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Abstract

Tuberculosis (TB), caused by Mycobacterium tuberculosis, is worldwide and keeps on increasing with the
appearance of HIV. Host genes involved in the immune response play key role in conveying resistance or
susceptibility to TB. We investigated a possible association of the different single nucleotide polymorphisms (SNPs)
present in the promoter region of the TNF with either susceptibility or resistance TB. Nucleotide sequencing of the
promoter region of TNF encompassing the SNPs –238 G/A, –308 G/A, –857 C/T, –863 A/C and –1031 T/C was
performed on 230 TB patients and 293 control subjects. The –863 A/C and –857 C/C genotypes show protection to
TB. The –308A allele is associated with protection to TB. Haplotypes analysis revealed that the haplotype –1031T/–
863C/–857C/–308A/–238G is protective to TB (p=0.024). Our data suggests that SNPs present in the promoter
region of TNF are associated with resistance to the development of TB.
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Introduction
Tuberculosis (TB), caused by Mycobacterium tuberculosis, is a

major infectious disease and is worldwide. Approximately 9 million
individuals developed TB in the year 2013 [1]. One-third of the world
population is considered infected by M. tuberculosis, but only 5 to 10%
develop active TB. Pulmonary TB is the major clinical form while
extrapulmonary TB is present in only 10-20% of patients with TB
[2-4].

Host genes involved in the immune response play key role to
susceptibility or protection to M. tuberculosis infection [2,5-9]. TNF-α
play an important role in the cellular immune response to TB [6,10].
Macrophages infected by M. tuberculosis display enhanced production
of TNF-α cytokine [11]. TNF-α participates directly in the macrophage
activation, reactive nitrogen production and in the maintenance of
granulomas to limit the spread of the mycobacterial growth [10,12-14].

The TNF gene, approximately four kilobases, is located on
chromosome 6p21.3 within the major histocompatibility complex
(MHC) class III region and consists of four exons. The promoter region
presents various single-nucleotide polymorphisms (SNPs) that have
been suggested to influence the gene expression [15-17]. In this study,
we investigated whether the SNPs –238 G/A (rs361525), –308 G/A
(rs1800629), –857 C/T (rs1799724), –863 A/C (rs1800630) and –1031
T/C (rs1799964) in the promoter region of the TNF gene are
associated with either susceptibility or resistance to TB in patients
from the Brazilian state of Amazonas.

Subjects and Methods

Study population
This is a case-control study including 230 unrelated patients with

TB and 293 unrelated healthy control subjects aged between 18 and 65
years from the Brazilian Legal Amazon states. All of the patients with
TB were followed at the reference center for diagnosis and treatment of
TB, the Policlínica de Referência em Pneumologia Sanitária Cardoso
Fontes, Manaus, Amazonas, Brazil. Unrelated healthy individuals of
the same ethnicity as the patients were selected to represent a control
group. Healthy subjects with a family history of mycobacterial diseases
were excluded. All of the participants in the study gave a written
informed consent according to the Institutional Ethical Committee.
This study was approved by the institutional review board (number:
05925212.8.0000.0006).

All patients with TB were initially diagnosed by experienced
professionals. Clinical evaluation is based on chest radiography (X-
ray), sputum-smear microscopy tests, molecular test (geneXpert), M.
tuberculosis culture with biochemical analysis and PCR for
confirmation of MTB.

The control subjects were also evaluated clinically and individuals
with any respiratory symptom was submitted for mycobacteriology
assays such as the detection of MTB in sputum and culture for M.
tuberculosis to confirm the absence of the disease.
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Biological material and DNA purification
Peripheral blood samples from all the participants were collected for

DNA purification with the QIAamp DNA Blood Kit (QIAGEN,
Hilden, Germany) according to manufacturer’s instructions. The eluted
DNA was stored at -80°C until use.

Polymerase chain reaction (PCR) and purification of PCR
product
The promoter region of TNF encompassing the SNPs –238 G/A

(rs361525), –308 G/A (rs1800629), –857 C/T (rs1799724), –863 A/C
(rs1800630) and –1031 T/C (rs1799964) was PCR amplified by the
following pair of primers: Forward 5’-
GAATGGAGGGAGGGACAGAGGGCT-3’ and Reverse 5’-
CGAGAGGAGGGCGGGGAAAGAATC-3’ generating a PCR product
1146 base pairs. The cycling conditions of the PCR, as well as the
purification of the PCR product were performed as described
elsewhere [18].

Nucleotide sequencing and sequence analysis
Approximately 10-40 ng of purified PCR product was applied in the

sequencing reaction. Nucleotide sequencing was performed using the
BigDye® Terminator v3.1 Cycle Sequencing (Applied Biosystems,
Foster City, California) and the above primers individually. A third
internal primer, the upstream primer 5’-
GCCTCAAGCCTGCCACCAAGC-3’ was also used to cover the
sequencing of the all 1146 bp fragment. Capillary electrophoresis was
performed in the ABI 3130 DNA sequencer with the polymer
POP-7TM. The sequences were initially analyzed with the Sequencing
Analysis software (Applied Biosystems, v5.3.1) and further analyzed
with the Geneious software (Biomatters, v6.0.5) to build contigs
compared with the TNF reference gene sequence (GenBank ID:
NG_007462).

