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Mannose-binding lectin (MBL) is a serum protein of innate immunity, with a central role
in the activation of the complement system through the lectin pathway. This protein
is encoded by MBL2 gene, and single-nucleotide polymorphisms located at exon
1, such as rs5030737 C>T (D variant), rs1800450 G>A (B variant), and rs1800451
G=>A (C variant), may change the MBL structure and the serum concentration. MBL2
polymorphisms have been associated with several infectious diseases, including leprosy.
Host immune response has a major impact on the clinical manifestation of leprosy
since only a few individuals infected with Mycobacterium leprae will develop the
disease. Therefore, the aim of this study was to evaluate the influence of MBL2 exon
1 polymorphisms (rs5030737, rs1800450, and rs1800451) on the MBL levels and
leprosy immunopathogenesis. This case—control study included 350 leprosy patients
from Southern Brazil, with 279 classified as multibacillary (MB) and 71 as paucibacillary
(PB). The control group consisted of 350 non-consanguineous individuals, who were
not diagnosed with leprosy or other infectious and autoimmune diseases. Genotyping
was performed by PCR-sequence specific primers, and the MBL serum concentrations
were evaluated by ELISA. MBL2 exon 1 polymorphisms were analyzed individually and
grouped as genotypes, considering “A” as the wild allele and “O” as the presence of
at least one polymorphism (D, B, or C variants). Differences were not observed in the
distribution of genotypic and allelic frequencies between leprosy per se patients and
controls. However, in a haplotypic analysis, the TGG haplotype presented a risk for
development of leprosy per se in women when compared to the wild haplotype (CGG)
(OR = 2.69). Comparing patients with MB and PB, in a multivariate analysis, the B variant
was associated with the susceptibility of developing the MB form of leprosy (OR = 2.55).
Besides that, the CAG haplotype showed an increased susceptibility to develop MB
leprosy in women compared to men. It was observed that the A/O genotype in women
was associated with a susceptibility to leprosy development per se (OR = 1.66) and
progression to MB leprosy (OR = 3.13). In addition, the MBL serum concentrations were
in accordance with the genotyping analysis. In summary, our data suggest that MBL2
exon 1 polymorphisms are associated with an increased risk to leprosy development
and progression.

Keywords: genetic polymorphism, mannose-binding lectin, multibacillary, genetic predisposition to disease,
case—control study, gene frequencies
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INTRODUCTION

Mannose-binding lectin (MBL) is a soluble protein responsible
for activating the complement system via the lectin pathway. In
addition, MBL is involved in microorganism opsonization for
phagocytosis and macrophage activation (1, 2).

MBL2 gene, which encodes MBL, is located on chromosome
10 (ql1.2-q21) (1). Three variants are commonly studied
on MBL2 exon 1: rs5030737 (g.52771482G>A, p.Arg52Cys),
rs1800450 (g.52771475C>T, p.Gly54Asp), and rs1800451
(g.52771466C>T, p.Gly57Glu), also described as D, B, and C
variants, respectively, in contrast to the wild type, which is
termed as A allele (3, 4). These single-nucleotide polymorphism
(SNPs) are known as structural variants since they modify the
structure of the protein and the assembly of MBL oligomers,
leading to the formation of smaller non-functional oligomers
(5). This affects binding avidity, with a possible functional
implication, since the prolonged interaction can facilitate self-
activation of MASP1 to activate the complement cascade more
efficiently (6). Another consequence of MBL variants is increased
susceptibility to degradation by metalloproteases (7).

High MBL levels may facilitate the infection of intracellular
pathogens into host cells through C3b receptors. Some studies
have shown that MBL deficiency indicated protection in diseases
such as leishmaniasis (8, 9), tuberculosis, and leprosy (10-12).

Leprosy is a chronic infectious disease caused mainly by
Mpycobacterium leprae and Mycobacterium lepromatosis (13,
14), which mainly affect the skin, peripheral nerves, upper
respiratory tract mucosa, and eyes (13, 15). According to the
World Health Organization (WHO) classification (1982), leprosy
patients are considered paucibacillary (PB), when they present up
to five cutaneous lesions, or multibacillary (MB), which includes
patients with more than five lesions (13).

