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Abstract

Introduction: vitiligo is a multifactorial acquired depigmenting disorder, characterized by a spontaneous loss of functional melanocytes
from the epidermis. Vitiligo and Hashimoto’s thyroiditis (HT) often occur in association and seem to be characterized by an autoimmune
process. The vitiligo associated with HT suggests genetic homologies between them. Objective: to identify protein sequence homology
between melanocyte protein (Pmel) and thyroid peroxidase (TPO), using bioinformatics tools, to propose an initial mechanism which
could explain the production of cross-reacting autoantibodies to melanocyte and TPO. Methods: we performed a comparison between
Pmel and TPO amino acids (AA) sequences, available on the National Center for Biotechnology Information (NCBI) database by
BLAST (Basic Local Alignment Search Tool) in order to find local homology regions between the AA sequences. Results: the homology
sequence between the Pmel and TPO ranged from 21.0 % (19 identical residues out of 90 AA in the sequence) to 55.0% (6 identical
residues out of 11 AA in the sequence). The identical alignments presented relatively high E values due to presence of short alignment.
Conclusion: bioinformatics data suggest a possible pathological link between Pmel and TPO. Sequence homology between Pmel and
TPO may present a molecular mimicry suggesting the possibility of antigen crossover between Pmel and TPO that might represent
an immunological basis for vitiligo associated with HT.
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Resumo

Introdugdo: o vitiligo é uma doenga de despimentagdo adquirida multifatorial, caracterizada por uma perda espontanea de melandcitos
funcionais da epiderme. Vitiligo e tiroidite de Hashimoto (TH) ocorrem frequentemente em associagdo e parecem ser caracterizados
por um processo autoimune. O vitiligo associado a TH sugere homologias genéticas entre eles. Objetivo: identificar homologia das
sequéncias de proteina entre a proteina do melandcito (Pmel) e peroxidase da tiréide (TPO), usando ferramentas de bioinformatica,
para propor um mecanismo inicial que poderia explicar a produgdo de autoanticorpos de reagdo cruzada entre o melandcito e a TPO.
Metodologia: foi realizada uma comparagdo entre a sequéncia de aminoacidos (AA) da Pmel e da TPO, disponivel no banco de dados
Basic Local Alignment Search Tool (BLAST) do National Center for Biotechnology Information (NCBI), a fim de encontrar regiées de
homologia locais entre as sequéncias de AA. Resultados: a sequéncia de homologia entre a Pmel e a TPO variou de 21,0% (19 residuos
idénticos na sequéncia de cada 90 AA na sequéncia) a 55,0% (6 residuos idénticos na sequéncia de 11 AA). Os alinhamentos idénticos
apresentaram valores relativamente altos (E) devido a presenga de alinhamentos curtos. Conclusdo: os dados de Bioinformatica
sugerem uma possivel ligagdo patoldgica entre Pmel e a TPO. A sequéncia de homologia entre Pmel e a TPO pode apresentar um
mimetismo molecular sugerindo a possibilidade de cruzamento entre antigeno da Pmel e da TPO que pode representar uma base
imunoldgica para a associagdo entre o vitiligo e a TH.

Palavras-chave: Vitiligo. Tireoidite Autoimune. Homologia de Sequéncia de Aminoacidos. Biologia Computacional.

INTRODUCTION

Vitiligo is a disease in which segmental depigmen-
tation or generalized depigmentation of skin, mucosal
surfaces and hair due to destruction of melanocytes. Vit-
iligo presents elevated frequencies of other autoimmune
diseases and the presence of organ specific antibodies in
affected patients, suggesting that these diseases involve
shared genetic components?.

Thyroid dysfunction and autoimmune thyroid diseases
have been reported in association with vitiligo, given that
Hashimoto’s thyroiditis (HT) and Graves’ disease are the
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most important and prevalent autoimmune thyroid dis-
eases associated with vitiligo®.

The thyroid peroxidase (TPO) gene provides instruc-
tions for making an enzyme called TPO that plays a central
role in the function of the thyroid gland. The TPO assists
the chemical reaction that adds iodine to a thyroglobulin,
fundamental in thyroid hormones production. The TPO
was first identified as being the thyroid microsomal anti-
gen involved in autoimmune thyroid disease®. The TPO is
an important self-antigen in autoimmune thyroid disease.

