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Highlights
e A new polymorphism, A61894G, in VDR gene was associated to leprosy
e The transversion (G>A) conferred susceptibility for disease in PB group
e T61968C and A61894G polymorphisms interaction are crucial in M. leprae infection

e TCAA genotype and negative Mitsuda presented 28.33-fold chance to develop the

leprosy
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Letter to the Editor:
Leprosy is a chronic infectious disease that primarily affects peripheral nerves, and the

skin, but can also compromise functions of the eyes and other organs. Mycobacterium leprae (M.



leprae) is the etiological agent and an obligate intracellular parasite [1]. Leprosy remains a
serious public health problem in developing countries, such as India, Brazil and Indonesia, and it
is endemic in Africa, Asia and Latin America [2].

Clinically, leprosy is a spectral disease presenting the tuberculoid pole with cell-mediated
response and the lepromatous form, often with Th2 response. There is also a transition group
between both forms, denominated as borderline. The World Health Organization (WHO)
guidelines classify leprosy patients into two categories: Paucibacillary (PB), which includes
tuberculoid leprosy and some borderline tuberculoid leprosy; and Multibacillary (MB), which
includes a borderline group (borderline tuberculoid, mid borderline, borderline lepromatous) and
lepromatous leprosy [3].

Several aspects related to host, pathogen and environment contribute to maintain
epidemiological rates. Individual genetic susceptibility is a determining factor, and various genes
and their polymorphisms have been linked to or associated with susceptibility to leprosy
including the Vitamin D receptor (VDR) [4]. This receptor has several single nucleotide
polymorphisms (SNPs) located in restriction sites near the 3'UTR region. The Taql (rs731236,
also known as T61968C) is a synonymous variation (located at +352 position of exon 9) that
does not alter the amino acid sequence, but affects the stability of mRNA, altering protein
expression [5]. Therefore, it is reasonable to hypothesize that VDR polymorphisms may play a
critical role in leprosy.

A previous study reported interaction between the VDR T61968C polymorphism and
leprosy susceptibility in a Brazilian population [6]. Here, we tested for differences in genetic
variations between 132 patients with a diagnosis of leprosy (63 PB and 69 MB) and 138

household contacts (HC) to identify susceptibility and make predictions regarding development



of leprosy. Genotyping analysis of T61968C (NCBI: #AY342401) polymorphism was performed
through PCR-RFLP, and we have described, for the first time, the A61894G (NCBI:
#AY427834) polymorphism (also in the 3’UTR region), evaluated through LIS-SSCP.
Genotypes were also compared using a Mitsuda test for each patient, and the polymorphisms
were confirmed by sequencing. Statistical analyses were performed using R (2017, R Foundation
for Statistical Computing, Vienna, Austria) and BioEstat 5.0 software. Significant differences for
allele frequency, association of the VDR genotypes with age and Mitsuda and Hardy-Weinberg
equilibrium (HWE) values were tested using Chi-square. Leprosy outcome was predicted
through odds ratio (OR). P < 0.05 was considered significant.

In our cohort study, samples were randomly selected. The disease affected both sexes,
however it is more incident in males, as demonstrated previously [7]. Moreover, genetic
polymorphisms can vary depending on the population [8]. Our study was performed in a
miscegenated population, and our results may be a molecular signature in a high endemic
country.

Our analysis revealed that A61894G in PB patients is under selection (P = 0.004), and the
mutant allele may still be incorporated in this group (Table 1). There was a significant different
for A61894G polymorphism genotypes between HC and PB groups (P = 0.047). In
(GG+AG)X(AA) analysis comparing HC and PB, the G allele was significantly more frequent in
the HC group (P = 0.037). Age, Mitsuda value and gender were not correlated to genetic
variations.

For OR analysis, the Mitsuda values were transformed into qualitative data (Table 2) as
previously described [9]. Combined tests of T61968C and Mitsuda values among patients and

HC showed that patients with a ‘“TT’ genotype and negative Mitsuda response were 5.23 times



more chance (OR = 5.23; CI195%:2.25-12.16; P = 0.0002) to develop leprosy. This profile was
also verified for the T allele in (TT+TC) analysis (OR = 2.25; C195%:1.32-3.85; P = 0.004).
Polymorphisms in VDR, an immune response gene, may influence intracellular growth of
mycobacterium. Variations in T61968C and A61894G may alter mRNA stability leading to an
imbalance of Thl to Th2 cytokines, which predicts clinical evolution of leprosy in patients.
Considering the importance of Mitsuda values to predict immunological responses, we suggest
that the chance of leprosy occurrence is highly related to this test, and patients with negative
Mitsuda responses have a higher risk of developing leprosy, which is also previously confirmed
[9].

