UNIVERSIDADE ESTADUAL PAULISTA “JULIO
DE MESQUITA FILHO”
FACULDADE DE MEDICINA

Helena Zenedin Marchioro

Prevaléncia de doenca imunomediada do ouvido
interno (DIMOI) e de anticorpos anti-Hsp70 em vitiligo
nao segmentar

Dissertacdo de mestrado apresentada a
Faculdade de Medicina, Universidade
Estadual Paulista “Julio de Mesquita Filho”,
Campus de Botucatu, para obtencao do titulo
de Mestre em Patologia.

Orientador:Prof. Dr.HélioAmanteMiot
Coorientador: Prof. Dr. Caio César Silva de Castro

Botucatu

2022




Helena Zenedin Marchioro

Prevaléncia de doenca imunomediada do
ouvido interno (DIMOI) e de anticorpos
anti-Hsp70 em vitiligo nao segmentar

Dissertacdo de mestrado apresentada a
Faculdade de Medicina, Universidade
Estadual Paulista “Julio de Mesquita Filho”,
Campus de Botucatu, para obtencéo do titulo
de Mestre em Patologia.

Orientador: Prof. Dr. Hélio Amante Miot

Coorientador: Prof. Dr. Caio César Silva de Castro

Botucatu

2022



FICHA CATALOGRAFICA ELABORADA PELA SECAO TEC. AQUIS. TRATAMENTO DA INFORM.
DIVISAO TECNICA DE BIBLIOTECA E DOCUMENTAGAO - CAMPUS DE BOTUCATU - UNESP

BIBLIOTECARIA RESPONSAVEL: ROSEMEIRE APARECIDA VICENTE-CRB 8/5651

Marchioro, Helena Zenedin.

Prevaléncia de doenca imunomediada do ouvido interno
(DIMOI) e de anticorpos anti-Hsp70 em vitiligo ndo segmentar
/ Helena Zenedin Marchioro. - Botucatu, 2022

Dissertacdo (mestrado) - Universidade Estadual Paulista
"Julio de Mesquita Filho", Faculdade de Medicina de Botucatu

Orientador: Hélio Amante Miot

Coorientador: Caio Cesar Silva de Castro

Capes: 40101029

1. Vitiligo. 2. Perda auditiva neurossensorial.
3. Autoimunidade. 4. Labirintos (Ouvidos).

Palavras-chave: Autoimunidade; Hsp70; Ouvido interno; Perda
auditiva neurossensorial; Vitiligo.




Trabalho realizado no ambulatério de Dermatologia do Hospital Santa Casa
de Curitiba, PR.



SUMARIO

DEDICATORIA ..ottt 6
AGRADECIMENTOS ...ttt ettt et b et be e b e b 7
INDICE DE ABREVIATURAS, SIGLAS E SIMBOLOS.........oooiveeiereeesseseesssseessessissssesssssesssnsensens 8
RESUMO ... bbbt bbb e bt bbbttt e bbb ae s 9
REVISAO DA LITERATURA ..ottt tesae et s st nas st ns s 10
(O] =N I LY 1 TSP PRR 24
ARTIGO CIENTIFICO. ..ottt 25
CONCLUSOES. ... ..ottt 40
PERSPECTIVAS ..ottt ettt sttt e st et er e be e s e s b e nneenteeneenbeenbeaneenres 41
APENDICES ..o veoeteeaeese sttt 42
APENDICE 1. Ensaio ELISA Anticorpo Anti-HSP70: CUNVA-PAUTAD.............oovrseeeseceeeeerssesssriceereesssssseseereeens 42
APENDICE 2. Ensaio ELISA anticorpo anti-HSp70 = CONMIOIE ...........uurvvvveerrrsnnrsseeessisssesssssessssssesssssessens 43
APENDICE 3. Lista de drogas potencialMente OtOLOXICAS..................crrrrrvsersmmreneessssssssnsessssssssssssssssssssenens 44
ANEXOS .t h bRt E Rt bRt b e bbb e 45
ANEXO 1. Aprovagao no Comité de Etica e Pesquisa em Seres HUMANOS.............ccccooeeersrsrsreeeervssvsvseeessssnnnns 45
ANEXO 2. Termo de Consentimento Livre € ESCIAreCido ... 48
ANEXO 3. Formulario de Dados CIinicos & DEMOGIAICOS ..........ururrreriiirririiinsisiieisssissse s 50
ANEXO 4. Vitiligo EXIENt SCOTE (VES)... ..ttt 51
PRODUCAQ CIENTIFICA DURANTE O MESTRADO. .....c..vvuiviiieirisiseeisieseessissees s 52
Artigo submetido ao Journal of the European Academy of Dermatology and Venereology ... 52
Artigo submetido aos Anais Brasileiros de DermatolOgia.............crererrerirrerreieierieissiseseesesseeseeens 56



DEDICATORIA

Aos meus filhos Isabella e Lucca, por seu amor incondicional, que me dé forcas para seguir adiante.
Ao meu marido Fabiano, meu grande amor, quem sempre me apoiou em minhas decisoes e me encorajou a enfrentar essa jomada.

Aos meus pais Mauricio e Valéria, por quem tenho imensa admiracdo, e que me deram a base para ser a mulher, mée e

profissional que me tornei.

As minhas irmas Cérile e Dafni por serem fonte de inspiragdo para mim a cada dia.



AGRADECIMENTOS

Agradecimento especial

Ao Dr Caio César Silva de Castro, por acreditar em mim apés anos de formada, por me acolher novamente na Santa
Casa e me dar a oportunidade de realizar esse trabalho. Pelo apoio durante todo esse projeto.

Ao Dr Hélio Amante Miot por me dar essa incrivel oportunidade de ser meu orientador, por ser um exemplo de
pesquisador e profissional. Por ser criterioso e muito atento a cada detalhe.

Agracedimento

Aos pacientes, por contribuirem com a pesquisa, por acreditarem nos frutos que viriam dela e de uma forma altruista
cederem seu tempo e amostras de seu sangue.

As fonoaudiélogas Aline S. T. Chiesorin e Elaine W. Bindi pelo empenho em realizar todas as audiometrias dessa
pesquisa.

Ao dr Ney Alencar por me permitir realizar essa pesquisa dentro do Servigo de dermatologia da Santa Casa de
Curitiba.

A dra Larissa Alvarenga, por me acolher no seu laboratdrio da UFPR e me poupar viagens a Botucatu.

A dra Isabella G. Jiacomini, por me receber tdo bem no lahoratério da UFPR e me auxiliar em todos 0s meus processos na
bancada, e a toda a equipe do laboratdrio que me auxiliou de formas diversas.

Aos residentes do Hospital Santa Casa de Curitiba, por me ajudarem a captar pacientes, a coletar os dados epidemiolgicos. Sem
essa ajuda, todo o trabalho ficaria mais dificil.

A Juliane Pereira, secretaria do servico de dermatologia da Santa Casa, por toda a ajuda nos momentos em que
precisei.

As funciondrias do ambulatério de dermatologia da Santa Casa por toda a ajuda, especialmente & Eliane.

A funcionaria Vania Soler, por me ajudar inimeras vezes, por tomar menor a distancia entre mim e as burocracias
inerentes a pos graduacao.

Ahanca da qualificacio, dra Luciana Abbade e dr Roberto Gomes Tarlé, pelo tempo despendido na leitura e participacéo da banca,
além das oportunas consideracdes para o texto.

A banca da defesa, dra Anna Carolina Miola e dra Daniela Antelo, por aceitarem doar seu precioso tempo e conhecimento & minha
formagéo.

Ao Fundo de apoio a Dermatologia (FUNADERM,), pelo fomento a pesquisa e por entender que este estudo contribuiria para a
dermatologia.