The vitiligo occurs with a frequency of 0.38-2.9% in
various populations, and the prevalence of autoimmune
thyroiditis in individuals with vitiligo varies between 4.4
and 21.0% in different studies®.

Bioinformatics program currently available to
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construct the structure analyses of TPO component
provides an essential framework for TPO assembly, and
understanding of your molecular mechanisms. Similarly,
molecular modeling has facilitated the understanding of
molecular mimicry as a result of cross-immune response
to similar melanocyte protein (Pmel) antigen with TPO
human, since most of molecular mimicry is likely to involve
T-cell mediation, and T cells generally recognize linear
peptides that range from 8 to 20 AA in length®.

Until recently, little structure information about Pmel
and TPO human were available and molecular model has
been built on partial structures, with assembly guided by
biochemical data. In this study, we assessed the protein
sequence homology between Pmel and TPO, using bioin-
formatics tools, to propose an initial mechanism which
could explain the production of cross-reacting autoanti-
bodies to Pmel and TPO.

METHODOLOGY

Were performed the comparison between the AA
sequence of the MP and TPO human, available in the da-
tabase of National Center for Biotechnology Information
(NCBI) on Basic Local Alignment Search Tool (BLAST2p)°.
The BLAST was introduced as a sequence alignment
heuristic that was an order of magnitude faster than
earlier approaches for analyzing biological information.
Very quickly, this software became a landmark enabling
technique for bioinformatics. Thus, the BLAST2p refers
to a program used to generate alignments between a
nucleotide or protein sequence, referred to as a query
and nucleotide sequences against other database of nu-
cleotide, referred to as subject sequences.

The expect value is a parameter that describes the
number of hits one can expect to identify by chance when
searching a database of a particular size (expect value
considered as statistically significant with p <0.05). It de-
creases exponentially as the score of the match increases.
The lower an expect value is, or the closer it is to zero, the
more significant the match is. However, identical short
alignments have relatively high E values. This is because
the calculation of the E value takes into account the length
of the query sequence. These high expect values make
sense because shorter sequences have a higher probability
of occurring in the database purely by chance. The expect
value can also be used as a convenient way to create a
significance threshold for reporting results.

Sequence Homology searches — Protein database
search and analysis

The sequence homology searching is a method of
searching sequence databases by using alignment to a
query sequence. By statistically assessing how well data-
base and query sequences match one can infer homology
and transfer information to the query sequence.

One protein-protein sequence alignment method,
the BLAST2p program, was used to generate alignments

between Pmel 17 sequence, referred to as a “query” and
TPO sequences within a database, referred to as “sbjct”
sequences. This method is limited to searching for linear
epitope homology, which will miss three-dimensional
conformational homologies and possible cross-reactivity
between protein and non-protein epitopes.

The following TPO AA sequences were analyzed, with
the respective NCBI sequence identification numbers
(Gl): thyroid peroxidase Gl: 4680721, thyroid peroxidase
[Homo sapiens] GI: 18539488, thyroid peroxidase [Homo
sapiens] Gl: 339871, thyroid peroxidase [Homo sapiens]
Gl: 339867, thyroid peroxidase [Homo sapiens] 339865,
Thyroid peroxidase [Homo sapiens] GI: 63100775, and
thyroid peroxidase [Homo sapiens] Gl: 62865489. The
following Pmel 17 AA sequences were analyzed, with the
respective NCBI sequence identification numbers (Gl):
melanocyte protein Pmel 17 [Homo sapiens] Gl: 125063,
and Pmel 17 protein [Homo sapiens] GI: 190106.

RESULTS

e TPO

Regarding the TPO accession number: AAA61217.2
the ID contained 922 AA in its protein sequence’. The TPO
accession number: AAA61216.1 the ID had 876 AA protein
sequences’. The TPO accession number: AAA61215.1 study
allowed us to obtain an ID that comprised 933 AA protein
sequences’. The TPO accession number: AAA97517.1 we
were able to assemble an ID containing 933 AA protein se-
quences®. The TPO accession number: AAH95448.1 study
allowed us to obtain an ID that comprised 933 AA protein
sequences®. The TPO accession number: AAY16985.1 had
ID of 933 AA protein sequences™.

The TPO gene contains 17 exons and covers at least
150 kb of chromosome 28. Structure of TPO was built
from the SWISS-MODEL that is a fully automated protein
structure homology-modelling server, accessible via the
ExPASy web server (Figure 1).

