 
in this study, of which 111 subjects were from Fars ethnic 
group, and 87 subjects were from Baloch ethnic group. 
There were 20 Fars and 30 Baloch in PTB group and 18 
Fars and 32 Baloch subjects in EPTB group. There was no 
significant difference among the groups regarding sex 
and race (P > 0.05) (Table 1). The genotype frequency of 
IL-10 (G/A-1082), (C/T-819) and TNF-a (G/A-308), (G/A-238) 
did not show any significant differences between the 
two groups of healthy controls and patients with the 
two forms of TB studied (P > 0.1) (Table 2). Significantly 
increased frequency of AA genotype of IL-10 (C/A-592) 
polymorphism was observed in EPTB patients compared 
to NHS and PTB patients (20% vs. 10.8% and 12% P = 0.05) 
and high frequency of AC genotype was observed in 
EPTB patients compared to NHS (50% vs. 34% P = 0.05). 
Frequencies of high producing IL-10 (-819) T allele were 
significantly over-represented in EPTB group in com-
parison to both healthy blood donor and PTB groups 
(47.7% vs. 36.9%, P = 0.035; 47.7% vs. 31.8%, P = 0.03, respec-
tively). Frequency of IL-10 (-592) A allele was significantly 
increased in EPTB patients compared to NHS and PTB 
patients (51% vs. 37%, P = 0.01; 51% vs. 33%, P = 0.01; respec-
tively). However, the frequency of IL-10 (-819) C/T alleles, 
IL-10 (-1082) G/A alleles, TNF-α (-308) G/A alleles and TNF-α 
(-238) G/A alleles did not show any significant difference 
in the groups studied (P > 0.05) (Tables 3 and 4).
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Table 1.  Demographic Characteristics of TB Patients and Controls a,b

Character Pulmonary TB (n = 50) Extra -pulmonary TB (n = 50) Healthy control (n = 194)
Gender

Female 28 (56) 23 (46) 97 (50)
Male 22 (44) 27 (54) 97 (50)

Ethnic Groups
Fars 20 (40) 18 (36) 98 (51)
Baloch 30 (60) 32 (64) 96 (49)

a  Abbreviation: TB, tuberculosis.
b  Data are presented as No. (%).

Table 2.  The Genotype Distribution of IL-10 (-1082, -819, -592), TNF-a (-308, -238) Polymorphism Cases and Control Groups a,b

Genotypes PTB EPTB Normal Subjects P Value
TNFα (308) 0.6

AA 0 0 1 (0.5)
AG 10 (20) 5 (10) 35 (18.4)
GG 37 (74) 41 (82) 158 (81.4)

TNFα (238) 0.1
AA 0 0 0
AG 6 (12) 3 (6) 22 (11.3)
GG 41 (82) 42 (84) 172 (88.6)

IL-10 (1082) 0.4
AA 12 (24) 20 (40) 67 (34.5)
AG 30 (60) 24 (48) 106 (54.6)
GG 2 (4) 1 (2) 11 (5.7)

IL-10 (819) 0.1
TT 21 (42) 12 (24) 71 (36.6)
CT 18 (36) 22 (44) 92 (47.4)
CC 5 (10) 10 (20) 21 (10.8)

IL-10 (592) 0.05
AA 6 (12) 10 (20) 21 (10.8)
AC 17 (34) 25 (50) 93 (47.9)
CC 21 (42) 9 (18) 70 (36.1)

a  Abbreviations: EPTB, extrapulmonary Tuberculosis; PTB, pulmonary tuberculosis.
b  Data are presented as No. (%).

Table 3.  The Frequency of IL-10 (-1082, -819, -592) and TNF-a (-308, -238) Alleles in Two Groups of Healthy Controls and Patients With 
EPTB a,b

Allele EPTB Normal Subjects OR 95%CI P Value
TNFα (308) 0.09

A 5 (5.4) 37 (9.7) 1.8
G 87 (94.6) 351 (90.3) (0.9-3.6)

TNFα (238) 0.61
A 3 (3.3) 22 (6) 1.3
G 87 (96.7) 366 (94) (0.4-3.9)

IL-10 (1082) 0.26
A 64 (71) 240 (65.6) 0.7
G 26 (29) 128 (34.4) (0.4-1.2)

IL-10 (819) 0.05
T 42 (47.7) 134 (36.6) 1.58
C 46 (52.3) 234 (63.4) (0.989-2.523)

IL-10 (592) 0.014
A 45 (51.1) 135 (36.9) 0.559
C 43 (48.9) 235 (63.1) (0.35-0.89)

a  Abbreviations: CI, confidence intervals; EPTB, Extrapulmonary tuberculosis; OR, Odds ratio.
b  Data are presented as No. (%).
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Table 4.  Frequency of IL-10 (-1082, -819, -592) and TNF-a (-308, -238) Alleles in Two Groups of Patients With PTB a and EPTB a,b