INDICE DE ABREVIATURAS, SIGLAS E SIMBOLOS

- CEP - Comité de Etica e Pesquisa;

- DAMP - Damage Associated Molecular Pattern / Padrdo Molecular Associado a Danos;
- dB - Decibel;

- DC - Dendritic Cells / Células Dendriticas;

- DIMOI - Doenca Imunomediada do Ouvido Interno;

- dp — Desvio Padréo;

- FAN - Fator Antinuclear;

- Glu - Glutatione / Glutationa;

- GWAS - Genome Wide Association Stud / Estudo de Associacdo Gendmica Ampla;
- HLA - Human Leucocyte Antigen / Antigeno Leucocitario Humano;

- Hsp70 — Heat Shock Protein 70 / Proteina de Choque Térmico 70;

- Hz - Hertz;

- IC - Intervalo de Confianga;

- IFN - Interferon;

- IL - Interleucina / Interleukin;

- IMIED - Immuno-mediated Inner Ear Disease / Doen¢a Imunomediada do Ouvido Interno;
- JAK-STAT - Janus kinase/signal transducers and transcription activators

- IMC - indice de Massa Corporea;

- MHC - Major Histocompatibility Complex / Complexo de Histocompatibilidade Maior;
- Nb-UVB - Narrow Band Ultraviolet B / UVB de Banda Estreita;

- NK - Natural Killer;

- NLRP-1 - Nuclear Localization Leucine-Rich-Repeat Protein1;

- NSV - Non-segmental Vitiligo / Vitiligo Ndo Segmentar;

- OS - Oxidative Stress / Estresse Oxidativo;

- PANS - Perda Auditiva Neurossensorial;

- ROS - Reactive Oxygen Species / Espécies Reativas de Oxigénio;

- SOD - Superoxide Dismutase / Superoxido Dismutase;

- SNHL - Sensorineural Hearing Loss / Perda Auditiva Neurosensorial;

- TCLE - Termo de Consentimento Livre e Esclarecido;

- TNF — Tumor Necrosis Factor / Fator de Necrose Tumoral;

- Tregs - Células T reguladoras;

- TRM - Tissue Resident Memory Cells / Células Teciduais Residentes de Meméria;
- UPR - Unfolded Protein Response / Resposta a Proteina Mal Enovelada;

- UVR - Ultraviolet Radiation / Radiagdo Ultravioleta;

- VES - Vitiligo Extent Score;

- VNS - Vitiligo ndo Segmentar;



RESUMO

Fundamentos: A perda auditiva neurossensorial (PANS) é comum em individuos com vitiligo ndo segmentar (VNS). Até
0 momento, a patogénese desse processo ndo foi investigada. A concomitancia de doencas autoimunes no VNS justifica
explorar a doenca imunomediada do ouvido interno (DIMOI), como a etiologia de PANS em VNS. O anticorpo anti-HSP70
é um marcador soroldgico de DIMOI, podendo auxiliar no diagndstico precoce dessa doenca.

Objetivos: Avaliar a prevaléncia de DIMOI e de anticorpos anti-Hsp70 em individuos com VNS.

Métodos: Estudo transversal, envolvendo adultos, de ambos o0s sexos, com VNS, submetidos a audiometria e dosagem
sérica de anticorpos anti-Hsp70. Nao foram incluidos portadores de cancer, imunossuprimidos ou portadores de

doencas reumatoldgicas em atividade.

Resultados: Foram avaliados 112 individuos adultos com VNS. PANS bilateral foi encontrada em 28 (25,0%; 1C95%
17,9-32,1%) participantes, sendo que 17 (15,2%; 1C95% 9,8-20,5%) apresentavam PANS ndo explicada por outra
causa, como diabetes, infeccéo e drogas ototoxicas. A prevaléncia do anticorpo anti-Hsp70 foi de 26,8% (IC95% 19,6-
33,9%). Foram identificados seis participantes (5,4%; IC95% 2,7-8,0%) com critérios para DIMOI. Pacientes com
DIMOI apresentaram idade mediana mais tardia do inicio do vitiligo (46 vs. 32 anos; p=0,04), menor extensdo do
vitiligo (VES 0,4 vs. 1,8; p=0,027), e niveis maiores de anti-Hsp70 (221 vs. 85 ng/mL; p<0,01).

Conclusdes: DIMOI e anticorpos anti-Hsp70 séo prevalentes em adultos com VNS.

Palavras-chave: Autoimunidade; Perda Auditiva Neurossensorial; Vitiligo; Hsp70; Ouvido interno.
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Introduction

Abstract Vitiligo is a complex disease whose pathogenesis results from the interaction of
genetic components, metabolic factors linked to cellular oxidative stress, melanocyte adhe-
sion to the epithelium, and immunity (innate and adaptive), which culminate in aggression
against melanocytes. In vitiligo, melanocytes are more sensitive to oxidative damage, leading
to the increased expression of proinflammatory proteins such as HSP70. The lower expres-
sion of epithelial adhesion molecules, such as DDR1 and E-cadherin, facilitates damage to
melanocytes and exposure of antigens that favor autoimmunity. Activation of the type 1-IFN
pathway perpetuates the direct action of CD8+ cells against melanocytes, facilitated by reg-
ulatory T-cell dysfunction. The identification of several genes involved in these processes sets
the stage for disease development and maintenance. However, the relationship of vitiligo with
environmental factors, psychological stress, comorbidities, and the elements that define indi-
vidual susceptibility to the disease are a challenge to the integration of theories related to its
pathogenesis.

© 2022 Sociedade Brasileira de Dermatologia. Published by Elsevier Espana, S.L.U. This is an
open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

hypochromic or achromic macules and patches on the skin
and mucous membranes, with possible involvement of hair

Vitiligo is a chronic, acquired dyschromia that promotes  follicles, in differept exte'nsions.of the skin, whigh may
autoimmune aggression against melanocytes, resulting in ~ accompany systemic manifestations (e.g., sensorineural

deafness, uveitis, thyroiditis). Its pathogenesis is multifac-
torial; however, the exact mechanisms that integrate the

individual genetic susceptibility, melanocyte auto aggres-

* Study conducted at the Department of Dermatology, Faculdade
de Medicina, Universidade Estadual Paulista, Botucatu, SP, Brazil.
* Corresponding author.
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sion, and failure of immune tolerance mechanisms are still
not fully elucidated.

0365-0596/© 2022 Sociedade Brasileira de Dermatologia. Published by Elsevier Espana, S.L.U. This is an open access article under the CC
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The prevalence of vitiligo is quite variable around
the world, being more frequent in Africa (0.4%), Europe
(0.4%), and Oceania (1.2%), than in North America (0.2%)
and Asia (0.1%)." In Brazil, its prevalence varies between
0.46%-0.68% of the population, with no discrepancy
between the sexes or racial groups. The mean age of dis-
ease onset ranges from 20 to 30 years of age, although it
can affect children and the elderly. Vitiligo still accounts
for 1.4% to 1.9% of dermatological consultations and up to
3.5% of dermatological consultations in children.??

Although it does not show specific skin symptoms or
imply a serious health risk, vitiligo patients are impacted
in their quality of life since the disease is associated with
a strong stigma that compromises social and professional
relationships, self-esteem, and dress codes; with women,
adolescents, and patients with psychiatric disorders being
the most affected groups.*

There is currently no definitive cure for vitiligo; however,
several treatments have shown favorable results, achieving
some degree of repigmentation in over 80% of cases.’ The
recent advance in the understanding of its pathogenesis has
promoted new therapeutic alternatives, which allude to a
more hopeful future for patients.