Figure 1 — The Structure of the Thyroid Peroxidase (TPO)

Fonte: Source http://swissmodel.expasy.org/interactive/JhzZ9D8/
templates/
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e Pmel

Regarding the melanocyte protein Pmel 17 accession
number: AAB00386.1, the ID contained 661 AA in its
protein sequence®, and the Pmel 17 protein accession
number: AAA60121.1, the ID contained 668 AA in its
protein sequence®?.

The human Pmel 17 gene, maps to chromosome 12,
region 12pter — q21%2. The structure of Pmel 17 was built
from the SWISS-MODEL that is a fully automated protein
structure homology-modelling server, accessible via the
ExPASy web server (Figure 2).

Figure 2 — The Structure of the Pmel 17 protein [Homo sapiens]

Fonte: Source http://swissmodel.expasy.org/interactive/uhWgzm/
models/

To find the sequence homologies between Pmel 17
and TPO, the two Pmel 17 sequences was compared to
each a of six TPO sequences. The sequence was then com-
pared using the query sequence-based multiple sequence
alignment produced by NCBI-BLAST tool. We use seven
scores for alignment quality. Alignments are color-coded
by score, within one of five score ranges. Multiple align-
ments on the same database sequence are connected by
a dashed line. In the graphic summary, the distribution of
Blast Hits on the Query Sequence is displayed lines accord-
ing to the similarity score, and an overview of database
sequences aligned to the query sequence.

The identity value provides the degree of similarity
between the sbjct and query, taking into account the
number of gaps. The homologies between the Pmel 17
and TPO ranged from 21.0 % (19 identical residues out
of 90 AA in the sequence) to 55.0% (6 identical residues
out of 11 AA in the sequence). The identical alignments
presented relatively high expect values due to presence
of short alignment. A distribution of 22 Blast Hits on the
Query Sequence, and the alignment between Pmel 17 and
TPO detected in this study is showed in Figure 3.
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Figure 3 — Distribuition of 22 blast hits on the query sequence
- NCBI

Color key for alignment scores
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Fonte: Source http://blast.ncbi.nim.nih.gov./blast.cgi

The distribution of 22 blast hits on the query sequence.
Length of 933 of TPO nucleotide tandem repetitive se-
quence of genomic with 55% (6 identical residues out of
11 AAin the sequence) was accessed. The complementary
nucleotide sequences were: 25% (16 identical residues out
of 24 AA in the sequence), 36% (9 identical residues out
of 25 AA in the sequence), 44% (7 identical residues out
of 16 AA in the sequence), 47% (8 identical residues out
of 17 AA in the sequence), and 50% (8 identical residues
out of 16 AA in the sequence), homologous to Pmel 17.
The identical alignments presented relatively high expect
values due to presence of short alignment.

DISCUSSION

This study suggests a possible pathological link be-
tween Pmel 17 and TPO, because the sequence homology
between TPO and Pmel 17 could present a possible mo-
lecular mimicry which could be a mechanism to induce an
initial immunological cross-reaction between self-antigens
in both diseases.

The Pmel 17 is an important self-antigen in vitiligo,
and patients with autoantibodies to human melano-
cyte-specific protein Pmel 17 showed an increased risk for
vitiligo, detected by the presence of these antibodies®. It
has been reported that the prevalence of autoantibodies
to thyroid peroxidase 31.4% in patients with vitiligo'. The
vitiligo usually occurs before the development of thyroid
disease by less than a year to several years, it would be
important evaluate the thyroid function and autoimmune
antibodies in all vitiligo patients®®. Therefore, suggests
that both diseases may share immunological mechanisms.

