Genetic variants of the MRC1 gene and the
[FNG gene are associated with leprosy in
Han Chinese from Southwest China

Dong Wang, Jia-Qi Feng, Yu-Ye Li,
Deng-Feng Zhang, Xiao-An Li, Qing-
Wei Li & Yong-Gang Yao

Human Genetics
ISSN 0340-6717

Volume 131
Number 7

Hum Genet (2012) 131:1251-1260 H I I I
DOI 10.1007/s00439-012-1153-7 u a n
G t.

,

@ Springer



Your article is protected by copyright and

all rights are held exclusively by Springer-
Verlag. This e-offprint is for personal use only
and shall not be self-archived in electronic
repositories. If you wish to self-archive your
work, please use the accepted author’s
version for posting to your own website or
your institution’s repository. You may further
deposit the accepted author’s version on a
funder’s repository at a funder’s request,
provided it is not made publicly available until
12 months after publication.

@ Springer



Hum Genet (2012) 131:1251-1260
DOI 10.1007/s00439-012-1153-7

ORIGINAL INVESTIGATION

Genetic variants of the MRCI1 gene and the IFNG gene are
associated with leprosy in Han Chinese from Southwest China

Dong Wang - Jia-Qi Feng + Yu-Ye Li -
Deng-Feng Zhang - Xiao-An Li * Qing-Wei Li -
Yong-Gang Yao

Received: 8 August 2011/ Accepted: 19 February 2012 /Published online: 6 March 2012

© Springer-Verlag 2012

Abstract Leprosy is an ancient infectious disease, with
over 200,000 affected people (mainly in Asia and Africa)
being registered annually. Genetic factors may confer
susceptibility to this disease. In the present study, we
genotyped 12 genetic variants of the MRCI gene and the
IFNG gene in 527 Han Chinese with leprosy and 583
healthy individuals from Yunnan, China, to discern
potential association of these two genes with leprosy. In
particular, we aimed to validate the recently reported
association of MRCI variant rs1926736 (p.G396S) and
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IFNG variant 152430561 (4-874 T > A) with leprosy, which
were initially observed in Vietnamese and Brazilian pop-
ulations, respectively. Our results failed to confirm the
reported association between variants rs1926736 and
rs2430561 and leprosy in Han Chinese. However, we found
that variants rs692527 (P = 0.022) and rs34856358
(P = 0.022) of the MRCI gene were associated with pau-
cibacillary leprosy, and rs3138557 of the IFNG gene was
significantly associated with multibacillary leprosy. The
exact role of the MRC1 gene and the IFNG gene in leprosy
awaits future study.

Introduction

Leprosy is a chronic infectious and neurological disease
that was caused by the infection of Mycobacterium leprae
(Britton and Lockwood 2004). According to the latest
information released by the World Health Organization
(WHO 2010), the newly registered leprosy patients reached
211,903 at the beginning of 2010 and many regions in the
world have not achieved the leprosy elimination goal.
China had achieved the goal of leprosy elimination in 1981
at country level, but there are many new features con-
cerning the epidemiological trends of leprosy in recent
years in those regions that had eliminated leprosy (Li et al.
2011). Evidently, leprosy remains and will continue to be a
public health problem (WHO 2010).

Because the causative agent, M. leprae, could not be
cultured in vitro and had an eroded genome (Cole et al.
2001; Misch et al. 2010; Monot et al. 2009), the exact
mechanism of leprosy has not been completely elucidated
in spite of decades of research. Host genetic factors con-
tributed to susceptibility to leprosy (Alcais et al. 2005;
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Alter et al. 2011; Misch et al. 2010). Many genetic asso-
ciation studies have identified a variety of chromosomal
regions, genes, and single nucleotide polymorphisms
(SNPs) that affected the susceptibility to leprosy in dif-
ferent human populations (Alcais et al. 2005; Alter et al.
2011; Cardoso et al. 2011; Mira et al. 2003; Misch et al.
2010; Siddiqui et al. 2001; Tosh et al. 2002; Zhang et al.
2009, 2011). However, due to regional difference and
potential population stratification, many of the reported
susceptible loci and SNPs were not always validated by
independent studies or in different populations. This is
particularly common for case—control study for certain
candidate gene(s) and also poses a daunting challenge for
validating the results from the recently available genome-
wide association study (GWAS).

In two recent studies, genetic polymorphisms in the
MRCI1 gene (mannose receptor, C-type 1; rs1926736,
c.1186A > G, p.G396S) and the IFNG gene (interferon-
gamma; rs2430561, +874 T > A) were reported to be
associated with leprosy in Vietnamese and Brazilian pop-
ulations, respectively (Alter et al. 2010; Cardoso et al.
2010). These positive observations are consistent with the
notion that these two genes play an active role in innate
immune response which is actively involved in the patho-
genesis of leprosy (Modlin 2010; Montoya and Modlin
2010). In this study, we genotyped 9 SNPs of the MRCI
gene and 2 SNPs of the IFNG gene (including the two
reported SNPs rs1926736 and rs2430561) in 527 Han
Chinese with leprosy and 583 healthy subjects from Yun-
nan, China, with an intention to validate the reported
association between these SNPs and leprosy. We also
screened the dinucleotide-repeat polymorphism (CA
repeat, rs3138557) in the first intron of the IFNG gene,
which was said to affect the expression of IFN-y in diseases
(Awad et al. 1999; Cardoso et al. 2010; Pravica et al.
1999). We failed to validate the reported association
between the SNPs rs1926736 and rs2430561 and leprosy,
but discerned a positive association of SNPs rs692527 and
1rs34856358 of the MRCI gene and rs3138557 of the IFNG
gene with leprosy subtypes.