Considering A61894G SNP, we found that the AA genotype associated with negative
Mitsuda values was responsible higher chances of leprosy occurrence (OR = 5.23; C195%:1.88—
14.56; P = 0.002). Allelic frequency analysis of (AA+AG) also demonstrated the important role
of the A allele in leprosy occurrence (OR = 2.37; C195%:1.30-4.31; P = 0.007). Higher stability
of VDR mRNA has been associated more often with the C allele for T61968C SNP, conducting
patients to cellular immune response, decreasing the risk for leprosy [10]. So, the T allele affects
VDR function and alters immunological responses against the bacillus. The same behavior was
verified for the AA genotype for the novel polymorphism A61894G.

The interaction between both VDR polymorphisms and the Mitsuda response was further
investigated in combined genotypic analysis (data not shown). Odds Ratio (OR) analysis
revealed a 5.14 higher chance to develop leprosy for TTAG genotype associated with negative
Mitsuda values (OR = 5.14; CI95%:1.44-18.36, P = 0.02) compared to HC. Similarly, patients
with both TTAA genotype and negative Mitsuda response had 5.60 higher chance for developing

the disease (OR = 5.60; Cl95%:1.24-25.17, P = 0.044). Finally, patients with the TCAA



genotype were 28.33 times more likely to contract leprosy (OR = 28.33; C195%:2.39-336.02, P
= 0.007). The combined genotype clearly and strongly affects leprosy occurrence, and the new
A61894G polymorphism provides molecular evidence that genetic interactions are crucial in M.
leprae infection. Probably, the interaction of T61968C and A61894G polymorphisms disrupt
elements in UTRs and their combination alters VDR regulatory function.

In summary, our study is the first to describe the A61894G polymorphism, which is in
linkage disequilibrium with T61968C, and its association with leprosy occurrence. According to
our analysis, both polymorphisms are closely linked to disease development. We suggest that the

combined genotype TCAA favors leprosy susceptibility.

Acknowledgments:

We would like to thank all the participants of this study. This research has been supported
by grants from Coordenagdo de Aperfeicoamento de Pessoal de Nivel Superior (CAPES/Brazil),
Conselho Nacional de Desenvolvimento Cientifico e Tecnologico (CNPq/Brazil), Financiadora
de Estudos e Projetos (FINEP/Brazil), and Fundacao de Amparo a Pesquisa do Estado de Minas

Gerais (FAPEMIG/Brazil).

Competing interests:

The authors declare that they have no conflict of interest


hlahore
Highlight

hlahore
Highlight


References:

[1] B.D. Taylor, T. Darville, R.E. Ferrell, C.M. Kammerer, R.B. Ness, C.L. Haggerty, Variants
in toll-like receptor 1 and 4 genes are associated with Chlamydia trachomatis among women
with pelvic inflammatory disease, The Journal of infectious diseases 205(4) (2012) 603-9.

[2] A. Moloo, Leprosy: lessons to be learnt in overcoming discrimination and stigmatization in:
W.H. Organization (Ed.) World Health Organization 2016.

[3] WHO Expert Committee on Leprosy, World Health Organization technical report series 768
(1988) 1-51.

[4] P.S. Mazini, H.V. Alves, P.G. Reis, A.P. Lopes, A.M. Sell, M. Santos-Rosa, J.E. Visentainer,
P. Rodrigues-Santos, Gene Association with Leprosy: A Review of Published Data, Front
Immunol 6 (2015) 658.

[5] S.B. Nunes, F. de Matos Oliveira, A.F. Neves, G.R. Araujo, K. Marangoni, L.R. Goulart,
T.G. Araujo, Association of vitamin D receptor variants with clinical parameters in prostate
cancer, Springerplus 5 (2016) 364.

[6] L.R. Goulart, I.M. Goulart, Leprosy pathogenetic background: a review and lessons from
other mycobacterial diseases, Arch Dermatol Res 301(2) (2009) 123-37.

[7] A.R. Budel, A.R. Raymundo, C.F. Costa, C. Gerhardt, L.E. Pedri, Profile of patients affected
by Hansen's disease seen at the Outpatient Clinic of Dermatology at Hospital Evangelico de
Curitiba, An Bras Dermatol 86(5) (2011) 942-6.

[8] E.Y. Jingwi, M. Abbas, L. Ricks-Santi, D. Winchester, D. Beyene, A. Day, T.J. Naab, O.O.
Kassim, G.M. Dunston, R.L. Copeland, Jr., Y.M. Kanaan, Vitamin D receptor genetic
polymorphisms are associated with PSA level, Gleason score and prostate cancer risk in African-
American men, Anticancer Res 35(3) (2015) 1549-58.