Regarding the epidemiology of leprosy, at the end of 2018,
WHO reported an incidence of 2.74 new cases per 100,000
(208,619 cases). More than 79% of new cases refer only to three
countries: India, Brazil, and Indonesia. In this case, Brazil was the
second country with the largest number of new leprosy cases in
the world, totaling 28,660 (16, 17).

Host immune response has a major impact on the clinical
manifestation of leprosy, and according to some studies, there is
an association between MBL protein and the development and
the progression of this disease (4, 18-20). Thus, the objective
of this work was to evaluate the influence of MBL2 gene exon
1 polymorphisms (D, B, and C variants), which encodes the
MBL protein, on leprosy immunopathogenesis in residents of the
north/northwest regions of Parana, Brazil.

MATERIALS AND METHODS
Study Population

This case-control study consisted of leprosy patients and
controls. The leprosy patients were classified following the
WHO classification, multibacillary and paucibacillary. All the
participants were residents of the northern and the northwestern
regions of Parand, southern Brazil (22°29'30”-26°42'59” S and
48°02/24”-54°37'38"W). The population was considered as
mixed according to Probst et al. (21) who described the Parana

ethnic constitution as predominantly of European origin (80.6%),
with a small contribution from African (12.5%) and Amerindian
(7.0%) ancestry (21).

The control group in this study was composed of both
non-consanguineous individuals who were in household
contact with leprosy patients and individuals without previous
contact with these patients. All the control subjects declared
that they did not present leprosy or other infectious and
autoimmune diseases. The leprosy patients were diagnosed by
clinical examination, bacilloscopy, and biopsy and classified by
experienced dermatologists at the CISAMUSEP (Inter-municipal
Public Health Consortium).

All the individuals who accepted to participate in the research
signed the informed consent form, previously approved by the
State University of Maringd (UEM) Human Research Ethics
Committee (2.424.046/2017).

Genotyping and Quantification of Serum
MBL

Genomic DNA was extracted from peripheral blood
using  BIOPUR® commercial kit (Mobius Life Science,
Curitiba, Parand, Brazil) according to the manufacturer’s
recommendations. Subsequently, three MBL2 exon 1 SNPs were
genotyped as D (rs5030737), B (rs1800450), and C (rs1800451)
variants by polymerase chain reaction-sequence-specific primers
(PCR-SSP) according to Steffensen et al., with modifications
(22). The reactions were performed in a volume of 10 pl,
containing 2 ng/pl of each primer, 1X buffer, 1.0 mM MgCl,
for mix D, ABC, and ACD, and 1.5mM MgCl, for mix B, C,
and ABD, 0.2mM dNTP, GoTaq® Flexi DNA Polymerase 1U
(Promega Corporation, Madison, WI, USA), and 100 ng DNA.
The positive controls used in the PCR-SSP reactions were
previously characterized by genomic sequencing.

DNA amplification was performed in an Applied
Biosystems® Veriti Thermal Cycler (Thermo Fisher Scientific,
Foster City, CA, USA). The cycling conditions used were 95°C
for 10 min, followed by 30 cycles of 94°C for 20s, 65°C for 20,
72°C for 30s, and a final extension of 72°C for 5 min. For mix
C, the annealing temperature was 68°C. Detection of amplified
fragments was performed by DNA electrophoresis on 2% agarose
gel with SYBR® Safe® (Invitrogen Life Technologies, Grand
Island, NY, USA) and visualized in ultraviolet light. The primers
that amplify the growth gene region (HGH) were used as internal
reaction controls (22).

Quantification of serum MBL was performed using a
commercial capture enzyme-linked immunosorbent assay (MBL
Oligomer ELISA kit; BIOPORTO® Diagnostics, Hellerup,
Denmark), according to the manufacturer’s instructions. The
serum or plasma of patients was diluted 1:100. Absorbances
were read at 450 nm in a FlexStation® 3 Multi-Mode microplate
reader (Molecular Devices, San Jose, CA, USA).

Statistical Analysis

Allelic, genotypic, and haplotypic frequencies were calculated
for patients and controls, and Hardy-Weinberg equilibrium
(HWE) was evaluated from a genotype distribution analysis.
Multiple SNP comparisons were performed for MBL2 exon
1 SNPs. Haplotypic analysis was performed for three MBL2
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TABLE 1 | MBL2 exon 1 grouped genotypes.

