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Summary

Background Patients with leprosy have a very low risk of Alzheimer disease (AD)
and b-amyloid (Ab) deposition is significantly lower in the brain tissue of elderly
patients with leprosy compared with age-matched controls. Apolipoprotein E
(ApoE) plays a critical role in lipid metabolic pathways and in the brain, facilitat-
ing the proteolytic clearance of Ab. We hypothesized that APOE confers risk of
leprosy as lipid metabolism is involved in Mycobacterium leprae infection.
Objectives To investigate the potential genetic associations between APOE and
leprosy in two independent Chinese case–control cohorts from the Yuxi and
Wenshan prefectures, Yunnan Province of Southwest China.
Methods Five APOE single-nucleotide polymorphisms (SNPs) were analysed in
1110 individuals (527 patients and 583 controls) from the Yuxi prefecture using
a SNaPshot assay. Genetic variations in the entire APOE exons were screened in
1788 individuals (798 patients and 990 controls) from the Wenshan prefecture
using next-generation sequencing technology.
Results The AD-associated SNPs rs405509 and rs439401 increased the risk of
leprosy per se and multibacillary leprosy (P < 0�005), but the APOE-e4 allele did
not. The SNPs rs405509 and rs439401 were cis expression quantitative trait loci
(eQTL) for APOE expression in human skin. Differential APOE mRNA expression
was observed in skin lesions of patients with type I reaction leprosy and those
with multibacillary leprosy. APOE and related lipid genes are involved in an inter-
action network with leprosy susceptibility genes.
Conclusions The APOE gene is associated with leprosy, most likely by regulating
lipid-metabolism-related genes.

What’s already known about this topic?

• Host genetic factors could influence susceptibility to leprosy, which is a chronic

infectious and neurological disease.

• Previous studies have reported a significantly lower level of b-amyloid (Ab) depo-

sition in the brain tissues of elderly people with leprosy compared with age-

matched controls.

• Apolipoprotein E (ApoE) facilitates proteolytic clearance and homeostasis of Ab
peptides in the brain.
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What does this study add?

• Common variants of APOE were associated with multibacillary leprosy in Han

Chinese.

• The risk single-nucleotide polymorphisms rs405509 and rs439401 were cis expres-

sion quantitative trait loci for APOE expression in human skin.

• ApoE may interact with proteins that are coded as leprosy-risk genes.

What is the translational message?

• Our findings suggested that APOE is associated with leprosy, and this might be

mediated by the altered expression of APOE and its potential role in lipid metabolic

pathways during Mycobacterium leprae infection.

• Future studies that explore the potential function of APOE during leprosy onset

may offer a novel therapeutic target in leprosy.

Leprosy is a chronic infectious and neurological disease caused

by the obligate intracellular bacillus Mycobacterium leprae.1 M. leprae

has a tropism for macrophages and Schwann cells, and results

in inflammatory responses and nerve damage.2 Patients with

leprosy show a wide spectrum of clinical types based on host

immune status and response, ranging from lepromatous (LL)

to tuberculoid (TT) leprosy.3 The LL type is characterized by

widespread skin lesions, where numerous bacilli live in foamy

histiocytes that are filled with lipids.4,5 For treatment purposes,

leprosy has been categorized as paucibacillary (PB) and multi-

bacillary (MB) leprosy by the World Health Organization.6

Leprosy affects more than 200 000 people (with 210 758

new cases in 2015), mainly in India, Brazil and Indonesia7 and

is still considered as a public health problem.