Materials and methods
Subjects

A total of 527 leprosy patients (mean onset age
247 + 12.3 years), with complete medical records, were
recruited form the Yuxi Prefecture, Yunnan Province in
Southwest China. Among them, 279 patients could be
grouped into multibacillary leprosy (MB; including 109
lepromatous leprosy [LL], 145 borderline lepromatous
leprosy [BL] and 25 borderline leprosy [BB]) and 248 into
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paucibacillary leprosy (PB; including 175 tuberculoid
leprosy [TT] and 73 borderline tuberculoid leprosy [BT]).
The diagnosis of leprosy in these patients was based on
clinical and histopathological features and/or bacteriolog-
ical index (if available), as had been described in our recent
epidemiological study for leprosy in this region (Li et al.
2011). We enrolled 583 healthy individuals (mean age
36.0 &+ 15.5 years) without any history of leprosy, HIV, and
tuberculosis from the same geographic area as a control
group. Informed consents conforming to the tenets of the
Declaration of Helsinki were obtained from all participants
prior to this study. The institutional review board of the
Kunming Institute of Zoology approved this study.

SNP selection and genotyping

Genomic DNA was extracted from whole blood using the
AxyPrep” Blood Genomic DNA Miniprep Kit (Axygen,
USA). Eight SNPs in the MRCI gene (152436680,
152477637, 1s2253120, rs692527, rs1926736, rs34856358,
rs691461 and rs691005) and two SNPs in the IFNG gene
(rs2430561 and rs2069718) were selected according to the
SNP information in public database (NCBI dbSNP,
http://www.ncbi.nlm.nih.gov/projects/SNP/; HapMap,
http://hapmap.ncbi.nlm.nih.gov/, phase 3, CHB) under a
rational of minor allele frequency (MAF) >10%. Among
them, SNPs rs2436680, rs1926736 and rs691461 of the
MRC1 gene were marked as tag SNPs in the CHB dataset
of the HapMap. SNP rs34301598 of the MRC1 gene, which
is adjacent to rs1926736, was identified while we geno-
typed the latter SNP by sequencing.

Three genotyping methods were employed in our study.
SNPs rs34301598 and rs1926736 of the MRCI gene and
1s2430561 in the IFNG gene were detected by direct
sequencing (Figure S1). Briefly, primer pairs 5'-GTGGC
ATTTTCAGCATTTG-3'/5'-TGATGTGCCTACTCACT
GTCC-3' (for rs34301598 and rs1926736 of the MRCI
gene) and 5'-CATCTACTGTGCCTTCCTGTAGGGT-3'/
5'-CCGGAACTTCGTTGCTCACTGGG-3" (for 152430561
in the IFNG gene) were used for PCR amplification and
sequencing. Purified PCR products were sequenced using the
BigDye®™ v3.1 dye terminator and were analyzed on ABI
PRISM"" 3730xl DNA analyzer (Applied Biosystems). We
followed the same method described by Khani-Hanjani et al.
(2000) to genotype the dinucleotide repeat CA in the non-
coding region of the IFNG gene. In brief, primer pair
5'-6FAM-AGACATTCACAATTGATTTTATTCTTAC-3'
(with a fluorescent label)/5'-CCTTCCTGTAGGGTAT
TATTATACG-3" was used to amplify a short fragment
(~130 bp) covering the first intron of the IFNG gene. About
10 pL of cocktail, which contains PCR product, Hi-Di"™
Formamide and GeneScan™ -500 LIZ"® Size Standard, was
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denatured at 95°C for 3 min and was loaded on ABI
PRISM " 3730x] DNA analyzer.