Grouped genotypes Genotypes for each grouped genotype

TABLE 2 | Genotype and allele frequency distributions for MBL2 exon 1
polymorphisms in leprosy per se, paucibacillary (PB) and multibacillary (MB)
patients and controls.

A/A C/C (D variant), G/G (B variant), and
G/G (C variant)
A/O C/T (D variant), G/A (B variant), and
G/A (C variant)
o/0 T/T (D variant), A/A (B variant), A/A (C variant), C/T+G/A

(D and B variants), C/T+G/A (D and C variants), and
G/A+G/A (B and C variants)

exon 1 SNPs as well as the linkage disequilibrium. For the
analysis of multiple SNPs, the software Haploview (23) was used.
Through multiple SNP analyses, we estimated the frequency of
possible haplotypes using the implementation of expectation—
maximization algorithm. This analysis allows one to check
if these haplotypes demonstrated an association with leprosy,
including linkage disequilibrium (LD).

The allelic, genotypic, and haplotypic frequencies of the
studied polymorphisms, as well as the association analyses
between genetic polymorphisms and leprosy, were obtained
by the SNPStats program (available at: https://www.snpstats.
net/) (24). The genetic inheritance models considered were
codominant, dominant, recessive, overdominant, and log
additive. The best inheritance model was chosen based on the
lowest value for the Akaike information criterion (AIC). Odds
ratio (OR) and 95% confidence interval (CI) were calculated
by logistic regression tests, after including variables such as
gender and age. Logistic regression test was used to verify
the association of SNPs in leprosy progression. P < 0.05 was
considered as statistically significant. Bonferroni correction for
the total number of SNPs was not required by the reason that
exon 1 had a high LD.

The patient and the control groups were matched for gender
and age variables. In order to obtain the minimum number of
samples adequate to carry out this study with adequate statistical
power (> 80%), the quantitative calculation software QUANTO
(25) was used, which takes into account the frequencies of
SNPs in the population and the prevalence of the disease
(leprosy per se). Besides that, the sample size was calculated after
consideration of the minor allele frequency.

Another analysis performed in this work was grouping the
three SNPs (D, B, and C variants) into a single allele, represented
by the letter “O,” with the wild allele as “A” (Table 1).

The serum levels of MBL were calculated with a four-
parameter logistic curve using My Curve Fit (https://mycurvefit.
com/), with a dilution factor of 1:100. The MBL levels were
compared within gender and age of patients with Pearson
correlation coefficient and also between PB and MB patients with
Student’s t-test. The concentrations correlated to polymorphisms
were evaluated separately (D, B, and C) or grouped (A and O)
using Mann-Whitney U test in R software, version 3.5.2., by the
reason that we had evaluated the normality by Shapiro-Wilk test,
and this test indicated the need of a non-parametric test. For all
analyses, P < 0.05 was considered as statistically significant.

SNP Allele/ Leprosy patients Controls
genotype (N = 350) (N = 350)
Per se MB PB
(N=350) (N=279) (N=T71)
n (%) n (%) n (%) n (%)
Codon 52 C 661 (94%) 528 (95%) 133 (94%) 669 (96%)
(rs5030737) T 39 (6%) 30 (56%) 9 (6%) 31 (4%)
D variant C/C 312 (89.1%) 249 (89%) 63 (89%) 319 (91%)
C/T 37 (10.6%) 30 (11%) 7 (10%) 31 (9%)
T/T 1(0.3%) 0 1(1%) 0
Codon 54 G 614 (88%) 482 (86%) 132(93%) 617 (88%)
(rs1800450) A 86 (12%) 76 (14%) 10 (7%) 83 (12%)
B variant G/G 269 (77%) 208 (74.5%) 61 (86%) 270 (77%)
G/A 76 (22%) 66 (23.5%) 10 (14%) 77 (22%)
A/A 5 (1%) 5 (2%) 0 3 (1%)
Codon 57 G 655 (94%) 522 (94%) 133 (94%) 658 (94%)
(rs1800451) A 45 (6%) 36 (6%) 9 (6%) 42 (6%)
C variant G/G 308 (88%) 245 (88%) 63(89%) 310 (88.5%)
G/A 39 (11%) 32 (11%) 7 (10%) 38 (11%)
AA 3 (1%) 2 (1%) 1(1%) 2 (0.5%)

SNR, single-nucleotide polymorphism,; N, number of subjects; n, number of alleles or
genotypes (frequency).

