1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

&

WEALTH 4
of P
e

/ HHS Public Access

Author manuscript

ﬁ Infect Genet Evol. Author manuscript; available in PMC 2016 September O1.

Published in final edited form as:
Infect Genet Evol. 2016 September ; 43: 1-5. doi:10.1016/j.meegid.2016.05.005.

Fine mapping under linkage peaks for symptomatic or
asymptomatic outcomes of Leishmania infantum infection in
Brazil

Jason L. Weirather2!, Priya Duggal®?, Eliana L. Nascimento®d, Gloria R. Monteirod,
Daniella R. Martins9, Henio G. Lacerda®d, Michaela Fakiola®2, Jenefer M. Blackwell®f1,
Selma M.B. Jeronimo%9h1 and Mary E. Wilsonaiik*1

Jason L. Weirather: jason-weirather@uiowa.edu; Priya Duggal: pduggal@jhsph.edu; Eliana L. Nascimento:
eltomaz@gmail.com, etomaz@cb.ufrn.br; Gloria R. Monteiro: gloriag74@hotmail.com; Daniella R. Martins:
daniellamartins@chb.ufrn.br; Henio G. Lacerda: heniolacerda@ufrnet.br; Michaela Fakiola: mf300@cam.ac.uk; Jenefer M.
Blackwell: jenefer.blackwell@telethonkids.org.au; Selma M.B. Jeronimo: smbj@chb.ufrn.br

aInterdisciplinary Program in Genetics, University of lowa, lowa City, IA, USA

bDepartment of Epidemiology, Johns Hopkins Bloomberg School of Public Health, Baltimore, MD,
USA

¢Department of Infectious Diseases, Federal University of Rio Grande do Norte, Natal, RN, Brazil

dinstitute of Tropical Medicine of Rio Grande do Norte, Federal University of Rio Grande do Norte,
Natal, RN, Brazil

eCambridge Institute for Medical Research, University of Cambridge, UK

Telethon Kids Institute, The University of Western Australia, Perth, Australia

9Department of Biochemistry, Federal University of Rio Grande do Norte, Natal, RN, Brazil
hInstitute of Science and Technology of Tropical Diseases, Brazil

iDepartment of Internal Medicine, University of lowa, lowa City, IA, USA

iDepartment of Microbiology, University of lowa, lowa City, IA, USA

Klowa City Veterans’ Affairs Medical Center, lowa City, IA, USA

“Corresponding author at: Internal Medicine-Microbiology, University of lowa, SW34-GH, 200 Hawkins Dr., lowa City, IA 52242,
&JSA, mary-wilson@uiowa.edu (M.E. Wilson).

These authors contributed equally to this work.
2Current address: Institute of Molecular Genetics, Milan, Italy.

Supplementary data to this article can be found online at http://dx.doi.org/10.1016/j.meegid.2016.05.005.

Competing interests

The authors declare they have no competing interests.

Author contributions

JLW performed statistical genetics analyses and drafted the manuscript. PD designed the fine mapping strategy, performed and
advised on statistical genetics analyses. ELN participated in subject entry. GRM participated in subject entry and sample processing in
Brazil. DRM participated in subject entry and sample processing in Brazil. HGL entered subjects, participated in data and sample
collection and data gathering. MF advised on statistical genetics analyses, and revised the manuscript. JMB advised on statistical
genetics analyses, and revised the manuscript. SMBJ and MEW oversaw the study design. SMBJ initiated subject entry, data
collection and sample processing, supervised field site activities, was responsible for accuracy of data entry, and revised the
manuscript. MEW supervised statistical genetics analyses and drafted the manuscript with JLW.


