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Leprosy outcome is a complex trait and the host-pathogen-environment interaction defines the emergence of
the disease. Host genetic risk factors have been successfully associated to leprosy. The 10p13 chromosomal region
was linked to leprosy in familial studies and GATA3 gene is a strong candidate to be part of this association. Here,
we tested tag single nucleotide polymorphisms at GATA3 in two case-control samples from Brazil comprising a
total of 1633 individuals using stepwise strategy. The A allele of rs10905284 marker was associated with leprosy
resistance. Then, a functional analysis was conducted and showed that individuals carrying AA genotype express
higher levels of GATA-3 protein in lymphocytes. So, we confirmed that the rs10905284 is a locus associated to
leprosy and influences the levels of this transcription factor in the Brazilian population.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

Leprosy is still a public health problem exhibiting around 225,000
new cases by year, while Brazil ranks second in the number of patients
in the world (World Health Organization, 2014).

The disease is caused by the intracellular pathogen Mycobacterium
leprae, which has tropism for macrophages in skin and Schwann cells
in the nerves turning leprosy the primary cause of nerve incapacity
due to an infectious agent. M. leprae exhibits an extremely conserved
and compact genome associated with long generation time. This bacil-
lus is well adapted to the humans, but a large range of outcomes may
emerge from the interplay between host and mycobacterium, and indi-
viduals can either eliminate the bacteria or develop infection.

The spectrum of clinical forms of leprosy is based on clinical, immu-
nological, microbiological and histopathological criteria. The patients
can evolve to a localized form, known as tuberculoid (TT), or to a dis-
seminated form, named lepromatous (LL). This polar pattern of leprosy,
TT or LL disease, resembles a Th1 or Th2 profiles of immune response,
respectively (Modlin, 1994). The TT patients prevent the replication of
the bacillus by a cell mediated immune (CMI) response, while LL pa-
tients present a poor CMI resulting in bacterial persistence, replication
and spread throughout the body. Focusing on the treatment, the
World Health Organization (WHO) proposed a clinical classification
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based on the number of skin lesions, that includes paucibacillary (PB)
and multibacillary (MB) forms (World Health Organization, 1998).

Due to the low genetic variability of the pathogen and the diversity
of phenotypes emerging from its interaction to the host, it is assumed
that the host genetic background has a main role in the control of the
leprosy development (Monot et al., 2005; Alter et al., 2011). In fact,
twin studies showed the genetic influence in leprosy, revealing the
higher concordance rate of disease per se and clinical forms in monozy-
gotic than dizygotic pairs (Chakravartti and Vogel, 1973). Afterwards,
complex segregation analysis demonstrated the presence of a major
gene controlling the disease susceptibility (Abel and Demenais, 1988;
Lazaro et al,, 2010). Noteworthy, genetic epidemiology approaches are
consistently emphasizing the presence of a genetic control in leprosy.
A variety of genes and single nucleotide polymorphisms (SNPs)
influencing the susceptibility to leprosy were identified in different pop-
ulations: TNF/LTA/HLA (Roy et al., 1997; Santos et al., 2002; Cardoso
et al., 2011; Vanderborght et al., 2007; Alcais et al., 2007), IL10 (Santos
et al., 2002; Malhotra et al., 2005; Pereira et al., 2009), PARK2 and
PACRG (Mira et al., 2004), NOD2 (Zhang et al., 2009; Grant et al., 2012;
Sales-Marques et al., 2014), CCDC122 (Zhang et al., 2009; Grant et al.,
2012; Sales-Marques et al., 2014), IFNG (Cardoso et al., 2010), and
TLR1 (Marques et al., 2013).

Two genome-wide linkage studies for leprosy pointed peaks at the
10p13 chromosomal region. The first one, from India, described the
peak linked to the leprosy per se (Siddiqui et al., 2001). However, the
second, from Vietnam, concluded that this region is involved in PB lep-
rosy (Mira et al., 2003). The region contains many candidate genes and
among them some were associated to leprosy. Markers at the MRC1
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(mannose receptor, C type 1) gene were associated to the disease per se
or clinical forms in Vietnamese, Brazilian and Chinese populations
(Alter et al., 2010; Wang et al., 2012). Recently, a high-density associa-
tion scan was performed in two family-based samples from Vietnam,
and two SNPs were associated to MB leprosy at the CUBN and NEBL
genes (Grant et al., 2014).

GATA3 gene is located at 10p15 chromosomal region and is a strong
candidate gene to leprosy susceptibility since encodes the GATA-3 tran-
scription factor that induces Th2 immune response that favors the per-
missiveness to M. leprae replication and spread (Yang et al., 2014).
Besides, GATA-3 acts in other points of innate and adaptive immunity
such as T cells development, innate lymphoid cell development and
function, regulatory and CD8 + T cells as well as thymic natural killer
cells (Tindemans et al,, 2014).

Here, we investigated the association of GATA3 gene to leprosy using
a stepwise strategy in two case—control samples from Brazil enrolling
922 patients and 737 controls. Then, we verified the functional effect
of rs10905284 SNP at GATA3 on the expression of this gene.

2. Methods
2.1. Subjects and study design

The genetic epidemiology study enrolled 1659 individuals distribut-
ed in two independent case-control samples. A stepwise strategy was
adopted using a discovery and a replication population. These popula-
tions are well-characterized in previous studies (Marques et al., 2013;
Sales-Marques et al., 2014) and are detailed at the Supplementary
Table 1.

First, we tested seven markers in 768 individuals in the discovery
sample from endemic region of Rondonopolis, Mato Grosso State, locat-
ed at the west center of Brazil. Four-hundred eleven cases were assem-
bled from a specialized clinic and three-hundred fifty seven healthy
controls were recruited during the campaigns for detecting new leprosy
cases in public places of the region.

Then, SNPs associated in the discovery sample were investigated in a
replication sample comprising 871 individuals from Sdo Paulo State, lo-
cated at the southeastern region of Brazil that presents lower number of
leprosy cases. All leprosy cases (511 patients) were enrolled from the
outpatient clinic specialized in leprosy from Instituto Lauro de Souza
Lima. The control group (380 individuals) was derived from blood
donors.

Patients were classified according to the Ridley and Jopling criteria
(Ridley and Jopling, 1966). However, to evaluate the genetic effect of
GATA3 SNPs in the severity of leprosy, patients were classified into PB
and MB according to bacillary index. Patients presenting a positive
index were classified as MB and a negative index was condition to the
PB patients. The leprosy subtype distribution was 75% MB and 23% PB
in the discovery sample, and 76% MB and 19% PB in the replication
sample.

The maximum power of our sample to reveal the same effect of the
rs10905284 observed to leprosy per se in the leprosy subsets was 0.83,
using an additive model and one-side type I error rate of 0.05 for PB and
MB subsets (Table 1). In practice, a power of 80% to detect what we
want to test is advisable (Pacheco and Moraes, 2009).

Table 1
Power to detect the association of OR = 0.73 in the PB (n = 185) and MB subsets
(n = 655) considering the minor allele frequencies of the combined sample.