RESULTS

We included 350 leprosy patients (193 males and 157 females,
mean age 54 £ 13 years) and 350 controls (180 males and
170 females, mean age 56 =+ 13 years) in the study. Of the
leprosy patients, 279 (79.7%) were MB and 71 (20.3%) were PB
(Supplementary Table 1).

For all genotypic analyses, the codominant association model
was considered, which allows each genotype to present a different
and non-additive risk. However, for the B variant, the log-
additive (or multiplicative) model was used, which considers that
each mutated allele modifies the risk in an additive form, that
is, a homozygous individual for a mutated allele has a double
risk compared to a heterozygous one to the same allele. The best
inheritance model was chosen based on the lowest value for the
AIC (https://www.snpstats.net/tutorial.htm).

Differences were not observed in the distribution of genotypic
and allelic frequencies between leprosy per se patients and
controls (Table2). However, in haplotypic analysis, TGG
haplotype was associated with a susceptibility to the development
of leprosy per se in women (OR = 2.69, 95% CI = 1.04-
6.97) when compared to the wild haplotype (CGG) (Table 3).
Among the MBL2 gene SNPs analyzed in this study, the most
frequent mutated allele was codon 54 (B variant) in both patients
(total and their classifications) and controls. The distribution
of genotypes for all SNPs was in HWE. The statistical power
obtained at 0.05 level of significance, two-tailed test, Kp = 0.0025,
for the D, B, and C variants were power values of 93.7, 99.9,
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TABLE 3 | Haplotypic frequencies of MBL2 exon 1 polymorphisms in leprosy
patients and controls within gender.

TABLE 5 | Haplotypic frequencies of MBL2 exon 1 polymorphisms in
multibacillary (MB) and paucibacillary (PB) leprosy patients within gender.

Haplotype Frequency?® Female Male Haplotype Frequency? Female Male

OR (95% IC) OR (95% IC) OR (95% IC) OR (95% IC)
CGG 0.77 Ref. Ref. CGG 0.77 Ref. Ref.
CAG 0.12 1.52 (0.91-2.52) 0.84 (0.53-1.35) CAG 0.12 2.69 (1.04-6.97) 2.62 (0.61-11.28)
CGA 0.06 1.27 (0.68-2.34) 1.01 (0.56-1.83) CGA 0.06 1.55 (0.57-4.23) 0.74 (0.24-2.29)
TGG 0.05 2.69 (1.04-6.97) 0.96 (0.49-1.88) TGG 0.05 1.47 (0.50-4.29) 0.52 (0.16-1.76)

OR, odds ratio (95% IC); Ref., reference.

aEstimated relative frequency for each haplotype. Haplotype association is evaluated by
logistic regression, and the most frequent haplotype is chosen automatically. The risk for
each haplotype is compared with the reference, which is the most frequent haplotype (24).

TABLE 4 | Genotypic frequency for B variant (rs1800450), located at codon 54 of
exon 1 of MBL2 gene, among multibacillary (MB) and paucibacillary (PB) leprosy
patients.

Association Genotype PB MB OR P-value AIC
model patients patients  (95% IC)
Codominant  G/G 61(85.9%) 208 (74.5%) Ref. 0.017 335.1
G/A 10 (14.1%) 66 (23.7%) 2.40
(1.14-5.06)
A/A 0 (0%) 5(1.8%) NP
Dominant G/G 61 (85.9%) 208 (74.5%) Ref. 0.008 334.2
G/A-A/A 10 (14.1%) 71 (25.4%) 2.56
(1.22-5.37)
Recessive G/G-G/A 71 (100%) 274 (98.2%) Ref. 0.14 339.1
A/A 0 (0%) 5(1.8%) NP
Overdominant G/G-A/A 61 (85.9%) 213 (76.3%) Ref. 0.018 335.6
G/A 10 (14.1%) 66 (23.7%) 2.34
(1.11-4.93)
Log additive - - - 2.55 0.0056 333.6
(1.24-5.24)

SNF, single-nucleotide polymorphism; OR, odds ratio (95% IC); ref., reference; NP, not
performed; AIC, Akaike information criterion.

and 98.8%, respectively, to detect a genetic effect of 2.5 under a
dominant model.