Vitiligo genetics

Vitiligo is a complex disease in which the risk attributed to
the genetic component is estimated at 75% to 83%, whereas
environmental factors would comprehend the remaining
20%. Studies of familial grouping, studies in twins, and seg-
regation analyses characterize it as a multifactorial disease
with a polygenic inheritance pattern. Because of this, the
individual contribution of each genetic variant to suscepti-
bility is relatively low.>’

Vitiligo susceptibility mapping by linkage analysis

The mapping of genetic risk factors for vitiligo was per-
formed by linkage analysis followed by positional cloning.
Linkage analysis assesses the nonrandom segregation of
chromosomal regions among affected individuals in families
with vitiligo. Seven loci have been linked to vitiligo suscepti-
bility, of which four were observed in European populations
and three in Chinese populations. One locus on chromosome
17p13 was the first genomic region linked to vitiligo associ-
ated with autoimmune diseases.? And the positional cloning
of the 17p13 region identified the NLRP1 gene as the likely
source of the vitiligo linkage signal.”°

Chromosome 22q12 has been associated with the patho-
genesis of vitiligo,®'" with the variants that regulate XBP1
gene expression being the risk factor indicated in the 22q12
region.'”” XBP1 is a transcription factor that regulates the
expression of the HLA class Il gene, being involved in cellu-
lar response to stress and often associated with autoimmune
diseases. In Asian and South American individuals, a link
between the MHC region on chromosome 6p21 and vitiligo
has been observed.®

HLA class | and lI-related genes have been implicated
in the pathogenesis of vitiligo.'*'* Fine mapping of HLA by
imputation identified amino acid alterations at residues 135
and 45-46 for HLA-DQB1 and HLA-B, respectively, as strong

risk factors for vitiligo in the Chinese population.'> Moreover,
a promoter variant that increases HLA-A*02:01 expression
has been associated with common vitiligo.'®

Three loci, at 1p31.3 - p32.2, 7q21.11, and 8p12, have
been linked to vitiligo susceptibility in Europeans and one
in Asian populations at 4q13-q21."7-"” Of these, FOXD3 has
been suggested as the causal gene candidate for 1p31.3 -
p32.2 and PDGFRA for 4q13-q21, while no candidate gene
has been suggested for the two remaining loci.

In addition to these, HLA-A*33, HLA-Aw*31, HLA-DR4,
HLA-DR7, and HLA-DQB1*0303, among others, have been
identified as risk factors for vitiligo in different samples.?®?'
On the other hand, there are studies that correlate HLA-A*09
and HLA-Aw*19 with a lower risk for the disease.”’

In Brazil, a study with patients from the southeast region
demonstrated an association of HLA-A*02 and HLA-DRB1*07
with susceptibility to vitiligo.? HLA-A*02 is also associated
with risk in populations from China, India, Slovakia, and
Northern Germany. Similarly, HLA-DRB1*07 has been iden-
tified in samples from China, India, Slovakia, Italy, Morocco,
Turkey, and Oman.?°

Additionally, in Brazil, HLA-DQB1*06 has been corre-
lated with susceptibility to vitiligo (common, acrofacial and
mixed), while HLA-A*32 has been correlated with the local-
ized form (focal and segmental). However, these findings
differ from other descriptions in the literature, suggesting
that HLA-DQB1*06 and HLA-A*32 are specifically associated
with the Brazilian population.?’

Genome-wide association study and vitiligo prediction
GWAS (Genome-Wide Association Study) tests a dense set of
variants located throughout the human genome for associ-
ation with a phenotype of interest using both case controls
and families. To date, five GWAS have been performed for
vitiligo in European and Asian populations.??~%¢ Together,
they have identified more than 50 loci associated with risk of
vitiligo. Most of the loci identified by GWAS were detected
in Europeans, suggesting a specific ethnicity effect or dif-
ferences in study design or power. However, seven of the
non-MHC loci were associated with vitiligo in subjects of
different ethnicities.

The observation of risk effects in independent popula-
tions strengthens the global contribution of genes in the
pathophysiology of vitiligo. One of these seven multiethnic
vitiligo risk factors includes the PTPN22 gene, which encodes
a protein tyrosine phosphatase involved in T-cell signaling.
Interestingly, PTPN22 variants have been associated with
several diseases related to the immune system, including
rheumatoid arthritis, systemic lupus erythematosus, and
Crohn’s disease, which characterizes it as a pleiotropic gene
for autoimmune diseases.?’-?¢

The IKZF4 gene, associated with vitiligo in European and
Chinese individuals, exerts a FOXP3-mediated gene silencing
on T regulatory cells (Tregs).?’ The FOXP3 gene located on
the X chromosome was also a risk factor for vitiligo in several
ethnicities.

Combined, these associations highlight the key players
in the contribution of T-cells to the pathogenesis of vitiligo.
Other candidate loci for vitiligo in several ethnicities include
FASLG, a member of the TNF superfamily, and GZMB, a
protease, both of which point to a role of dysregulated apop-
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Table 1 Main genes and histocompatibility antigens (HLA)
involved in the pathogenesis of vitiligo.

Gene

NLRP1

XBP1

FOXD3
PDGFRA
PTPN22
IKZF4

FOXP3

DDR1

HLA
HLA-A*02
HLA-Aw*31
HLA-A*32
HLA-A*33
HLA-A*09
HLA-AW*19
HLA-DQB1*06
HLA-DQB1*0303
HLA-DR4
HLA-DRB1*07
HLA-DR7

Expression

+ 4+ + + + o+ +

=
7]
s
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tosis in vitiligo. Another significant non-HLA association with
vitiligo found in Europeans was observed for the TYR gene,
which regulates melanin biosynthesis in melanocytes.?®

The translational aspect of the GWAS findings goes
beyond the description of the mechanisms associated with
the disease pathogenesis. The cumulative frequency of
vitiligo risk alleles can be used to calculate the probability,
using a polygenic risk score, that an individual will become
a case. Using autosomal risk variants of vitiligo described by
GWAS, the predictive power of the polygenic risk score was
found to be 71%, which is among the highest values found
for complex diseases.*°

Candidate gene approaches are conceptually based on
a mechanistic hypothesis. Autoimmunity, melanocyte adhe-
sion, and metabolic dysfunction have been suggested as
contributing to the etiology of vitiligo, and several genes
based on the above mechanisms have been tested.’' Note-
worthy examples include the DDR1 gene, which encodes a
transmembrane tyrosine kinase receptor that is the main
adhesion protein of melanocytes to the basement membrane
and has been shown to be downregulated in vitiligo in com-
parison to unaffected skin.*?*3 DDR1 forms a complex with
E-cadherin (encoded by CDHT), which is important for the
maintenance of the epithelial structure. Variants close to
the CDH1 gene have been associated with vitiligo in Brazilian
individuals, linking defects in melanocyte adhesion to the
pathogenesis of vitiligo.** Melanocyte damage due to exces-
sive oxidative stress is another well-established candidate
mechanism for vitiligo. The accumulation of reactive oxy-
gen species in the epidermis can inhibit the BCHE enzymatic
activity.>® Variants that control the enzymatic activity of the
BCHE gene have been associated with vitiligo in independent
samples of the Brazilian population.3®

The main genetic changes linked to vitiligo are summa-
rized in Table 1.

Figure 1

Segmental vitiligo on the flank of a dark-skinned
patient. Achromic macula, with zosteriform distribution; the
periphery of the lesion shows a leukomelanoderma band, with
several follicular repigmentation points - Source: authors’ file.

Morphofunctional changes

In addition to the significant reduction in melanin and
melanocytes, the skin with vitiligo shows morphological
changes both in the epithelium and in the upper dermis,
which supports the hypothesis that other elements con-
tribute to disease development, in addition to melanocyte
susceptibility to oxidative and immunological damage.