Stratum MAF? Model® Power Power

(@ = 0.05) (@ =001)
PB 0.44 ADD 0.83 0.61
MB 0.43 ADD 0.83 0.61

Abbreviation: PB — paucibacillary, MB — multibacillary.
2 MAF — minor allele frequency of each stratum in the combined sample.
b Genetic model — ADD (additive).

The study of the functional effect of rs10905284 at GATA3 gene was
based on the homozygous genotypes. We studied healthcare workers of
the Instituto Lauro de Souza Lima, all of them were women (eight pre-
senting the AA genotype and eight presenting the CC genotype).

This work was approved by the Ethics Committee from Instituto
Lauro de Souza Lima and all the protocols required were followed.

2.2. SNPs selection

To select tag SNPs to cover GATA3 gene we used the tagger
multimaker method considering the minor allele frequency of 0.1 in
the Yoruba population and a cutoff ? of 0.8 in International HapMap
Project database (http://hapmap.ncbi.nlm.nih.gov/). Thus, seven tag
SNPs across the GATA3 gene were picked, as follows: rs10905284,
151399180, rs2280015, rs3781094, rs3802604, rs444929 and rs569421.

2.3. DNA extraction and SNP genotyping

Genomic DNA was extracted from peripheral blood leukocytes sam-
ples by salting-out method. The genotyping of the discovery sample was
made using the GoldenGate assay with VeraCode technology in
BeadXpress reader (Illumina, Inc., San Diego, CA, USA). For the replica-
tion sample and to select the genotypes for the functional study, the
genotyping was made by allelic discrimination using fluorogenic probes
in TagMan SNP genotyping assay in StepOnePlus equipment (Applied
Biosystems, Foster City, CA, USA), according to the manufacturer's
instructions.

24. Peripheral blood mononuclear cell (PBMC) culture

Twenty-four milliliters of peripheral blood were collected from each
individual in heparinized tubes by venipuncture. PBMCs were obtained
by gradient centrifugation using Histopaque - 1077 (Sigma-Aldrich -
Saint Louis - USA) and total cell number was estimated by counting in
a Neubauer chamber. The concentration of the cell suspension was ad-
justed to 1.2 x 10° cells/ml and the cells were cultured for 48 h in 24-
well polystyrene plates at 37 °C in a humidified atmosphere of 5% CO».
RPMI 1640 medium supplemented with 10% serum fetal bovine and
1% antibiotics was used. Phytohemagglutinin (PHA, 8 pg/ml) or
M. leprae sonicated antigen (ML, 10 pg/ml) were used as stimuli;
unstimulated cultures (US) were kept on the same conditions as
controls. After 48 h, the supernatants were collected and stored at
— 80 °C for cytokine assay. Cells were used to analyze GATA-3 expres-
sion by flow cytometry.

2.5. Flow cytometry

For the analysis of GATA-3 expression, cells were harvested, washed
in phosphate buffered saline (PBS) pH 7.4 and submitted to blockage of
nonspecific sites for 1 h at 4 °C with normal mouse serum and normal
human serum. Lymphocytes were labeled employing anti-CD4 FITC
and CD69 PE (BD Biosciences, San Jose, CA, USA) for 1 h at 4 °C in the
dark. The cell suspension was washed twice with PBS containing 5%
fetal bovine serum. For GATA-3 labeling, cells were fixed and perme-
abilized using a specific kit (Buffer TranscriptionFactor Set BD Biosci-
ences, San Jose, CA, USA) and then incubated with anti-GATA-3
antibody labeled with AlexaFluor-647 (BD Biosciences, San Jose, CA,
USA) for 1 h at 4 °Cin the dark. To control the specificity of the reactions
we employed unrelated antibodies presenting the same isotype
and conjugated with the same fluorochrome (isotype controls, BD
Biosciences, San Jose, CA, USA).

Data collection was performed in a FACSCalibur flow cytometry (BD
Biosciences, San Jose, CA, USA), including a minimum of 10,000 events.
For data analyses we used the Flow]o software version 7.6.5 (2011) and
consider the mean fluorescence intensity values (MFI).
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2.6. Cytokines measurement by CBA

The cytokines IL-2, IL-4, IL-5, IL-10, TNF and IFN-y were measured
using a multiplex bead-based assay for Th1/Th2 profiles (CBA, BD
Biosciences, San Jose, CA, USA) according to the manufacturer's instruc-
tions. Data collection was performed in a FACSCalibur flow cytometry
(BD Biosciences, San Jose, CA, USA) and data were analyzed using
FCAP software version 3 (2011).

2.7. Statistical analyses

The frequencies of alleles, genotypes and minor allele carriers were
analyzed using logistic regression model to calculate the values of
odds ratio (OR). Besides, we performed analyses with adjusting for sex
and ethnicity covariates. The combined analysis was done applying
the same method and adjusting by origin population as a variable. The
analyses were performed using the R statistical software for Windows
(version 2.14.0). The p values <0.01 were taken as statistically signifi-
cant. We excluded from analyses the markers that failed the Hardy-
Weinberg test and/or presented a call rate lower than 95%. To confirm
the independent signals of the SNPs at GATA3 we measured the linkage
disequilibrium (LD) through r? statistics using the Haploview software,
version 4.2 (Barrett et al., 2005).

In both group of cases, the set of MB is more representative than PB
set. Therefore, we calculated if the subsets have a sufficient power to de-
tect the same association found for leprosy per se. The power estimate
was done using sample size and the minor allele frequency (MAF) of
each subset of cases and the odds ratio obtained for leprosy per se,
from the combined samples. For this analysis we used QUANTO Power
and Sample Size Program version 1.2.4 (Gauderman and Morrison,
2006).

Statistical analyses for the functional study were done using non-
parametric tests. A p-value lower than 0.05 was considered significant.
All analyses were performed using GraphPad Prism software version
5.01 (LaJolla, CA, USA; 2007).

3. Results

3.1. A allele of the rs10905284 SNP at GATA3 gene is associated to leprosy
resistance in Brazilian patients

Seven SNPs at the GATA3 gene were tested in 762 individuals of the
discovery sample. Among them, the rs10905284 marker was associated
to leprosy per se at p-value <0.01 (Table 2). The other six markers did
not present any association with leprosy (Supplementary Table 3).

The association of the rs10905284 in the discovery sample was ob-
served for CA genotype (OR 0.65; 95% CI 0.47-0.90; p = 0.0099) and
for carriers of the A allele (OR 0.67; 95% CI 0.50-0.92; p = 0.0117)
(Table 2). Thus, we tested this marker in a replication sample from
Sao Paulo State and the findings confirmed the association of the

Table 2

110905284 to leprosy per se for A carriers (OR 0.67; 95% CI 0.48-
0.92; p = 0.0151), heterozygous CA (OR 0.69; 95% C1 0.49-0.97; p =
0.0344), and also for homozygous AA (OR 0.61; 95% CI 0.40-0.93;
p = 0.0201) (Table 2).

