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Introduction

Tuberculosis is the second cause of death of infectious
disease in the world, with an estimated 8—9 million new cases
occurring annually. In addition, it is estimated that one-third
of world population is infected with Mycobacterium tuber-
culosis [1]. Among those who are infected, only approxi-
mately 5-10% will develop clinical disease [2]. Only a
minority of these patients have identifiable risk factors such
as diabetes or HIV infection. In other patients, both genetic
predisposition and environmental factors may contribute to
the development of tuberculosis [3]. Thus, it is expected that
the identification of host genetic factors for susceptibility
to tuberculosis would greatly aid the global control of

tuberculosis.
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Summary

Tuberculosis remains one of the most important infectious diseases
worldwide. Several studies have suggested that genetic factors may affect sus-
ceptibility to tuberculosis, but the specific genes involved have not yet been
fully characterized. NRAMP1/SLC11 Al and P2X; genes have been linked to
increased risk for tuberculosis in some African and Asiatic populations. To
explore the potential role of these genes in the susceptibility to pulmonary
tuberculosis in a Mexican mestizo population, we evaluated the association of
D543N and 3’-UTR polymorphisms in NRAMP1/SLC11 Al and —762 and
A1513C polymorphisms in P2X; genes with the risk for tuberculosis. Poly-
merase chain reaction (PCR) amplification of genomic DNA followed by
restriction fragment length polymorphism analysis, and allelic-specific PCR
was employed. We found no significant differences in allelic frequency in
NRAMPI1/SLC11 Al gene polymorphisms in 94 patients with tuberculosis
compared to 100 healthy contacts. Similarly, no significant association of the
P2X;-762 gene polymorphism with tuberculosis was detected. In contrast,
the P2X; A1513C polymorphism was associated significantly with tuberculo-
sis (P =0-02, odds ratio = 5-28, 95% CI, 0-99-37-69), an association that had
not been reported previously. However, when the function of P2X; was
assessed by an L-selectin loss assay, we did not find significant differences in
patients compared to healthy contacts or between PPD* and PPD™ control
individuals. This study further supports the complex role of P2X; gene in host
regulation of Mycobacterium tuberculosis infection, and demonstrates that
different associations of gene polymorphisms and tuberculosis are found in
distinct racial populations.
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It is well known that M. tuberculosis is a facultative intra-
cellular pathogen and that macrophages are the main reser-
voirs of this agent, as well as the primary immune effector
cells regulating their growth and viability. As other intracel-
lular infectious agents, M. tuberculosis enters into host
macrophages by phagocytosis and is encapsulated in the
phagosome. These organelles acquire microbicidal activity
through a maturation process that involves the formation of
the phagolysosome. It has been described widely that M.
tuberculosis survives into host cells by arresting the process of
phagosomal maturation [4,5].

Different molecules are involved in the killing process of
intracellular pathogens by phagocytes. In the mouse, a single
gene on chromosome 1, designated natural resistance-
associated macrophage protein (Nramp) [6], controls the
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natural resistance to infection with unrelated intracellular
parasites. The human Nramp homologue gene (NRAMP1/
SLCI11 Al) maps to chromosome 2q35 and is composed
of 15 exons, and the corresponding mRNA encodes a
550 amino acid long polypeptide [7]. Human NRAMP1/
SLC11 A1 protein is expressed by monocytes, macrophages
and polymorphonuclear neutrophils [8,9]. Upon phagocy-
tosis, NRAMP1/SLC11 Al is recruited to the membrane of
the phagosome and remains associated with this organelle
during its maturation to phagolysosome. Although the
precise function of this molecule has not been characterized
fully, different reports indicate that NRAMP1/SLC11 Al
controls the replication of intracellular parasites by altering
the intravacuolar environment of the microbe-containing
phagolysosome [9,10]. In this regard, it has been found that
NRAMP1/SLC11 Al mediates the flux of divalent cations
into lysosome and that promotes, through the Fenton reac-
tion, the generation of toxic hydroxyl radicals, which con-
tributes significantly to the killing of intracellular pathogens
[11-14]. As a proton/divalent cation anti-porter, NRAMP1/
SLCI11 A1 also has an important role in the modulation of
phagosomal pH [15,16].