Although not associated with the disease, the allelic variants
were in linkage disequilibrium. In the multivariate analysis, when
comparing MB and PB patients, it was observed that patients
with B variant were more susceptible to the development of MB
leprosy (OR = 2.55, 95% CI = 1.24-5.24) (Table 4). For these
analyses, the statistical power for the less frequent allele was above
80% for a risk effect of 4.5, while for the most frequent allele
(B variant) the risk effect was 2.5 in the log-additive model. In
a haplotypic analysis, the CAG haplotype was associated with a
susceptibility to the development of MB leprosy in women (OR =
2.69, 95% CI = 1.04-6.97) when compared to the wild haplotype
CGG (Table 5).

Another analysis was performed by grouping the three SNPs
(D, B, and C variants) into a single allele. It was observed that
the A/O genotype in women was associated with a susceptibility
to leprosy development per se (OR = 1.66, 95% CI = 1.04-2.63)
(Table 6) and progression to MB leprosy (OR = 3.13, 95% CI =
1.45-6.75) (Table 7).

OR, odds ratio (95% IC); ref., reference.

aEstimated relative frequency for each haplotype. Haplotype association is evaluated by
logistic regression, and the most frequent haplotype is chosen automatically. The risk for
each haplotype is compared with the reference, which is the most frequent haplotype (24).

TABLE 6 | Genotypic frequency of MBL2 exon 1 polymorphisms, analyzed by
grouped genotypes, between female leprosy patients and female controls.

Genotype Controls Leprosy per se OR (95% IC)
A/A 109 82 Ref.

A/O 53 66 1.66 (1.04-2.63)
0/0 8 9 1.58 (0.58-4.30)

OR, odds ratio (95% IC); ref., reference.

TABLE 7 | Genotypic frequency of MBL2 exon 1 polymorphisms, analyzed by
grouped genotypes, between female MB and PB leprosy patients.

Genotype PB patients MB patients OR (95% IC)
A/A 33 49 Ref.

A/O 12 54 3.13 (1.45-6.75)
/0 3 6 1.24 (0.28-5.37)

OR, odds ratio (95% IC); ref., reference.

The serum levels of MBL were evaluated in 80 leprosy
patients (Supplementary Table 2). There was no difference when
comparing the serum levels of MBL with age and gender.
No difference was observed between the serum levels of MBL
from MB and PB patients. Comparing the MBL levels with
genotypes, statistically significant differences were observed
between the grouped genotypes (Figure 1), but not when those
were evaluated separately.

DISCUSSION

The MBL2 variants have been associated with various diseases,
including leprosy (8-12). We evaluated exon 1 polymorphisms
(D, B, and C variants) in leprosy patients and controls from
Southern Brazil. In this population, the B variant of MBL2 exon
1 polymorphism was associated with susceptibility in leprosy
patients for progression to MB form. Moreover, the grouped
genotypes were also related to different MBL levels. Patients
with A/O and O/O compound genotypes presented a decrease
in MBL levels compared to the wild genotype (A/A). Other
significant associations occurred only when we evaluated the
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FIGURE 1 | Mannose-binding lectin serum levels between the
grouped genotypes.

female population separately. In a haplotypic analysis, in women,
the TGG haplotype was associated with a susceptibility to the
development of leprosy per se; CAG haplotype was associated
with susceptibility for progression to MB as well. In the grouped
genotypes, a susceptibility association in female patients was
also observed for both the development of leprosy per se and
progression to MB form.

Even if it is known that men have an increased susceptibility
for leprosy (26), we could not find this association. However,
when we evaluated the female population separately, we found
that the TGG and the CAG haplotypes increased the risk
for development of leprosy and progression to MB form,
respectively, when compared to women who have wild haplotype.
Besides that, the grouped genotype A/O was also associated with
a risk for development of leprosy and progression to MB form
in women. On the other hand, when we evaluated only the male
population, we did not find haplotype or genotype as a risk or
protection factor. More studies with a greater sample size are
necessary to confirm these findings.