Haplotype analysis
The haplotypes frequencies were calculated using the Haploview

software (v.4.2), as a measure of the Linkage Disequilibrium (LD).
Haplotypes with frequencies <1% were not considered as relevant for
comparisons. The degree of pairwise between nucleotides was analyzed
by LD structure, considering r2 values >0.8 as strong LD, <0.8 for weak
and <0.1 as negative LD.

Statistical analysis
The χ2 and Mann-Whitney tests were used to compare the variation

in gender and age between TB patients and control subjects. The
genotype and allele frequencies were determined by direct counting.
The Hardy-Weinberg equilibrium was calculated by comparing
estimated to observed frequencies of genotypes by χ2 test. The
haplotypes frequencies were compared between patients and control
subjects using the Haploview (v.4.2). Comparison of genotypes and
alleles frequencies between patients with TB and healthy controls were
performed by χ2 and Fisher exact test along with the Odds Ratio and
95% confidence of interval using the site (http://ihg.gsf.de/cgi-bin/hw/
hwa1.pl.).

Results

Study population
Basic characteristics of the patients and controls included in the

study are shown in Table 1. The mean age of the TB patients and
controls are 33.4 ± SD 12.2 and 33.6 ± SD 12.1 respectively. Male
subjects were prevalent among patients (65.2%) compared to healthy
controls (43%) and was statistically significant. There was a higher
prevalence of multibacillary TB (65.7%) than paucibacillary TB among
patients (21.3%). Pulmonary TB was common (87.8%).

 Patients (n=230) Controls (n=293)

Age (years) n (%) n (%)

Mean 33.4 ± 12.2 33.6 ± 12.1

Gender

Male 150 (65.2) 126 (43)

Female 80 (34.8) 167 (57)

Bacteriologic index (BI) 

Paucibacillary 49 (21.3)  

Multibacillary 151 (65.7)  

No defined 30 (13)  

Tuberculosis form

Pulmonary 202 (87.8)  

Extrapulmonary 28 (12.2)  

Mann Whitney Test for age between patients and control subjects p=0.84;

χ2 Test for gender p<0.0001.

Table 1: Characteristics of the study population.

Genotype and allele frequencies of the polymorphisms in the
TNF promoter region
The genotypes and alleles distribution of the SNPs TNF –1031 T/C,

–863 A/C, –857 C/T, –308 G/A and –238 G/A are shown in Table 2. All
the SNPs were in Hardy-Weinberg equilibrium in both patients with
TB and healthy controls.

The TNF –1031 T allele was more prevalent in patients with TB and
shows a trend of association with susceptibility (OR=1.34; 95%
CI=1.00–1.78; p=0.055). The –308 G allele is associated with
susceptibility to TB (OR=1.86; 95% CI=1.09–3.16; p=0.026) while the
–308 A allele with protection (OR=0.53; 95% CI=0.31–0.90). The –308
G/G genotype confers twice a risk of developing TB in comparison to
carriers of the –308 A allele (OR=1.85; 95% CI=1.07–3.20; p=0.035).
The –863 A/C genotype shows protection to TB (OR=0.65; 95%
CI=0.44–0.95; p=0.036). Similarly, the –857 C/C genotype was
significantly higher among the control subjects (73%) than in TB
patients (63.5%) (OR=0.64; 95% CI=0.44–0.93; p=0.024).

The genotype and allele frequencies for each SNP were similar
among paucibacillary and multibacillary groups (data not shown).
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N (Frequency)

Genotype/ Allele Patients Controls OR (95% CI) p value

-1031 T/C 

T/T 143 (62.2) 157 (53.6) 1.42 (1.00 - 2.02) 0.059

T/C 76 (33) 116 (39.6) 0.75 (0.52 - 1.08) 0.146

C/C 11 (4.8) 20 (6.8) 0.68 (0.32 - 1.46) 0.426

T 362 (78.7) 430 (73.4) 1.34 (1.00 - 1.78)  

C 98 (21.3) 156 (26.6) 0.74 (0.55 - 0.99) 0.055

-863 A/C

A/A 10 (4.4) 6 (2.1) 2.17 (0.77 - 6.07) 0.207

A/C 56 (24.3) 97 (33.1) 0.65 (0.44 - 0.95) 0.036

C/C 164 (71.3) 190 (64.8) 1.34 (0.92 - 1.95) 0.14

A 76 (16.5) 109 (18.6) 0.86 (0.62 - 1.19)  

C 384 (83.5) 477 (81.4) 1.15 (0.83 - 1.59) 0.427

-857 C/T

C/C 146 (63.5) 214 (73) 0.64 (0.44 - 0.93) 0.024

C/T 77 (33.5) 68 (23.2) 1.66 (1.13 - 2.44) 0.012

T/T 7 (3) 11 (3.8) 0.80 (0.30 - 2.10) 0.84

C 369 (80.2) 496 (84.6) 0.73 (0.53 - 1.01)  

T 91 (19.8) 90 (15.4) 1.35 (0.98 - 1.87) 0.072

-308 G/A

G/G 209 (90.9) 247 (84.3) 1.85 (1.07 - 3.20) 0.035

G/A 21 (9.1) 44 (15) 0.56 (0.32 - 0.98) 0.058

A/A 0 (0) 2 (0.7) NA NA

G 439 (95.4) 538 (91.8) 1.86 (1.09 - 3.16)  

A 21 (4.6) 48 (8.2) 0.53 (0.31 - 0.90) 0.026

-238 G/A 

G/G 210 (91.3) 254 (86.7) 1.61 (0.91 - 2.84) 0.129

G/A 19 (8.3) 37 (12.6) 0.62 (0.34 - 1.11) 0.144

A/A 1 (0.4) 2 (0.7) 0.63 (0.06 - 7.05) 0.833

G 439 (95.4) 545 (93) 1.57 (0.91 - 2.70)  

A 21 (4.6) 41 (7) 0.63 (0.37 - 1.09) 0.128

NA: not available due to zero values present

Table 2: Genotype and allele distribution of polymorphisms in the TNF promoter region between tuberculosis patients and control subjects.