The P2X; gene, located at position 12q24, encodes for a
595-aa long polypeptide with two transmembrane stretches
[17]. It has been found that P2X; is a ligand-gated cation
channel that is expressed in the cell membrane and that is
activated mainly by adenosine-5"-triphosphate (ATP) [18].
Stimulation of cells through P2X; opens a cation channel
which allows Ca** influx and K* efflux, phenomena involved
in the induction of apoptosis and the release of mature inter-
leukin (IL)-1P, respectively [19,20]. In addition, P2X; acti-
vation initiates a number of downstream events including
the activation of a membrane metalloproteinase, which
causes the shedding of r-selectin (CD62L) in both lympho-
cytes and monocytes [21]. Although chemoattractants such
as IL-8 can induce the rapid shedding of r-selectin in neu-
trophils, extracellular ATP is the only natural mediator
described so far that can cause L-selectin shedding in mono-
cytes and lymphocytes [21,22]. Furthermore, the sustained
activation of the P2X; purinergic receptor, a plasma mem-
brane ATP-gated ion channel, induces both the formation of
membrane pores permeable to hydrophilic solutes and apo-
ptosis [23]. In addition, it has been described that the induc-
tion of apoptosis of M. tuberculosis-infected macrophages
through P2X; also results in the killing of the mycobacteria
[24,25].

The P2X; gene is highly polymorphic in humans, and
several single nucleotide polymorphisms (SNPs) have been
described [26]. A common SNP in exon 13 (A1513C) results
in the substitution of glutamic acid at position 496 by
alanine (E496A) [27]. This polymorphism occurs in the
region of the gene that encodes the carboxyterminal tail of
the protein, and different studies have demonstrated that
homozygosity for the C allele (C/C) leads to almost comp-
lete loss of the P2X; function with lack of ATP-induced

mycobacterial killing in these individuals [28-30]. In addi-
tion, a SNP in the promoter region of P2X; gene at nucle-
otide position —762 (C/T) has been described that has a
protective association with tuberculosis [31]. On the other
hand, the human NRAMPI1/SLC11 Al gene has been
reported to be involved in susceptibility to infectious dis-
eases, such as tuberculosis, leprosy and HIV infection, as well
as to some autoimmune diseases [32]. Genetic variations in
the human NRAMP1/SLC11 A1 gene have been found to be
associated with tuberculosis in some Asiatic and African
populations, mainly the D543N and 3’-UTR polymorphisms
[33,34]. In this work, we decided to assess whether
NRAMP1/SLC11 A1 and P2X; gene polymorphisms are
associated with susceptibility to M. tuberculosis infection in a
Mexican mestizo population. For this purpose, we per-
formed a case—control study comparing the frequency of
several polymorphisms in these genes in patients with pul-
monary tuberculosis and healthy contacts.

Materials and methods

Patients

Ninety-four patients with pulmonary tuberculosis from the
south-east region of México were recruited for this study.
Diagnosis was based on clinical and laboratory data. In all
cases, the clinical picture and X-ray examination were highly
indicative of tuberculosis, and M. tuberculosis was cultured
from the sputum of all patients. Most patients were under
therapy with different anti-tuberculous drugs. Forty-eight
patients were male and 46 female. One hundred healthy
contacts were studied as controls. An informed written
consent was obtained from all individuals, and this study was
approved by the ethics committee of the School of Medicine,
UASLP.