A combined analysis was conducted joining the data from both sam-
ples and using the population covariate for adjustment of the analysis.
Significant associations with the combined population were observed
for CA (OR 0.67; 95% CI 0.53-0.85; p = 0.0009) and AA (OR 0.67; 95%
CI 0.50-0.89; p = 0.0056) genotypes; A carriers (OR 0.67; 95% CI
0.53-0.84; p = 0.0004), and for the A allele (OR 0.81; 95% CI 0.66-
0.98; p = 0.0341) (Table 3). We also made analyses considering clinical
forms for both samples but we did not find any statistical significance
(Supplementary Tables 4 and 2).

Ethnicity stratified analyses were performed and the same effect
was seen for Caucasoid and Mestizo subsets in both populations and
for the combined population (data not shown).

The linkage disequilibrium analysis including the seven markers
showed that rs10905284 has an independent signal (Fig. 1). From LD
analyses, two markers (rs3781094 and rs3802604) were in the same
bin in our population (r* = 0.96).

None of the SNPs evaluated deviated from Hardy-Weinberg
equilibrium (HWE).

3.2.1510905284 SNP at GATA3 gene modulates in vitro expression of GATA-3
in T cells

Next, we evaluated the expression of GATA-3 in CD4+ lympho-
cytes by flow cytometry to verify the influence of the rs10905284
genotype in the response against M. leprae antigens (Fig. 2).
Unstimulated cultures (US) showed a low expression of GATA-3.
When cells were stimulated with ML a subtle increase in the expres-
sion of GATA-3 was observed. After stimulation with PHA, an impor-
tant increase in the expression of this transcription factor in most of
the subjects, mainly in the individuals with AA genotype, was de-
tected (Fig. 2). When GATA-3 expression in stimulated cultures
was normalized by the values found in US cultures we observed a
higher expression of GATA-3 in AA individuals when compared to
CC after stimulation with PHA (Fig. 2, p = 0.0415).

We also investigated the T cells activation using CD69 as a marker.
However, there were no significant differences considering the geno-
types AA and CC to the expression of CD69 (Fig. 2).

3.3. 1510905284 SNP at GATA3 gene has no effect in the production of
cytokines

We also evaluated the production of the cytokines IL-2 (interleukin-
2), TNF (tumor necrosis factor), IFN-y (interferon-gamma), IL-4 (inter-
leukin-4), IL-5 (interleukin-5) and IL-10 (interleukin-10), according to
the genotype for the rs10905284 variant. There was no significant vari-
ation in the levels of these cytokines related to the genotype for

Allele, genotype and carrier frequencies of the rs10905284 polymorphism in case and control groups and logistic regression data for association with leprosy per se in the discovery sample

from Rondonopolis and replication sample from Sao Paulo State.

SNP rs10905284 Discovery sample (n = 762)

Replication sample (n = 871)

Control Case OR(95% CI) p-value OR(95% CI) p-value?® Control Case OR(95% CI) p-value OR(95% CI) p-value?®
Allele A 0.47 0.42 0.82 (0.62-1.10) 0.1813  0.82 (0.61-1.09) 0.1690 0.5 0.45 0.85 (0.65-1.11) 0.2346  0.79 (0.59-1.05) 0.0985
Allele C 0.53 0.58 * * 0.5 0.55 * *
AA 80(0.22) 87(021) 0.73(0.49-1.08)0.1186 0.72 (0.48-1.07) 0.1066 83 (023) 105 (0.21) 0.72 (0.49-1.07) 0.1004 0.61 (0.40-0.93) 0.0201
CA 176 (0.49) 170 (0.42) 0.65 (0.47-0.90) 0.0099 0.64 (0.46-0.89) 0.0084 191 (0.53) 255 (0.50) 0.76 (0.55-1.05) 0.0980 0.69 (0.49-0.97) 0.0344
cC 100 (0.28) 149 (0.37) * * 86(0.24) 151(030) * *
A Carrier 0.67 (0.50-0.92) 0.0117 0.67 (0.49-0.91) 0.0097 0.75 (0.55-1.02) 0.0649 0.67 (0.48-0.92) 0.0151

Bold values denote statistically significant results.
Abbreviation: OR — odds ratio; CI — confidence interval of 95%.

*Indicates the baseline for comparison.

2 OR e p-value were adjusted for covariates sex and ethnicity.
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Table 3

Allele, genotype and carrier frequencies of the rs10905284 polymorphism and logistic regression data for association with leprosy per se in the combined populations.

SNP rs10905284 Combined samples (n = 1633)
Control Case OR(95% CI) p-value OR(95% CI) p-value®

Allele A 0.48 0.44 0.84 (0.69-1.02) 0.085 0.81 (0.66-0.98) 0.0341
Allele C 0.52 0.56 * *

AA 163 (0.23) 192 (0.21) 0.73 (0.55-0.96) 0.0265 0.67 (0.50-0.89) 0.0056
CA 367 (0.51) 425 (0.46) 0.72 (0.57-0.90) 0.0048 0.67 (0.53-0.85) 0.0009
cC 186 (0.26) 300 (0.33) * *

A carrier 0.72 (0.58-0.90) 0.0032 0.67 (0.54-0.84) 0.0004

Bold values denote statistically significant results.
Abbreviation: OR — odds ratio; CI — confidence interval of 95%.
“Indicates the baseline for comparison.

b OR e p-value were adjusted for covariates sex, ethnicity and study.

rs10905284 SNP (Fig. 3). PHA and ML stimulated TNF and IL-10 produc-
tion in peripheral blood mononuclear cells (PBMCs), while only PHA in-
duced IFN-v and IL-5. The production of IL-2 and IL-4 was very low
regardless of the stimulus (data not shown). Of note, individuals with
CC genotype for rs10905284 SNP presented negative correlation be-
tween the levels of GATA-3 expression and the production of cytokines
IL-5 (r = —0.90; p<0.01) and IL-10 (r = —0.71; p = 0.03).

4. Discussion

Here, we investigated if GATA3 gene is associated to leprosy, since it
is a strong candidate because it is located in an interval of 6.5 Mb from
the previously published peak of linkage on chromosome 10p13 and
has an important role in immunology (Siddiqui et al., 2001; Mira et al.,
2003). For this, we applied a stepwise strategy in two Brazilian case-
control samples and we focused on markers covering the gene based
on linkage disequilibrium data of the HapMap. We found an association
of the rs10905284 polymorphism to leprosy per se that could be con-
firmed for the Brazilian population since we used two samples from dif-
ferent regions of the country. Besides, we looked for a functional
evidence for our data and we found changes in the expression of
GATA-3 dependent on the rs10905284 genotype.
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Fig. 1. Linkage disequilibrium (LD) map at seven polymorphisms (tagSNPs) from GATA3.
The number within boxes represents r? values, calculated by Haploview software (4.2).

Three genes at 10p13 region have already been associated to clinical
forms of leprosy. Non-synonymous variants at exon 7 of the MRC1 gene
were associated to MB form in Vietnamese and Brazilian (Alter et al.,
2010). SNPs at this gene were also associated to PB form in the Chinese
population (Wang et al., 2012). At the same region, CUBN and NEBL
genes were associated to MB leprosy in Vietnamese (Grant et al.,
2014). Thus, the original involvement of the 10p13 region with the clin-
ical form of leprosy seems to be reliable. However, this hypothesis does
not preclude some association of this region to leprosy per se since these
genes were also associated to leprosy per se (Alter et al., 2010; Grant
et al, 2014). Here, we did not find GATA3 markers associated to clinical
forms of the disease, although we maintained a reasonable power for
that (0.83). Thus, we can assume that the association found here also
does not explain the PB linkage peak at 10p13, but is indubitably a
strong association to leprosy per se.