The pathogenic mechanisms involved in leprosy are still

unknown. Currently, increasing evidence suggest that host

genetic factors could influence susceptibility to leprosy.8,9

Genome-wide linkage studies have identified many chromo-

some regions (e.g. 10p13,10 6q2511 and 20p1212) that are

associated with leprosy. A previously published genome-wide

association study (GWAS) in Han Chinese populations has

reported many leprosy susceptibility genes CCDC122, LACC1,

NOD2, TNFSF15, HLA-DR, RIPK2 and LRRK2.13 In addition, more

than 60 susceptibility genes were identified using a candidate

gene approach, such as NOD2,14 VDR, MBL, TNF,15MRC1,16

IFNG,17 MBL2,18,19 TLR1,20 TOLLIP,21 PINK1 and PARL.22

The APOE gene is located in 19q13 and encodes a member of

the family of soluble apolipoproteins. It plays an important role

in lipid (triglycerides and cholesterol) transport and delivery, as

well as in lipoprotein metabolism.23 APOE has three common iso-

forms: APOE-e2 [Cys-112, Cys-158 (also named Cys-130, Cys-

176 when the 18-aa signalling peptide is included)], APOE-e3
(Cys-112, Arg-158) and APOE-e4 (Arg-112, Arg-158), which

affects brain function.24,25 Previous studies had shown that

APOE-e4 confers the greatest risk for Alzheimer disease (AD),26

stroke27 and coronary heart disease.28 Given that patients with

leprosy have a very low risk of AD29 and that infection with M.

leprae affects lipid metabolism,30,31 we hypothesized that the AD-

risk APOE allele might have a low frequency in people with

leprosy. In this study, we investigated whether APOE genetic vari-

ants are associated with leprosy in Han Chinese from Southwest

China. We integrated expression quantitative trait loci (eQTL),

mRNA expression and protein interaction analysis to help estab-

lish the potential role of APOE in leprosy.

Materials and methods

Participants

The data of 2898 individuals from the Yuxi and Wenshan pre-

fectures, Yunnan Province of Southwest China were analysed in

this study. The Yuxi samples have been described previously.17

In brief, samples from 527 patients with leprosy and 583

healthy controls were collected from the same geographic

region. The Wenshan data contained 798 patients with leprosy

and 990 healthy controls. All patients were diagnosed based on

clinical and histopathological features and/or bacteriological

index (if available), as described in our previous study.32 We

determined the clinical subtype of leprosy using Chen et al.’s33

strategy and grouped the cases into MB and PB leprosy.

Information about each patient included family history, age

at onset, bacteriological and histopathological profile (if avail-

able), disability level and cure or relapse condition after treat-

ment. The regionally matched healthy individuals had no

history of leprosy, HIV infection and tuberculosis. All leprosy

patients had received antileprosy drug treatment at the time of

sample collection (Table 1). Written informed consent con-

forming to the tenets of the Declaration of Helsinki were

obtained from each participant prior to the study. The institu-

tional review board of the Kunming Institute of Zoology

approved all the experimental protocols of this study.

Single-nucleotide polymorphism selection and

genotyping

Genomic DNA was extracted from whole blood using the

AxyPrepTM Blood Genomic DNA Miniprep Kit (Corning Inc.,

Corning, NY, U.S.A.). Three tag single-nucleotide
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polymorphisms (SNPs) of APOE (rs405509, rs769450 and