Haplotypes distribution
The LD among the five SNPs is shown in Figure 1 and pairwise

nucleotides analysis generates six haplotypes (Table 3). Comparison of

the haplotypes between patients and controls revealed an association
of the haplotype –1031T/–863C/–857C/–308A/–238G with protection
to TB (p=0.024). Comparison  of  this  haplotype  according  to  sputum
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      N (frequency)   

Haplotype -1031 -863 -857 -308 -238 Patients Controls Chi Square p value

1 T C C G G 125 (54.4) 146 (49.7) 2.256 0.133

2 C A C G G 37 (16.3) 53 (18.1) 0.573 0.449

3 T C T G G 45 (19.5) 45 (15.1) 3.509 0.061

4 T C C A G 11 (4.6) 24 (8.0) 5.044 0.024

5 C C C G A 11 (4.6) 20 (7.0) 2.732 0.098

6 C C C G G 1 (0.4) 5 (1.7) 3.671 0.055

Table 3: Haplotypes of the promoter region of TNF present in patients with TB and control subjects.

Figure 1: Linkage disequilibrium structure of the promoter region of TNF. (A) LD in control subjects, (B) LD in tuberculosis patients and (C)
LD in study population. Numbers in the boxes indicate the correlation coefficient value of LD (r2) multiplied by 100. The box trends toward to
white indicate decreased r2 value, strong LD represented by black box. Strong LD is only observed between the SNPs –1031 and –863.

smear  status  showed   no  statistical difference     between AFB smear
positive (16/302; 5%) and AFB smear negative (2/98; 2%).

Discussion
In the course of infection caused by M. tuberculosis, macrophages

are activated initially to produce inflammatory cytokines liberated by
cells of the innate and adaptive immune response [7]. The TNF-α
cytokine plays an important role in the development of the cellular
immune response against M. tuberculosis and participates in the
granulomas formation, as well as in the cellular orchestration and
activation of the molecular mechanisms of macrophages [6,10,12-14].
Several SNPs present in the promoter region of TNF are reported to
correlate with TNF-α levels [17,19-22]. The –308 A allele correlates
with higher levels of the cytokine [19] while the haplotype –1031 C/–
863 A/–857 T with higher transcriptional activity [20].

The frequencies of the different SNPs in the promoter region of TNF
observed in this study is similar to those observed in other populations
from America, Asia and Europe [23-26], except for the frequencies of
the –308 G/A SNP which differs in the African population. The –308 A
allele is around 20% in the African population [23]. The genotypic

distributions of the –1031 T/C, –863 A/C, –857 C/T SNPs found in the
North Indians population of India [27] also differ from our study.

A recent study showed a possible association for the risk of TB in
HIV-infected subjects carriers of the –1031 T allele [28]. Peripheral
blood mononuclear cells from healthy carriers of the TNF –1031 C
allele activated with Concanavalin-A (Con-A) secreted higher levels of
the TNF-α cytokine [20]. Recently, we showed that individuals with the
–1031 C/C genotype have nine times more chance to present resistance
to leprosy caused by M. leprae than carriers of the T/T genotype [18].
In this study, the –1031 T allele is associated with susceptibility to TB
and reinforces that the -1031T allele may present a risk to infectious
diseases.

Several studies showed a lack of association of the TNF –863 A/C
SNP with TB in Asian subjects [24,27,29]. A meta-analysis study also
confirmed this lack of association [30]. However, in one study, carriers
of the –863 A/A genotype were shown to have twice the chance of
developing TB [25]. Our data shows that heterozygosity for the –863
SNP is associated with protection to TB. Of note, this allele –863 C
when associated with the –308 A allele haplotype-wise confers
protection to TB but not with the –308G allele. Importantly, the –308
A allele or the –863 C allele are reported to bind with better affinity to
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transcriptional factors than their counterpart allele [19,22] and TNF-α
has been shown necessary for protection against M. tuberculosis
infection in mice model [10].

Various studies showed discrepancy results for the TNF –857 C/T
SNP to TB. The –857 T/T genotype was associated with protection in
the Chinese population [25] in contrast to the Iranian population [29]
and our study where the –857 C/C genotype confers protection to TB.
However, a meta-analysis study performed among Asian subjects with
a total of 3630 patients with TB and 4055 controls, showed association
of the –857 C/T genotype with higher risk to TB [30]. Our data is
consistent with the meta-analysis study.