The rs10905284 marker is located in an intron and close to the 3'UTR
region of the GATA3 gene. It is located just 1200 bp from the rs1058240
in the 3'UTR, which has three potential miRNA binding sites and influ-
ences the mRNA expression of GATA3 (Yang et al., 2014). Thus, is rea-
sonable speculate that the association seen to the rs10905284 can
reflect the effect of some causative marker at 3’'UTR. Nonetheless, our
data allow saying that the rs10905284 is a representative marker of
the GATA3 involvement in the leprosy susceptibility for Brazilian
population.

Polymorphisms in GATA3 gene have been associated with the occur-
rence of several diseases with inflammatory background such as asth-
ma, allergy and cancer (Guthikonda et al., 2014; Pykdldinen et al.,
2005; Glubb et al., 2015; Cook et al., 2014; Andrew et al., 2012;
Perez-Andreu et al., 2015; Chang et al., 2010; Arshad et al., 2008;
Wang et al., 2008). However, there are no reports regarding infectious
diseases. Also, no functional effect of variants at GATA3 on immune re-
sponse was already described, in spite of the broad effect of this tran-
scription factor (Tindemans et al., 2014).

Individuals with AA genotype associated to leprosy resistance
showed higher expression of GATA-3 protein. Besides, we have ob-
served a negative correlation between the levels of GATA-3 expression
and the production of IL-5 and IL-10 in individuals with CC genotype,
but no significant difference in the production of classical Th1 and Th2
cytokines considering the genotypes for rs10905284. Recent evidences
show that the role of this transcription factor goes beyond the induction
of Th2 differentiation, and includes the control of Treg cells function and
immune tolerance, since GATA-3 controls FoxP3 expression (Wang
et al,, 2011). GATA-3 is also involved in proliferation and survival of
CD8 + T cells (Wang et al., 2013), and in the development of some sub-
populations of natural killer (NK) cells (Vosshenrich et al., 2006). Exper-
iments including GATA3 knockout mice result in the complete ablation
of T-cell development (Yang et al., 2013). This transcription factor is
expressed on a variety of cell types and acts as a repressor or activator
of the transcription and more than 14,000 binding sites for GATA-3
have been identified in the DNA in human lymphocytes. GATA-3 also in-
fluences the pattern of methylation of various genes related to the
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immune response (Tindemans et al., 2014). Considering its broad range
of action, it is possible that GATA-3 acts in other points of the immune
response further than Th2 polarization, influencing the host-parasite
interaction and contributing to leprosy susceptibility. One of these
points can be the involvement of GATA-3 in the survival of CD8 + T
cells (Wang et al., 2013), that are important in the response against
M. leprae (Steinhoff and Kaufmann, 1988; Sasiain et al., 1992; De la
Barrera et al., 1997). In line with this idea, our data show association
of GATA3 with leprosy per se and not with the clinical form, that classi-
cally depends on the Th profile, suggesting the participation of GATA-3
also in events prior to the acquired immunity.

We demonstrated the association of the GATA3 gene to leprosy in
Brazilian. Besides, we verified an influence of the associated variant on
the expression of this transcription factor. No data regarding the GATA3
gene and infectious diseases is available in the literature. Thus, here we
presented a new gene associated to leprosy and a new fact to the better
understanding of the pathways involving GATA-3 in infectious diseases.

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.meegid.2016.01.015.

Acknowledgments

We thank all the individuals who participated in this study. This
study was supported by FAPESP Grant 2009/16873-8, CNPq/DECIT
Grant 576051/2008-0 and Fundagdo Paulista Contra a Hanseniase. PM
received a master fellowship from CAPES-DS and BBOG received a grad-
uation fellowship from FAPESP (Grant 2014/04143-3).

References

Abel, L, Demenais, F., 1988. Detection of major genes for susceptibility to leprosy and its
subtypes in a Caribbean island: Desirade island. Am. ]. Hum. Genet. 42, 256-266.
Alcais, A., Alter, A., Antoni, G., Orlova, M., Nguyen, V.T., Singh, M., Vanderborght, P.R.,
Katoch, K., Mira, M.T., Vu, H.T., Ngyuen, T.H., Nguyen, N.B., Moraes, M., Mehra, N.,
Schurr, E., Abel, L, 2007. Stepwise replication identifies a low-producing
lymphotoxin-alpha allele as a major risk factor for early-onset leprosy. Nat. Genet.

39, 517-522. http://dx.doi.org/10.1038/ng2000.

Alter, A., De Léséleuc, L., Van Thuc, N., Thai, V.H., Huong, N.T., Ba, N.N., Cardoso, C.C., Grant,
AV., Abel, L., Moraes, M.O., Alcais, A., Schurr, E., 2010. Genetic and functional analysis
of common MRC1 exon 7 polymorphisms in leprosy susceptibility. Hum. Genet. 127,
337-348. http://dx.doi.org/10.1007/s00439-009-0775-x.

Alter, A., Grant, A., Abel, L., Alcais, A., Schurr, E., 2011. Leprosy as a genetic disease. Mamm.
Genome 22, 19-31. http://dx.doi.org/10.1007/s00335-010-9287-1.

Andrew, AS., Hu, T,, Gu, J., Gui, ], Ye, Y., Marsit, CJ., Kelsey, K.T., Schned, AR, Tanyos, S.A.,
Pendleton, E.M., Mason, R.A., Morlock, E.V., Zens, M.S,, Li, Z., Moore, J.H., Wy, X.,
Karagas, M.R., 2012. HSD3B and gene-gene interactions in a pathway-based analysis
of genetic susceptibility to bladder cancer. PLoS One 7. http://dx.doi.org/10.1371/
journal.pone.0051301.

Arshad, S.H., Karmaus, W., Kurukulaaratchy, R., Sadeghnejad, A, Huebner, M., Ewart, S.,
2008. Polymorphisms in the interleukin 13 and GATA binding protein 3 genes and
the development of eczema during childhood. Br. ]. Dermatol. 158, 1315-1322.
http://dx.doi.org/10.1111/j.1365-2133.2008.08565.x.

Barrett, ].C,, Fry, B, Maller, J., Daly, M.J.,, 2005. Haploview: analysis and visualization of LD
and haplotype maps. Bioinformatics 21, 263-265. http://dx.doi.org/10.1093/
bioinformatics/bth457.

Cardoso, C.C., Pereira, a C., Brito-de-Souza, V.N., Dias-Baptista, .M., Maniero, V.C.,
Venturini, J., Vilani-Moreno, F.R., de Souza, F.C., Ribeiro-Alves, M., Sarno, E.N.,
Pacheco, a G., Moraes, M.O., 2010. IENG +874 T > A single nucleotide polymorphism
is associated with leprosy among Brazilians. Hum. Genet. 128, 481-490. http://dx.doi.
0org/10.1007/500439-010-0872-x.