Blood samples and DNA isolation

Peripheral blood mononuclear cell (PBMC) samples were
obtained and were isolated by density gradient centrifuga-
tion over Ficoll-Hypaque cushions (Sigma Chemical Co., St
Louis, MO, USA). Cells then were washed with phosphate-
buffered saline (PBS) and resuspended at 2 x 10° cells/ml in
RPMI-1640 culture medium, supplemented with 10% fetal
bovine serum (FBS) and 2 mM L-glutamine. Genomic DNA
was extracted by using the Wizard Genomic DNA Purifica-
tion kit (Promega, Madison, WI, USA), and the DNA was
then dissolved in sterile distilled water. Quantity and purity
were determined by spectrophotometry (SmartSpec Plus
Bio-Rad Laboratories, Inc., Hercules, CA, USA).

NRAMP1/SLC11 A1 DNA genotyping

Polymerase chain reactions (PCR) were performed in a total
volume of 50 pl of a solution containing 100 ng genomic
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DNA, 5-0 ul free Mg** 10x buffer (Invitrogen Life Technolo-
gies, Carlsbad, CA, USA),200 uM dNTPs, 2-0 mM MgCl, and
1-0 U of recombinant Taqg DNA polymerase (Invitrogen).
Thermal cycling was performed on a TC-412 device (Techne,
Cambridge, UK). For D545N and 3’-UTR NRAMPI1/
SLCI11 Al polymorphisms, cycling conditions were: 94°C for
5 min, 30 cycles of 94°C for 30 s, 68°C for 30 s and 72°C for
45 s, with a final 5-min extension at 72°C. Primers for this
PCR were 5-CTCTGGCTGAAGGCTCTCC-3" (forward)
and 5-AACTGTCCCACTCTATTCCTG-3" (reverse) [31]. A
region of 244 base pairs (bp) was amplified, and genotyping
was performed using restriction fragment length polymor-
phism (RFLP) analysis. In this regard, the PCR product was
digested at 37°C for 24 h with Ava II or Fok I (Amersham
Pharmacia Biotech UK Limited, Piscataway, NJ, USA) in a
20-pl reaction mix containing 1X restriction enzyme buffer
and bovine serum albumin (BSA). Digested products were
run on 1-5% agarose gel or 8-:0% polyacrylamide gels, which
were stained with ethidium bromide and visualized using an
UV transilluminator.

P2X; DNA genotyping

The —762 polymorphism of P2X; was genotyped by an allele-
specific PCR. Cycling conditions were: 94°C for 5 min, 30
cycles of 94°C for 30 s, 60°C for 30 s and 72°C for 45 s, with
a final 5-min extension at 72°C. The following primers
were used: forward 5-GCAGGCCAGGGAGTCA-3’, reverse
5’-ATCAGATTTGCAGGGGTAGG-3’; allele T 5-GTCCCT
CACTGAATAGGTCAAT-3"; allele C 5-GTCCCTCACTGAA
TAGGTCAAC-3" [29]. PCR products were run on 1-5%
agarose gel or 8:0% polyacrylamide gels, which were stained
with ethidium bromide and visualized using an UV
transilluminator.

The A1513C SNP of P2X; was genotyped by PCR/RFLP
using the following primers: forward 5-AGACCTGCGAT
GGACTTCACAG-3’, reverse 5-GCCAGGTGGCGTAGCA
CCTG-3" [29]. Cycling conditions were: 94°C for 5 min, 30
cycles of 94°C for 30 s, 68°C for 30 s and 72°C for 45 s, with
a final 5-min extension at 72°C. PCR products were digested
at 37°C for 16 h with 5-0 U of Haell (Promega). Digested
products were run on 1-5% agarose gel, which was sta-
ined with ethidium bromide and visualized using an UV
transilluminator.