Eight SNPs were detected using multiplex PCR and the
SNaPshot assay (Figure S1 and Table S1). All PCR reac-
tions were carried out in a volume of 8 pL reaction solution
containing 4-20 ng template DNA, 0.4 mM dNTPs, 0.2—
0.5 uM of each primer (Table S1), 2.0 mM MgCl, and
1.0 U of AmpliTaq Gold polymerase (Applied Biosys-
tems). The thermal amplification program consisted of one
denaturation cycle at 94°C for 2 min, 40 cycles at 94°C for
30 s, 55°C for 30 s, and 72°C for 1 min, and ended with
incubation at 4°C. PCR products were cleaned up using 1.0
U of shrimp alkaline phosphatase (SAP) and 0.5 U of
Exonuclease I (TaKaRa Biotechnology Co. Ltd., Dalian,
China) at 37°C for 40 min, followed by an incubation at
90°C for 10 min to inactivate the enzyme. The single-base
extension reaction was performed in a total volume of
10 pL reaction solution which contains 4 puL of the above-
treated PCR products, 5 pL. SNaPshot Multiplex Ready
Reaction Mix, and 0.4-0.8 uM pooled SNP-specific oli-
gonucleotide primers (Table S1) according to the protocol
of the ABI PRISM® SNaPshot® Multiplex Kit (Applied
Biosystems). The thermal cycling program for single-base
extension contained 25 cycles of 96°C for 10 s, 50°C for
5 s, and 60°C for 30 s. Products were treated by SAP (1.0
U) at 37°C for 40 min, followed by a heat inactivation at
75°C for 20 min. We loaded 0.5 pL of products, 9 puL. of
Hi-Di"" formamide and 0.5 pL of GeneScan" 120 LIZ™
size standard (Applied Biosystems) for capillary electro-
phoresis on ABI PRISM"™ 3730x1 DNA analyzer (Applied
Biosystems). The GeneMarker software (Holland and
Parson 2011) was used to read the genotyping result.

Statistical analyses

Deviation from the Hardy—Weinberg equilibrium (HWE)
was assessed for each variant using the Chi-square test.
Cases and controls were compared for difference of
genotype and allele frequencies. The linkage disequilib-
rium (LD) structures of the 9 SNPs of the MRC1 gene and
2 SNPs of the IFNG gene were constructed using Haplo-
view software version 4.2 (Barrett et al. 2005) according to
the genotyping data of the cases and controls. We also
reconstructed haplotype for SNPs in the MRCI and IFNG
genes using Phase software (Stephens et al. 2001). The
global difference in haplotype frequencies between the
cases and controls was estimated by the Chi-square test.
Potential association between certain polymorphism(s) and
leprosy (including subtype) was estimated using the
unconditional logistic regression model, with an adjust-
ment of sex. All analyses were performed using SPSS 16.0
(SPSS Inc., Chicago, Illinois). Power calculations were
performed using the Quanto software (Gauderman 2002).

Results
Statistical power of the test

As MAF of all SNPs (biallelic polymorphisms) analyzed in
this study ranged from 15.8 to 45.7%, while variant
rs3138557 in the IFNG gene had many CA-repeat alleles,
we restricted our estimation for statistical power based on
biallelic polymorphisms only. Considering an MAF of
0.158 as observed in our samples, the power to detect odds
ratio (OR) value as low as 1.6 for risk allele was expected
to be above 94%, whereas the power for MAF of 0.457 was
expected to be above §9%.

Lack of association of 1s1926736 in the MRC1 gene and
152430561 in the IFNG gene with leprosy

The genotype and allele frequencies of 11 SNPs (nine of
the MRCI gene and two of the IJFNG gene) in 527 leprosy
patients and 583 healthy subjects were listed in Table 1.
None of these SNPs showed any deviation from HWE in
both case and control populations. We constructed the
linkage disequilibrium map of the tested SNPs in the case
and control populations (Fig. 1). Both populations showed
similar LD structure for each gene.

We observed no significant difference regarding the dis-
tribution of allele and genotype of the 11 SNPs between the
case and control populations, except for rs34856358 that had
amarginal significant difference (P = 0.048) at the genotype
level (Table 1). There was no association of the reported
SNPs 151926736 in the MRCI gene and rs2430561 in the
IFNG gene with leprosy (Table 1). Note that the minor allele
frequency (MAF) of rs1926736 (T allele) in our samples
(cases, 46.4%; controls, 45.7%), which is similar to the CHD
dataset (T allele, 42.7%) of the HapMap, was much higher
than that of Vietnamese (T allele, 35%) and Brazilian (T
allele, 32%) (Alter et al. 2010). In contrast, MAF of
rs2430561 in our samples (T allele, <17.0%) was much
lower than that of Brazilian population (T allele, >30.0%)
(Cardoso et al. 2010). We speculated that the MAF dis-
crepancy reflected regional difference and accounted for the
negative results in the current study. There was no significant
difference of the three tag SNPs (rs2436680, rs691461 and
1s1926736) of the MRCI gene between the HapMap CHB
dataset (Phase 3) and our case or between the HapMap CHB
dataset (Phase 3) and control population at both genotype
and allele levels.

SNPs rs692527 and rs34856358 of the MRCI gene
were associated with leprosy subtypes

When the entire leprosy patients were grouped into PB and
MB populations according to their clinical expression,
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genotype CT of rs692527 in intron 5 of the MRC1 gene had
a significantly lower frequency in PB population (46.8%)
than in the control population (51.8%; OR = 0.598, 95%
CI [0.385-0.929], P = 0.022). In contrast, genotype TT of
rs34856358 in intron 7 of the MRC1 gene showed a higher
frequency in PB population (19.8%) than in the control
population (12.3%, OR = 1.688, 95% CI [1.080-2.638],
P = 0.022). However, the allele frequencies of both SNPs
1$692527 and rs34856358 were similar in the entire case
and control populations (Table 1).