Histopathologically, less pigmentation in the basal layer
is observed in up to 78% of the epidermis with vitiligo, and
some inflammatory infiltrate is identified in up to 48% of
cases. In vitiligo cases with active disease, histopathology
may show a lichenoid interface dermatitis pattern, demon-
strating the focus of self-aggression located in the basal
layer.”” T-lymphocytes (CD3+), especially the cytotoxic phe-
notypes (CD8+), are the predominant cells (65.4%) in the
infiltrate, which is more evident in perilesional skin with
perivascular and periannexal distribution. For this reason,
perilesional skin is considered the area with the highest
inflammatory activity in vitiligo (Figs. 1 and 2).%

Screening of melanin pigmentation using Fontana-Masson
staining identified residual melanin in 16% of vitiligo cases,
and in 12% of cases, melanocytes were identified in the
lesions, demonstrating that total destruction of melanocytes
may not occur in the affected area.*®

On electron microscopy, abnormal melanogenesis was
identified in active vitiligo; melanocytes from the con-
trol skin and perilesional area of stable vitiligo lesions
showed long, thin dendrites with a moderate number of
melanosomes, in contrast to the melanocyte dendrites
from the perilesional area of active vitiligo: retractable
with few melanosomes.*° Langerhans cells are increased in
the epidermis, the basement membrane is thickened, and
degenerative alterations (e.g., cytoplasmic vacuolization) in
basal melanocytes and keratinocytes are evidenced during
disease activity.

The role of the remaining melanocytes in the basal layer
in the repigmentation process of vitiligo is still unclear, espe-
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Figure 2 Active vitiligo. Histopathology: perivascular lym-
phocytic infiltrate, with epidermal aggression and basal layer
vacuolar degeneration foci (Hematoxylin &eosin, x40). Picture
is a courtesy of Dr. Lismary Mosque.

cially because melanogenesis is compromised in the lesions.
However, the maintenance of hair follicle pigmentation in an
affected area indicates good prognosis since the migration
of melanocytes from the outer follicular sheath can be evi-
denced by the identification of perifollicular repigmentation
after phototherapy (Fig. 1).

The main source of repigmentation in vitiligo is the
melanoblasts of the hair outer root sheath, when not
attacked by CD8+ T-cells. After stimulation with pho-
totherapy, these melanoblasts migrate, differentiate into
melanocytes, and proliferate into the epidermis, probably
through the upregulation of the stem cell-associated gene,
GLI1.%°

The stratum corneum and viable epidermis of vitiligo
lesions are increased in thickness compared to non-lesional
skin.*' The lesional epithelium also has larger corneocytes,
likely to compensate for the decreased expression of corni-
fication components and, therefore, they result in a thicker
stratum corneum in vitiligo lesions. A possible explanation
for this fact may be the reduced expression of D3 ganglio-
sides, which favors keratinocyte apoptosis in patients with
vitiligo. This potentially induces a compensatory mechanism
of epidermal thickening to protect the affected skin against
ultraviolet radiation (UVR).

However, previous optical and electron microscopy
studies have demonstrated degenerative changes in ker-
atinocytes in both affected and unaffected skin of patients
with vitiligo,*”” suggesting that the entire epithelium of
patients with vitiligo is susceptible to and suffers from the
pathogenic pressures of the disease.

In common vitiligo, there is a decrease in the epithe-
lial cones of the dermal-epidermal junction. Similarly, a
difference in architecture was identified in patients with
segmental and nonsegmental types of vitiligo. In the seg-
mental type, there is a notable increase in epithelial cones;
acanthosis is observed in the nonsegmental type when com-
pared with the skin of controls without vitiligo.?”

Adhesion defects between cell components of the epider-
mis have also been implicated in the pathogenesis of vitiligo.

E-cadherin is a protein that assists in anchoring between
keratinocytes, and its low expression has been identified in
melanocytes in vitiligo.*® It was also demonstrated in the
dermis, p53-positive cells in non-lesional areas, and this
reactivity was higher in vitiligo lesions than in controls.

The reduction of melanocytes in vitiligo was also related
to a defect in cell adhesion but not directly to apopto-
sis. Furthermore, cytokines such as IFNy and TNF« induce
melanocyte detachment and decrease the distribution of E-
cadherin in melanocytes. However, the combination of the
two cytokines was able to downregulate the expression of
the CDH1 gene that encodes E-cadherin and also reduced
the expression of the genes associated with adhesion deficit,
DDR1 and CCN3. Furthermore, MMP-9 is elevated in the skin
and plasma of patients with common vitiligo, being produced
in keratinocytes by the stimulation of TNFa and IFNy and
associated with E-cadherin cleavage.*

The DKK1 protein, which reduces melanogenesis and cer-
tain somatic functions of melanocytes, is overexpressed
by lesional fibroblasts in vitiligo.* Similarly, there is a
greater expression of fibronectin, a key protein in intercel-
lular communication by binding to integrins, in the dermis
of patients with vitiligo compared with healthy controls.*
Additionally, elastin is reduced in lesional dermis, but colla-
gen fibers show no difference when compared to unaffected
skin.*®

Oxidative changes

Cutaneous melanocytes, located in the organ with the
greatest interface with the external environment and, con-
sequently, the most exposed to ultraviolet radiation and
pollutants, are particularly vulnerable to excessive produc-
tion of reactive oxygen species (ROS). The concentration of
these substances is even higher than in other adjacent cells,
such as keratinocytes and fibroblasts. This is due, in part, to
their specialized function of producing melanin (which gen-
erates by-products such as O, and H,0;) and inflammation
due to excessive photo exposure.*’-48

In the hair follicle, the outer sheath melanocytes are
responsible for intense melanin synthesis. There is evi-
dence that the production of ROS in these melanocytes
favors white hairs during the aging process, which is also
accompanied by loss of protective antioxidant mechanisms,
generating an alteration in the oxidative/antioxidative bal-
ance (redox status). In an in vitro model of oxidative
stress, glutamine (a precursor amino acid of the antioxi-
dant molecule glutathione) was shown to be able to reduce
melanocyte apoptosis. In addition to triggering apopto-
sis, ROS also has the potential to reduce melanogenesis,
as demonstrated by in vitro tests following exposure of
melanocytes to H,0,.75"

The theory of vitiligo development due to oxidative stress
(OS) suggests that ROS production would be induced by
multiple intrinsic factors (such as inflammation and protein
synthesis), as well as extrinsic ones, such as exposure to
ultraviolet radiation pollutants, and phenolic compounds.
In parallel, a failure in the antioxidant mechanism would
occur, disrupting cell homeostasis and culminating in cell
damage.>?
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Melanocytes cultured from unaffected areas in patients
with vitiligo have a greater susceptibility to oxidative stress
than from controls without vitiligo, demonstrating an over-
all susceptibility of the patient with vitiligo to oxidative
damage.>?

There is an increase in the superoxide dismutase enzyme
(responsible for degrading the O, radical into H,0;, and 0,),
an increase in lipid peroxidation (secondary to 0S), in addi-
tion to a reduction in the catalase enzyme (which converts
H,0, into H,0 and 0;) in vitiligo. However, when compared
to other inflammatory diseases such as psoriasis and lichen
planus, such alterations are also reported, suggesting that
the OS pathway is not disease-specific. In contrast, when
non-lesional skin is assessed, there are more oxidative path-
way alterations in the skin of patients with vitiligo than of
patients with other inflammatory skin diseases, suggesting
that the depigmented areas are a phenotypically altered
part of skin subjected to oxi-reducing imbalance.*

In addition to having a lower systemic antioxidant capac-
ity (glutathione peroxidase reduction) when compared to
individuals without vitiligo,> there are differences in the
serum levels of superoxide dismutase (SOD) and reduced glu-
tathione (GSH) between patients with common and localized
vitiligo, also assuming a difference in the systemic antiox-
idant status according to disease severity.’® Polymorphisms
of FOX03A, a gene with an important role in OS regulation,
are also found in patients with active vitiligo.””