rs439401) were selected according to the linkage disequilib-

rium (LD) pattern of the HapMap CHB (Han Chinese in Bei-

jing) dataset (Phase 3; International HapMap Consortium).34

Two nonsynonymous SNPs [rs429358 (p.C130R) and rs7412

(p.R176C)] that were associated with AD were also included

in the analysis. SNPs rs405509, rs769450 and rs439401 were

genotyped using the SNaPshot assay (Thermo Fisher Scientific,

Waltham, MA, U.S.A.) following the procedure described in

our previous studies,17,22 whereas rs429358 and rs7412 were

genotyped by direct sequencing using the ABI 3730xl DNA

Analyzer (Thermo Fisher Scientific). The primers used for

genotyping are shown in Table S1 (see Supporting Informa-

tion). The exons and flanking regions of APOE were captured

using the NimbleGene SeqCap EZ Human Exome v3.0 (Roche,

Pleasanton, CA, U.S.A.) and sequenced by the Illumina HiSeq

4000 Genome Analyzer (Illumina, San Diego, CA, U.S.A.).

The alignment and variant calling for the APOE exons was per-

formed using the same procedure described in our previous

study.22

Expression quantitative trait loci and differential mRNA

expression analysis

We performed eQTL analysis to investigate whether the APOE

variants affect gene expression in human whole blood and skin

tissue using the publicly available Genotype-Tissue Expres-

sion dataset (GTEx, http://www.gtexportal.org/home/).35 We

reanalysed microarray data (Gene Expression Omnibus acces-

sion number GSE74481)36 regarding leprosy skin lesions,

including 24 patients with MB [10 mid-borderline leprosy

(BB), 10 borderline lepromatous (BL) and 4 LL], 20 with PB

[10 TT and 10 borderline-tuberculoid (BT)], 14 with a type I

reaction (R1) and 10 with a type II reaction (R2) leprosy, and

normal skin biopsies from nine healthy individuals. The

patients with nonreactional leprosy had received no treatment

at the time of diagnosis, whereas the patients with R1 and R2

had received leprosy treatment.36

Protein interaction network analysis

To establish the potential involvement of apolipoprotein E

(ApoE) in leprosy, we first constructed an interaction network

for APOE that included 19 APOE-interactive lipid genes (encod-

ing proteins in lipid metabolic processes, lipoprotein trans-

portation and lipid metabolism) from the STRING database

(http://string-db.org)37 and 227 published leprosy-risk genes

(Zhang et al.9 and references therein). We used the high-confi-

dence protein interaction webserver GeneMANIA (http://

www.genemania.org/)38 to construct potential interactions

among these genes. As the resulting network was too complex

(data not shown), we retrieved hub genes (each gene occu-

pies a hub node in the network and has 40 connections or

more) using an in-house Perl script. We then reconstructed

the interaction network for these hub genes using Gene-

MANIA.38 This simplified network of hub genes keeps the

conserved signal from the original interaction network and

offers a clearer view of the interactions of APOE and related

key genes.

Statistical analysis

Cases and controls were compared on the basis of the fre-

quencies of genotypes and alleles. LD structure was deter-

mined using Haploview 4.2 (Broad Institute, Cambridge, MA,

U.S.A.).39 For deviation from the Hardy–Weinberg equilib-

rium (HWE), haplotype comparisons were performed using

PLINK v1.07 (www.cog-genomics.org/plink/1.9/).40 Power

calculations were performed using Quanto software (USC Bio-

stats, Los Angeles, CA, U.S.A.).41 A P-value less than 0�05 was

considered as statistically significant. Bonferroni corrected

P-values were used for multiple comparisons.

Results

Association of APOE single-nucleotide polymorphisms

with leprosy per se and multibacillary subtype

All the SNPs were in Hardy–Weinberg equilibrium in controls

(P > 0�05). We constructed the LD map of these SNPs in the

Yuxi leprosy cases and Yuxi controls, and observed similar LD

structures for the two populations (Fig. S1; see Supporting

Information). Based on the minor allele frequencies (MAF) of

the five APOE SNPs [rs405509, rs769450, rs439401, rs429358

(p.C130R) and rs7412 (p.R176C)] in the studied populations

(Table 2), our study had sufficient power for these SNPs

(MAF > 0�27) of modest effect [odds ratio (OR) > 1�4]
(Fig. S2; see Supporting Information).

Two SNPs showed an association with leprosy per se

(rs405509, Pgenotype = 0�005, Pdominant = 0�002; and

Table 1 Clinical and demographic information for the patients with

leprosy and healthy controls from Yunnan Province of Southwest

China

Item Yuxi sample Wenshan samplea

Patients with leprosy
n 527 798

Age at onset, years:
mean � SD

24�8 � 12�4 26�5 � 12�5

Female 140 (26�6) 251 (31�4)
Multibacillary leprosy 279 (52�9) 452 (59�2)
Multidrug therapy 165 (31�3) 441 (61�2)

Controls

n 583 990
Age, years: mean � SD 36�0 � 15�5 38�1 � 14�0
Female 219 (37�6) 439 (44�3)

Data are n (%) unless otherwise specified. aIn the Wensan sam-

ple, 35 patients with leprosy had missing information regarding

multibacillary and paucibacillary leprosy classification and 77

patients had missing information for antileprosy treatment. These

patients were excluded for computing the relevant percentages.
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rs439401, Pgenotype = 0�001, Pdominant = 3�200 9 10�4) and

MB (rs405509, Pdominant = 0�005; and rs439401, Pgeno-

type = 0�002, Pdominant = 0�001) at the genotypic levels

(Table 2). As the cases and controls were not matched for sex

in our sample, we also performed association analyses using

unconditional logistic regression with an adjustment for sex.