Cardoso, C.C,, Pereira, A.C., Brito-de-Souza, V.N., Duraes, S.M.B., Ribeiro-Alves, M., Nery,
J.A.C, Francio, AS., Vanderborght, P.R., Parelli, F.P.C., Alter, A, Salgado, ].L., Sampaio,
E.P,, Santos, AR, Oliveira, M.LW.R,, Sarno, E.N., Schurr, E., Mira, M.T., Pacheco, A.G.,
Moraes, M.O., 2011. TNF — 308G > A single nucleotide polymorphism is associated
with leprosy among Brazilians: a genetic epidemiology assessment, meta-analysis,
and functional study. ]. Infect. Dis. 204, 1256-1263. http://dx.doi.org/10.1093/infdis/
jir521.

Chakravartti, M., Vogel, F.,, 1973. A Twin Study on Leprosy (Topics in Human Genetics).

Chang, ].S., Wiemels, ].L., Chokkalingam, A.P., Metayer, C., Barcellos, L.F., Hansen, H.M.,
Aldrich, M.C,, Guha, N., Urayama, K.Y., Scelo, G., Green, ]J., May, S.L, Kiley, V.A.,
Wiencke, ].K., Buffler, P.A., 2010. Genetic polymorphisms in adaptive immunity
genes and childhood acute lymphoblastic leukemia. Cancer Epidemiol. Biomark.
Prev. 19, 2152-2163. http://dx.doi.org/10.1158/1055-9965.EPI-10-0389.

Cook, M.B.,, Wang, Z., Yeboah, E.D., Tettey, Y., Biritwum, R.B., Adjei, A.A,, Tay, E., Truelove,
A., Niwa, S., Chung, C.C,, Chokkalingam, A.P., Chu, LW., Yeager, M., Hutchinson, A., Yu,
K, Rand, KA, Haiman, C.A., Hoover, RN, Hsing, A.W., Chanock, SJ., 2014. A genome-

wide association study of prostate cancer in West African men. Hum. Genet. 133,
509-521. http://dx.doi.org/10.1007/s00439-013-1387-z.

De la Barrera, S., Finiasz, D.M,, Fink, S., Valdez, R., Bottasso, O., Balina, L.M., Sasiain, M.C.,
1997. Differential development of CD4 and CD8 cytotoxic T cells (CTL) in PBMC across
the leprosy spectrum,; IL-6 with IFN-gamma or IL-2 generate CTL in multibacillary pa-
tients. Int. ]. Lepr. Other Mycobact. Dis. 65, 45-55.

Gauderman, W J., Morrison, J., 2006. QUANTO 1.1: a computer program for power and
sample size calculations for genetic-epidemiology studies. [WWW Document].
http://hydra.usc.edu/gxe (URL http://biostats.usc.edu/software accessed 2.13.15).

Glubb, D.M., Maranian, M,J., Michailidou, K., Pooley, K.A., Meyer, K.B., Kar, S., Carlebur, S.,
O'Reilly, M., Betts, J.A,, Hillman, K.M., Kaufmann, S., Beesley, ], Canisius, S., Hopper, J.L.,
Southey, M.C., Tsimiklis, H., Apicella, C., Schmidt, M.K., Broeks, A., Stegmaier, C.,
Meindl, A., Schmutzler, R.K., Brauch, H., Ko, Y.-D., Briining, T., Nevanlinna, H.,
Muranen, T.A., Aittomdki, K., Blomqvist, C., Matsuo, K., Ito, H., Iwata, H., Tanaka, H.,
Dork, T., Bogdanova, N.V., Helbig, S., Lindblom, A., Hogervorst, F.B., van der Schoot,
C.E., Muir, K., Lophatananon, A., Stewart-Brown, S., Siriwanarangsan, P., Fasching,
P.A., Ruebner, M., Ekici, A.B., Beckmann, M.W.,, Peto, ]., dos-Santos-Silva, ., Fletcher,
0., Johnson, N., Pharoah, P.D.P., Bolla, M.K., Wang, Q., Dennis, ]., Sawyer, E.J.,
Tomlinson, L., Kerin, M.J., Miller, N., Burwinkel, B., Marme, F., Yang, R., Surowy, H.,
Guénel, P., Truong, T., Menegaux, F., Sanchez, M., Bojesen, S.E., Nordestgaard, B.G.,
Nielsen, S.F,, Flyger, H., Gonzdlez-Neira, A., Benitez, ]., Zamora, M.P,, Arias Perez, J.I,
Anton-Culver, H., Neuhausen, S.L., Brenner, H., Dieffenbach, AK. Arndt, V.,
Stegmaier, C., Meindl, A., Schmutzler, R.K., Brauch, H., Ko, Y.-D., Briining, T.,
Nevanlinna, H., Muranen, T.A., Aittomdki, K., Blomqvist, C., Matsuo, K., Ito, H., Iwata,
H., Tanaka, H., Dork, T., Bogdanova, N.V., Helbig, S., Lindblom, A., Margolin, S.,
Mannermaa, A., Kataja, V., Kosma, V.-M., Hartikainen, ].M., Wu, A.H,, Tseng, C., Van
Den Berg, D., Stram, D.O., Lambrechts, D., Zhao, H., Weltens, C., van Limbergen, E.,
Chang-Claude, J., Flesch-Janys, D., Rudolph, A., Seibold, P., Radice, P., Peterlongo, P.,
Barile, M., Capra, F., Couch, FJ., Olson, J.E., Hallberg, E., Vachon, C,, Giles, G.G., Milne,
R.L., McLean, C., Haiman, C.A., Henderson, B.E., Schumacher, F., Le Marchand, L.,
Simard, J., Goldberg, M.S., Labréche, F., Dumont, M., Teo, S.H., Yip, C.H., See, M.-H.,
Cornes, B., Cheng, C.-Y., Ikram, M.K., Kristensen, V., Zheng, W., Halverson, S.L.,
Shrubsole, M., Long, J., Winqvist, R., Pylkas, K., Jukkola-Vuorinen, A., Kauppila, S.,
Andrulis, L., Knight, J.A., Glendon, G., Tchatchou, S., Devilee, P., Tollenaar, R.A.E.M.,
Seynaeve, C., Van Asperen, CJ., Garcia-Closas, M., Figueroa, J., Chanock, SJ.,
Lissowska, ]., Czene, K., Klevebring, D., Darabi, H., Eriksson, M., Hooning, M.,
Hollestelle, A., Martens, ].W.M., Collée, ].M., Hall, P., Li, J., Humphreys, K., Shu, X.-O.,
Lu, W, Gao, Y.-T,, Cai, H., Cox, A., Cross, S.S., Reed, M.W.R,, Blot, W., Signorello, L.B.,
Cai, Q., Shah, M., Ghoussaini, M., Kang, D., Choi, J.-Y., Park, S.K, Noh, D.-Y., Hartman,
M., Miao, H.,, Lim, W.Y,, Tang, A., Hamann, U., Torres, D., Jakubowska, A., Lubinski, J.,
Jaworska, K., Durda, K., Sangrajrang, S., Gaborieau, V., Brennan, P., McKay, ]J.,
Olswold, C,, Slager, S., Toland, A.E., Yannoukakos, D., Shen, C.-Y., Wu, P.-E., Yu, ].-C,,
Hou, M.-F,, Swerdlow, A., Ashworth, A,, Orr, N., Jones, M., Pita, G., Alonso, M.R.,
Alvarez, N., Herrero, D., Tessier, D.C., Vincent, D., Bacot, F., 2015. Fine-scale mapping
of the 5q11.2 breast cancer locus reveals at least three independent risk variants reg-
ulating MAP3K1. Am. ]. Hum. Genet. 96, 5-20. http://dx.doi.org/10.1016/j.ajhg.2014.
11.009.