Allele PTB EPTB OR (95% CI) P Value

TNFα (308) 0.144

A 10 (10.6) 5 (5.4) 1.8

G 84 (89.4) 87 (94.6) (0.8-4)

TNFα (238) 0.79

A 8 (8.3) 3 (3.3) 1.19

G 88 (91.7) 87 (96.7) (0.3-4.6)

IL-10 (1082) 0.169

A 54 (61.4) 64 (71) 0.6

G 34 (38.6) 26 (29) (0.34-1.2)

IL-10 (819) 0.031

T 28 (31.8) 42 (47.7) 1.9

C 60 (68.2) 46 (52.3) (1.060-3.613)

IL-10 (592) 0.015

A 29 (32.9) 45 (51.1) 0.47

C 59 (67.1) 43 (48.9) (0.255-0.865)
a  Abbreviations: CI, confidence intervals; EPTB, extrapulmonary tuberculosis; PTB, pulmonary tuberculosis OR, odds ratio.
b  Data are presented as No. (%).

5. Discussion
In the present study, an association of polymorphic vari-

ants of the TNF-α and IL-10 genes, with tuberculosis and 
its relationship with clinical forms of tuberculosis was 
investigated (Table 2). Allelic and genotypic frequencies 
of IL-10 gene (-1082, -819, -592) and TNF-a gene (-308, -238) 
were compared between these groups (Tables 3 and 4). 
The results showed IL-10 gene polymorphism (C/A -592) 
play a key role in susceptibility to or protection against 
extra-pulmonary tuberculosis development in Iranian 
population. But in Ansari et al. study, the frequency of 
IL10 -1082 genotype was correlated to disease site (PTB, 
EPTB) as well as disease severity. IL-10 seems to have a 
critical role during the chronic or latent tuberculosis 
(10). Also, in a cytokine gene polymorphism analysis per-
formed by Ben-Selma W et al, it was suggested that TNF-a 
_308 A allele was associated with increased susceptibility 
risk to EPTB and the _1082 AG genotype was significantly 
associated with increased risk development of EPTB in 
Tunisian populations. None of the IL-10 _819 and _592 C/A 
alleles or genotypes was associated with PTB and EPTB 
groups (11). In a Turkish study, Oral et al. showed that IL-
10-1082 G allele frequency was significantly associated 
with tuberculosis but did not show any significant differ-
ence with clinical forms of the disease (12). Henao et al. 
have suggested that IL-10 low-producer polymorphism is 
associated with pleural TB (13).

In this study, none of the IL-10 genes (-1082, -819) or TNF-
a genes (-308, -238) were associated with PTB and EPTB 
or the control group. In a study on a group of patients 
with tuberculosis from Bashkorstan population of Rus-

sia, polymorphism of the TNF-α gene at -308 positions 
has been investigated. They found that the frequency 
of TNFα allele in tuberculosis patients was significantly 
higher than that of controls (15). Similarly, Varahram et 
al. suggested an association between -308A allele and 
PTB (16). In 2004 Amirzargar et al. studied cytokine gene 
polymorphisms in PTB and healthy controls, for TNFα an 
insignificant tendency was found at position -308 A/G 
polymorphism where the G allele was carried by 80% of 
cases and 65% of controls. At position -238 a negative as-
sociation was found at the GA polymorphism (17). Similar 
to our results, Selvaraj et al. suggested that the genotype 
frequencies of IL-10 (-1082 and -819) were not different be-
tween patients and NHS (18). Results of the present study 
showed IL-10 gene polymorphism (C/T –819, C/A –592) play 
key roles in susceptibility to or protection against extra 
pulmonary tuberculosis development in the Iranian pop-
ulation. Cytokine gene polymorphisms and cytokine pro-
duction influence the balance of the immune response. 
With evaluation of cytokine gene polymorphisms, we can 
predict the susceptibility to and resistance against TB. 
The evaluation also allows us to understand its pathogen-
esis, helping to find better methods for the prevention of 
tuberculosis.

Acknowledgements
Authors of the present study, appreciate Research and 

Technology Deputy of Zahedan University for granting fi-
nancial support. The information provided in this study 
is related to the thesis approved by the Ethics Committee 
under no. 89-3923. Hereby, we would like to thank Mrs. 



Metanat M et al.

5Arch Clin Infect Dis. 2013;8(3):e18270

Saideh Mirfakhraie and Saideh Metanat for their technical 
support.

Authors’ Contribution
Maliheh Metanat: design, literature search, manuscript 

preparation, manuscript edition; Mehrnaz Narooie Nejad: 
concept, design, definition of intellectual content, tech-
nical and material support; Masoud Salehi: data analysis, 
statistical analysis, manuscript preparation; Javad Moa-
zen: concept, definition of intellectual content, literature 
search, sample collection; Esmail Sanei-Moghaddam: 
technical and material support, sample collection; Narges 
Arbabi: technical and material support, sample collection.

Financial Disclosure
The authors had no proprietary interest in any aspect 

of this study.