The association of rs405509 and rs439401 with leprosy per

se and MB (P < 0�01) was replicated, both at the allelic and

genotype level after Bonferroni correction (Table S2; see Sup-

porting Information).

Haplotypes were reconstructed for the five SNPs

(rs405509–rs769450–rs429358–rs7412–rs439401), two

leprosy-associated SNPs (rs405509–rs439401) and two AD-

associated risk SNPs (rs429358–rs7412). We found that only

the haplotypes of the two leprosy-associated SNPs (rs405509–
rs439401) showed a significantly different haplotype distribu-

tion pattern in the cases and controls (A-T, P = 0�012; C-C,
P = 0�015; Table S3; see Supporting Information) and the

difference survived Bonferroni correction for multiple

comparisons.

Deep sequencing of the APOE exons to identify potential

coding risk variants

To identify whether there are any other rare (allele frequency

< 1%) or common variants (not captured by the tag SNPs) in

the APOE gene that would confer risk of leprosy, we per-

formed targeted gene sequencing for this gene (including the

entire exons and the flanking regions) in 798 patients with

leprosy patients and 990 healthy controls from the Wenshan

prefecture, and compared this with East Asian (EAS) data from

the Exome Aggregation Consortium (ExAC) dataset (http://

exac.broadinstitute.org/).42 In total, 59 rare variants

(MAF < 1%) and three common variants (MAF > 1%:

rs440446, rs429358 and rs7412) were identified (Table 3

and Table S4; see Supporting Information). The SNPs

rs440446 and rs429358 were associated with leprosy when

we compared the patients with leprosy with the healthy con-

trols, but the significance did not survive Bonferroni correc-

tion (Table 3).

As the leprosy-associated SNPs (rs405509 and rs439401)

identified in the Yuxi sample were not covered by target

sequencing, we checked the LD pattern of the five SNPs

(rs405509, rs439401, rs440446, rs429358 and rs7412) in the

CHB population from the 1000 Genomes dataset.43 We found

that rs440446 was linked with rs439401 (r2 = 0�86). The SNP

rs440446 in the Wenshan sample had an OR in the same direc-

tion (OR 1�193, 95% confidence interval 1�045–1�363,
P = 0�010) as that of rs439401 in the Yuxi sample, providing

further evidence for the association of APOE SNPs with leprosy.

The leprosy-risk single-nucleotide polymorphisms

affected APOE expression in human tissue

Next, we tested the eQTL effect of the five SNPs (rs405509,

rs769450, rs429358, rs7412 and rs439401) genotyped in the T
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Yuxi sample and the three common SNPs (rs440446,

rs429358 and rs7412) identified in the Wenshan sample in

human blood and skin tissue using the dataset from the GTEx

project.35 We found that the two leprosy-risk SNPs in the

Yuxi sample were significant cis eQTL (rs405509,

P = 3�80 9 10�6, Fig. 1a; rs439401, P = 3�40 9 10�12,

Fig. 1b) in skin tissue. In addition, we found a significantly

differential mRNA expression of APOE in skin lesion of R1

leprosy (Padjusted = 1�17 9 10�4) and a slightly changed

expression in patients with MB leprosy (Padjusted = 0�017) com-

pared with those of healthy controls from the dataset

GSE74481 (Fig. 1c);36 however, it should be noted that this

observation was based on a limited number of samples and

should be viewed with caution.