Grant, A.V.,, Alter, A., Huong, N.T., Orlova, M., Van Thuc, N., Ba, N.N., Thai, V.H., Abel, L.,
Schurr, E., Alcais, A., 2012. Crohn's disease susceptibility genes are associated with
leprosy in the Vietnamese population. ]. Infect. Dis. 206, 1763-1767. http://dx.doi.
org/10.1093/infdis/jis588.

Grant, A.V., Cobat, A., Van Thuc, N., Orlova, M., Huong, N.T., Gaschignard, J., Alter, A., Ba,
N.N,, Thai, V.H., Abel, L., Alcais, A., Schurr, E., 2014. CUBN and NEBL common variants
in the chromosome 10p13 linkage region are associated with multibacillary leprosy
in Vietnam. Hum. Genet. 133, 833-893. http://dx.doi.org/10.1007/s00439-014-
1430-8.

Guthikonda, K., Zhang, H., Nolan, V.G., Soto-Ramirez, N., Ziyab, A.H., Ewart, S., Arshad, H.S.,
Patil, V., Holloway, J.W., Lockett, G. a, Karmaus, W., 2014. Oral contraceptives modify
the effect of GATA3 polymorphisms on the risk of asthma at the age of 18 years via
DNA methylation. Clin. Epigenetics 6, 17. http://dx.doi.org/10.1186/1868-7083-6-17.

Lazaro, F.P., Werneck, R, Mackert, C.C.O., Cobat, A., Prevedello, F.C., Pimentel, R.P.,
Macedo, G.M.M.,, Eleutério, M. a M., Vilar, G., Abel, L., Xavier, M.B., Alcais, A., Mira,
M.T., 2010. A major gene controls leprosy susceptibility in a hyperendemic isolated
population from north of Brazil. . Infect. Dis. 201, 1598-1605. http://dx.doi.org/10.
1086/652007.

Malhotra, D., Darvishi, K., Sood, S., Sharma, S., Grover, C., Relhan, V., Reddy, B.S.N.,
Bamezai, R.N.K,, 2005. IL-10 promoter single nucleotide polymorphisms are signifi-
cantly associated with resistance to leprosy. Hum. Genet. 118, 295-300. http://dx.
doi.org/10.1007/s00439-005-0042-8.

Marques, C.D.S., Brito-de-Souza, V.N., Guerreiro, L.T.A., Martins, J.H., Amaral, E.P., Cardoso,
C.C., Dias-Batista, LM.F.,, Silva, W.L. Da, Nery, J.A.C., Medeiros, P., Gigliotti, P.,
Campanelli, A.P., Virmond, M., Sarno, E.N., Mira, M.T,, Lana, F.C.F., Caffarena, E.R.,
Pacheco, A.G., Pereira, A.C., Moraes, M.O., 2013. Toll-like receptor 1 N248S single-
nucleotide polymorphism is associated with leprosy risk and regulates immune acti-
vation during mycobacterial infection. J. Infect. Dis. 208, 120-129. http://dx.doi.org/
10.1093/infdis/jit133.

Mira, M.T., Alcai, A, Moraes, M.O., Flumeri, C. Di, Thai, V.H., Khoa, P.X,, Sarno, E.N,, Alter, A.,
Montpetit, A., Gallant, CJ., Lepage, P., Verner, A., Vosse, E. Van De, 2004. Susceptibility
to Leprosy is Associated With PARK2 and PACRG 427. pp. 636-640 http://dx.doi.org/
10.1038/nature02287.1.

Mira, M.T., Alcais, A., Van Thuc, N., Thai, V.H., Huong, N.T., Ba, N.N., Verner, A.,
Hudson, T.J., Abel, L., Schurr, E., 2003. Chromosome 6q25 is linked to susceptibil-
ity to leprosy in a Vietnamese population. Nat. Genet. 33, 412-415. http://dx.doi.
org/10.1038/ng1096.

Modlin, R.L, 1994. Th1-Th2 paradigm: insights from leprosy. ]. Invest. Dermatol. 106,
828-832.


http://dx.doi.org/10.1016/j.meegid.2016.01.015
http://dx.doi.org/10.1016/j.meegid.2016.01.015
http://refhub.elsevier.com/S1567-1348(16)30015-6/rf0005
http://refhub.elsevier.com/S1567-1348(16)30015-6/rf0005
http://dx.doi.org/10.1038/ng2000
http://dx.doi.org/10.1007/s00439-009-0775-x
http://dx.doi.org/10.1007/s00335-010-9287-1
http://dx.doi.org/10.1371/journal.pone.0051301
http://dx.doi.org/10.1371/journal.pone.0051301
http://dx.doi.org/10.1111/j.1365-2133.2008.08565.x
http://dx.doi.org/10.1093/bioinformatics/bth457
http://dx.doi.org/10.1093/bioinformatics/bth457
http://dx.doi.org/10.1007/s00439-010-0872-x
http://dx.doi.org/10.1093/infdis/jir521
http://dx.doi.org/10.1093/infdis/jir521
http://refhub.elsevier.com/S1567-1348(16)30015-6/rf0050
http://dx.doi.org/10.1158/1055-9965.EPI-10-0389
http://dx.doi.org/10.1007/s00439-013-1387-z
http://refhub.elsevier.com/S1567-1348(16)30015-6/rf0065
http://refhub.elsevier.com/S1567-1348(16)30015-6/rf0065
http://refhub.elsevier.com/S1567-1348(16)30015-6/rf0065
http://hydra.usc.edu/gxe
http://biostats.usc.edu/software
http://dx.doi.org/10.1016/j.ajhg.2014.11.009
http://dx.doi.org/10.1016/j.ajhg.2014.11.009
http://dx.doi.org/10.1093/infdis/jis588
http://dx.doi.org/10.1007/s00439-014-1430-8
http://dx.doi.org/10.1007/s00439-014-1430-8
http://dx.doi.org/10.1186/1868-7083-6-17
http://dx.doi.org/10.1086/652007
http://dx.doi.org/10.1086/652007
http://dx.doi.org/10.1007/s00439-005-0042-8
http://dx.doi.org/10.1093/infdis/jit133
http://dx.doi.org/10.1038/nature02287.1
http://dx.doi.org/10.1038/ng1096
http://refhub.elsevier.com/S1567-1348(16)30015-6/rf0125
http://refhub.elsevier.com/S1567-1348(16)30015-6/rf0125

200 P. Medeiros et al. / Infection, Genetics and Evolution 39 (2016) 194-200

Monot, M., Honoré, N., Garnier, T., Araoz, R., Coppée, ].-Y., Lacroix, C., Sow, S., Spencer, ].S.,
Truman, RW,, Williams, D.L., Gelber, R., Virmond, M., Flageul, B., Cho, S.-N,, Ji, B.,
Paniz-Mondolfi, A, Convit, ]., Young, S., Fine, P.E., Rasolofo, V., Brennan, P.J., Cole,
S.T., 2005. On the origin of leprosy. Science 308, 1040-1042. http://dx.doi.org/10.
1126/science/1109759.