Treatment with narrowband UVB, in turn, is able
to balance the redox status in patients with vitiligo,
as demonstrated by the significant reduction in serum
malondialdehyde (MDA) levels and an increase in glu-
tathione peroxidase in patients treated by this phototherapy
method.*®

It is hypothesized that OS inflicts cell damage by indu-
cing apoptosis in melanocytes, as well as other cell death
mechanisms, such as ferroptosis and phagoptosis.>* Clinical
and biochemical studies suggest that the overexpression of
the TRPM2 gene (transient receptor potential cation channel
subfamily M member 2) and the CGRP (calcitonin gene-
related peptide) peptide are related to OS-sensitive calcium
channels in perilesional melanocytes in vitiligo. In these
cases, H,0, would induce the demethylation of the pro-
moter region of the TRPM2 gene and increase its expression
in melanocytes, promoting the calcium influx into the cyto-
plasm, and promoting its apoptosis.>’

In a study with murine melanocytes, the natural pro-
cess of autophagy, in which cells degrade their organelles
and damaged proteins to maintain their homeostasis, was
also shown to be impaired when excessive ROS accumula-
tion occurs.®® In vitiligo, melanocytes and fibroblasts are
more sensitive to OS-induced autophagy, which reduces their
potential to control melanogenesis.®"

OS can also trigger changes in the melanocyte endoplas-
mic reticulum, culminating in the accumulation of defective
proteins, stimulating a cell stress phenomenon called
“‘unfolded protein response’’ (UPR).®> Moreover, energy
requirements for protein production (such as melanin) alone
generate ROS through mitochondrial metabolism. These two
pathways seem to be overactivated in the melanocytes
of patients with vitiligo, suggesting that these cells tol-
erate less the demand for melanin production than those
of healthy individuals.®® Even healthy melanocytes undergo

FOXO03A
polymorphism

Innate

immunity
‘ IFNy

Figure 3  Representation of Oxidative Stress (OS) and activa-
tion of innate immunity in vitiligo. The effects of ultraviolet
radiation (UVR), phenolic compounds and trauma (Kobner)
increase the production of reactive oxygen species (ROS). In par-
allel, genetic predisposition (such as mutations in the FOXO3A
gene) lead to the inefficiency of antioxidant mechanisms,
observed by an increase in the superoxide dismutase (SOD)
enzyme, reduction in catalase (CAT) and glutathione (Glu),
causing an imbalance in the redox status. OS also causes an
accumulation of defective proteins in the endoplasmic reticu-
lum, resulting in a phenomenon called the response to unfolded
proteins (UPr), contributing to the process of autophagy leading
to the production of proinflammatory interleukins (IL6 and IL8).
The increased expression of TRPM2 (transient receptor poten-
tial cation channel subfamily M member 2), also induced by OS,
promotes an influx of calcium into the melanocyte, culminating
inits apoptosis. The OS promotes the release of DAMPs (damage-
associated molecular patterns), especially HSP70, which initiate
the innate response from the activation of dendritic cells (DC)
and the participation of NK cells (natural killer) - Source: the
authors.

cell stress when exposed to certain phenolic compounds such
as hydroquinone monobenzyl ether, inducing the production
of IL6 and IL8.%%%

Despite the extensive use of antioxidants by patients with
vitiligo who seek therapeutic alternatives, the role of this
pathogenic mechanism and the application of this knowl-
edge in clinical practice remain controversial. The lack of
a consistent response to systemic antioxidants suggests that
0S may not play a central role in disease pathogenesis, which
raises the need for studies to identify the real role of the
mechanism in this complex disease.’*

Fig. 3 summarizes the possible pathways of damage to
melanocytes due to OS in vitiligo.



+Model

H.Z. Marchioro, C.C. Castro, V.M. Fava et al.

In vitiligo, OS also participates in the Kobner phe-
nomenon, although its etiology is probably multifactorial.
After epithelial trauma, inflammatory mediators lead to
an increase in 0S, inducing cell death, a process that is
also favored by melanocyte adhesion defects. Addition-
ally, epithelial trauma promotes the release of IFNa, which
increases the expression of CXCL10, favoring the migration
of circulating lymphocytes. ¢’

Immunological changes

Innate immunity

Evidence for the participation of the innate immune system
in the pathogenesis of vitiligo is very consistent, with the
latter being considered the link between oxidative stress
and the adaptive immune response.® First, dendritic cells,
macrophages, and NK (natural killer) cells are found in the
lesional and perilesional skin of patients with vitiligo, char-
acterizing an activation of the innate immune response.®’

Activated NK cells (CD56+ / granzyme B+) and IFNy-
producing cells have been identified in the blood and
non-lesional skin of patients with vitiligo.®® Moreover, there
is an increase in proinflammatory cytokines, characteris-
tic of innate immunity, in both serum and skin of patients
with vitiligo, such as IL1«, IL1B, IL6, IL8, IL12, IL15, and
TNFa.®” These elements indicate a global activation of the
body innate immunity, transcending the affected areas.

The oxidative stress that occurs in the melanocyte, as
mentioned before, is possibly the autoimmunity trigger in
vitiligo.®® The communication between the melanocyte and
the innate immune system seems to occur through the
secretion of exosomes, which contain melanocyte-specific
antigens, miRNAs, heat shock proteins, and DAMPs (damage-
associated molecular patterns).®* These exosomes deliver
autoantigens to dendritic cells, which undergo maturation
into antigen-presenting cells.”®

The DAMP with the highest evidence of association with
vitiligo to date is HSP70 (heat shock protein 70).°® HSP70
is a protein from the intracellular chaperone family whose
function is to prevent the incorrect folding of other pro-
teins and their aggregation. Whereas some HSPs facilitate
the folding of newly formed proteins, others are particu-
larly induced during physiological stress to manage the extra
burden of stress-induced protein misfolding, thus preserving
cell viability.”" Although HSPs are intracellular proteins, it
has been observed that, under stress situations, they can be
secreted by the cell. In the extracellular environment, the
identification of these proteins by cells of the immune sys-
tem results in signal transduction that leads to the release
of proinflammatory cytokines, such as IFNa. In vitro studies
have demonstrated the expression of HSP70 Lox-1 receptors
on the surface of dendritic cells in vitiligo. The same study
showed that HSP70 induces the maturation and activation of
dendritic cells (CD80+).”"-72

The induced HSP70 is present in lesional and perilesional
skin in vitiligo. Studies in animal models have demon-
strated the relationship between induced HSP70 and the
recruitment and activation of inflammatory dendritic cells
in vitiligo. Furthermore, in rats, HSP70 has been shown
not only to be necessary but sufficient to accelerate skin

depigmentation.”® Finally, a study that introduced a mutant
HSP70, in which only one amino acid was altered in its
structure, showed that it was able to promote skin repig-
mentation by binding to dendritic cells and inactivating
them and, consequently, inhibiting the subsequent T-cell
response. This HSP70 molecule with an amino acid change is
considered a potential treatment for vitiligo and is expected
to be studied in clinical trials.”

NLRP-1 (nuclear localization leucine-rich-repeat protein
1) is another component of innate immunity identified
in vitiligo. Variants of the DNA sequence in the NALP1
region are associated with the risk for several epidemi-
ologically associated autoimmune and autoinflammatory
diseases, including common vitiligo.” NLRP-1 is a key reg-
ulator of the innate immune response. By recognizing the
DAMPs, this receptor activates the inflammasome, which,
through the caspase-1 pathway, induces the processing of
pro-IL1B into active IL1B, as well as its secretion into the
extracellular environment, where it perpetuates the inflam-
matory response.”” IL1B plays a key role in the polarization
of T cells towards Th17.7¢ The perilesional skin of vitiligo,
where the disease is most active, shows an increase in
IL1B, suggesting that this pathway is also involved in vitiligo
progression.”’” Therefore, IL1p inhibition can also be seen as
a potential therapeutic target in vitiligo.