Studies have been suggesting the existence in humans
of polarized T helper (Th) cell subsets, named as Th1 and
Th2, with defined cytokine secretion profiles. The Th1 cells
are involved in organ-specific autoimmunity, such as vitil-
igo and HT**'?, The triggering of autoimmunity secondary
to infection or immunization is often related to antigenic
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mimicry because only five to six AA are necessary to induce
animmune response*®. Evaluating this way, due to of ami-
no acids variation between proteins different, molecular
mimicry should not happen from a probabilistic viewpoint.
If we assume that five or six amino acid residues are used
to induce a monoclonal antibody, the likelihood of 20 ami-
no acids that occur in six identical residues between two
proteins is 1 in 64 million. However, there is evidence of
many molecular mimicry events that make this probability
false. More than 5% of over 800 monoclonal antibodies
derived from multiple RNA and DNA viruses, as well as
from a large number of T cell clones, engage in such inter-
actions. These cross-reactions, termed molecular mimicry,
are against unique host proteins involved in autoimmune
responses and diseases. Thus, molecular mimicry initiated
as a cross-reacting with an appropriate host-antigen, can
be a mechanism for instigating an autoimmune disease.
Molecular mimicry provides an explanation for the genetic
observation that identical twins rarely manifest the same
autoimmune disease and the documented epidemiologic
evidence that microbial and/or viral infections often pre-
cede autoimmune disorders®.

Epitopes are part of antigens that are recognized by T
and B cells. Thus, the molecular mimicry could explain the
development of autoimmune diseases through cross reac-
tions of between epitopes and antibodies present in the
body that promote an adverse autoimmune response?®.

In this study, we analyzed the sequence homology
between the AA sequences of six human TPO and two Pmel
17. We found that TPO and Pmel 17 share AA sequences
homologies, where in some similar regions contain epi-
topes of both TPO and Pmel 17 highly alike. No studies
have been found in medical literature assessing the pro-
tein homology between TPO and Pmel 17.

On the basis in sequence alignment between the Pmel
17 and the template structure, a three-dimensional model
was generated through of SWISS-MODEL workspace that
is an integrated web-based modeling expert system.
The BLAST and FASTA packages of sequence comparison
programs provide programs for comparing protein and
DNA sequences to protein databases?!. Use the BLAST for
to identify homologous proteins and protein sequences
based on excess sequence similarity between Pmel 17 and
TPO. The expect value is a parameter that describes the
number of hits one can expect to identify by chance when
searching a database of a particular size. It decreases
exponentially as the score of the match increases. This
is because the calculation of the expect value takes into
account the length of the query sequence. In our study
the identical alignments presented relatively high expect
values due to presence of short alignment.

Despite the limitations posed by the unavailability of
complete proteome data for Pmel 17 proteins, because
the BLAST is a method that is limited to searching for
linear epitope homologies, losing three-dimensional
conformational homologies and possible cross-reactivity
between protein and non-protein epitopes, the homolo-

gies between the AA sequences of TPO, which are potential
B — and T-cell epitopes of these antigens, and proteins
of Pmel 17, were successfully identified. Thus, these
observed homologies could be functionally important in
molecular mimicry, receptor binding and cell signaling
events involved in autoimmunity, and may have important
implications for the understanding of the relationship be-
tween vitiligo and HT by formation of similar antibodies.

CONCLUSION

In conclusion, bioinformatics data suggest a possible
immunological link between vitiligo and HT. Therefore,
through molecular mimicry the homologies between
Pmel 17 polyproteins and thyroid self-proteins could be
a mechanism of induction of a cross reactive immune
response to self-antigens resulting in HT.

Conflicts of interest: The authors declare no conflicts
of interest.

REFERENCES

1. JIN, Y. et al. Variant of TYR and autoimmunity susceptibility loci in
generalized vitiligo. N. Engl. J. Med., Massachusetts, v. 362, n. 18, p.
1686-1697, May, 2010.

2. Al J.; LEONHARDT, J. M.; HEYMANN, W. R. Autoimmune thyroid
diseases: etiology, pathogenesis, and dermatologic manifestations.
J. Am. Acad. Dermatol., St. Louis, v. 48, n. 5, p. 641-659, May, 2003.

3. RUF, J.; CARAYON, P. Structural and functional aspects of thyroid
peroxidase. Arch. Biochem. Biophys., New York, v. 445, n. 2, p. 269-
277, Jan., 2006.

4. Nunes, D. H.; Esser, L. M. Vitiligo epidemiological profile and the
association with thyroid disease. An. Bras. Dermatol., Rio de Janeiro,
v. 86, n. 2, p. 241-248, Mar./Apr. 2011.

5. ROOT-BERNSTEIN, R. Rethinking Molecular Mimicry in Rheumatic
Heart Disease and Autoimmune Myocarditis: Laminin, Collagen IV, CAR,
and B1AR as Initial Targets of Disease. Front. Pediatr., Lausanne, v. 2,
p. 85, Aug. 2014.