[9] L.R. Goulart, F.R. Ferreira, G.I1.M. S., Interaction of Tagl polymorphism at exon 9 of the
vitamin D receptor gene with the negative lepromin response may favor the occurrence of
leprosy, FEMS Immunol Med Microbiol 48 (2006) 91-98.

[10] M. Yamagata, S. Nakajima, A. Tokita, N. Sakai, I. Yanagihara, K. Yabuta, K. Ozono,
Analysis of the stable levels of messenger RNA derived from different polymorphic alleles in the
vitamin D receptor gene, Journal of bone and mineral metabolism 17(3) (1999) 164-70.



Table 1 - Genotypic and allelic frequencies for VDR gene polymorphisms and clinical parameters of leprosy patients (paucibacillary and multibacillary) and houlsehold contacts.

SNP Healthy (N = 138) Leprosy (N = 132)
PB (N = 63) MB (N = 69)
N (%) '8Age Mitsuda** Gender N (%) '§Age Mitsuda**  Gender N (%) '§Age Mitsuda**  Gender
F/M (N %) F/M (N %) F/M (N %)
T61968C
57 30.44 27 (19.57)/ 24 48.88 17 (12.88)/ 23 46.87 4 (3.03)/
T (41.30) (17.81) 8.06 (3.21) 29 (21.01) (18.18) (14.21) 6.25(3.60)  7(5.30) (17.43) (18.97) 0.70 (1.94)  18(13.64)
56 26.77 6.80 (3.86) 37 (26.81)/ 33 (25) 43.84 17 (12.88)/ 34 46.18 10 (7.58)/
TC (40.58)  (18.51) 20 (14.49) (13.91) 8.38(3.84) 16(12.12) (25.75) (15.46) 0.21(0.74) 25 (18.94)
25 29.84 8.88 (4.45) 8 (5.80)/ 6 (4.54) 43.33 2 (1.51)/ 12(9.10)  43.08 0 (0)/
cc (18.12)  (17.93) 17 (12.32) (17.34) 10 (5.69) 4 (3.03) (14.39) 0.33(1.15)  12(9.09)
Py2(1) Healthy x Leprosy = 0.29 Healthy x PB = 0.17 Healthy x MB = 0.51 PB x MB =0.41
Alleles T/C  170/106 (61.59/38.41) 81/45 (64.29/35.71) 80/58 (57.97/42.03)
Phwe 0.095 0.26 0.92
113 28.60 64 (46.38)/ 57 46.36 34 (25.76)/23 57 46.52 14 (10.61)/
TT+TC (81.88)  (18.16) 7.43 (3.53) 49 (35.50) (43.18) (14.06) 731(3.72) (17.42) (43.18) (17.21) 0.45(1.34) 43 (32.58)
25 29.84 8 (5.80)/17 6 43.33 10 (5.69) 2 (1.51)/ 12 43.08 0.33(1.15) 0 (o)
cc (18.12)  (17.93) 8.88 (4.45) (12.32) (4.54) (17.34) 4 (3.03) (9.10) (14.39) 12 (9.09)
Py2(2) Healthy x Leprosy = 0.31 Healthy x PB = 0.12 Healthy x MB = 0.90 PB x MB =0.19
81 28.30 45 (32.61)/ 39 43.56 19 (14.39)/2 46 44.63 10 (7.58)/
CC+TC (58.7) (18.22) 7.84 (4.15) 37 (26.81) (29.54) (15.62) 9.19 (4.76)  0(15.15) (34.85) (14.92) 0.27 (0.94)  37(28.03)
57 30.44 27 (19.57)/ 24 48.88 17 (12.88)/7 23 46.87 4 (3.03)/
T (41.3) (17.81) 8.06 (3.21) 29 (21.01) (18.18) (14.21) 6.25(3.60)  (5.30) (17.43) (18.97) 0.70 (1.94)  18(13.64)
Py?(3) Healthy x Leprosy = 0.34 Healthy x PB = 0.67 Healthy x MB = 0.27 PB x MB =0.57



SNP Healthy (N = 138) Leprosy (N =132)
PB (N =63) MB (N = 69)
N (%) '8Age Mitsuda** Gender N (%) '§Age Mitsuda**  Gender N (%) '§Age Mitsuda**  Gender
F/M (N %) F/M (N %) F/M (N %)

A61894G

40 30.18 26 (18.84)/ 20 47.45 8.25(3.26) 10 (7.58)/10 21 4471 0.14 (0.65) 5 (3.79)/16
GG (28.99) (16.71) 8.89 (4.20) 14 (10.15) (15.15) (15.82) (7.58) (15.90) (17.43) (12.12)