P value*

OR (95% CI)

Alleles of rs3138557 of the IFNG gene were associated
with leprosy subtypes

PB versus control

A total of 10 different alleles of the dinucleotide CA repeat
(rs3138557) in the IFNG gene were identified in our
samples (Table 2 and Figure S1). Allele CA;, had the
highest frequency, followed by CA;3, CA;4 and CA5. We
chose allele CA; as the reference in the logistic regression
analysis, with an adjustment for sex. As showed in Table 2,
allele CA; had a significantly higher frequency in leprosy
patients (2.4 vs. 0.6% in controls, P = 0.001), especially in
the MB patients (3.2%, P < 0.001), than in the control
population. However, this allele had a considerably low
frequency in both the cases and controls (<2.5%) and the
observed significance should be treated with caution.
Alleles CA|; and CA;s had a significantly higher fre-
quencies in the MB population than in the control sample
(CA5, P =0.026; CAy5, P = 0.007), whereas allele CA 5
had a higher frequency in the PB population than in con-
trols (P = 0.040). Similarly, allele CA; also had a
substantially low frequency in both the cases and controls
(<2.5%), similar to that of CA;y. The overall genotype
frequency of rs3138557 was similar in the cases and con-
trols, with the exception of CA;s5/CA;s, which had a
significantly higher frequency in MB patients (7.9%) than
the controls (5.3%) (Table S2).

P value* No. (%)

OR (95% CI)

MB versus control

P value* No. (%)

Case versus control
OR (95% CI)*

Case
No. (%)
0.859

Association of haplotypes of the MRCI gene and the
IFNG gene with leprosy

We reconstructed haplotypes of the nine SNPs of the
MRCI gene (rs2436680-rs2477637-rs2253120-rs692527-
rs34301598-r5s1926736-rs34856358-1s691461-1s691005)
and of the three variants of the IFNG gene (rs2069718-
1s2430561-rs3138557). A total of 64 haplotypes in the
cases and 59 haplotypes in the controls were observed for
the MRC1 gene, whereas 18 haplotypes in the cases and 22
haplotypes in the controls were discerned for the IFNG
gene. As three SNPs (rs2477637 and rs691461 of the
MRC1 gene and rs2069718 of the IFNG gene) in the two
genes were in the same bins (+* > 0.8) with other proximal
SNPs (Fig. 1), we excluded these three SNPs and

Control
No. (%)
0.074

Genotype/allele

# Chi-square test for deviation from the Hardy—Weinberg equilibrium (a value of P < 0.001 was regarded as a deviation from the HWE)

* All data were calculated using the unconditional logistic regression, with an adjustment for sex

MB multibacillary leprosy, PB paucibacillary

Table 1 continued

SNP/location
HWE P value
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Fig. 1 The linkage disequilibrium (LD) structures of nine SNPs in
the MRC1 gene (a) and two SNPs in the I/FNG gene (b) in leprosy
patients and healthy controls from Yuxi, Yunnan Province of China.

reconstructed haplotypes. We observed 43 haplotypes in
the cases and 46 haplotypes in the controls for the MRC1
gene and 14 haplotypes in the cases and 16 haplotypes in
the controls for the /FNG gene. We grouped those haplo-
types with a frequency lower than 3% in the case or control
groups together and compared their distribution frequen-
cies between the two groups (Table S3). The overall
haplotype test was performed to show the global difference
in haplotype frequencies between the case and control
groups. There was no significant difference for the MRCI
haplotypes between the two groups (Chi-square test: case
vs. control, P = 0.321; MB vs. control, P = 0.069; PB vs.
control, P = 0.180), but we observed a significant differ-
ence for the IFNG haplotypes (Chi-square test: case vs.
control, P = 0.007; MB vs. control, P < 0.001; PB vs.
control, P = 0.208). In particular, haplotype A-CA,; of the
IFNG gene was found to be associated with leprosy
(OR = 2.033, 95% CI [1.280-3.227], P = 0.002) and
leprosy subtypes (MB, OR = 2.150, 95% CI [1.272-
3.635], P = 0.006; PB, OR = 1.901, 95% CI [1.088—
3.321], P = 0.030). However, this risk haplotype had a
considerably low frequency (<5.0%) and the association
should be treated with caution (Table S3).