L-selectin loss assay

PBMC (1 x 10°) were incubated for 5 min in RPMI-1640 at
37°C in the presence or not of 3-0 mM ATP, and then washed
with 1 ml of cold PBS and centrifuged at 300 g for 5 min.
Afterwards, cells were washed once with PBS, incubated with
a fluorescein isothiocyanate (FITC)-conjugated anti-L-
selectin  monoclonal antibody (Becton Dickinson Bio-
sciences, San Jose, CA, USA) for 30 min at 4°C, and then
washed in PBS with 1% FBS twice, and the mean fluores-
cence intensity of L-selectin expression was determined in a
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fluorescence activated cell sorter (FACSCalibur) flow cytom-
eter (Becton Dickinson). Results were expressed as the per-
centage of L-selectin loss expression induced by ATP.

Analysis of P2X; expression

PBMC (2 X% 10°) were washed with PBS and centrifuged.
Cells were then fixed for 10 min in 4% paraformaldehyde,
washed in PBS and permeabilized for 10 min with absolute
methanol. Cells were then washed in 2% BSA in PBS, and
incubated with a rabbit polyclonal anti-P2X; antibody
(Becton Dickinson) directed against the C terminus region,
washed and labelled with an FITC-conjugated goat anti-
rabbit antibody (Calbiochem, La Jolla, CA, USA) for 30 min
at 4°C. Finally, cells were washed twice, fixed in 1%
paraformaldehyde and analysed by flow cytometry.

Analysis of mRNA NRAMP1/SLC11 Al expression

Total RNA was isolated from PBMC with Trizol (Invitrogen)
according to the manufacturer’s recommendations. RNA
integrity was monitored by agarose gel electrophoresis, and
concentration was measured by spectrophotometry. For
cDNA synthesis, 1-0 ug total RNA was mixed with 0-5 ug
oligo(dT) primer (Invitrogen), heated for 5 min a 70°C, and
then 1x reverse transcriptase buffer, 0-5 mM deoxyribo-
nucleoside triphosphate (dANTP) mix (Promega), 0-01 M
dithiothreitol, 40 U RNasin (Promega) and 200 units of
Moloney murine leukaemia virus reverse transcriptase
(M-MLV RT, Promega) were added. The tube was then incu-
bated for 10 min at room temperature (RT), 90 min at 37°C
and heated to 94°C to inactivate the reverse transcriptase.
To amplify exons 13-15, we used forward primer 5’-AGC
ATGCCCACCCTGATGCAGG-3" and reverse primer 5-AG
TGCTTAACCTCCATGGCAAG-3". PCR was performed in a
25-ul reaction mixture containing 1x PCR buffer, 2 mM
MgCl,, 200 uM dNTPs, 20 pmol of each primer and 1 U Tag
DNA polymerase (Invitrogen), and 1 ul cDNA. The PCR was
carried out as follows: initial denaturation at 94°C for 5 min,
and then 30 cycles of 94°C for 30 s, 60°C for 30 s and 72°C
for 45 s; the final extension step was performed at 72°C for
5 min. PCR products were detected in a 1-5% agarose gel
with ethidium bromide staining. The size of the PCR
product was determined with a 100-bp DNA molecular
weight ladder (Invitrogen), and quantified by densitometric
analysis, using the 1D Image Analysis software (Kodak
Digital Science, Rochester, NY, USA).

Data analysis

Overall genotype frequencies were compared with the use of
a 2x2 y? test. The Hardy—Weinberg equilibrium, which
indicates the absence of discrepancy between genotype and
allele frequency, was determined in controls and patients by
the ARLEQUIN program. Statistical analyses were carried out

© 2007 British Society for Immunology, Clinical and Experimental Immunology, 148: 469-477 471



P. Niflo-Moreno et al.

244 bp—»
205 bp—>»

126 bp—»
39 bp >

<+ 317 bp
<+ 199 bp
<+ 128 bp

Fig. 1. Detection of single nucleotide polymorphisms of P2X; and NRAMP1 genes. Genomic DNA from 94 patients with pulmonary tuberculosis

and 100 healthy contacts was isolated, and single nucleotide polymorphisms (SNPs) of P2X; and NRAMP1 genes were determined as follows:

(a) the =762 T/C polymorphism of P2X; was detected by an allelic-specific polymerase chain reaction (PCR) and its product was run on 8%

polyacrylamide gel. Lane 1, 100 base pairs (bp) marker; lane 2, control DNA; lane 3, wild-type; lane 4, mutant type; lane 5, heterozygote. (b) The

A1513C polymorphism of P2X; was detected by restriction fragment length polymorphism (RFLP) analysis, as stated in Materials and methods.