The TNF –308 G/A and –238 G/A SNPs have been extensively
investigated in different case-controls TB studies. Controversial results
have been observed. Some have shown lack of association [24,29,31–
35], while others suggested association with TB [36–38]. Moreover,
three meta-analyses of the –308 SNP, one with ten studies consisting of
1.167 patients and 1.720 controls [39] and the other two with a higher
sample size [30,40], showed lack of association between the –308 G/A
SNP and TB. Our data differs to the meta-analysis studies and is
consistent with the study of Correa et al. [36] where the -308A is
protective to TB.

Three studies showed different association of the TNF –238 G/A
SNP with TB [36-38]. Two of the studies cited the –238A allele as
protective to TB [37,38] in contrast to the other affording susceptibility
[36]. This –238 SNP did not show any association to TB in this study
despite the frequency of the –238 A allele is 7% among the healthy
individuals compared to 4.6% in TB patients. The lack of association
may be due to the genetic background of our population compared to
the Iranian [37] or the Colombian population [36]. Interestingly, the
frequency of the minor allele in the healthy Iranian and Colombian
population is 19 and 11% respectively compared to 7% in our
population. This may suggest that an increase in our sample size may
detect an association. However, this may not be likely as we detected
an association with the –308 A allele and the frequency is 4.8% among
the TB patients and 8% in healthy individuals.

A number of functional studies showed differential transcriptional
activity of the different SNPs in the promoter region of the TNF using
the luciferase reporter gene assay. The –308A allele was associated with
a higher transcriptional activity compared to the –308G allele
[17,19,41]. A cloned fragment containing the TNF SNPs –1031 T/C
(rs1799964), –863 A/C (rs1800630), –857 C/T (rs1799724), –308 G/A
(rs1800629) and –238 G/A (rs361525) upstream of the luciferase gene
in the pGL3 basic vector lacking a eukaryotic promoter showed
different transcriptional activity [20,42]. The cloned fragment
containing the –863A allele was related with reduced transcriptional
activity of the TNF gene in monocytes and hepatic cells [42].
Peripheral blood mononuclear cells from healthy Japanese carriers of
at least one of the alleles –1031T, –863C, –857C and –308A showed
higher levels of TNF-α when stimulated with Con-A [20]. In healthy
Indian subjects, the haplotype –1031T/–863C/–857C/–308G was
significantly associated with a higher production of the TNF-α
cytokine in comparison to the –1031C/–863A/–857C/–308G and other
haplotypes [22]. Electrophoretic mobility shift assays have shown that
combination –863C/–857/T or –863A/–857/C bind with nuclear
binding proteins such as the Octamer Binding Transcription Factor 1
(OCT-1) [21,22,42]. However, the –863C/–857/T binds with a better
affinity. Here, we showed that the haplotype TCCAG is protective. It is
highly possible that individuals, carriers of the haplotype –1031T/–
863C/–857C/–308A/–238G correlated with higher levels of

transcription, are protected to TB development. TNF has been shown
to play an important role in the protective immune response against
Mycobacterium tuberculosis in mice [10]. It is of interest to see if TB
patients with the haplotype TCCAG respond better to chemotherapy
in future studies. Although our sample size is not large enough to
generate higher number of individuals with this haplotype (only 11
patients and 24 controls), functional studies by other groups showing
this haplotype correlates with higher levels of TNF-α do confirm this
haplotype may be protective. The haplotype CCCGA did not show any
statistical difference despite present in 20 control subjects compared to
11 TB patients. An increase in our sample size may probably detect an
association. Notably, the –863 C allele has been correlated to higher
levels of TNF-α and combining both haplotypes may show a higher
protective association.

Altogether, the SNPs present in the promoter region of TNF may
mark resistance to the development of TB in the Brazilian population
of the state of Amazonas. Different haplotypes of these SNPs may
potentially influence different immune responses against infection
caused by M. tuberculosis due differential transcriptional activity of
the TNF gene. It will be of utmost interest in reproducing the results of
this study with a higher sample size and to perform functional studies
with the different haplotypes to correlate with either transcriptional
activity or levels of TNF-α.

Financial support
This work was supported by the Instituto Leônidas e Maria Deane

(ILMD) - FIOCRUZ Amazônia, Brazil.

Acknowledgments
We thank the Program for Technological Development in Tools for

Health-PDTIS FIOCRUZ for use of its facilities (ILMD - Sequencing
Platform).

References
1. World Health Organization (2014) Global tuberculosis report 2014.

WHO Library Cataloguing-in-Publication Data.
2. Kaufmann SH (2008) Tuberculosis: Deadly combination. Nature 453:

295-296.
3. Donald PR, Marais BJ, Barry CE (2010) Age and the epidemiology and

pathogenesis of tuberculosis. Lancet 375: 1852-1854.
4. Lin CY, Chen TC, Lu PL, Lai CC, Yang YH, et al. (2013) Effects of gender

and age on development of concurrent extrapulmonary tuberculosis in
patients with pulmonary tuberculosis: a population based study. Plos One
8: e63936.

5. Macnicholl JM, Downer MV, Udhayakumar V, Alper CA, Swerdlow DL
(2000) Host-pathogen interactions in emerging and re-emerging
infectious diseases: a genomic perspective of tuberculosis, malaria,
human immunodeficiency virus infection, hepatitis B, and cholera. Annu
Rev Public Health 2000; 21: 15-46.

6. Mohan VP, Scanga CA, Yu K, Scott HM, Tanaka KE, et al. (2001) Effects
of tumor necrosis factor alpha on host immune response in chronic
persistent tuberculosis: possible role for limiting pathology. Infect Immun
69:1847-1855.