Adaptive immunity

The activation of innate immunity triggered by damage to
melanocytes affected by oxidative stress promotes cytokine
secretion and antigen presentation, resulting in the adap-
tive immune system activation, in which autoreactive T-cells
amplify damage to melanocytes in vitiligo-affected skin.

In this context, cytotoxic T-lymphocytes (CD8+) are the
main cells implicated in disease pathogenesis.”® However,
although antibodies reactive against melanocytes (e.g.,
anti-MelanA, anti-MCHR1, anti-tyrosinase, anti-gp100, and
anti-tyrosine hydroxylase) have elevated serum titers in
patients with vitiligo, they do not correlate with disease
activity.”” Nevertheless, the literature is controversial, and
the exact role of anti-melanocyte antibodies in vitiligo
remains unclear.

The type | IFN pathway is a key point for the start of
the vitiligo immune response. The IFN-I signature charac-
terizes an early and transient event in its progression and a
link between the innate and adaptive immune response.®
Studies have shown that IFN«, produced mainly by plasma-
cytoid dendritic cells (pDCs), stimulates the production of
chemokines, such as CXCL9 and CXCL10, by keratinocytes,
leading to the recruitment of T-cells expressing their recep-
tor: CXCR3.%%72 Furthermore, HSP70 potentially contributes
to skin inflammation by activating pDCs and increasing IFN«
secretion.”?

Cytotoxic CD8+ T-cells are necessary and sufficient for
the destruction of melanocytes, acting as an effector arm
of autoimmunity.”® The lesions are caused by effector CD8+
T-lymphocytes in the initial or active phase of the disease
and by recirculating and resident memory CD8 + T (TEM) lym-
phocytes in the stable phase. The mechanism of aggression
is based on the production of inflammatory cytokines such as
TNFa and IFNwy, in addition to the release of granzymes and



+Model

Anais Brasileiros de Dermatologia Xxxx;XXX(XX):XXX=XXX

perforins, which cause direct damage to melanocytes.”®%
In the lymphocytic infiltrate of the periphery of the depig-
mented areas, CD8+ T-lymphocytes predominate, and this
finding correlates with disease activity.?’

Melanocyte-specific antigens recognized by CD8+ T-cells,
such as MelanA, tyrosinase, gp100, and tyrosinase-related
proteins 1 and 2, are detected in greater numbers in the
peripheral blood of patients with vitiligo when compared to
controls.®” The perilesional skin also expresses higher levels
of CD8+ T lymphocytes against melanocyte antigens in com-
parison to normal skin.”® These autoreactive cells are able to
destroy melanocytes in vitro®' in addition to inducing apop-
tosis of keratinocytes and melanocytes in a pattern similar
to the disease.”®

IFNy, and the genes it induces, encode the CXCR3
chemokine receptor and its ligands CXCL9 and CXCL10,
which are critical for the activation of CD8+ T cells,
and are found to be increased in the skin and blood
of patients with vitiligo.?>8 CXCL9 promotes the global
recruitment of autoreactive T-cells but with no effector
action, whereas CXCL10 is required for disease progression
and maintenance.® Moreover, the neutralization of CXCL10
in animal models prevents the appearance of new lesions
and induces the repigmentation of established areas,® iden-
tifying the therapeutic potential of IFNy/CXCL10/CXCR3 axis
inhibition.®¢ Keratinocytes are the main sources of these
cytokines, and CXCL9 and CXCL10 measurements are poten-
tial biomarkers of disease activity.?

The Janus kinase/signal transducers and transcrip-
tion activators (JAK/STAT) pathway participate in the
immunopathogenesis of vitiligo through its interaction with
IFNy. IFNy/CXCL10 signaling starts with the binding of
IFNy to its heterodimeric receptor, which stimulates the
JAK/STAT pathway and leads to STAT1 activation. Subse-
quently, STAT1 translocation to the nucleus and subsequent
binding to the IFNy-induced gene promoter region such as
CXCL10 occur. There are four members of the JAK protein
family, including JAK1, JAK2, JAK3, and tyrosine kinase 2
(TYK2). JAK1 and JAK2 are directly involved in IFNy sig-
naling. In this context, some studies have used several JAK
inhibitors as a repigmentation strategy.?’

Vitiligo recurrence is a common phenomenon, often
occurring in the same affected site prior to treatment.
This pattern of recurrence suggests the role of autoimmune
memory in the maintenance of the condition, characterized
by the presence of memory CD8 + T Cells in both the epider-
mis and dermis, which act as sentinels for the recruitment
of T-effector memory cells from the circulation.®® TRMs are
long-lived lymphocytes that develop after the start of a T-
cell-mediated immune response.

Based on the demonstration that TRMs require IL15 for
their differentiation, the interruption of the IL15 pathway
using an anti-CD122 antibody caused reversal of depigmen-
tation in mice with stable vitiligo. In that trial, short-term
treatment with anti-CD122 inhibited IFN-y production by
TRMs, and long-term use depleted these cells from the
lesions.® Additional IL15 functions have also been mapped in
other studies. One study showed that IL15 causes the expres-
sion of NKG,D in memory CD8 + T Cells in skin with vitiligo,
triggering the production of IFNy and TNFa.?? Additionally,
oxidative stress has been shown to induce IL15 transpre-
sentation in keratinocytes, contributing to the activation of

)

Figure 4 Representation of Interleukin (IL)-15 transpre-
sentation in keratinocytes induced by oxidative stress (OS)
and the interaction of interferon gamma (IFNy) with the
Janus kinase/signal transducers and transcription activators
(JAK/STAT) pathway. The OS promotes the transpresentation
of I-15 in keratinocytes through the binding of IL-15 to the
heterodimeric IL-15 receptor (IL15R) on memory CD8 +T lym-
phocytes, consisting of CD122 and CD132, and to the I-15«
receptor (IL15Ra) on keratinocytes (CD215). This process poten-
tiates the activation of memory CD8 + T Cells and the production
of inflammatory cytokines, such as IFNy, via JAK/STAT signal-
ing (JAK1-STAT3 and JAK3-STAT5). The IFNvy/STAT1/CXCL10 axis
conducts the autoimmune destruction of melanocytes. IFNvy sig-
nals through the IFNy receptor (IFNyR) to stimulate JAK1/JAK2
and activate STAT1. The activation induces the production of
CXCL9 and CXCL10, which signals through the CXCR3 receptor
for the recruitment of more autoreactive CD8+ T cells - Source:
the authors.

memory CD8 + T Cells through the activation of the JAK/STAT
pathway (JAK1-STAT3 and JAK3-STAT5).%° Thus, blocking IL15
signaling seems to be promising in the search for new treat-
ments.

Fig. 4 details the IL15 transpresentation in keratinocytes
induced by oxidative stress and the interaction of IFNy with
the JAK/STAT pathway.

CD4+ T-regulatory cells (Tregs) act to maintain tolerance
to their own tissues by suppressing the activity of T-effector
cells. In vitiligo, there is a Treg dysfunction, although it is not
known exactly whether due to the inability to migrate to the
skin, decreased numbers, or activity suppression.®’ In animal
models of vitiligo, there is control of disease progression and
repigmentation of lesions with the re-establishment of the
Treg population.®?

Alterations of the adaptive immune system are demon-
strated in both segmental and nonsegmental vitiligo, despite
different reactivity patterns. In nonsegmental vitiligo, sys-
temic immune activation occurs, whereas in the segmental
type, there is only a localized cytotoxic reaction, proba-
bly due to melanocyte mosaicism.”* Tregs are unaffected in
the peripheral blood of segmental vitiligo when compared
to controls. On the other hand, Tregs are reduced in non-
segmental vitiligo and associated with other autoimmune
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Table 2 Main autoimmune and auto-inflammatory diseases
associated with vitiligo.