The PCR product was digested with Haell and run on 2% agarose gel. Lane 1, 100 bp marker; lane 2, no digested; lane 3, heterozygote; lane 4,
mutant; lane 5, wild-type. (c) The D543N polymorphism of NRAMP1 was detected by RFLP, as described in Materials and methods. Lane 1, 100 bp
marker; lane 2, no digested; lane 3, wild-type; lane 4, mutant; lane 5, heterozygote. (d) The -TGTGdel polymorphism in the 3’-UTR region of

NRAMP-1 gene was detected by RFLP, as stated in Materials and methods. Lane 1, 100 bp marker; lanes 2 and 3, heterozygotes; lane 4, wild-type;

lane 5, mutant.

using GraphPad prism software (GraphPad Software Inc.,
San Diego, CA, USA). Student’s t-test and one-way ANOVA
were used to compare data from two groups or four groups,
respectively.

Results

P2X; gene polymorphisms in patients with pulmonary
tuberculosis

We first analysed the allelic frequencies of two different SNPs
of the P2X; gene. As shown in Fig. 1a, we were able to detect
the =762 T/C polymorphism by an allelic-specific PCR and
found that the frequency of the T and C alleles was in Hardy—
Weinberg equilibrium (Table 1). The frequency of the =762T
allele in patients with tuberculosis was 0-7447, whereas that
of —762C was 0-2553, with no significant differences when
compared to those observed in healthy contacts (P =0-174
and 0-075, respectively).

The polymorphism at position 1513 in exon 13 of the
P2X; gene was studied by RFLP by using the restriction
enzyme Haell (Fig. 1b). When the genotype distribution was
analysed by y* test a significant difference was detected
[P=0-0242 and 0-0248, uncorrected and corrected, respec-
tively, odds ratio (OR) for the C allele of P2X; A1513C SNP
of 528, 95% confidence interval (CI) = 0-99—37-69, Table 2],

indicating an association of this SNP with tuberculosis that
had not been found previously, suggesting a dominant effect
of this gene variant.

Polymorphisms of NRAMP1/SLC11 Al gene in
tuberculosis patients

The allelic frequencies of the D543N and 3’-UTR variants of
NRAMP1/SLC11 Al gene were studied by RFLP using the
Ava II and Fok I restriction enzymes, respectively. We found
a very similar frequency of these gene polymorphisms in

Table 1. Frequency of the —762T/C polymorphism of the P2X; gene in
patients with tuberculosis and healthy contacts.

Patients Control subjects
Genotype or allele n Frequency n Frequency
Genotype
TT 52 0-5745 51 0-4636
TC 32 0-3404 44 0-4
CcC 8 0-0851 15 0-1364
Total 92 110
Allele
T 140 0-7447 146 0-6636
C 48 0-2553 74 0-3363
Total 188 220
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Table 2. Frequency of the A1513C polymorphism in the P2X; gene
exon 13 in patients with tuberculosis and healthy contacts.

Patients Control subjects
Genotype or allele n Frequency n Frequency
Genotype
AA 53 0-759 70 0-6364
AC 33 0-2289 38 0-3455
CcC 8 0-012 2 0-0182
Total 94 110
Allele
A 139 0-8735 178 0-8091
C 49 0-1265 42 0-1909
Total 188 220

patients with pulmonary tuberculosis and healthy contacts,
with no significant differences in the genotype distribution
in both cases (P=0-5178 and 0-9207, respectively, Tables 3
and 4).