Apolipoprotein E could interact with leprosy-risk genes

To discern whether ApoE and related lipid proteins partici-

pated in the molecular network composed of proteins encoded

by leprosy susceptibility genes, we constructed an interaction

network of those genes (Zhang et al.9 and references therein)

using GeneMANIA.38 We found that ApoE physically inter-

acted, was co-expressed and genetically interacted with these

proteins (such as C3, MRC1, MBL2, HLA and TAP1). More-

over, ApoE interacted with the lipid-related proteins (such as

APP, APOB, APOC1, APOC3 and LIPC), which were also

highly associated with the proteins encoded by the reported

leprosy-risk genes (Fig. 2).

Discussion

Previous epidemiological studies have shown that elderly peo-

ple with leprosy treated by antileprosy drugs had a signifi-

cantly lower incidence of dementia compared with drug-free

patients,29 although there is some controversy.44 Namba

et al.45 and Chui et al.46 have found a significantly lower level

of Ab deposition in the brain tissues of elderly patients with

leprosy than that of age-matched controls.

These studies suggested that patients with leprosy might have

a very low risk of AD, and treatment with antileprosy drugs

(e.g. dapsone, rifampicin and clofazimine) might play a role in

reducing Ab synthesis. However, there is not a consensus that

these antileprosy drugs would have preventive effects on AD

through inhibiting Ab-induced neurotoxicity.47–49 The molecu-

lar underpinning that would account for a low frequency of Ab
in brain tissues and a low incidence of dementia in patients with

leprosy requires further study. The APOE gene is the well known

susceptibility gene for sporadic late-onset AD.26 It plays a criti-

cal role in the brain facilitating the proteolytic clearance of Ab
peptides and affects its homeostasis.50 Therefore, we hypothe-

sized that APOE would be involved in leprosy and we have pro-

vided evidence that this gene is associated with leprosy.

Among the five APOE SNPs analysed in this study, including

three tag SNPs (rs405509, rs769450 and rs439401) and two

AD-associated SNPs (rs429358 and rs7412, which define the

APOE isoforms e2, e3 and e4),26 only SNPs rs405509 and

rs439401 increased the risk of leprosy per se (P < 0�005) and

MB leprosy (P < 0�005). These two SNPs were also reported

to be associated with late-onset AD in a previous GWAS.51 It

should be noted that the significant association with leprosy

per se appears to be caused by the skewing effect of patients

with MB.

However, SNPs rs429358 and rs7412 showed no associa-

tion with leprosy, and this negative result was confirmed by

sequencing the APOE gene in the Wenshan sample (798

leprosy patients and 990 controls). Our results are different

from a previous study that reported a significantly increased

frequency of the APOE-e4 allele in elderly patients with leprosy

but not dementia.52 Population differences might explain this.

We used the RegulomeDB database (www.regulomedb.org/

index)53 to annotate the analysed SNPs. All the five APOE SNPs

showed a DNase hypersensitivity. Except for rs405509,

Fig 1. APOE gene expression analysis. Expression quantitative trait loci (eQTL) analysis of the APOE tag single-nucleotide polymorphisms in human

skin tissues (a, b) using GTEx (http://www.gtexportal.org/home).35 (c) Differential mRNA expression level of APOE in leprotic skin lesions was

performed using microarray expression data GSE74481.36 The dataset GSE74481 contains skin biopsies of 24 patients with multibacillary (MB)

leprosy [10 mid-borderline leprosy (BB); 10 borderline lepromatous; and four lepromatous (LL)], 20 paucibacillary (PB) leprosy [10 tuberculoid

(TT); 10 borderline-tuberculoid (BT)], 14 with type I reaction (R1) leprosy and 10 with type II reaction (R2), as well as normal skin biopsies

from nine healthy individuals.
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rs769450 and rs429358, the other SNPs were located in tran-

scription factor binding sites (Table S5; see Supporting Infor-

mation). In order to consider the potential influence of

genetic variation on gene expression,54 we performed an

eQTL analysis to elucidate whether these leprosy-risk genetic

variants would alter APOE mRNA expression. We found that

the two leprosy-risk SNPs rs405509 and rs439401 were cis

eQTL for APOE expression in human skin, and the APOE mRNA

had differential expression levels in skin lesions of R1 leprosy

relative to control tissue.36 We could not establish the associa-

tion between genotypes of rs405509 and rs439401 and skin

APOE mRNA expression, as the dataset reported by Belone and

colleagues36 lacked the related genetic information of APOE

status. Nonetheless, the restricted eQTL effects of rs405509

and rs439401 in skin tissues (Fig. 1) were compatible with

the differential APOE expression pattern in leprosy skin lesions.