6. ALTSCHUL, S.F. et al. Basic local alignment search tool. J. Mol. Biol.,
Amsterdam, v. 215, n. 3, p. 403-410, Oct. 1990.

7. KIMURA, S. et al. Human thyroid peroxidase: complete cDNA and
protein sequence, chromosome mapping, and identification of two
alternately spliced mRNAs. Proc. Natl. Acad. Sci. U. S. A., Washington,
v. 84, n. 16, p. 5555-5559, Aug. 1987.

8. KIMURA, S. et al. Structure of the human thyroid peroxidase gene:
comparison and relationship to the human myeloperoxidase gene.
Biochemistry, Washington, v. 28, n. 10, p. 4481-4489, May, 1989.

9. STRAUSBERG, R. L. et al. Generation and initial analysis of more
than 15,000 full-length human and mouse cDNA sequences. Proc. Natl.
Acad. Sci. U. S. A., Washington, v. 99, n. 26, p. 16899-16903, Dec. 2002.

10. ABRAMOWICZ, M. J. et al. Identification of a mutation in the coding
sequence of the human thyroid peroxidase gene causing congenital
goiter. J. Clin. Invest., New Haven, v. 90, n. 4, p. 1200-1204, Oct. 1992.

11. BAILIN, T,; LEE, S.T.; SPRITZ, R. A. Genomic organization and se-
quence of D12S53E (Pmel 17), the human homologue of the mouse
silver (si) locus. J. Invest. Dermatol., Baltimore, v. 106, n. 1, p. 24-37,
Jan., 1996.

12. KWON, B. S. et al. A melanocyte-specific gene, Pmel 17, maps

Rev. Ciénc. Méd. Biol., Salvador, v. 16, n. 1, p. 5-9, jan./abr. 2017



Relationship between vitiligo and Hashimoto’s thyroiditis

near the silver coat color locus on mouse chromosome 10 and is in a
syntenic region on human chromosome 12. Proc. Natl. Acad. Sci. U. S.
A., Washington, v. 88, n. 20, p. 9228-9232, Oct., 1991.

13. KEMP, E. H. et al. Autoantibodies to human melanocyte-specific
protein pmell7 in the sera of vitiligo patients: a sensitive and quanti-
tative radioimmunoassay (RIA). Clin. Exp. Immunol., Oxford, v. 114, n.
3, p. 333-338, Dec., 1998.

14. DAVE, S. et al. High frequency of thyroid dysfunction in Indian
patients with vitiligo. Indian. J. Dermatol., Kolkata, v. 48, n. 2, p. 68-72,
Apr./June, 2003.

15. CHO, S. B. et al. Vitiligo in children and adolescents: association
with thyroid dysfunction. J. Eur. Acad. Dermatol. Venereol., Oxford, v.
25,n.1, p. 64-67, Jan., 2011.

16. DE CARLI, M. et al. Human Th1 and Th2 cells: functional properties,
regulation of development and role in autoimmunity. Autoimmunity,
Chur, v. 18, n. 4, p. 301-308, 1994.

Rev. Ciénc. Méd. Biol., Salvador, v. 16, n. 1, p. 5-9, jan./abr. 2017

17. ANTONELLI, A.; FERRARI, S. M.; FALLAHI, P. The role of the Thl
chemokine CXCL10 in vitiligo. Ann. Transl. Med., Hong Kong, v. 3, n. 1,
p. S16, May. 2015.

18. OLDSTONE, M. B. Molecular mimicry and immune-mediated diseas-
es. FASEB J., Bethesda, v. 12, n. 13, p. 1255-1265, Oct. 1998.

19. OLDSTONE, M. B. Molecular mimicry: its evolution from concept
to mechanism as a cause of autoimmune diseases. Monoclon. Antib.
Immunodiagn. Immunother., New Rochelle, v. 33, n. 3, p. 158-165,
June, 2014.

20. CUSICK, M. F.; LIBBEY, J. E.; FUJINAMI, R. S. Molecular mimicry as
a mechanism of autoimmune disease. Clin. Rev. Allergy Immunol.,
Totowa, v. 42, n. 1, p. 102-111, Feb. 2012.

21. PEARSON, W. R. BLAST and FASTA similarity searching for multiple
sequence alignment. Methods Mol. Biol., Totowa, v. 1079, p. 75-101,
2014.

Submetido em: 28/08/2016
Aceito em: 03/01/2017