7. Azad AK, Sadee W, Schlesinger LS (2012) Innate immune gene
polymorphisms in tuberculosis. Infect Immun 80: 3343-3359.

8. Abhimanyu, Mangangcha IR, Jha P, Arora K, Mukerji M, et al. (2011)
Differential serum cytokine levels are associated with cytokine gene
polymorphisms in north Indians with active pulmonary tuberculosis.
Infect Genet Evol 11: 1015-1022.

Citation: da Silva GAV, Barletta-Naveca RH, Carvalho BKS, Boechat AL, Ramasawmy R, et al. (2016) Haplotype of the Promoter Region of TNF
Gene May Mark Resistance to Tuberculosis in the Amazonas State, Brazil. J Clin Cell Immunol 7: 430. doi:10.4172/2155-9899.1000430

Page 5 of 6

J Clin Cell Immunol
ISSN:2155-9899 JCCI, an open access journal

Volume 7 • Issue 3 • 1000430

https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0ahUKEwiP3pGSg77NAhUKto8KHUncASMQFggdMAA&url=http%3A%2F%2Fwww.who.int%2Ftb%2Fpublications%2Fglobal_report%2Fgtbr14_main_text.pdf&usg=AFQjCNFdpiujBb52xrteBVwFOxJEy3Cr9Q&cad=rja
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0ahUKEwiP3pGSg77NAhUKto8KHUncASMQFggdMAA&url=http%3A%2F%2Fwww.who.int%2Ftb%2Fpublications%2Fglobal_report%2Fgtbr14_main_text.pdf&usg=AFQjCNFdpiujBb52xrteBVwFOxJEy3Cr9Q&cad=rja
http://www.ncbi.nlm.nih.gov/pubmed/18480803
http://www.ncbi.nlm.nih.gov/pubmed/18480803
http://www.ncbi.nlm.nih.gov/pubmed/20488519
http://www.ncbi.nlm.nih.gov/pubmed/20488519
http://www.ncbi.nlm.nih.gov/pubmed/23717513
http://www.ncbi.nlm.nih.gov/pubmed/23717513
http://www.ncbi.nlm.nih.gov/pubmed/23717513
http://www.ncbi.nlm.nih.gov/pubmed/23717513
http://www.ncbi.nlm.nih.gov/pubmed/10884944
http://www.ncbi.nlm.nih.gov/pubmed/10884944
http://www.ncbi.nlm.nih.gov/pubmed/10884944
http://www.ncbi.nlm.nih.gov/pubmed/10884944
http://www.ncbi.nlm.nih.gov/pubmed/10884944
http://www.ncbi.nlm.nih.gov/pubmed/11179363
http://www.ncbi.nlm.nih.gov/pubmed/11179363
http://www.ncbi.nlm.nih.gov/pubmed/11179363
http://www.ncbi.nlm.nih.gov/pubmed/11179363
http://www.ncbi.nlm.nih.gov/pubmed/22825450
http://www.ncbi.nlm.nih.gov/pubmed/22825450
http://www.ncbi.nlm.nih.gov/pubmed/21463712
http://www.ncbi.nlm.nih.gov/pubmed/21463712
http://www.ncbi.nlm.nih.gov/pubmed/21463712
http://www.ncbi.nlm.nih.gov/pubmed/21463712


9. Ben-Selma W, Harizi H, Boukadida J (2011) Association of TNF-Î± and
IL-10 polymorphisms with tuberculosis in Tunisian populations.
Microbes Infect 13: 837-843.

10. Flynn JL, Goldstein MM, Chan J, Triebold KJ, Pfeffer K, et al. (1995)
Tumor necrosis factor-alpha is required in the protective immune
response against Mycobacterium tuberculosis in mice. Immunity 2:
561-572.

11. Giacomini E, Iona E, Ferroni L, Miettinen M, Fattorini L, et al. (2001)
Infection of human macrophages and dendritic cells with Mycobacterium
tuberculosis induces a differential cytokine gene expression that
modulates T cell response. J Immunol 166: 7033-7041.

12. Algood HM, Lin PL, Flynn JL (2005) Tumor necrosis factor and
chemokine interactions in the formation and maintenance of granulomas
in tuberculosis. Clin Infect Dis 41 Suppl 3: S189-193.

13. Lin PL, Plessner HL, Voitenok NN, Flynn JL (2007) Tumor necrosis
factor and tuberculosis. J Investig Dermatol Symp Proc 12: 22-25.

14. Hagge DA, Saunders BM, Ebenezer GJ, Ray NA, Marks VT, et al. (2009)
Lymphotoxin-alpha and TNF have essential but independent roles in the
evolution of the granulomatous response in experimental leprosy. Am J
Pathol 174: 1379-1389.

15. Rhoades KL, Golub SH, Economou JS (1992) The regulation of the
human tumor necrosis factor alpha promoter region in macrophage, T
cell, and B cell lines. J Biol Chem 267: 22102-22107.

16. Fong CL, Siddiqui AH, Mark DF (1994) Identification and
characterization of a novel repressor site in the human tumor necrosis
factor alpha gene. Nucleic Acids Res 22: 1108-1114.