Pacheco, A.G., Moraes, M.O., 2009. Genetic polymorphisms of infectious diseases in case-
control studies. Dis. Markers 27, 173-186. http://dx.doi.org/10.3233/DMA-2009-
0654.

Pereira, a C., Brito-de-Souza, V.N., Cardoso, C.C., Dias-Baptista, I.M.F., Parelli, F.P.C.,
Venturini, J., Villani-Moreno, F.R., Pacheco, a G., Moraes, M.0., 2009. Genetic, epidemi-
ological and biological analysis of interleukin-10 promoter single-nucleotide poly-
morphisms suggests a definitive role for —819C/T in leprosy susceptibility. Genes
Immun. 10, 174-180. http://dx.doi.org/10.1038/gene.2008.97.

Perez-Andreu, V., Roberts, K.G., Xu, H,, Smith, C,, Zhang, H., Yang, W., Harvey, R.C., Payne-
Turner, D., Devidas, M., Cheng, 1.-M.,, Carroll, W.L, Heerema, N.A,, Carroll, AJ., Raetz,
E.A,, Gastier-Foster, ].M., Marcucci, G., Bloomfield, C.D., Mrézek, K., Kohlschmidyt, .,
Stock, W., Kornblau, S.M., Konopleva, M., Paietta, E., Rowe, .M., Luger, S.M,,
Tallman, M.S., Dean, M., Burchard, E.G., Torgerson, D.G., Yue, F., Wang, Y., Pui, C.-H.,
Jeha, S, Relling, M.V., Evans, W.E,, Gerhard, D.S., Loh, M.L., Willman, C.L., Hunger,
S.P., Mullighan, C.G,, Yang, JJ,, 2015. A genome-wide association study of susceptibil-
ity to acute lymphoblastic leukemia in adolescents and young adults. Blood 125,
680-686. http://dx.doi.org/10.1182/blood-2014-09-595744.

Pykdldinen, M., Kinos, R., Valkonen, S., Rydman, P., Kilpeldinen, M., Laitinen, L.A.,
Karjalainen, J., Nieminen, M., Hurme, M., Kere, ]., Laitinen, T., Lahesmaa, R., 2005. As-
sociation analysis of common variants of STAT6, GATA3, and STAT4 to asthma and
high serum IgE phenotypes. J. Allergy Clin. Immunol. 115, 80-87. http://dx.doi.org/
10.1016/j.jaci.2004.10.006.

Ridley, D.S., Jopling, W.H., 1966. Classification of leprosy according to immunity — a five-
group system. Int. ]. Lepr. Other Mycobact. Dis. 34, 225-273.

Roy, S., McGuire, W., Mascie-Taylor, C.G., Saha, B., Hazra, S.K, Hill, A.V., Kwiatkowski, D.,
1997. Tumor necrosis factor promoter polymorphism and susceptibility to leproma-
tous leprosy. J. Infect. Dis. 176, 530-532.

Sales-Marques, C., Salomdo, H., Fava, V.M., Alvarado-Arnez, L.E., Amaral, E.P., Cardoso, C.C,,
Dias-Batista, .M.F., da Silva, W.L., Medeiros, P., da Cunha Lopes Virmond, M., Lana,
F.C.F.,, Pacheco, A.G., Moraes, M.O., Mira, M.T., Pereira Latini, A.C., 2014. NOD2 and
CCDC122-LACC1 genes are associated with leprosy susceptibility in Brazilians. Hum.
Genet. 133, 1525-1532. http://dx.doi.org/10.1007/s00439-014-1502-9.

Santos, AR, Suffys, P.N., Vanderborght, P.R., Moraes, M.O., Vieira, LM.M., Cabello, P.H.,
Bakker, A.M., Matos, HJ., Huizinga, T.W ]., Ottenhoff, T.H.M., Sampaio, E.P., Sarno,
E.N., 2002. Role of tumor necrosis factor-alpha and interleukin-10 promoter gene
polymorphisms in leprosy. J. Infect. Dis. 186, 1687-1691. http://dx.doi.org/10.1086/
345366.

Sasiain, M.C., De la Barrera, S., Minnucci, F., Valdez, R., De Bracco, M.M.E., Balina, L.M.,
1992. T-cell-mediated cytotoxicity against Mycobacterium antigen-pulsed autologous
macrophages in leprosy patients. Infect. Immun. 60, 3389-3395.

Siddiqui, M.R., Meisner, S., Tosh, K., Balakrishnan, K., Ghei, S., Fisher, S.E., Golding, M.,
Narayan, N.P.S,, Sitaraman, T., Sengupta, U., Hill, A.V.S., 2001. A major susceptibility
locus for leprosy in India maps to chromosome 10p13. Nat. Genet. 27, 439-441.

Steinhoff, U., Kaufmann, S.H.E., 1988. Specific lysis by CD8 + T cells of Schwann cells ex-
pressing Mycobacterium leprae antigens. Eur. J. Immunol. 18, 969-972.

Tindemans, I, Serafini, N., Di Santo, J.P., Hendriks, R.W., 2014. GATA-3 function in innate
and adaptive immunity. Immunity 41, 191-206. http://dx.doi.org/10.1016/j.
immuni.2014.06.006.

Vanderborght, P.R., Pacheco, A.G., Moraes, M.E., Antoni, G., Romero, M., Verville, A., Thai,
V.H., Huong, N.T., Ba, N.N,, Schurr, E., Sarno, E.N., Moraes, M.O., 2007. HLA-DRB1*04
and DRB1*10 are associated with resistance and susceptibility, respectively, in
Brazilian and Vietnamese leprosy patients. Genes Immun. 8, 320-324. http://dx.doi.
org/10.1038/sj.gene.6364390.

Vosshenrich, C. a J., Garcia-Ojeda, M.E., Samson-Villéger, S.I, Pasqualetto, V., Enault, L.,
Richard-Le Goff, O., Corcuff, E., Guy-Grand, D., Rocha, B., Cumano, A., Rogge, L.,
Ezine, S., Di Santo, ].P., 2006. A thymic pathway of mouse natural killer cell develop-
ment characterized by expression of GATA-3 and CD127. Nat. Immunol. 7,
1217-1224. http://dx.doi.org/10.1038/ni1395.

Wang, D., Feng, J.Q., Li, Y.Y., Zhang, D.F., Li, X.A,, Li, QW., Yao, Y.G., 2012. Genetic variants
of the MRC1 gene and the IFNG gene are associated with leprosy in Han Chinese from
Southwest China. Hum. Genet. 131, 1251-1260. http://dx.doi.org/10.1007/s00439-
012-1153-7.

