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Abstract

Previous studies have demonstrated a role for wound healing genes in resolution of cutaneous
lesions caused by Leishmania spp. in both mice and humans, including the gene FLI1 encoding
Friend leukaemia virus integration 1. Reduction of Flil expression in mice has been shown to
result in up-regulation of collagen type | alpha 1 (Collal) and alpha 2 (Col1a2) genes and,
conversely, in down-regulation of the matrix metalloproteinase 1 (Mmp1l) gene, suggesting that
Fli1 suppression is involved in activation of the profibrotic gene program. Here we examined
single nucleotide polymorphisms (SNPs) in these genes as risk factors for cutaneous (CL) and
mucosal leishmaniasis (ML), and leishmaniasis per se, caused by L. brazliensis in humans. SNPs
were genotyped in 168 nuclear families (250 CL; 87 ML cases) and replicated in 157 families
(402 CL; 39 ML cases). Family-based association tests (FBAT) showed the strongest association
between SNPs rs1061237 (combined P=0.002) and rs2586488 (combined P=0.027) at COL1A1
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and CL disease. This contributes to our further understanding of the role of wound healing in the
resolution of CL disease, providing potential for therapies modulating COL1A1 via drugs acting
on FLI1.
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1. Introduction

American tegumentary leishmaniasis (ACL), caused by protozoan parasites of the genus
Leishmania, is a major health problem in many low income countries. The infection is
associated with a broad spectrum of clinical phenotypes, resulting from both environmental
risk factors and a combination of the host’s immune and genetic background. In the last few
years we have shown that polymorphisms at genes associated with wound healing and tissue
repair are important risk factors for cutaneous leishmaniasis (CL) caused by Leishmania
brazliensis (Castellucci et al., 2012; Castellucci et al., 2011). Thus, the FLI1 gene, initially
identified and mapped as a gene controlling susceptibility to CL caused by L. major
infection in mice (Sakthianandeswaren et al., 2010; Sakthianandeswaren et al., 2005), was
also associated with development of CL in humans exposed to L. braziliensisin Brazil. In
addition, our data showed that polymorphisms in other wound healing genes related to FLI1
function, in particular genes (TGFB1, TGFBR2, CTGF, SMAD2/3/7) encoding proteins in
the transforming growth factor § (TGF-p) signaling pathway, were risk factors for CL. These
data support the hypothesis that the normal physiological regulation of the wound healing
process is important in the cure of ACL. Of interest, protective alleles for CL at these loci
were often acting as risk alleles for mucosal leishmaniasis (ML) caused by L. brazliensisin
the same population. This likely reflects the exaggerated pro-inflammatory response
associated with ML disease, compared to the measured tumour necrosis factor and
interferon-y responses required to cure CL lesions.

Reduction of Flil expression in mice has been shown to result in up-regulation of collagen
type | alpha 1 (Collal) and alpha 2 (Colla2) genes and, conversely, in down-regulation of
the matrix metalloproteinase 1 (MmpZl) gene, suggesting that Flil suppression is involved in
activation of the profibrotic gene program (Nakerakanti et al., 2006). Both type | collagens
and matrix metalloproteinases play an important role in the normal physiological and
pathological conditions of many diseases (Alexakis et al., 2006; Amalinei et al., 2010; Imai
et al., 2000; Wynn, 2008). Considering the role of these genes in the wound healing
response, together with our previous data showing genetic association of their regulator gene
FLI1 with CL in families from Brazil, we extended our analysis of the FLI1 pathway to
determine whether polymorphisms at COL1A1, COL1A2 or MMPL1 genes could also be
involved in the outcome of ACL.

Infect Genet Evol. Author manuscript; available in PMC 2016 March 01.
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2. Materials and methods

2.1. Study site, diagnhosis and sample collection

Our genetic studies are conducted in a region of rural rain forest, Corte de Pedra, Bahia,
Brazil, where L. braziliensis is endemic. For host genetic association studies, two family-
based cohorts were collected during two study periods, 2000-2004 and 2008-2010, as
reported previously along with details of epidemiology and clinical phenotypes of disease
(Castellucci et al., 2011; Castellucci et al., 2010; Castellucci et al., 2006). Sample collection
for the first cohort was based on ascertainment of index cases of ML from medical records
of the Corte de Pedra Public Health Post, and active follow-up to identify and collect all
other family members, including those with current or past CL disease. This provided DNA
samples (Table 1) from 168 nuclear families that contain 250 CL cases and 87 ML cases.
Sample collection for the second cohort was based primarily on incident cases of CL or ML
presenting to the health post, with family follow-up to acquire samples from parents and
affected siblings, and unaffected siblings if one or both parents were missing. This provided
DNA samples (Table 1) from 157 nuclear families that contain 402 CL cases and 39 ML
cases. The characteristics of the two cohorts have been described in detail elsewhere
(Castellucci et al., 2011), including diagnostic criteria for ML and CL disease.