Discussion

Accumulating evidence showed that host genetic back-
ground confers leprosy susceptibility and its clinical
outcome (Alter et al. 2011; Cardoso et al. 2011; Mira 2006;
Misch et al. 2010; Modlin 2010; Montoya and Modlin
2010). Based on genetic linkage scan of the genomes of
affected families from South India, Siddiqui and coworkers
(2001) identified a major leprosy susceptibility locus that is
located on chromosome 10p13. Subsequent whole-genome

rs692527
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Black squares represent high LD as measured by 2, gradually
coloring down to white squares of low LD. The individual square
showed the #* value for each SNP pair (+* value is multiplied by 100)

scanning study of affected families from Vietnam by Mira
et al. (2003) confirmed the involvement of this locus in
paucibacillary leprosy; these authors further described a
strong association of 6q25 with leprosy. Other loci, such as
6p21, 17922, 20p13 (Miller et al. 2004), 20p12 (Tosh et al.
2002), 21g22 (Wallace et al. 2004), were also reported to
be associated with leprosy or certain subtype of leprosy.
Population-based case—control studies have identified a
variety of SNPs in genes that were associated with leprosy,
e.g. toll-like receptors (Bochud et al. 2008; Wong et al.
2010a), tumor necrosis factor-alpha (TNFa), mannose
binding lectin (MBL), vitamin D receptor (VDR) (Sapkota
et al. 2010), interleukin 10 (IL-10) (Malhotra et al. 2005),
nucleotide-binding oligomerization domain containing 2
(NOD2) (Berrington et al. 2010). Recently, Zhang et al.
(2009) performed the first GWAS for Chinese patients with
leprosy and identified six genes (CCDCI22, Cl3orf31,
NOD2, TNFSF15, HLA-DR, and RIPK2) that showed
association with resistance/susceptibility to leprosy. In
particular, SNPs in the CCDCI22 and Cl3orf31 genes
have been replicated independently in patients from India
and West Africa (Wong et al. 2010b), and NOD?2 variants
were validated in patients from Nepal (Berrington et al.
2010). In a subsequent GWAS study, Zhang et al. (2011)
identified two new loci at IL23R and RAB32 that contribute
to susceptibility to leprosy. However, we must confess that
many of these genes and/or SNPs that were reported to be
associated with leprosy were not well replicated in differ-
ent populations. For instance, the PARK2/PACRG genes
were suggested to be leprosy susceptible genes that were
located in 6q25-q26 (Mira et al. 2003), but these genes
were not found in the GWAS report (Zhang et al. 2009).
In this study, we genotyped 12 genetic variants in the
MRCI1 gene and the IFNG gene, including rs1926736 of the
MRCI gene and rs2430561 of the IFNG gene that were
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Reference

153 (31.0)

Reference

141 (25.5)

294 (28.1)  Reference®

350 (30.2)

12
10
11
13
14
15
16
17

124

0.168
0.858

2.120 (0.728-6.177)

7 (1.4)

46 (9.3)
100 (20.2)

0.000
0.173

0.026

3.898 (1.469-10.346)
1.439 (0.976-2.124)

18 (3.2)
58 (10.5)
118 (21.3)
72 (13.0)
121 (21.8)

0.001

4.202 (1.785-9.894)
1.135 (0.830-1.552)
1.232 (0.964-1.576)
0.891 (0.689-1.151)

25 (2.4)
104 (9.9)

7 (0.6)
108 (9.3)

120

0.965 (0.649-1.433)

0.426

122

0.562
0.781

1.095 (0.806-1.487)
0.957 (0.702-1.304)

1.435 (0.899-2.289)
0.913 (0.640-1.303)

0.096

218 (20.8)
165 (15.7)

215 (18.6)
219 (18.9)

126

93 (18.8)
74 (15.0)
5 (1.0)
14 (2.8)
2 (0.4)

0.222
0.007

0.375

128

0.407

0.870 (0.626-1.209)

1.369 (0.713-2.631)
0.828 (0.164-4.171)

1.163 (0.904-1.496) 0.240
0.335
0.473 (0.158-1.413)

0.689 (0.323-1.469)

195 (18.6)

208 (18.0)

130

0.308
0.040
0.093

0.594 (0.218-1.619)

0.631

6 (1.1)
10 (1.8)

11 (1.0)

24 (2.3)

20 (1.7)

132

2.239 (1.037-4.833)
0.281 (0.064-1.235)

0.237

1.934 (0.979-3.820)  0.057
0.840 (0.393-1.797)

14 (1.2)

134

0.346

2.481 (0.492-12.502)

10 (1.8)

0.654

12 (1.1)

17 (1.5)

18°

136°

* All data were calculated using the unconditional logistic regression and were adjusted for sex

% Three case samples and four control samples were failed to be genotyped

® Including one control sample with 19 CA repeats that had a size of 138 bp

¢ Samples with the major allele were used as the reference

reported to be associated with leprosy (Alter et al. 2010;
Cardoso et al. 2010) in Han Chinese from Southwest
China. We attempted to answer two questions: 1. Can the
reported association of rs1926736 and rs2430561 with
leprosy be validated in independent population from
Southwest China? 2. Are there any other risk alleles in
these two genes and influence the susceptibility to leprosy?