17. Wilson AG, Symons JA, McDowell TL, McDevitt HO, Duff GW (1997)
Effects of a polymorphism in the human tumor necrosis factor alpha
promoter on transcriptional activation. Proc Natl Acad Sci U S A 94:
3195-3199.

18. Silva GAV, Ramasawmy R, Boechat AL, Morais AC, Carvalho BKS, et al.
(2015) Association of TNF –1031 C/C as a potential protection marker
for leprosy development in Amazonas state patients, Brazil. Hum
Immunol 76: 137-141.

19. Bouma G, Crusius JB, Oudkerk-Pool M, Kolkman JJ, Von-Blomberg
BME, et al. (1996) Secretion of tumor necrosis factor alpha and
lymphotoxin alpha in relation to polymorphisms in the TNF genes and
HLA-DR alleles. Relevance for inflammatory bowel disease. Scand J
Immunol 43: 456-463.

20. Higuchi T, Seki N, Kamizono S, Yamada A, Kimura A, et al. (1998)
Polymorphisms of the 5’-flanking region of the human tumor necrosis
factor (TNF)-a gene in Japanese. Tissue Antigens 51: 605-612.

21. Hohjoh H, Tokunaga K (2001) Allele-specific binding of the ubiquitous
transcription factor OCT-1 to the functional single nucleotide
polymorphism (SNP) sites in the tumor necrosis factor-alpha gene
(TNFA) promoter. Genes Immun 2: 105-109.

22. Sharma S, Sharma A, Kumar S, Sharma SK, Ghosh B (2006) Association
of TNF haplotypes with asthma, serum IgE levels, and correlation with
serum TNF-alpha levels. Am J Respir Cell Mol Biol 35: 488-495.

23. Visentainer JE, Sell AM, da Silva GC, Cavichioli AD, Franceschi DS, et al.
(2008) TNF, IFNG, IL6, IL10 and TGFB1 gene polymorphisms in South
and Southeast Brazil. Int J Immunogenet 35: 287-293.

24. Merza M, Farnia P, Anoosheh S, Varahram M, Kazampour M, et al.
(2009) The NRAMPI, VDR and TNF-alpha gene polymorphisms in
Iranian tuberculosis patients: the study on host susceptibility. Braz J
Infect Dis 13: 252-256.

25. Ma MJ, Xie LP, Wu SC, Tang F, Li H, et al. (2010) Toll-like receptors,
tumor necrosis factor-Î±, and interleukin-10 gene polymorphisms in risk
of pulmonary tuberculosis and disease severity. Hum Immunol 71:
1005-1010.

26. Wu Y, Cao C, Wu Y, Zhang C, Zhu C, et al. (2014) TNF-a-308G/A
polymorphism contributes to obstructive sleep apnea syndrome risk:
evidence based on 10 case-control studies. PloS One 9: e106183.

27. Sharma S, Rathored J, Ghosh B, Sharma SK (2010) Genetic
polymorphisms in TNF genes and tuberculosis in North Indians. BMC
Infect Dis 10: 165.

28. Affandi JS, Kumar M, Agarwal U, Singh S, Price P (2013) The search for a
genetic factor associating with immune restoration disease in HIV
patients co-infected with Mycobacterium tuberculosis. Dis Markers 34:
445-449.

29. Anoosheh S, Farnia P, Kargar M (2011) Association between TNF-Alpha
(-857) Gene Polymorphism and Susceptibility to Tuberculosis. Iran Red
Crescent Med J 13: 243-248.

30. Zhu H, Zhang Z, Lei X, Feng J, Zhang F, et al. (2012) Tumor necrosis
factor alpha -308G>A, -863C>A, -857C>T gene polymorphisms and
tuberculosis susceptibility: a meta-analysis. Gene 509: 206-214.

31. Oral HB, Budak F, Uzaslan EK, Baştürk B, Bekar A, et al. (2006)
Interleukin-10 (IL-10) gene polymorphism as a potential host
susceptibility factor in tuberculosis. Cytokine 35: 143-147.

32. Sivangala R, Ponnana M, Thada S, Joshi L, Ansari S, et al. (2014)
Association of cytokine gene polymorphisms in patients with
tuberculosis and their household contacts. Scand J Immunol 79: 197-205.

33. Vejbaesya S, Chierakul N, Luangtrkool P, Sermduangprateep C (2007)
NRAMP1 and TNF-alpha polymorphisms and susceptibility to
tuberculosis in Thais. Respirology 12: 202-206.

34. Oh JH, Yang CS, Noh YK, Kweon YM, Jung SS, et al. (2007)
Polymorphisms of interleukin-10 and tumour necrosis factor-alpha genes
are associated with newly diagnosed and recurrent pulmonary
tuberculosis. Respirology 12: 594-598.

35. Ates O, Musellim B, Ongen G, Topal-Sarikaya A (2008) Interleukin-10
and tumor necrosis factor-alpha gene polymorphisms in tuberculosis. J
Clin Immunol 28: 232-236.

36. Correa PA, Gomez LM, Cadena J, Anaya JM (2005) Autoimmunity and
tuberculosis. Opposite association with TNF polymorphism. J Rheumatol
32: 219-224.

37. Amirzargar AA, Rezaei N, Jabbari H, Danesh AA, Khosravi F, et al.
Cytokine single nucleotide polymorphisms in Iranian patients with
pulmonary tuberculosis. Eur Cytokine Netw 17: 84-89.