Wang, Y., Misumi, ., Gu, A.-D., Curtis, T.A,, Su, L., Whitmire, ].K., Wan, Y.Y., 2013. GATA-3
controls the maintenance and proliferation of T cells downstream of TCR and cyto-
kine signaling. Nat. Immunol. 14, 714-722. http://dx.doi.org/10.1038/ni.2623.

Wang, Y., Su, M.A, Wan, Y.Y., 2011. An essential role of the transcription factor GATA-3 for
the function of regulatory T Cells. Immunity 35, 337-348. http://dx.doi.org/10.1016/].
immuni.2011.08.012.

Wang, X.-D., Zhang, L., Duan, H., She, W.-Y., Zhao, Y., Liu, S., Han, D.-M., 2008. Association
of single nucleotide polymorphisms of GATA3 with allergic rhinitis phenotypes in
Chinese. Zhonghua Er Bi Yan Hou Tou Jing Wai Ke Za Zhi 43, 494-498.

World Health Organization, 1998. WHO Model Prescribing Information Drugs Used in
Leprosy.

World Health Organization, 2014. Global leprosy update, 2013; reduncing disease burden.
WKkly Epidemiol. Rec. 89, 389-400.

Yang, F.,, Chen, F.,, Gu, ], Zhang, W., Luo, ]., Guan, X., 2014. Genetic variant rs1058240 at the
microRNA-binding site in the GATA3 gene may regulate its mRNA expression.
Biomed. Rep. 2, 404-407. http://dx.doi.org/10.3892/br.2014.254.

Yang, Q., Monticelli, L. a, Saenz, S. a, Chi, AW.-S., Sonnenberg, G.F., Tang, ]., De Obaldia,
M.E.,, Bailis, W., Bryson, J.L., Toscano, K., Huang, J., Haczku, A., Pear, W.S., Artis, D.,
Bhandoola, A., 2013. T cell factor 1 is required for group 2 innate lymphoid cell gen-
eration. Immunity 38, 694-704. http://dx.doi.org/10.1016/j.immuni.2012.12.003.

Zhang, F.-R,, Huang, W., Chen, S.-M,, Sun, L.-D., Liu, H,, Li, Y., Cui, Y., Yan, X.-X,, Yang, H.-T.,
Yang, R.-D., Chuy, T.-S., Zhang, C., Zhang, L., Han, ].-W.,, Yu, G.-Q,, Quan, C, Yu, Y.-X,,
Zhang, Z., Shi, B.-Q,, Zhang, L.-H., Cheng, H., Wang, C--Y., Lin, Y., Zheng, H.-F,, Fu, X.-
A., Zuo, X.-B.,, Wang, Q., Long, H., Sun, Y.-P., Cheng, Y.-L., Tian, H.-Q., Zhou, F.-S., Liu,
H.-X, Lu, W.-S., He, S.-M., Du, W.-L,, Shen, M, Jin, Q.-Y., Wang, Y., Low, H.-Q., Erwin,
T., Yang, N.-H., Li, J.-Y., Zhao, X,, Jiao, Y.-L,, Mao, L.-G,, Yin, G., Jiang, Z.-X., Wang, X.-
D., Yu, J.-P,, Hu, Z.-H,, Gong, C.-H., Liu, Y.-Q, Liu, R.-Y., Wang, D.-M., Wei, D., Liu, .-
X., Cao, W.-K,, Cao, H.-Z, Li, Y.-P., Yan, W.-G., Wei, S.-Y., Wang, K.-]., Hibberd, M.L.,
Yang, S., Zhang, X.-J., Liu, J.-J., 2009. Genomewide association study of leprosy. N.
Engl. J. Med. 361, 2609-2618. http://dx.doi.org/10.1056/NEJM0a0903753.


http://dx.doi.org/10.1126/science/1109759
http://dx.doi.org/10.1126/science/1109759
http://dx.doi.org/10.3233/DMA-2009-0654
http://dx.doi.org/10.3233/DMA-2009-0654
http://dx.doi.org/10.1038/gene.2008.97
http://dx.doi.org/10.1182/blood-2014-09-595744
http://dx.doi.org/10.1016/j.jaci.2004.10.006
http://refhub.elsevier.com/S1567-1348(16)30015-6/rf0155
http://refhub.elsevier.com/S1567-1348(16)30015-6/rf0155
http://refhub.elsevier.com/S1567-1348(16)30015-6/rf0160
http://refhub.elsevier.com/S1567-1348(16)30015-6/rf0160
http://dx.doi.org/10.1007/s00439-014-1502-9
http://dx.doi.org/10.1086/345366
http://dx.doi.org/10.1086/345366
http://refhub.elsevier.com/S1567-1348(16)30015-6/rf0175
http://refhub.elsevier.com/S1567-1348(16)30015-6/rf0175
http://refhub.elsevier.com/S1567-1348(16)30015-6/rf0180
http://refhub.elsevier.com/S1567-1348(16)30015-6/rf0180
http://refhub.elsevier.com/S1567-1348(16)30015-6/rf0185
http://refhub.elsevier.com/S1567-1348(16)30015-6/rf0185
http://refhub.elsevier.com/S1567-1348(16)30015-6/rf0185
http://dx.doi.org/10.1016/j.immuni.2014.06.006
http://dx.doi.org/10.1016/j.immuni.2014.06.006
http://dx.doi.org/10.1038/sj.gene.6364390
http://dx.doi.org/10.1038/ni1395
http://dx.doi.org/10.1007/s00439-012-1153-7
http://dx.doi.org/10.1007/s00439-012-1153-7
http://dx.doi.org/10.1038/ni.2623
http://dx.doi.org/10.1016/j.immuni.2011.08.012
http://dx.doi.org/10.1016/j.immuni.2011.08.012
http://refhub.elsevier.com/S1567-1348(16)30015-6/rf0220
http://refhub.elsevier.com/S1567-1348(16)30015-6/rf0220
http://refhub.elsevier.com/S1567-1348(16)30015-6/rf0220
http://refhub.elsevier.com/S1567-1348(16)30015-6/rf0225
http://refhub.elsevier.com/S1567-1348(16)30015-6/rf0225
http://refhub.elsevier.com/S1567-1348(16)30015-6/rf0230
http://refhub.elsevier.com/S1567-1348(16)30015-6/rf0230
http://dx.doi.org/10.3892/br.2014.254
http://dx.doi.org/10.1016/j.immuni.2012.12.003
http://dx.doi.org/10.1056/NEJMoa0903753

	The GATA3 gene is involved in leprosy susceptibility in Brazilian patients
	1. Introduction
	2. Methods
	2.1. Subjects and study design
	2.2. SNPs selection
	2.3. DNA extraction and SNP genotyping
	2.4. Peripheral blood mononuclear cell (PBMC) culture
	2.5. Flow cytometry
	2.6. Cytokines measurement by CBA
	2.7. Statistical analyses

	3. Results
	3.1. A allele of the rs10905284 SNP at GATA3 gene is associated to leprosy resistance in Brazilian patients
	3.2. rs10905284 SNP at GATA3 gene modulates in vitro expression of GATA-3 in T cells
	3.3. rs10905284 SNP at GATA3 gene has no effect in the production of cytokines

	4. Discussion
	Acknowledgments
	References