According to the estimation for statistical power of the
test, the current sample size (527 patients and 583 controls)
had a sufficient power to identify risk allele supposing an
OR value of 1.6. Moreover, the matrilineal genetic struc-
tures of the case and control populations were very similar
(authors’ unpublished data), suggesting that there was no
potential population stratification and sampling bias for the
two populations under study. Unfortunately, with these two
well-matched case and control populations, we found no
evidence for a significant association of SNPs rs1926736
and 152430561 with leprosy in patients from Yunnan,
China. The failure to validate the previously reported
associations (Alter et al. 2010; Cardoso et al. 2010) was
unexpected, especially when we considered the fact that
1s1926736 of the MRCI gene was initially identified in
leprosy patients from Vietnam (Alter et al. 2010), which is
proximal to Yunnan, China. A comparison of MAF of
rs1926736 in our samples and those from the HapMap
datasets showed that this allele presented a marvelously
regional difference which might account for the discrep-
ancy between different studies. Intriguingly, we found that
genotypes of two SNPs (rs692527 and rs34856358) in the
intron region of the MRCI gene were associated with PB,
and alleles of the dinucleotide CA repeat (rs3138557) in
the IFNG gene were associated with leprosy, particularly
for MB (Table 1). Note that these positive associations
should be received with caution, as the statistical power
was found to be low given the estimated OR values for
each SNP (Table 1).

MRC1 is a member of the C-type lectin receptor family
which encodes the human mannose receptor (MR). As one
of the pattern recognition receptors, MR can recognize a
wide range of microorganisms so that phagocytes can
uptake microbial components and other antigenic particles
during the early event of infection (East and Isacke 2002).
The MRCI gene played an active role in innate and
adaptive immunity and was naturally proposed to be a
candidate gene at the chromosomal region 10p13 that was
associated with leprosy (Mira et al. 2003; Siddiqui et al.
2001). Genetic variants of the MRCI gene have also been
reported to confer susceptibility to increased risk of sar-
coidosis (Hattori et al. 2010). Despite that we failed to
validate the reported association of rs1926736 (p.G396S)
of the MRCI gene with leprosy (Alter et al. 2010), we
identified two other SNPs in the intron region of this gene
that confer a susceptibility to leprosy. This observation
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suggested that the MRCI gene might be actively involved
in leprosy. Further studies should be carried out to eluci-
date the exact role of the MRCI gene in this disease.

IFN-y is a multifunctional cytokine that plays a crucial
role in immune response against intracellular infection. In
human beings, the IL12-23/IFN-y axis is crucial for pro-
tective immunity to mycobacterial infection and has been
frequently selected as candidate genes/pathway in the study
of mycobacterial disease (Al-Muhsen and Casanova 2008;
Cardoso et al. 2011). SNPs rs2430561 and rs3138557 in the
first intron of the /FNG gene were reported to be associated
with IFN-y production in several diseases including leprosy
(Awad et al. 1999; Cardoso et al. 2010; Pravica et al. 1999;
Rossouw et al. 2003). Specifically, allele T of rs2430561
creates an NF-kB binding site (Pravica et al. 2000) and
allele CA ), of the IFNG gene contributes to the highest
IFN-y expression (Pravica et al. 1999). Allele T of
rs2430561 had a much lower frequency in our samples
(<17.0%) than in Brazilians (>30%) (Cardoso et al.
2010) and South Africans (>24%) (Rossouw et al. 2003),
but the T allele frequency was similar in our leprosy
patients and controls, showing no association with leprosy
or its subtypes. The finding for association of four different
alleles of rs3138557 in the IFNG gene with leprosy,
especially with MB leprosy, was a little unexpected, as
these alleles contained different CA repeats and there was
no direct correlation of the number of CA repeats with the
risk. Nonetheless, the association of rs3138557 with lep-
rosy would be compatible with the various immune
responses contributed by IFNG during the onset of leprosy
(Modlin 2010; Montoya and Modlin 2010). We speculated
that risk alleles of rs3138557 and risk haplotype of the
IFNG gene might have a greater influence on IFN-y
expression. The risk haplotype A-CA;, of the IFNG gene
that we found, to some extent, supported the result of a
previous meta-analysis that 4874 T allele was associated
with higher IFN-y production and resistance to mycobac-
terial infection (Pacheco et al. 2008).

In summary, we genotyped 12 genetic variants in the
MRC1 gene and the IFNG gene to discern their potential
association with leprosy in Han Chinese. We found no
support for the reported association between SNPs
rs1926736 and rs2430561 and leprosy. However, we found
that two SNPs in the intron region of the MRC1 gene were
associated with paucibacillary leprosy, and four different
alleles of rs3138557 and haployte of the IFNG gene were
associated with leprosy and/or leprosy subtypes in Han
Chinese from Southwest China. Further studies, particu-
larly functional assays, such as in vitro IFNG release,
phagocytosis, in those genotyped leprosy patients and
healthy Chinese, will be essential to clarify the exact role
of these two genes in leprosy.
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There are three supplementary tables and one supplementary figure.