In a northwest Brazilian population, Vasconcelos et al. (27)
did not observe associations between MBL2 exon 1 variants
and leprosy (27); in contrast, Sapkota et al. (20) observed that
the MBL2 B variant was associated with protection to the
lepromatous form compared to the tuberculoid form of leprosy
in a Nepalese population (20). These differences can be explained
by population genetics background.

Previous studies have shown that low levels of MBL protein
may influence the pathogenesis of diseases that have intracellular
microorganisms as an agent (8, 9), such as leprosy (19). The
deficiency of this protein has already been associated with
protection against the lepromatous form of the disease, also
classified as MB (18-20). Despite that we did not point an

association between MBL serum levels and the development of
the disease, it was observed that the presence of at least one
polymorphism (D, B, or C variants) may decrease the MBL levels.
Moreover, the B variant of MBL2 exon 1 polymorphism was
associated with susceptibility in leprosy patients for progression
to MB. It is well known that there are other polymorphisms in
the MBL2 gene, such as in the promoter and the untranslated
regions, and they also can alter the MBL serum concentration and
the activity of this protein (1, 5). Although we have not studied
these other polymorphisms, this limitation was not crucial in
our findings, and we may confirm these results with other
polymorphisms in a future study. We did not perform MBL
concentration in all samples; however, we equally selected MB
and PB patients, with heterogeneous genotyping in both groups.
We considered a representative sample of each variant, taking
into account variables such as age and gender.

Studies suggest that the binding between MBL and
lipoarabinomannan, present on the cell surface of mycobacteria,
promotes an increase in phagocyte ingestion of the pathogen
(28). Thus, instead of this interaction between MBL and
mycobacterium assisting in pathogen elimination, this may
increase the uptake and the spread of the pathogen, leading
to the establishment of leprosy in its most widespread form,
lepromatous (18, 19). In this way, MBL deficiency would have
a protective effect against pathogens that use complement-
mediated opsonization to enter phagocytes, such as M. leprae
(18), which also explains the findings of Dornelles et al. (19).
Our findings indicate MBL2 exon 1 polymorphisms to be
associated to a reduction in serum protein concentration as
a risk for the development of leprosy, especially in the MB
form. It is noteworthy that the lectin pathway is not the only
complement activation pathway and there are other evasion
mechanisms (29).

Moreover, we realized that some patients showed unexpected
findings, as we can see in Supplementary Table 2. Some patients
had O/0 genotype, but with high levels of MBL, which may be
growing in response to an infection. However, for a complete
characterization in high, intermediate, and low concentrations,
it is necessary to evaluate other polymorphisms of the MBL2
gene to correlate each haplotype with its respective classification.
Besides that, other patients present A/A grouped genotype
with a supposedly low concentration of MBL, even though
they do not carry an exon 1 MBL2 polymorphism. Although
these findings are surprising, further studies are needed to
evaluate other polymorphisms in the MBL2 gene to better
understand the role of MBL in leprosy, and we intend to continue
studying these variables. We emphasize that, for all samples
which had any confusing factor or bias, we certainly repeated
the genotyping.

Finally, the purpose of including a select group of
controls, consisting of healthy and non-consanguineous
contacts of patients, was to analyze the possible genetic
influence on susceptibility or resistance to leprosy (26),
considering that this disease develops only in a small
group of individuals infected with the bacillus (30). Thus,
although these contacts were with the increased possibility of
infection, they did not have the disease, suggesting that the
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absence of infection is due to the immunogenetic factors of
each individual.

CONCLUSION

We verify the influence of MBL2 exon 1 polymorphisms on
leprosy immunopathogenesis. The presence of the B variant was
associated with an increased risk of developing multibacillary
leprosy, as well as CAG haplotype in women. In addition,
the MBL serum concentrations were in accordance with the
genotyping analysis, and it was observed that the presence of at
least one polymorphism (D, B, or C variants) may decrease the
MBL levels. In summary, our data suggest that MBL2 exon 1
polymorphisms are associated with an increased risk to leprosy
development and progression. For a better understanding of the
role of MBL on leprosy, more studies are necessary to evaluate
other polymorphisms into the MBL2 gene, as well as a greater
sample size to confirm the findings.
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