Autoimmune or auto-inflammatory disease
Alopecia areata

Pernicious anemia
Rheumatoid arthritis

Atopic dermatitis
Dermatomyositis

Type 1 Diabetes Mellitus
Addison’s disease

Crohn’s disease

Graves’ disease

Systemic scleroderma
Multiple sclerosis

Systemic lupus erythematosus
Psoriasis

Ulcerative colitis

Sjogren’s Syndrome
Hashimoto’s Thyroiditis

comorbidities, less frequent in segmental vitiligo. Moreover,
the antibody response against melanocyte-specific antigens
occurs only in nonsegmental vitiligo.

The higher frequency of autoimmune comorbidities
in patients with nonsegmental vitiligo and also in their
relatives reinforces the idea of vitiligo as a pheno-
typic representation of a systemic autoimmune imbalance.
Comorbidities vary widely with the studied population and
depend on sex, age, ethnicity, and vitiligo subtype. Table 2
lists the main autoimmune and autoinflammatory diseases
described in vitiligo, with autoimmune thyroidites being the
most frequent and well-established ones. Also noteworthy
are ocular and auditory abnormalities due to the presence
of melanocytes in the uvea and cochlea.®%

The development of vitiligo and halo nevus in patients
with melanoma is a well-described phenomenon, probably
due to auto aggression to melanocytes induced by tumor
antigens. However, this occurs in 10% to 25% of patients
treated with checkpoint inhibitors (e.g., nivolumab, pem-
brolizumab), a new class of medication for metastatic
melanoma. These clinical lesions are indistinguishable from
the common vitiligo, and the phenomenon is called leuko-
derma or vitiligo-like lesions; however, there is some doubt
as to whether their origin is due to direct cytotoxicity to
melanocytes or the development of autoimmunity (vitiligo)
in predisposed patients.”

Fig. 5 outlines the main changes in adaptive immunity
involved in vitiligo.

The exact mechanism by which topical therapies with
corticosteroids and calcineurin inhibitors affect the disease
pathogenesis has yet to be fully elucidated, but it is believed
that they reduce the lymphocytic infiltrate and TNFa expres-
sion. In trauma-induced injuries (Kobner), treatment with
topical corticosteroids and tacrolimus reduced the underly-
ing inflammatory infiltrate.”®

Phototherapy, in addition to stabilizing the redox
balance, suppresses the inflammatory response, promot-
ing T-cell apoptosis, decreasing inflammatory cytokines,
increasing IL10 (with regulatory T-cell induction), reducing

IL15R

Figure 5 Representation of alterations related to adap-
tive immunity in vitiligo. Melanocytes affected by oxidative
stress (OS) trigger the activation of innate immunity through
the secretion of exosomes, which contain damage-associated
molecular patterns (DAMPs), especially heat shock protein
70 (HSP70). HSP70 stimulates the secretion of IFNa by den-
dritic cells in the initial phase of disease progression, which
induces the production of chemokines CXCL9 and CXCL10 by ker-
atinocytes and the recruitment of T-cells expressing the CXCR3
receptor. CXCL10 has an effector action, while CXCL9 acts on
the global recruitment of autoreactive CD8+ T-cells. Effector
CD8+ T-cells are responsible for the destruction of melanocytes
through the production of interferon gamma (IFNvy), release of
granzymes and perforins, facilitated by T- regulatory (Treg) cell
dysfunction. CD8+ tissue-resident memory T cells (TRM) develop
after the onset of the T-cell-mediated immune response and are
implicated in disease maintenance, being retained in the tissue
due to IL15 transpresentation by keratinocytes - Source: the
authors.

JAK1 expression, and depleting the Langerhans cells of the
epidermis.”’

Vitiligo induced by chemical agents

Chemical-associated vitiligo, also called leukoderma, has
been described especially in rubber industry workers in
contact with phenolic compounds. The first identified agent
was hydroquinone monobenzyl ether (monobenzone), which
induces cell death without activating the caspase cascade or
DNA fragmentation.”®

Rhododendrol, another phenolic compound used in
skin lightening treatments responsible for an outbreak of
leukoderma in Japan, promotes cytotoxicity via a tyrosinase-
dependent mechanism.”’

Hair dyes have also been implicated in the appear-
ance of leukoderma, and one of the main suspects is
paraphenylenediamine. However, the causal mechanism by
which benzene derivatives cause depigmentation has yet to
be elucidated.'®

Chemical leukoderma, however, does not share the
autoimmunity changes (e.g., anti-TYRP1 antibody) as it
occurs in vitiligo, despite promoting direct damage to
melanocytes. "’
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Table 3
in vitiligo.

Main emerging therapies and therapeutic targets

Class / Drug Therapeutic target/

Action mechanism

Mutant HSP70 protein Innate immunity
inhibition - reduced
dendritic cell activation
Adaptive immunity -
alteration in

HSP70iQ435A

Tyrosine kinase inhibitors
Tofacitinibe (JAK1/3)
Ruxolitinibe (JAK1/2) cytokine/chemokine
Cerdulatinib (SYK/JAK 1/2/3) signaling (IFNy, CXCL10,
ATI-50002 (JAK1/3) IL15)

PF-06651600 (JAK3)
PF-06700841 (TYK2/JAK1)
Anti-IL15 Biologicals
Anti-CD122 mAb

AMG 714 (Anti-IL15 mAb)

Adaptive immunity -
blocking of IL15
signaling

HSP70, heat shock protein 70; JAK, Janus kinase; SYK, spleen
tyrosine kinase; TYK, tyrosine kinase; IFNy, interferon gama; IL,
interleukin; mAb, monoclonal antibody.

Neural theory

The neural theory of vitiligo is based on the clinical observa-
tion of lesion distribution: on dermatomes in the segmental
type and symmetrical in nonsegmental vitiligo, alluding to
the neuroimmunological influence in vitiligo. There are also
anecdotal cases of vitiligo appearing in delimited areas after
nerve injury.'” Finally, extreme psychological stress is a fac-
tor classically associated with the development of vitiligo
and other autoimmune diseases; although the pathophys-
iological mechanism involved in this context is not fully
elucidated, whether dependent on the change in the oxida-
tive state, the modification of the immune tolerance system,
or the participation of neurokinins.'®

In vitiligo, neuropeptide Y is increased in lesional skin
and the perilesional area.'* Substance P is increased in the
skin of stable vitiligo when compared to unstable disease,
suggesting that it is associated with vitiligo stability.%

Extreme physical or psychological stress increases the
synthesis of catecholamines and requires the activation of
the hypothalamic-pituitary-adrenal axis, which interferes
with the immune system regulation. In the acute stress
phase, neutrophilia occurs, and there is an increase in NK
cells in the plasma, in addition to proinflammatory cytokine
imbalance, with an increase in IL6, resulting from the secre-
tion of cortisol and catecholamines, modulating the immune
response and the development of autoimmune and autoin-
flammatory diseases.'%

Emerging therapies

The three emerging vitiligo therapeutic classes that are at
the most advanced stage of development and are associ-
ated with the most important pathogenic pathways are the
tyrosine kinase inhibitors (e.g., JAK1, JAK2, JAK3, TYK2),
anti-IL15, and mutant HSP70.748197 Taple 3 shows the
emerging drugs according to their pathophysiological target.

Conclusion and future research

The understanding of the pathogenesis of vitiligo develops
in parallel with the knowledge of the genetic regulation
of the phenomena linked to OS and the cutaneous immune
response.

The epigenetic control of the gene expression linked
to these phenomena can be an integrator of these pro-
cesses since environmental and dietary factors, behavioral
response patterns to stress, and the increasing exposure to
industrialized compounds are intensely present in modern
life, especially air pollution and aromatic compounds. '%%1%?