Table S1 Primers for genotyping 8 SNPs by using SNaPshot assay

SNP ID Primer (5' - 3")
rs2436680 Forward  AATATTCAGCATACCTGTAATCATTAATC

Reverse GGAGCATAAATAATCTCTCAACAAA

Probe T(GACT);GATAAATAATTTATCTGGGTTACTAGTTAAGATGC
rs691461 Forward  GGTTTTCTAATTTATTTACTAATTCTCAAGC

Reverse AACTGGAGTGCACATTTAACTCTAC

Probe CT(GACT),AAAGCAACTTTGGCCATCCAATTTCCTAAAATAAT
rs2477637 Forward ~ AAAAAAGGATCTGGTAAGCATTT

Reverse GATGTGTTTAATTTATGTTTATGTCACA

Probe ACT(GACT)sCCTTTAATTAAATCAAAATTGAGTTCA
rs2253120 Forward  AAAAGTGTGTCATTTTTGCACTC

Reverse AATCTCAGATTATGAGTGTTGCATT

Probe (GACT)sGAGTCACAGGCATAGAGAGTGATAGCAACCCAGTC
rs692527 Forward ~ ACAACATCTGCTTTTGAATATAGTAC

Reverse AGGATTCTCACACAAAACAATAAAG

Probe T(GACT)sATATAGTACCCAACACATCAGGGATACTCTGAGAA
rs691005 Forward  GTTTGAAGGTATTAATCCTCAGTATTCT

Reverse CATTCTACATCAGTGAATTTACCAAC

Probe CT(GACT);GTATTCTCTCTTTGGTACAACATAGTAAATCTCTC
rs2069718 Forward  AAATGTGGTGAGTAGCCATAGTG

Reverse AAATTGAACTACTTGCATCTCCTC

Probe ACT(GACT)sATGGCAGAGCCAAGAGGAAGGTAAATGGTCCACAT
rs34856358 Forward ~ ATCCTAACTAACCTGTTTTCTGCT

Reverse AATCAGAACTGGTATGTCTGAATAAC

Probe (GACT)s.CTGCTAAATCATTTGCAAACTTTACTGGCTA

(GACT)n, n repeats of “GACT”



Table S2 Genotype frequencies of rs3138557 (CA repeat) of the IFNG gene in Han Chinese with and without leprosy from Yunnan

Control Case Case vs. Control MB vs. Control PB vs. Control
Genotype No. No. No. No.
OR (95% CI) * OR (95% CI) OR (95% CI)
(%) (%) value* (%) value (%) value
12&14 94 (16.1) 74 (14.0) reference * 33 (11.8) reference 41 (16.5) reference
11&11 12 (2.1) 15 (2.8) 1.613 (0.707-3.676)  0.256 9(3.2) 2.055 (0.790-5.343)  0.140 6 (2.4) 1.206 (0.420-3.462) 0.728
11&12  33(5.7) 27 (5.1) 1.060 (0.584-1.927) 0.848 16 (5.7)  1.416 (0.689-2.912) 0.344 11 (4.4) 0.780(0.358-1.700) 0.531
11&14 37 (6.3) 22 (4.2) 0.717 (0.389-1.324)  0.288 10 (3.6)  0.743 (0.332-1.663) 0.469 12 (4.8)  0.693 (0.327-1.469) 0.339
12&12 64 (11.0) 50 (9.5) 0.993 (0.613-1.608)  0.977 23(8.2) 1.026 (0.550-1.912) 0.936 27 (10.9) 0.951 (0.530-1.704) 0.865
12&13 41 (7.0) 38(7.2) 1.261 (0.734-2.168)  0.401 19(6.8)  1.441(0.730-2.842) 0.292 19 (7.7)  1.113(0.575-2.157) 0.750
12&15 43 (7.4) 38(7.2) 1.164 (0.681-1.991) 0.578 23(8.2) 1.582(0.828-3.022) 0.165 15(6.0)  0.848 (0.422-1.705) 0.645
13&13 36 (6.2) 38(7.2) 1.359 (0.782-2.361) 0.276 19(6.8)  1.558(0.784-3.097) 0.206 19 (7.7)  1.233(0.631-2.410) 0.540
13&15 74 (12.7) 66 (12.5) 1.205 (0.765-1.900) 0.421 37(13.3) 1.535(0.873-2.700) 0.137 29 (11.7) 0.967 (0.547-1.709) 0.907
14&14 29 (5.0) 25 (4.7) 1.162 (0.624-2.162) 0.636 11(3.9) 1.161(0.519-2.597) 0.716 14 (5.6)  1.125(0.537-2.360) 0.755
15&15  31(5.3) 34 (6.5) 1.518 (0.849-2.713)  0.159 22 (7.9) 2.224(1.124-4.402) 0.022 13(5.2) 0.994 (0.461-2.145) 0.988
15&18 10 (1.7) 10 (1.9) 1.254 (0.493-3.192) 0.634 8 (2.9) 2.294 (0.830-6.342) 0.110 2(0.8) 0.464 (0.097-2.225) 0.337
Others ° 75 (12.9) 87 (16.5) 1.490 (0.962-2.306) 0.074 47 (16.8) 1.822(1.060-3.133) 0.030 40(16.1) 1.237(0.725-2.110) 0.436

* All data were calculated by using the unconditional logistic regression, with an adjustment for sex.
# Samples with the major allele were used as the reference.
? Excluding 3 case samples and 4 control samples that were not successfully genotyped.
® Including one control sample with 19 CA repeats.