2.2. Sample collection and DNA extraction

Blood (8 ml) was taken by venipuncture and collected into dodecy!l citrate acid (DCA)-
containing vacutainers (Becton Dickinson). Genomic DNA was prepared using the
proteinase K and salting-out method (Sambrook et al., 1989).

2.3. Genotyping

Genotyping was performed using pre-designed Tagman® gPCR assays (Life Technologies)
for polymorphisms at COL1A1 (rs1061237, rs2586488, rs2075554), COL1A2 (rs388625,
rs11770203) and MMP1 (rs5854, rs470747, rs7125062) as presented in Table 2. SNPs were
selected pragmatically on the basis of prior use as tagging SNPs in other disease association
studies (Erdei et al., 2013; Metlapally et al., 2009), availability of validated predesigned
Tagman® gPCR assays, and MAF >0.15 for both CEU (Caucasian) and YRI (African)
HapMap populations. These two reference populations were selected to mimic as closely as
possible ethnic admixture in the population of Bahia. Analysis of linkage disequilibrium
using Haploview v4.2 (Barrett et al., 2005) for SNPs with a MAF >0.15 for the CEU
HapMap populations showed that these SNPs tagged >90% of the COL1A1 gene at D’>0.67
and ~30% cover at r2>0.58, >90% of COL1A2 at D*>0.56 and <20% cover at r?>0.58, and
>90% of MMP1 at D*>0.65 and ~30% cover at r2>0.70. All SNPs were in Hardy Weinberg
Equilibrium in genetically unrelated founders of the families (data not shown). Missingness
(i.e. failure to score on Tagman assays) ranged from 0.80% (8/1008 individuals available for
genotyping) to 2.5% (25/1008) across the 8 SNPs. PEDCHECK (O'Connell and Weeks,
1998) was used to determine Mendelian inconsistencies within families and genotypes for
these individuals were set to zero for analysis.
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2.4, Statistical analyses

3. Results

Linkage disequilibrium (LD) was determined using Haploview v4.2 (Barrett et al., 2005).
Family Based Association Tests (FBAT) were carried out under additive, dominant or
genotype inheritance models using the —o flag to take both unaffected and affected offspring
into account (Laird et al., 2000). ML patients were set to unknown phenotype in the analysis
of the CL alone phenotype. Nominal P-values are presented throughout, i.e. without
correction for multiple testing. The P-value needed to achieve statistical significance by
applying a strict Bonferroni correction to take multiple testing into account was P=0.006
(=0.05/8 SNPs tested). Transmission disequilibrium test power approximations (Knapp,
1999) were used to determine power of the families to detect genetic associations.

3.1. Characteristics of the samples and power to detect association

Table 1 provides details of the samples used in this study. Sample collections made during
two different time periods, 2000-2004 and 2008-2010, were well-matched geographically
(Castellucci et al., 2012) and demographically (Table 1). Table 2 provides details of SNPs
genotyped, and demonstrates that all SNPs were at a MAF =0.25 in this Brazilian
population. The P-value needed to achieve statistical significance taking multiple testing
into account is P=0.006 (=0.05/8 SNPs tested). TDT power approximations (Knapp, 1999)
showed that the first (250 CL cases) and second (402 CL cases) family datasets had 68%
and 89% power, respectively, to detect an odds ratio >1.5 at P=0.01 for markers with MAF
>0.3. The combined 652 trios had 98.7% power to detect association for the same effect
size, P-value and MAF. Similarly, for leishmaniasis per se (i.e. CL + ML), power
estimations for 337 primary, 441 replication, and 778 combined trios had 91.9%, 91.9%, and
99.6% power, respectively. Power to detect associations with ML disease was low (<25%)
even in the combined dataset.