67 2757 39 (28.26)/ 20 47.16 9.68(3.71) 12  (9.09)/8 28 48 (1652)  059(1.80) 7 (5.30)/21
AG (48.55) (19.11) 6.66 (3.30) 28 (20.29) (15.15) (11.09) (6.06) (21.23) (15.90)

31 29.63 16 (11.59)/ 23 43.09 561 (4.18) 14 (10.60)/9 20 44.20 0.40(1.10) 3 (2.28)17
AA (22.46)  (17.86) 8.37 (3.79) 15 (10.87) (17.42) (15.53) (6.82) (15.15) (15.53) (12.88)
Py (1) Healthy x Leprosy = 0.08 Healthy x PB = 0.04* Healthy x MB = 0.48 PB x MB =0.55
Alleles G/A  147/129 (53.26/46.74) 66/60 (52.38/47.62) 68/70 (49.27/50.73)
Prwe 0.7705 0.0039* 0.1179

107 28.87 65 (47.1)/ 40 47.30 22 (16.67)/ 49 46.35 12 (9.09)/
GG+AG (77.54)  (17.91) 7.77 (3.75) 42 (30.44) (30.3) (13.45) 8.96 (348)  18(13.64) (37.13) (16.97) 0.36 (1.22)  37(28.02)

31 29.63 16 (11.59)/ 23 43.09 14 (10.60)/ 20 44.20 3(2.28)/
AA (22.46)  (17.86) 8.37 (3.79) 15 (10.87) (17.42) (15.53) 5.61(4.18)  9(6.82) (15.15) (15.53) 0.40 (1.10) 17 (12.88)
Py? (4) Healthy x Leprosy = 0.06 Healthy x PB = 0.04* Healthy x MB =0.30

98 28.6 55 (39.85)/ 43 45.12 26 (19.69)/ 48 46.1 10 (7.58)/
AA+AG (71.01)  (18.49) 7.51 (3.54) 43 (31.16) (32.57) (13.31) 7.64(3.94)  17(12.88) (36.38) (16.02) 0.49 (1.45)  38(28.78)

40 30.18 26 (18.84)/ 20 47.45 10 (7.58)/ 21 4471 5 (3.79)/
GG (28.99) (16.71) 8.89 (4.20) 14 (10.15) (15.15) (15.82) 8.25(3.26) 10 (7.58) (15.90) (17.43) 0.14 (0.65) 16 (12.12)
Py?(5) Healthy x Leprosy = 0.81 Healthy x PB = 0.69 Healthy x MB = 0.83 PB x MB =0.87

\ Mean (£SD)
*Significant data

**The Mitsuda test values do not follow a normal distribution in the three groups

PB Paucibacillary, MB Multibacillary, Py’(L) Genotype, Py (2) TT+TC, Py’ (3) CC+TC, Py (4)GG+AG, Py (5) AA+AG



Table 2 - Chance of leprosy occurrence (odds ratio) by association of VDR gene polymorphisms and Mitsuda test results in patients and household contacts.

Mitsuda test (No. of

patients®)

Genotypes Group Positive Negative Odds ratio B

T61968C

TT Healthy 38 19 5.23 (2.2499-12.1609) 0.0002*
Leprosy 13 34

TC Healthy 23 33 1.10 (0.5326-2.2681) 0.9437
Leprosy 26 41

CcC Healthy 15 10 3.90 (1.0571-14.3879) 0.0751
Leprosy 5 13

TT+TC Healthy 61 52 2.25(1.3208-3.8531) 0.0042*
Leprosy 39 75

CC+TC Healthy 38 43 1.54 (0.8274-2.8641) 0.2274
Leprosy 31 54

All genotypes Healthy 76 62 2.45 (1.4968-4.0156) 0.0005*
Leprosy 44 88

A61894G

GG Healthy 28 12 3.29 (1.3149-8.2523) 0.0183*
Leprosy 17 24

AG Healthy 31 36 1.43 (0.6736-3.0577) 0.4554
Leprosy 18 30

AA Healthy 18 13 5.23 (1.8785-14.5654) 0.0025*
Leprosy 9 34

GG+AG Healthy 59 48 1.90 (1.0714-3.3568) 0.0391*
Leprosy 35 54

AA+AG Healthy 49 49 2.37 (1.3019-4.3159) 0.0069*
Leprosy 27 64

All genotypes Healthy 77 61 2.52 (1.5408-4.1366) 0.0003*
Leprosy 44 88

*Significant data with 95% CI (confidence interval)
*Mitsuda Test results: positive (>7 mm), negative (<7 mm)