Funding/Support
This study was granted by the Research and Technology 

Deputy of Zahedan University.

References
1.       Fitzgerald DW, Sterling TR, Haas DW. Mycobacterium tuberculo-

sis. In: Mandell GL, Bennett JE, Dolin R editors. Mandell, Douglas, 
and Bennett's Principle and Practice of Infectious Diseases. 7th ed. 
Philadelphia: Churchill Livingstone; 2010. pp. 3129–63.

2.       [Tuberculosis status]: Center for Disease Control and Prevention 
(Division of TB and Leprosy Elimination), ministry of health and 
medical education, 2011, Iran.

3.       Metanat M, Sharifi-Mood B, Alavi-Naini R, Aminianfar M. The epi-
demiology of tuberculosis in recent years: Reviewing the status 
in south-eastern Iran. 2. 2012;13(9):1–7.

4.       Stenger S, Modlin RL. T cell mediated immunity to Mycobacte-
rium tuberculosis. Curr Opin Microbiol. 1999;2(1):89–93.

5.       Turner J, Gonzalez-Juarrero M, Ellis DL, Basaraba RJ, Kipnis A, Orme 
IM, et al. In vivo IL-10 production reactivates chronic pulmonary 
tuberculosis in C57BL/6 mice. J Immunol. 2002;169(11):6343–51.

6.       Bekker LG, Moreira AL, Bergtold A, Freeman S, Ryffel B, Kaplan G. 
Immunopathologic effects of tumor necrosis factor alpha in mu-
rine mycobacterial infection are dose dependent. Infect Immun. 
2000;68(12):6954–61.

7.       Gomez-Reino JJ, Carmona L, Valverde VR, Mola EM, Montero MD, 
Biobadaser Group . Treatment of rheumatoid arthritis with tu-
mor necrosis factor inhibitors may predispose to significant 
increase in tuberculosis risk: a multicenter active-surveillance 
report. Arthritis Rheum. 2003;48(8):2122–7.

8.       Zhang Y, Liu J, Wang Y, Xian Q, Shao L, Yang Z, et al. Immuno-
therapy using IL-2 and GM-CSF is a potential treatment for mul-
tidrug-resistant Mycobacterium tuberculosis. Sci China Life Sci. 
2012;55(9):800–6.

9.       Trajkov D, Trajchevska M, Arsov T, Petlichkovski A, Strezova A, 
Efinska-Mladenovska O, et al. Association of 22 cytokine gene 
polymorphisms with tuberculosis in Macedonians. Indian J Tu-
berc. 2009;56(3):117–31.

10.       Ansari A, Talat N, Jamil B, Hasan Z, Razzaki T, Dawood G, et al. 
Cytokine gene polymorphisms across tuberculosis clinical spec-
trum in Pakistani patients. PLoS One. 2009;4(3).

11.       Ben-Selma W, Harizi H, Boukadida J. Association of TNF-alpha 
and IL-10 polymorphisms with tuberculosis in Tunisian popula-
tions. Microbes Infect. 2011;13(10):837–43.

12.       Oral HB, Budak F, Uzaslan EK, Basturk B, Bekar A, Akalin H, et al. 
Interleukin-10 (IL-10) gene polymorphism as a potential host 
susceptibility factor in tuberculosis. Cytokine. 2006;35(3-4):143–7.

13.       Henao MI, Montes C, Paris SC, Garcia LF. Cytokine gene polymor-
phisms in Colombian patients with different clinical presenta-
tions of tuberculosis. Tuberculosis (Edinb). 2006;86(1):11–9.

14.       Amirzargar AA, Naroueynejad M, Khosravi F, Dianat SS, Rezaei N, 
Mytilineos J, et al. Cytokine single nucleotide polymorphisms in 
Iranian populations. Eur Cytokine Netw. 2008;19(2):104–12.

15.       Bikmaeva AR, Sibiriak SV, Valiakhmetova D, Khusnutdinova EK. 
[Polymorphism of the tumor necrosis factor alpha gene in pa-
tients with infiltrative tuberculosis and from the Bashkorstan 
populations]. Mol Biol (Mosk). 2002;36(5):784–7.

16.       Varahram M, Farnia P, Anoosheh S, Kazampour M, Merza M, Saeif 
S, et al. The VDR and TNF-α gene polymorphisms in Iranian tuber-
culosis patients: The study on host susceptibility. Iran J Clin Infect 
Dis. 2009;4(4).

17.       Amirzargar AA, Danesh AA, Khosravi F, Niknam HH, Nikbin B. Cy-
tokines genes polymorphisms in Iranian patients with pulmo-
nary tuberculosis. Iran J Immunol. 2004;1(2):125.

18.       Selvaraj P, Alagarasu K, Harishankar M, Vidyarani M, Nisha 
Rajeswari D, Narayanan PR. Cytokine gene polymorphisms 
and cytokine levels in pulmonary tuberculosis. Cytokine. 
2008;43(1):26–33.