http://dx.doi.org/10.1016/j.meegid.2016.05.005

1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Weirather et al. Page 2

Abstract

Infection with the protozoan Leishmania infantum can lead to asymptomatic infection and
protective immunity, or to the progressive and potentially fatal disease visceral leishmaniasis (VL).
Published studies show host genetic background determines in part whether infected individuals
will develop a symptomatic or asymptomatic outcome. The purpose of the current study was to
fine map chromosome regions previously linked with risk for symptomatic (chromosome 9) or
asymptomatic (chromosomes 15 and 19) manifestations of L. infantum infection. We conducted a
family-based genetic study of VL and asymptomatic infection (detected by a DTH skin test) with a
final post quality control sample of 961 individuals with full genotype and phenotype information
from highly endemic neighborhoods of northeast Brazil. A total of 5485 SNPs under the linkage
peaks on chromosomes 9, 15 and 19 were genotyped. No strong SNP associations were observed
for the DTH phenotype. The most significant associations with the VL phenotype were with SNP
rs1470217 (p = 5.9e-05; Pcorrected = 0.057) on chromosome 9, and with SNP rs8107014 (p = 1.4e
—05; Pcorrected = 0.013) on chromosome 19. SNP rs1470217 is situated in a 180 kb intergenic
region between TMEMZ15 (Transmembrane protein 215) and APTX (Aprataxin). SNP rs8107014
lies in the intron between exons 26 and 27 of a 34 exon transcript (ENST00000204005) of L7BF4,
(Latent transforming growth factor-beta-binding protein 4a). The latter supports growing evidence
that the transforming growth factor-beta pathway is important in the immunopathogenesis of VL.

Keywords
Visceral leishmaniasis; Fine mapping; Linkage regions; Tropical disease; Genetic risk factors

1. Introduction

Visceral leishmaniasis (VL) is a debilitating parasitic disease of humans caused by protozoa
belonging to the Leishmania donovani complex. Symptomatic VL is a severe progressive
infection which can be fatal even with treatment. Despite its potential severity, 80-90% of
individuals infected with the causative parasites harbor either sub-clinical or asymptomatic
infection (Blackwell et al., 2009). The hypothesis that human genetic variants also influence
susceptibility to both VL and a positive DTH response is supported by segregation analyses
in Brazilian populations (Feitosa et al., 1999; Peacock et al., 2001). Efforts to identify the
specific genes conferring susceptibility have inspired candidate gene (reviewed Blackwell,
2010; Blackwell et al., 2009), as well as genome-wide linkage (Bucheton et al., 2003;
Jamieson et al., 2007; Jeronimo et al., 2007a; Miller et al., 2007) and association (Fakiola et
al., 2013) studies. Previously we carried out a genome-wide linkage study (Jeronimo et al.,
2007a) that identified a region of putative linkage to symptomatic VL on human
chromosome 9, with further regions on chromosomes 15 and 19 identified as carrying loci
regulating asymptomatic disease as measured by a delayed type hypersensitivity (DTH) skin
test response to crude leishmanial antigen. The purpose of the current study was to fine map
these chromosome regions using high density single nucleotide polymorphism (SNP)
genotyping and association analyses. The results support growing evidence that the
transforming growth factor-beta pathway is important in the immunopathogenesis of VL.
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2. Materials and methods

2.1. Subject sample and phenotype

Details of the study site in Natal, Rio Grande do Norte, Brazil, enrollment of subjects, and
clinical phenotyping are described in full in our previous genome-wide linkage (Jeronimo et
al., 2007a) and candidate gene (Jeronimo et al., 2007b) studies. Briefly, criteria for diagnosis
of VL were a clinical presentation with hepatosplenomegaly, fever, cachexia and
pancytopenia, positive parasitologic diagnosis (positive bone marrow aspirate, positive
serology), and response to treatment. As before (Jeronimo et al., 2007a; Jeronimo et al.,
2007b), the cutoff for a positive Montenegro test for Lefishmania antigen was =5 mm of
induration. The study was approved by the institutional review boards of the Universidade
Federal do Rio Grande do Norte (numbers 19-01 and 21-01); the Comiss&o Nacional de
Etica em Pesquisa (CONEP numbers 4581 and 4575); the University of lowa; Johns
Hopkins University; the University of Virginia; and the National Human Genome Research
Institute, National Institutes of Health. Written consent was obtained from adults and from
parents or guardians of minors <18 years of age, and written assent was obtained from
minors 12-17 years of age.

2.2. Numbers of subjects

DNA for genotyping was available for 1200 individuals (49% male; 51% female), who all
contributed to calculation of allele frequencies and linkage disequilibrium (LD) blocks. Full
phenotype data was available for 961 genotyped individuals (145 VL; 421 DTH+; 395 DTH
-). The study sample comprised 49% males and 51% females.