3.2. Association tests for SNPs at COL1A1, COL1A2 and MMP1 as candidate genes for CL

disease

No associations were observed between CL disease and SNPs at COL1A2 or MMP1 (data
not shown) used in this study. This does not rule out the possibility that associations could
be uncovered given more dense SNP coverage of these two genes. Results of the COL1A1
FBAT analysis for the CL clinical phenotype in the primary (Families 101-168), replication
(Families 169-325) and combined data set are presented in Table 3. Analysis under an
additive model was sufficient to explain the data. SNP rs1061237 showed a trend for
association (P=0.058) in the smaller primary family sample, achieved association at nominal
P=0.018 in the replication family sample, and attained a P-value (P=0.002) in the combined
analysis that withstands application of a strict correction factor for the 8 SNPs genotyped.
SNP rs2586488 also provided evidence (nominal P<0.05) for association in the larger
replication sample and the combined analysis. This is consistent with quite strong LD (D’
0.78; r2 0.55) between these two SNPs (Figure 1). In contrast, there was no evidence for
associations between CL disease and SNP rs2075554 and CL disease (Table 3), or of LD
between this SNP and the two associated SNPs (Figure 1).
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3.2. COL1A1 SNPs and CL versus ML disease

No associations were observed between ML disease, or leishmaniasis per se, and SNPs at
COL1A2 or MMP1 (data not shown). The COL1A1 FBAT analysis for the ML clinical
phenotype, and leishmaniasis per se (CL+ML disease) in the primary (Families 101-168),
replication (Families 169-325) and combined data set are presented in Supplementary
Tables 1 and 2, respectively. Of interest, a trend for association (hominal P=0.079) between
rs2586488 and ML disease in the replication families (Supplementary Table 1) showed the
minor allele as the risk allele, whereas for CL disease (Table 1) the major allele was the risk
allele, reminiscent of earlier findings with other wound healing genes (Castellucci et al.,
2012; Castellucci et al., 2011). This contributed to reduction in the strength of associations
seen at both rs1061237 and rs2586488 in the analysis of CL+ML as leishmaniasis per se
(Supplementary Table 2).

4. Discussion

Here we provide evidence for association between polymorphic variants at COL1A1 and
susceptibility to CL disease caused by L. braziliensis in Brazil. This adds to our previous
demonstration of roles for wound healing genes in determining the outcome of CL disease,
supporting prior murine studies that had highlighted a role for wound healing pathways in
the resolution of cutaneous forms of leishmaniasis (Sakthianandeswaren et al., 2005;
Sakthianandeswaren et al., 2009).

Collagen type | is a predominant extracellular matrix component of the fibrotic lesion.
Extracellular matrix remodeling is a complex and tightly regulated process that occurs
during wound repair. In many pathological conditions the balance between extracellular
matrix synthesis and degradation is disrupted, leading to abnormal remodeling (Border et al.,
1996; Curran and Murray, 1999; Forget et al., 1999; Friedman, 1993; Malemud and
Goldberg, 1999; Trojanowska et al., 1998; Vincenti et al., 1994). Leishmaniasis wound
repair depends on a balanced immune response, as well as the cooperation of matrix
elements and collagens. In addition, previous work suggests that type | collagen remodeling
by promastigotes could play an important role during the infection process (Larsen et al.,
2006; Petropolis et al., 2014; Stamenkovic, 2003). Even though the importance of the
immunological response has been well established in the elimination of Leishmania
infection and healing of resulting lesions, the mechanisms involved in skin damage and
ulcer resolution needs to be better understood. For example, it needs to be clarified what
happens after infection if the promastigotes pass through the dermis extracellular matrix,
remaining there until the first contact with macrophages or other potential host cells (Lira et
al., 1997; McGwire et al., 2003). Results presented here provide support for a role for
polymorphism at COL1A1, which lies within the FLI1 network, in determining the outcome
of L. braziliensis infection. This is consistent with our previous demonstration (Castellucci
etal., 2011) of association between SNPs at FLI1 that are in strong linkage disequilibrium
with functional elements known to influence FLI1 expression through epigenetic (CpG
motifs) and enhancer activities. Epigenetic repression of the FLI1 gene is associated with
enhanced COL1AL1 expression (Wang et al., 2006), and there is a complex interplay between
FLI1 and the TGF- signaling pathway in regulating collagen deposition and fibrosis during
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the wound healing process. Further functional work will be required to evaluate the
mechanisms of expression of these genes either in biopsies or cells from patients infected by
L. braziliensisto determine their potential as therapeutic targets.

In brief, our data contribute to the dissection of an important pathway associated with
development of CL, identifying host molecular biomarkers for this disease. This contributes
to our further understanding of the role of wound healing in the resolution of CL disease,
providing potential for therapies modulating COL1A1 via drugs acting on FLI1.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
LD patterns for D’ (A) and r? (B) were determined in Haploview software v4.2 (Barrett et

al., 2005) for the 3 COL1AL SNPs used in the association analyses. D' values and confidence
levels (LOD) are represented as red for D'=1, LOD>2 (none present); shades of pink for
varying D’, LOD<0.2; white for D'<1, LOD<2 (none present). r values are represented
white for r2 = 0, with intermediate values for 0<r? < 1 indicated by shades of grey. The
numbers within the squares represent the D' or r2 scores for pairwise LD.
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