During the invasion of M. leprae into human macrophage

and Schwann cells, lipid transport, delivery and lipoprotein

metabolism system genes play key roles.55 M. leprae might uti-

lize these genes to generate energy31 and/or as a strategy for

survival.5,30 ApoE plays a central role in lipoprotein trans-

portation and lipid metabolism.56 Previous studies have shown

that a higher level of ApoE expression in transgenic mice

might significantly reduce plasma lipoproteins (e.g. cholesterol

and triglycerides).57,58 Concordantly, we found that the risk

genotypes of both rs405509 and rs439401 had the lowest

level of APOE expression (based on the eQTL data35), which

would lead to increased plasma lipoprotein and facilitate the

survival of M. leprae. This speculation was compatible with the

observation that the skin lesions of patients with MB leprosy

displayed a higher bacillary load than that of patients with PB

leprosy.59 Given the key roles of lipid proteins in M. leprae

infection (e.g. as an energy source or immune response),55 it

is understandable that the APOE SNPs that were cis eQTL for

APOE mRNA expression in human skin would affect suscepti-

bility to MB. Combined with the observation that SNPs

rs429358 and rs7412 (defining the APOE isoforms e2, e3 and

e426) showed no association with leprosy, we speculated that

the expression of APOE, but not its different isoforms, affected

the onset of leprosy. The lack of association of SNPs rs429358

and rs7412 defining different APOE isoforms with leprosy

would imply different roles of this protein in leprosy and AD.

It should be noted that the current sample size might be

underpowered to detect the effect of SNPs rs429358

(MAF = 0�090) and rs7412 (MAF = 0�075). Nonetheless, the
exact role and mechanism of ApoE in leprosy and AD await

future study. Characterizing the role of ApoE in lipid meta-

bolic processes during M. leprae infection and testing whether

antileprosy drugs (e.g. rifampicin) affect ApoE expression

would be a promising start.

In order to establish the potential role of ApoE in leprosy,

we performed an interaction network analysis and found that

APOE, together with other lipid-related genes, could interact

with these proteins encoded by the previously reported

leprosy susceptibility genes (Zhang et al.9 and references

therein). This observation provides an additional line of evi-

dence that APOE might be involved in the molecular pathways

composed of known leprosy susceptibility genes. For example,

APOE was predicted to be connected with mannose binding

lectin 2 (MBL2, which was reported to be associated with

leprosy18,19) in the network (Fig. 2). This predicted connec-

tion was consistent with previous studies showing a putative

interaction of ApoE and MBL2: the plasma ApoE and Mbl2

levels were correlated with diabetic phenotype in New

Zealand obese mice60 and APOE and MBL genotypes were asso-

ciated with increased risk of neurocognitive impairment in

Fig 2. Interaction network of APOE and

leprosy susceptibility genes. The network was

composed of APOE, APOE-interactive lipid

genes based on the literature and the reported

leprosy susceptibility genes (Zhang et al.9 and

references therein) using the GeneMANIA

prediction server (http://

www.genemania.org/).38 Hub nodes were

defined by nodes with 40 connections or

more in the interaction network.
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HIV-infected donors.61 Similarly, we found a higher mRNA

expression level of MBL2 in skin lesions of patients with MB

leprosy relative to control tissue (Table S6; see Supporting

Information). Therefore, the information provided by network

analysis might direct future functional experiments to eluci-

date its potential biological significance in leprosy.

In conclusion, we found that the APOE SNPs rs405509 and

rs439401 were associated with leprosy, and the effect might

be mediated by altered APOE mRNA expression and its poten-

tial role in lipid metabolic pathways during M. leprae infection.