Expression of NRAMP1/SLC11 Al and P2X; in
mononuclear cells (MNC) from tuberculosis patients

The expression of NRAMP1/SLC11 Al and P2X; genes
in patients with tuberculosis was studied by reverse
transcription—polymerase chain reaction (RT-PCR) (for
NRAMP1/SLC11 A1) and flow cytometry (for P2X;). For
this purpose, four groups were analysed: PPD* and PPD~
healthy contacts, tuberculosis patients and healthy individu-
als with no apparent exposure to M. tuberculosis. As shown in
Fig. 2a, a similar expression of NRAMP1/SLC11 Al gene at
mRNA levels was found in the four groups, with no signi-
ficant differences among them (P =0-98, one-way ANOVA
analysis). In addition, no apparent association between
NRAMP1/SLC11 Al gene polymorphisms and its level of
mRNA expression by monocytes was found in any group
studied (data not shown).

As in the case of NRAMP-1, we did not detect significant
differences in the membrane expression of P2X; by mono-
cytes from patients with tuberculosis compared with other
groups (P=0-93, Fig.2c). However, some tuberculosis
patients tended to show higher levels of P2X; expression
compared to healthy contacts (Fig.2d). In addition, no
apparent association between the genotype of P2X; and its
level of expression in the different groups studied was found
(P> 0-05 in all cases, data not shown).

Function of P2X; in MNC from patients with
tuberculosis

It has been reported widely that the stimulation of MNC
through P2X; induces the membrane shedding of r-selectin
[26]. Therefore, we analysed by flow cytometry the loss
of vr-selectin induced by ATP in cells from tuberculosis
patients and controls. Although some patients with tuber-

P2X7 and NRAMP1 polymorphisms in tuberculosis

culosis tended to show a diminished response to ATP, no
significant differences in this parameter were found am-
ong the groups studied (P <0:05 in any case, Fig. 3). As
expected [27], those individuals (patients or controls)
bearing the 1513C allele show a diminished (heterozygous)
or absent (homozygous) response (L-selectin loss) to ATP
(data not shown).

Discussion

Tuberculosis remains as the seventh most important cause
of global premature mortality and disability [1]. Currently,
there are 8-9 million new cases and 2-3 million deaths
annually. In this regard, it is well known that approximately
one-third of the world’s population is infected with
M. tuberculosis. However, most of the 90% of infected indi-
viduals remain healthy, indicating the effectiveness of the
different immune mechanisms in resistance against this
mycobacterium. Although both acquired and innate
mechanisms contribute to the killing of M. tuberculosis, the
precise mechanisms that confer resistance against this
infection have not been elucidated fully. Nevertheless, it
seems evident that different genes are involved in suscepti-
bility towards M. tuberculosis infection [34,35]. In this
work, we have explored the possible association between

Table 3. Frequency of the D543N polymorphism in the NRAMP1 gene
exon 15 in patients with tuberculosis and healthy contacts.

Patients Control subjects
Genotype or allele n Frequency n Frequency
Genotype
GG 54 0-5745 67 0-6091
GA 36 0-383 40 0-3637
AA 4 0-0425 3 0-0273
Total 94 110
Allele
G 144 0-7659 174 0-7909
A 44 0-234 46 0-2091
Total 188 220

Table 4. Frequency of the -TGTGdel 3’-UTR polymorphism in the
NRAMPI1 gene in patients with tuberculosis and healthy contacts.

Patients Control subjects
Genotype or allele n Frequency n Frequency
Genotype
TGTG™* 42 0-5753 48 0-5783
TGTG*- 20 0-0274 23 0-2771
TGTG"~ 11 0-1507 12 0-1446
Total 73 83
Allele
TGTG 104 0-7123 119 0-7169
delTGTG 42 0-2877 47 0-2831
Total 146 166
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Fig. 2. Expression of P2X; and NRAMP1 genes in mononuclear cells (MNC) from patients with pulmonary tuberculosis and healthy contacts.