2.3. SNP selection and genotyping

SNPs (N = 6026) were selected to cover three regions of putative linkage in our prior study
(Jeronimo et al., 2007a). Based on our knowledge of admixture in the region of northeast
Brazil (Ettinger et al., 2009), tagging SNPs (minor allele frequency > 0.05) were selected
from LD blocks using the CEU and YRI populations in HapMap (Table S1). SNP selection
was based on >1 SNP per LD block with r2 > 0.8. SNPs between LD blocks were included
to ensure coverage. The median distance between the 5485 post quality control (cf. below)
SNPs was 10.2 kb. Genotyping was performed by the Center for Inherited Diseases
Research at Johns Hopkins University, Baltimore, MD, USA, using the lllumina Infinium
genoptyping platform. SNPs with median p < 0.001 for deviation from Hardy-Weinberg
equilibrium (Wigginton et al., 2005) across unrelated individuals were removed. PEDSTATS
(Wigginton and Abecasis, 2005) and MERLIN (Abecasis et al., 2002) software were used to
remove Mendelian errors and unlikely genotypes (unlikely recombination events).
Individuals or SNPs with >2% inconsistent calls or errors were removed from the analysis.
Nuclear families with >5% errors were also excluded. After quality control, 5485 of the
original 6026 SNPs were retained in the analysis. The call rate for SNPs among genotyped
individuals was 99.91% after quality control.
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2.4. Association analyses

Family-based association tests for qualitative traits (VL or DTH positive results) were
conducted on all 5485 SNPs using the LAMP software package (Li et al., 2005). The
population prevalence for DTH+ was set at 0.7, and at 0.5 for VL, based on observed
prevalence in the study population. A modified Bonferroni threshold for significance was
calculated to take account of the number of LD blocks identified using a conservative
method (Gabriel et al., 2002) implemented in the Haploview program (Barrett et al., 2005).
There were 289 blocks on chromosome 9, 355 blocks on chromosome 15 and 317 blocks on
chromosome 19. Considering the total of 961 LD blocks, a threshold of p = 5.2e-05 (i.e. p=
0.05/961) was required to achieve significance at a = 0.05. Individual corrected p-values
were nominal p-values multiplied by 961 LD blocks. In addition, p-values were calculated
separately for each region from permutation tests, using a set of 1000 simulated populations
generated with the MERLIN software simulation feature. Simulated data sets maintain the
same allele frequencies and missing data points as the original study population. Plots of
associations were generated with the Locuszoom software package (Pruim et al., 2010).

3. Results

3.1. Allelic associations

Table S2 lists the most significant associations (uncorrected p < 0.001) between each
phenotype and markers in linkage regions.

On chromosome 9, SNP rs1470217 had a nominal p value of p = 5.9e-05 (empirical
simulation p = 0.089; Bonferroni corrected p = 0.057) for association with a VL outcome
(Table 1, Fig. 1, Table S2), with the A allele as the risk allele for VL. Despite the fact that
SNP rs1470217 was selected as part of LD block 120 on chromosome 9 (see Table S1), this
SNP association was not well supported by other SNPs in strong LD (Fig. 2A) in our study
population. Therefore, deeper coverage of SNPs may be required to validate the association
in this region. SNP rs1470217 is situated in a 180 kb intergenic region between TMEMZ15
(Transmembrane protein 215) and AP7.X (Aprataxin) (Fig. 2A). No significant associations
were detected between the DTH phenotype and SNPs on chromosomes 9 (Fig. 1).

On chromosome 15, no associations were observed for the VL or DTH phenotypes that
withstood Bonferroni correction or permutation tests (Fig. 1, Table S2).

On chromosome 19, the most significant association (nominal p= 1.4e-05; empirical
simulation p=0.022; Bonferroni corrected p = 0.013) was observed between the VL
phenotype and SNP rs8107014 (Table 1, Fig. 1, Table S2), with the minor T allele as the risk
allele for VL. This SNP is located within the intron between the 26th and 27th exons of a 34
exon transcript (ENST00000204005) of L7BP4 (Latent transforming growth factor-beta-
binding protein 4) (Fig. 2B), though shorter splice variants are also annotated. SNP
rs8107014 has been previously reported to be associated with gene expression of LTBP4 in
peripheral blood monocytes (Zeller et al., 2010), and has been recorded as part of an eQTL
region in HaploRegv4.1 (http://www.broadinstitute.org/mammals/haploreg/detail_v4.1.php?
query=&id=rs8107014). There were no significant associations of these SNPs with the DTH
+phenotype. The SNP rs10402740 on chromosome 19 showing weak association (nominal p
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= 2.1e-04; Bonferroni corrected p = 0.202) with the DTH positive phenotype (Fig. 1, Table
S2) is located 426 kb upstream of rs8107014, more proximal to the centromere, and is not in
LD with rs8107014 (r2 = 0.005).