38. Varahram M, Farnia P, Nasiri MJ, Karahrudi MA, Dizagie MK, et al.
(2014) Association of Mycobacterium tuberculosis lineages with IFN-?
and TNF-a gene polymorphisms among pulmonary tuberculosis patient.
Mediterr J Hematol Infect Dis 6: e201415.

39. Pacheco AG, Cardoso CC, Moraes MO (2008) IFNG +874T/A, IL10
-1082G/A and TNF -308G/A polymorphisms in association with
tuberculosis susceptibility: a meta-analysis study. Hum Genet 123:
477-484.

40. Wang Q, Zhan P, Qiu LX, Qian Q, Yu LK (2012) TNF-308 gene
polymorphism and tuberculosis susceptibility: a meta-analysis involving
18 studies. Mol Biol Rep 39: 3393-3400.

41. Kroeger KM, Carville KS, Abraham LJ (1997) The -308 tumor necrosis
factor-alpha promoter polymorphism effects transcription. Mol Immunol
34: 391-399.

42. Skoog T, Van’t-Hooft FM, Kallin B, Jovinge S, Boquist S, et al. (1999) A
common functional polymorphism (C?A substitution at position -863) in
the promoter region of the tumour necrosis factor-alpha (TNF-alpha)
gene associated with reduced circulating levels of TNF-alpha. Hum Mol
Genet 8: 1443-1449.

 

Citation: da Silva GAV, Barletta-Naveca RH, Carvalho BKS, Boechat AL, Ramasawmy R, et al. (2016) Haplotype of the Promoter Region of TNF
Gene May Mark Resistance to Tuberculosis in the Amazonas State, Brazil. J Clin Cell Immunol 7: 430. doi:10.4172/2155-9899.1000430