(a) The expression of NRAMPI gene at mRNA level was analysed by reverse transcription—polymerase chain reaction (RT-PCR) and results were

normalized to B-actin mRNA level, as stated in Materials and methods. Horizontal bars correspond to the arithmetic mean values of each group. No

significant differences among the four groups studied were detected. (b) Representative results of NRAMP-1 mRNA expression in three patients
with tuberculosis (lanes 2—4) and four healthy contacts (lanes 5-8). The 600 base pairs (bp) bands correspond to NRAMP1 and the 200 bp bands to
B-actin. (c) Analysis of expression of P2X;. Peripheral blood mononuclear cells (PBMC) were immunostained for P2X; and then analysed by flow

cytometry. No significant differences were found among the four groups studied. Horizontal bars correspond to the arithmetic mean values of each

group. (d) A representative histogram of P2X; expression in PBMC from a patient with tuberculosis is shown. The thin line histogram corresponds

to the negative control, and the thick line histogram to cells stained with a specific antibody to P2X,.
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Fig. 3. Analysis of P2X; function. Peripheral blood mononuclear cells
(PBMC) from healthy contacts, PPD* and PPD~ (left panel) as well as
from patients with pulmonary tuberculosis, and healthy subjects
without apparent exposure to Mycobacterium tuberculosis (right panel)
were incubated or not with 3 mm of adenosine-5’-triphosphate (ATP)
for 5 min, and then analysed for L-selectin expression by flow
cytometry, as stated in Materials and methods. No significant
differences were detected among the groups studied.
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polymorphisms of P2X;, NRAMP1/SLC11 Al genes and
pulmonary tuberculosis.

NRAMP1/SLCI11 Al is a proton/divalent cation anti-
porter located mainly in the lysosome membrane that fluxes,
for example, Fe** and Mg™* to either side of the membrane,
depending on pH. In late endolysosomes, NRAMP1/
SLC11 A1 delivers divalent cations from the cytosol into this
acidic compartment [10]. Then, through the Fenton reac-
tion, toxic hydroxyl radicals are generated, which contributes
significantly to the killing of intracellular pathogens [13,36].
In addition, it has been described that the expression of
inducible macrophage type nitric oxide synthase (iNOS),
and the generation of nitric oxide and their toxic derivatives
may be influenced by NRAMP1/SLC11 Al [37]. Further-
more, mutations of NRAMP1/SLC11 Al gene impair phago-
somal acidification, which also contribute to the killing of
intracellular pathogens into the phagolysosome [16].

The reports on the association of NRAMP1/SLCI1 Al
gene polymorphisms with M. tuberculosis infection are
controversial [38]. In this regard, Liu et al. have reported
a positive association between the 3’-UTR but not the

© 2007 British Society for Immunology, Clinical and Experimental Immunology, 148: 469-477



INT4 polymorphism of the NRAMP1/SLC11 Al gene and
pulmonary tuberculosis in a Chinese population [39]. In a
meta-analysis performed recently by Li eral. [40], it was
found that the four gene polymorphisms that have been
studied for NRAMP1/SLC11 Al [3’-UTR, D543N, INT4 and
5’-(GT)n] do not show a significant association with tuber-
culosis in a European population. In contrast, a variable but
significant association among most of these variants has
been found in Asian and African subjects [32,33,41]. Our
results show that in a Mexican mestizo population there is no
apparent association between the D543N and 3’-UTR vari-
ants of NRAMP1/SLC11 Al and pulmonary tuberculosis.
Therefore, it is evident that the genetic background exerts a
decisive role on the possible influence of this gene in suscep-
tibility to infection by M. tuberculosis. In this regard, it has
been reported that the protein encoded by NRAMP1/
SLC11 Al seems to have a role in the control of growth of
bacilli and progression of disease rather, than in susceptibil-
ity to M. tuberculosis infection [42,43]. It could be specu-
lated, therefore, that in European and Mexican mestizo
populations the possible protective role of NRAMP1/
SLCI11 Al in M. tuberculosis infection can be replaced by
other genes/molecules involved in the resistance against
intracellular pathogens.