Future studies are needed to validate our observations and to

explore the potential function of APOE during leprosy onset

and progression.
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Fig S2. Statistical power estimates for the case–control asso-
ciation analysis.
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Figure S1. The linkage disequilibrium (LD) structure of APOE in leprosy patients and healthy 
controls from the Yuxi Prefecture, Yunnan, China. Black squares represent high LD as measured by r2, 
gradually coloring down to white squares of low LD. The individual square showed the r2 value for 
each SNP pair (r2 value is multiplied by 100). 
 
 



 
Figure S2. Statistical power estimates for the case-control association analysis. The following 
parameters were used: gene only hypothesis; the log additive model; case, n = 527; control, n= 583; 
risk allele frequency = 0.1/0.4; range of OR from 1.0 to 2.0; two-sided type I error rate = 0.05. 
 
 



Table S1. Primers for genotyping of the APOE gene 
 

SNP Location Primer (5’-3’) 
For SNaPshot:  
rs405509 tagSNPs, 

5'UTR 
Forward: ATAGAGGTCTTTTGACCACCC 
Reverse: ATTCCCCTTCCACGCTTG 
Probe: ct(gact)8CTGACTGACTGACTGACTGACTGACTGACTGACT     

rs769450 tagSNPs, 
Intron 

Forward: TTTCGATCTCCCAAAGTGC 
Reverse: TGTCTGGTATTCACTATCTGCCT 
Probe: 

rs439401 a tagSNPs, 
3’ region 

Forward: AGGGGAAGCTTGGATGGA 
Reverse: TTGGTGGGAACCCTCCTC 
Probe: ct(gact)8CTGACTGACTGACTGACTGACTGACTGACTGACT 

For PCR and Sequencing: 
rs429358 
and rs7412 

exon Forward: CGGAACTGGAGGAACAACTGA 
Reverse: GCCCCGGCCTGGTACACT 

  
 
(GACT)n, n repeats of “GACT” 
a rs439401 was not genotyped in the same SNaPshot panel for rs405509 and rs769450. 
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Table S5. SNP annotation with known and predicted regulatory elements 
 
SNP Annotation 
rs405509 eQTL + DNase peak 
rs769450 DNase peak 
rs429358 DNase peak 
rs7412 TF binding + DNase peak 
rs439401 eQTL + TF binding + any motif + DNase Footprint + DNase peak 
rs373985746 TF binding + DNase peak 
rs440446 TF binding + DNase peak 

 
DNase peak: DNase sensitivity; TF binding: transcription factor binding sites 
Note: The RegulomeDB dataset (http://www.regulomedb.org/index) 7 includes public datasets from 
GEO, the ENCODE project, and published literature. 
 
 



Table S6. mRNA expression levels of the MBL2 gene in leprosy skin lesion 
 

 t B logFC P. Val adj. P. Val 
Control vs. MB 5.52 3.86 0.89 3.55 10-6 2.42 10-5 
Control vs. PB -6.48 6.20 -1.15 3.59 10-7 3.90 10-6 
Control vs. R1 7.79 7.94 0.91 4.89 10-8 2.72 10-7 
Control vs. R2 -5.74 2.68 -1.57 1.51 10-5 7.16 10-5 

 

t, Moderated t-statistic; B, B-statistic or log-odds that the gene is differentially expressed; logFC, 
Log2 fold change between two experimental conditions; P. Val , raw P-value; adj. P. Val, P value 
after adjustment for multiple testing. 
Note: The microarray expression data were retrieved from GEO according to accession series 
GSE74481 (http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE74481)8. This dataset contains 
skin biopsies of 24 MB (10 mid-borderline leprosy [BB] + 10 borderline lepromatous [BL] + 4 
lepromatous [LL]), 20 PB (10 tuberculoid [TT] + 10 borderline-tuberculoid [BT]), 14 type I reaction 
(R1), 10 type II reaction (R2) patients, and 9 healthy individuals. 
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