4. Discussion

The current study was designed to fine map regions under linkage peaks previously shown
by us (Jeronimo et al., 2007a) to contain putative regions of linkage to VL susceptibility
(chromosome 9), or to asymptomatic infection as determined by DTH skin test reactivity to
leishmanial antigen (chromosomes 15 and 19). Although these regions were not highlighted
in a recent large-scale genome-wide association of the VL phenotype in India and Brazil
(Fakiola et al., 2013), the linkage peaks were considered worthy of follow-up as the only
genome-wide linkage study in which the asymptomatic DTH skin test phenotype had been
studied (Jeronimo et al., 2007a). In the event, the only associations that withstood correction
for multiple testing were for the symptomatic VL phenotype, with high density SNP
mapping pinpointing a region on Chromosome 9 intergenic between TMEMZ215and APTX,
and SNPs within L7BP4 on chromosome 19, as the peaks of association with VL.
TMEMZ215 encodes a protein annotated as Transmembrane protein 215, with little known
about its function other than having putative interactions with PDZ domains (Luck et al.,
2011). APTX encodes Aprataxin, a member of the histidine triad superfamily, members of
which have nucleotide binding and diadenosine polyphosphate hydrolase activities (Date et
al., 2001). Deleterious mutations in APT.X are associated with ataxia-ocular apraxia (Date et
al., 2001), and Aprataxin is known to function together with other molecules to protect the
genome against oxidative damage (Harris et al., 2009). At present there are no obvious
functional links between either of these genes and VL pathogenesis. On the other hand, the
more robust association observed for a group of intronic SNPs (top SNP rs8107014) at
LTBP40on chromosome 19 is of some interest in relation to prior knowledge of the role of
the transforming growth factor beta (TGF-B) pathway in VL disease (Gantt et al., 2003;
Gomes et al., 2000). For example, TGF-B is important in VL both as a suppressor of T cell
responses (Gantt et al., 2003; Gomes et al., 2000) and potentially as an activator of T helper
17 development (Gantt et al., 2003). In addition, we have previously demonstrated genetic
associations between SNPs at 7GFB/on chromosome 5q31.1 and DTH responses to
leishmanial antigen in our study population (Jeronimo et al., 2007b). 7GFB/ encodes the
protein keratoepithelin, which is upregulated by TGF-f, and is expressed in skin epithelial
cells where it could modulate the DTH phenotype. LTBP4 binds to inactive TGF-$
complexed with latency associated peptide both intracellularly and upon release from cells
(Oklo and Hesketh, 2000). The LTBP4 complex remains in extracellular tissues until
activated via a number of mechanisms that alters its physiochemical characteristics, causing
it to release its cargo. Further functional studies will be required to determine the possible
role of LTBP4 in contributing to TGF-f regulation of VL pathogenesis. Our findings are
also consistent with our prior reports of association between cutaneous leishmaniasis and
genes in, or affecting, the TGF-p pathway (Castellucci et al., 2012; Castellucci et al., 2011),
lending support to the broader importance of this pathway in pathogenesis of leishmaniasis.
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Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.

Aﬁelic association results in linkage follow-up regions. Linkage follow-up regions on
chromosomes 9 (A), 15 (B), and 19 (C) are indicated by the red boxes on the chromosome
illustrations. The distribution of plotted SNPs across the region of interest is shown under
the illustration of each chromosome. Three panels for each chromosome show the p-values
for associations of SNPs with the VL and DTH positive traits (LAMP analysis). The large
blue points represent the strongest association for that trait within the region of interest. The
LD structure between the SNP with the best p-value and surrounding SNPs is indicated by a
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color gradient on other large points, with white being in strong LD, and red being in weak
LD. The dashed line represents an adjusted Bonferroni threshold of significance ata p =
4.97e-05 cutoff. (For interpretation of the references to color in this figure legend, the reader
is referred to the web version of this article.)
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Fig. 2.

Reggions of highest association with VL in linkage follow-up regions. Associations between
the SNPs on chromosomes 9 (A) and 19 (B) are shown in detail. On chromosome 9,
rs1470217 is indicated as the blue plot point. The distribution of SNPs covering 350 kb is
shown above. On chromosome 19, rs8107014 is shown with 200 kb around the region. The
blue points represent the strongest association for the VL trait within the region of interest.
The LD structure between the SNP with the best p-value and surrounding SNPs is indicated
by a color gradient on flanking SNPs, with white being in strong LD and red being in weak
LD. The dashed line represents an adjusted Bonferroni threshold of significance ata p = 5.2e
-05 cutoff (i.e. p = 0.05/961 LD blocks). (For interpretation of the references to color in this
figure legend, the reader is referred to the web version of this article.)
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