Table S3 Association of the MRC1 and IFNG haplotypes with leprosy in Han Chinese

Haplotype ° Control Case Case vs. Control MB vs. Control PB vs. Control
No. (%) No. (%) OR (95% CI) * Pvalue*  No. (%) OR (95% CI) P value No. (%) OR (95% CI) P value
MRC1 gene
CCCGCTT 69 (5.9) 76 (7.2) 1.235 (0.882-1.731) 0.229  48(8.6) 1.496 (1.020-2.195) 0.041 28 (5.6) 0.951 (0.605-1.495)  0.909
CCTACCT  88(7.5) 74 (7.0) 0.925 (0.671-1.275) 0.683 28(5.0) 0.647 (0.418-1.003) 0.051 46 (9.3) 1.252 (0.862-1.819)  0.238
CTCACTT  145(124) 135(12.8) 1.034(0.805-1.329) 0.798  62(11.1) 0.880(0.642-1.207) 0.476 73 (14.7) 1.215 (0.897-1.646)  0.205
TCCACTT  43(3.7) 30 (2.8) 0.765 (0.476-1.229) 0.285 16(29) 0.771(0.430-1.381) 0.479 14(2.8) 0.759 (0.411-1.400)  0.462
TCCGCTT  58(5.0) 52 (4.9) 0.991 (0.675-1.455) 1.000 21(3.8) 0.747 (0.449-1.224) 0.324 31(6.2) 1.274 (0.813-1.996) 0.286
TCTATCC  252(21.6) 228(21.6) 1.001 (0.818-1.226) 1.000  125(22.4) 1.047(0.821-1.335) 0.709 103 (20.8)  0.951(0.734-1.230) 0.744
TCTATCT  181(15.5) 131(12.4) 0.772(0.606-0.984) 0.038  77(13.8) 0.871(0.653-1.162) 0.387 54 (10.9) 0.665 (0.481-0.919)  0.014
Other " 330 (28.3) 328(31.1)  1.145(0.954-1.373) 0.149  181(32.4) 1.216(0.978-1.513) 0.081 147 (29.6) 1.067 (0.847-1.344)  0.596
IFNG gene ¢
A-CA; 29 (2.5) 52 (4.9) 2.033 (1.280-3.227) 0.002 29(5.2) 2.150(1.272-3.635) 0.006 23 (4.6) 1.901 (1.088-3.321)  0.030
A-CAp, 254 (21.8) 206 (19.5)  0.871 (0.708-1.070) 0.190 97 (17.4) 0.755(0.583-0.979) 0.035 109 (22.0) 1.008 (0.781-1.299) 0.948
A-CAs3 212 (18.2) 215(20.4)  1.152(0.932-1.423) 0196 117 (21.0) 1.195(0.928-1.538) 0.169 98 (19.8) 1.104 (0.846-1.442)  0.491
A-CAy4 216 (18.5) 165 (15.7)  0.815 (0.652-1.018) 0.071  72(12.9) 0.651(0.488-0.869) 0.004 93(18.8) 1.011 (0.772-1.325)  0.945
A-CAss 203 (17.4) 194 (18.4)  1.069 (0.860-1.328) 0.579  120(21.5) 1.301(1.010-1.675) 0.047 74 (14.9) 0.829 (0.620-1.108)  0.222
T-CAn 79 (6.8) 52 (4.9) 0.713 (0.497-1.023) 0.071 29(5.2) 0.754 (0.487-1.169) 0.242 23 (4.6) 0.667 (0.414-1.074)  0.117
T-CAs, 96 (8.2) 88 (8.3) 1.014 (0.750-1.372) 0.939  44(7.9) 0.954 (0.658-1.385) 0.851 44 (8.9) 1.082 (0.745-1.571)  0.700
Other " 69 (5.9) 76 (7.2) 1.234 (0.881-1.729) 0.229  46(8.2)  1.429(0.970-2.016) 0.079 30 (6.0) 1.020 (0.656-1.588)  0.910

* All data were calculated by using the Fisher’s exact test.



® The order of SNPs in each haplotype for the MRC1 gene is rs2436680-rs2253120-rs692527-rs34301598-rs1926736-rs34856358-rs691005.
The order of SNPs in haplotypes for the IFNG gene is rs2430561-rs3138557. We excluded rs2477637 and rs691461 of the MRC1 gene and
rs2069718 of the IFNG gene that were in the same bins (r* > 0.8) with other proximal SNPs (cf. Figure 1).

® Haplotypes with a frequency lower than 3% in the case or control groups were aggregated together.

¢ Excluding 3 case samples and 4 control samples that were not successfully genotyped rs3138557 (CA repeats).
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Figure S1 Genotyping results for genetic variants of the MRC1 and IFNG gene. (a)
SNaPshot profile of eight SNPs (1, rs2436680; 2, rs691461; 3, rs2477637; 4,
rs2253120; 5, rs692527; 6, rs691005; 7, rs2069718; 8, rs34856358). (b) Variant
rs3138557 (CA repeat) was genotyped by using GeneScan. (c) and (d) showed
sequencing electropherograms of rs34301598, rs1926736 and rs2430561.
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