Page 6 of 6

J Clin Cell Immunol
ISSN:2155-9899 JCCI, an open access journal

Volume 7 • Issue 3 • 1000430

http://www.ncbi.nlm.nih.gov/pubmed/21609779
http://www.ncbi.nlm.nih.gov/pubmed/21609779
http://www.ncbi.nlm.nih.gov/pubmed/21609779
http://www.ncbi.nlm.nih.gov/pubmed/7540941
http://www.ncbi.nlm.nih.gov/pubmed/7540941
http://www.ncbi.nlm.nih.gov/pubmed/7540941
http://www.ncbi.nlm.nih.gov/pubmed/7540941
http://www.ncbi.nlm.nih.gov/pubmed/11390447
http://www.ncbi.nlm.nih.gov/pubmed/11390447
http://www.ncbi.nlm.nih.gov/pubmed/11390447
http://www.ncbi.nlm.nih.gov/pubmed/11390447
http://www.ncbi.nlm.nih.gov/pubmed/15983898
http://www.ncbi.nlm.nih.gov/pubmed/15983898
http://www.ncbi.nlm.nih.gov/pubmed/15983898
http://www.ncbi.nlm.nih.gov/pubmed/17502865
http://www.ncbi.nlm.nih.gov/pubmed/17502865
http://www.ncbi.nlm.nih.gov/pubmed/19246648
http://www.ncbi.nlm.nih.gov/pubmed/19246648
http://www.ncbi.nlm.nih.gov/pubmed/19246648
http://www.ncbi.nlm.nih.gov/pubmed/19246648
http://www.ncbi.nlm.nih.gov/pubmed/1429562
http://www.ncbi.nlm.nih.gov/pubmed/1429562
http://www.ncbi.nlm.nih.gov/pubmed/1429562
http://www.ncbi.nlm.nih.gov/pubmed/8152914
http://www.ncbi.nlm.nih.gov/pubmed/8152914
http://www.ncbi.nlm.nih.gov/pubmed/8152914
http://www.ncbi.nlm.nih.gov/pubmed/9096369
http://www.ncbi.nlm.nih.gov/pubmed/9096369
http://www.ncbi.nlm.nih.gov/pubmed/9096369
http://www.ncbi.nlm.nih.gov/pubmed/9096369
http://www.ncbi.nlm.nih.gov/pubmed/25636570
http://www.ncbi.nlm.nih.gov/pubmed/25636570
http://www.ncbi.nlm.nih.gov/pubmed/25636570
http://www.ncbi.nlm.nih.gov/pubmed/25636570
http://www.ncbi.nlm.nih.gov/pubmed/8668926
http://www.ncbi.nlm.nih.gov/pubmed/8668926
http://www.ncbi.nlm.nih.gov/pubmed/8668926
http://www.ncbi.nlm.nih.gov/pubmed/8668926
http://www.ncbi.nlm.nih.gov/pubmed/8668926
http://www.ncbi.nlm.nih.gov/pubmed/9694352
http://www.ncbi.nlm.nih.gov/pubmed/9694352
http://www.ncbi.nlm.nih.gov/pubmed/9694352
http://www.ncbi.nlm.nih.gov/pubmed/11393654
http://www.ncbi.nlm.nih.gov/pubmed/11393654
http://www.ncbi.nlm.nih.gov/pubmed/11393654
http://www.ncbi.nlm.nih.gov/pubmed/11393654
http://www.ncbi.nlm.nih.gov/pubmed/16728705
http://www.ncbi.nlm.nih.gov/pubmed/16728705
http://www.ncbi.nlm.nih.gov/pubmed/16728705
http://www.ncbi.nlm.nih.gov/pubmed/18680515
http://www.ncbi.nlm.nih.gov/pubmed/18680515
http://www.ncbi.nlm.nih.gov/pubmed/18680515
http://www.ncbi.nlm.nih.gov/pubmed/20231985
http://www.ncbi.nlm.nih.gov/pubmed/20231985
http://www.ncbi.nlm.nih.gov/pubmed/20231985
http://www.ncbi.nlm.nih.gov/pubmed/20231985
http://www.ncbi.nlm.nih.gov/pubmed/20650298
http://www.ncbi.nlm.nih.gov/pubmed/20650298
http://www.ncbi.nlm.nih.gov/pubmed/20650298
http://www.ncbi.nlm.nih.gov/pubmed/20650298
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0106183
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0106183
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0106183
http://www.ncbi.nlm.nih.gov/pubmed/20537163
http://www.ncbi.nlm.nih.gov/pubmed/20537163
http://www.ncbi.nlm.nih.gov/pubmed/20537163
http://www.ncbi.nlm.nih.gov/pubmed/23594560
http://www.ncbi.nlm.nih.gov/pubmed/23594560
http://www.ncbi.nlm.nih.gov/pubmed/23594560
http://www.ncbi.nlm.nih.gov/pubmed/23594560
http://www.ncbi.nlm.nih.gov/pubmed/22737473
http://www.ncbi.nlm.nih.gov/pubmed/22737473
http://www.ncbi.nlm.nih.gov/pubmed/22737473
http://www.ncbi.nlm.nih.gov/pubmed/22940143
http://www.ncbi.nlm.nih.gov/pubmed/22940143
http://www.ncbi.nlm.nih.gov/pubmed/22940143
http://www.ncbi.nlm.nih.gov/pubmed/16962335
http://www.ncbi.nlm.nih.gov/pubmed/16962335
http://www.ncbi.nlm.nih.gov/pubmed/16962335
http://www.ncbi.nlm.nih.gov/pubmed/24313289
http://www.ncbi.nlm.nih.gov/pubmed/24313289
http://www.ncbi.nlm.nih.gov/pubmed/24313289
http://www.ncbi.nlm.nih.gov/pubmed/17298451
http://www.ncbi.nlm.nih.gov/pubmed/17298451
http://www.ncbi.nlm.nih.gov/pubmed/17298451
http://www.ncbi.nlm.nih.gov/pubmed/17587429
http://www.ncbi.nlm.nih.gov/pubmed/17587429
http://www.ncbi.nlm.nih.gov/pubmed/17587429
http://www.ncbi.nlm.nih.gov/pubmed/17587429
http://www.ncbi.nlm.nih.gov/pubmed/18071881
http://www.ncbi.nlm.nih.gov/pubmed/18071881
http://www.ncbi.nlm.nih.gov/pubmed/18071881
http://www.ncbi.nlm.nih.gov/pubmed/15693080
http://www.ncbi.nlm.nih.gov/pubmed/15693080
http://www.ncbi.nlm.nih.gov/pubmed/15693080
http://www.ncbi.nlm.nih.gov/pubmed/16840026
http://www.ncbi.nlm.nih.gov/pubmed/16840026
http://www.ncbi.nlm.nih.gov/pubmed/16840026
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3965727/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3965727/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3965727/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3965727/
http://www.ncbi.nlm.nih.gov/pubmed/18414898
http://www.ncbi.nlm.nih.gov/pubmed/18414898
http://www.ncbi.nlm.nih.gov/pubmed/18414898
http://www.ncbi.nlm.nih.gov/pubmed/18414898
http://www.ncbi.nlm.nih.gov/pubmed/21735105
http://www.ncbi.nlm.nih.gov/pubmed/21735105
http://www.ncbi.nlm.nih.gov/pubmed/21735105
http://www.ncbi.nlm.nih.gov/pubmed/9293772
http://www.ncbi.nlm.nih.gov/pubmed/9293772
http://www.ncbi.nlm.nih.gov/pubmed/9293772
http://hmg.oxfordjournals.org/content/8/8/1443.abstract?sid=9bb3b64f-0141-411c-8611-ba8dc1469056
http://hmg.oxfordjournals.org/content/8/8/1443.abstract?sid=9bb3b64f-0141-411c-8611-ba8dc1469056
http://hmg.oxfordjournals.org/content/8/8/1443.abstract?sid=9bb3b64f-0141-411c-8611-ba8dc1469056
http://hmg.oxfordjournals.org/content/8/8/1443.abstract?sid=9bb3b64f-0141-411c-8611-ba8dc1469056
http://hmg.oxfordjournals.org/content/8/8/1443.abstract?sid=9bb3b64f-0141-411c-8611-ba8dc1469056

	Contents
	Haplotype of the Promoter Region of TNF Gene May Mark Resistance to Tuberculosis in the Amazonas State, Brazil
	Abstract
	Keywords:
	Introduction
	Subjects and Methods
	Study population
	Biological material and DNA purification
	Polymerase chain reaction (PCR) and purification of PCR product
	Nucleotide sequencing and sequence analysis
	Haplotype analysis
	Statistical analysis

	Results
	Study population
	Genotype and allele frequencies of the polymorphisms in the TNF promoter region
	Haplotypes distribution

	Discussion
	Financial support
	Acknowledgments
	References