P2X; is a ligand-gated cation channel with a trimeric
structure that is expressed in the cell membrane and that is
activated mainly by ATP [44]. It has been described that
activation of this purinergic receptor results in the opening
of cation-specific channels and non-specific pores that allow
the passage of solutes of less than 900 Da [45]. Furthermore,
stimulation of infected macrophages through this receptor
induces activation of phospholipase D, an increase in intra-
cellular calcium concentration and the killing of M. tubercu-
losis [46]. In addition, other intracellular phenomena
induced through P2X; have been described, including phos-
phorylation of extracellular-regulated kinase (ERK)1/2, acti-
vation of Src tyrosine kinases and triggering of programmed
cell death [47]. Additional data indicate that this receptor
could be involved in tissue damage, mediating the release of
proinflammatory cytokines IL-1B and tumour necrosis
factor (TNF)-o. [19,48]. All these data suggest strongly that
P2X; may play a relevant role in the pathogenesis of M.
tuberculosis infection. In this regard, we have performed pre-
viously a study on the expression and function of this recep-
tor in patients with pulmonary tuberculosis. We found no
apparent abnormalities in the expression of P2X; and differ-
ent functions induced by it in cells from these patients [49].
However, when the expression of different genes related to
apoptosis and cytokines in response to ATP was analysed, it
was evident that the PBMC from tuberculosis patients
showed a different pattern of gene expression compared to
healthy contacts [49]. In the present work, we decided to
explore further the role of P2X; in these patients. We found
that the Glu496Ala SNP in exon 13 of the P2X; gene showed
a significant association with pulmonary tuberculosis,
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further supporting that this receptor plays a relevant role in
the pathogenesis of the infectious process. In this regard, it
has been described that the Glu496Ala mutation of P2X; has
an important effect on the function of this channel, and that
the homozygosis for this polymorphisms led to almost com-
plete loss of P2X; function [46,50]. However, there are no
previous reports on the association of this SNP with tuber-
culosis or other infections by intracellular bacteria. There-
fore, this work is the first demonstration of an association
between a genetic polymorphism of P2X; and enhanced sus-
ceptibility to tuberculosis, suggesting the importance of car-
rying out similar studies in populations with different
genetic backgrounds.

In contrast with the above results, we have not found a
significant association between the —762T/C variant of P2X;
and pulmonary tuberculosis. This finding also contrasts with
the report of Li ef al. on the protective association against
tuberculosis of the CC or C allele genotype of this SNP in a
Gambian population [30]. Although the putative mecha-
nism of protection by these genotypes has not been eluci-
dated, we consider our apparent discrepant results to be of
interest. It is feasible that in a Gambian population the
—762T/C variant of P2X; has an important effect on the
regulation of expression of this gene, and that in a Mexican
mestizo population this does not occur. This possibility is
supported by our results on P2X; detection in MNC by flow
cytometry, showing no apparent relationship between the
level of expression of P2X; and the —762T/C variant of this
gene. Therefore, we believe that it would be of interest to
determine the possible effect of —762T/C genotypes on P2X,
expression in those populations showing a protective effect
against tuberculosis.

In summary, our data indicate that the D543N and
3’-UTR variants of NRAMP1/SLC11 Al gene are not signifi-
cantly associated, as occurs in European ascendant popula-
tions, with pulmonary tuberculosis in Mexican mestizos. In
contrast, our results suggest strongly that in this population
the Glu496Ala mutation of P2X;, but not its —762T/C
variant, is associated with increased susceptibility for
M. tuberculosis infection. The precise mechanism(s)
accounting for this association, as well as its possible clinical
relevance, remain interesting points to be explored.
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