The regulation of pathways related to transport vesi-
cles (exosomes) between keratinocytes, melanocytes, and
inflammatory cells constitutes another factor that should
elucidate the interaction between the cell damage process,
melanogenesis, and the immune response in vitiligo.'"°

The role of intestinal dysbiosis in inflammation modu-
lation, 0S, and autoimmunity may disclose susceptibility
profiles and the clinical expression of vitiligo, as increased
intestinal permeability favors the activation of innate immu-
nity and promotes systemic inflammatory stimulation.'"!

Finally, the importance of hypovitaminosis D, a modern
epidemic, in the immune response regulation, as well as the
effect of its supplementation as an adjunct to treatment,
must be explored since patients with vitiligo have lower
levels of vitamin D.'"?

In conclusion, the pathogenesis of vitiligo results from an
interaction of elements (multifactorial), which suggests a
genetic susceptibility basis, affected by environmental fac-
tors, oxidative stress, psychological factors, and patterns of
autoimmune response. The integration of these theories is
the main challenge in the construction of pathophysiological
models.
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OBJETIVOS

Objetivo geral

Avaliar a prevaléncia de doenca imunomediada do ouvido interno e anticorpos anti-HSP70 em adultos com vitiligo

nao segmentar

Objetivos secundarios

Avaliar os resultados de audiometria em adultos com vitiligo ndo segmentar.

Avaliar a correlacéo clinica de anticorpos anti-HSP70 e de DIMOI com vitiligo ndo segmentar.
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Resumo

Fundamentos: A perda auditiva neurossensorial (PANS) € comum em individuos com vitiligo ndo
segmentar (VNS). Até o0 momento, a patogénese desse processo ndo foi investigada. A concomitancia de
doencas autoimunes no VNS justifica explorar a doenga imunomediada do ouvido interno (DIMOI),como
a etiologia de PANS em VNS. O anticorpo anti-HSP70 é um marcador soroldgico de DIMOI, podendoauxiliar

no diagndstico precoce dessa doenca.

Objetivo: Avaliar a prevaléncia de DIMOI e de anticorpos anti-Hsp70 em individuos com VNS.

Métodos: Estudo transversal, envolvendo adultos, de ambos os sexos, com VNS, submetidos a
audiometria e dosagem sérica de anticorpos anti-Hsp70. N&o foram incluidos portadores de cancer,

imunossuprimidos ou portadores de doencas reumatoldgicas em atividade.

Resultados: Foram avaliados 112 individuos adultos com VNS. PANS bilateral foi encontrada em 28
(25,0%; 1C95% 17,9-32,1%) participantes, sendo que 17 (15,2%; 1C95% 9,8-20,5%) apresentavam
PANS ndo explicada por outra causa, como diabetes, infec¢cdo e drogas ototdxicas. A prevaléncia do
anticorpo anti-Hsp70 foi de 26,8% (1C95% 19,6-33,9%). Foram identificados seis participantes (5,4%;
IC95% 2,7-8,0%) com critérios para DIMOI. Pacientes com DIMOI apresentaram idade mediana mais tardia
do inicio do vitiligo (46 vs. 32 anos; p=0,04), menor extensao do vitiligo (VES 0,4 vs. 1,8; p=0,027), e
niveis maiores de anti-Hsp70 (221 vs. 85 ng/mL; p<0,01).

Limitagdes do estudo: Estudo incluiu apenas adultos, ndo avaliou longitudinalmente os pacientes com
PANS, excluidos portadores de doengas reumatoldgicas ativas, 0 que pode subestimar a prevaléncia de
DIMOI.

Conclusdes: DIMOI e anticorpos anti-Hsp70 sé&o prevalentes em adultos com VNS.

Palavras-chave: Autoimunidade; Perda Auditiva Neurossensorial; Vitiligo; Hsp70; Ouvido interno.
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Abstract

Background: Sensorineural hearing loss (SNHL) is associated with non-segmental vitiligo (NSV). To date, the
pathogenesis of this association has not been explored. The concomitance of autoimmune disease in vitiligo patients
justifies the investigation of immune-mediated inner ear disease (IMIED) as a cause of SNHL in NSV. The anti-

Hsp70 antibody is a serological marker of IMIED, and it might help on the early diagnosis of this disease.

Objective: To evaluate the prevalence of IMIED and anti-Hsp70 antibody in NSV patients.

Methods: Cross-sectional study involving NSV adult patients of both genders, who were evaluated through
audiometry and serological dosage of anti-Hsp70 antibody. There were not included individuals with diagnosis of

cancer, immunosuppressed or those with autoimmune rheumatological disease.

Results: One hundred and twelve individuals were evaluated. Bilateral SNHL was found in 28 (25.0%; 95%Cl 17.9-
32.1%) patients. Among those, 17 (15.2%; 95%Cl 9.8-20.5%) had SNHL that could not be explained by other causes,
as diabetes, infection, noise exposition or ototoxic drugs. The prevalence of anti-Hsp70 antibody was 26.8% (95%ClI
9.8-20.5%). Six patients (5.4% CI95% 2.7-8.0%) had diagnostic criteria for IMIED. Patients with IMIED had latter
median age of onset of vitiligo (46 vs. 32 years old; p=0.04), lesser disease extent (VES 0.4 vs. 1.8; p=0.03), and
higher levels of anti-Hsp70 antibodies (221 vs. 85 ng/ml; p <0.01).

Limitations: Lack of follow-up and audiometric recovery after corticotherapy. Exclusion of individuals with

autoimmune rheumatologic diseases, which could underestimate the prevalence of IMIED in this sample.
Conclusion: IMIED and anti-Hsp70 antibodies are prevalent in NSV adult patients

Keywords: vitiligo, Hsp70, sensorineural hearing loss, autoimmunity, inner ear
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Introducao

Vitiligo é doenca sistémica imunomediada, caracterizada clinicamente por manchas despigmentadas na pele e
mucosas que podem se distribuir de maneira limitada (forma segmentar), ou apresentarem-se de forma néo
segmentar (VNS), como ocorre no vitiligo generalizado.t Acomete cerca de 0,6% da populacdo brasileira e
corresponde a 1,6% dos atendimentos dermatoldgicos no Brasil.23

A patogénese do vitiligo é multifatorial, envolvendo predisposicdo genética, estresse oxidativo, defeitos na
adesdo entre as células da epiderme, além da agressdo imune de padrdo inato e adaptativo, que culminam na morte do
melandcito mediada por linfécitos T citotoxicos.4® A proteina de choque térmico 70 (heat shock protein 70 ou
Hsp70) é entendida como um dos elos entre a imunidade inata e a adaptativa, uma vez que ela € induzida pelo
estresse oxidativo, sendo secretada pelo melandcito nessa situagdo. Hsp70 promove a ativacdo das células
apresentadoras de antigenos, sendo estas responsaveis por induzir a resposta imune adaptativa.® A presenca de
melandcitos extracutdneos nas meninges, Uvea e na coclea, pode justificar o envolvimento desses 6rgdos durante a
atividade do vitiligo, levando a quadros de uveite, ou sintomas neurolégicos.’

Individuos com VNS apresentam aumento de perda auditiva quando comparados a populagéo geral, chance
de 1,75 a 6,81 vezes maior, sendo essa hipoacusia de padrdo neurossensorial e de alta frequéncia (> 2000 Hz).8¢
Uma pesquisa de base populacional em brasileiros mostrou que a prevaléncia de perda auditiva na populagéo adulta é
de 16,5%, sendo a perda auditiva neurossensorial (PANS) a mais frequente, e que pode ser decorrente de
exposi¢do ocupacional a ruido, causas infecciosas, metabélicas, uso de drogas ototoxicas, trauma, envelhecimento,
além de autoimunidade.10.11

A doenca imunomediada do ouvido interno (DIMOI) é uma enfermidade de etiologia autoimune, cuja
prevaléncia estimada € de 0,015% da populacdo, mas que provavelmente seja subdiagnosticada. Acomete
principalmente mulheres, entre a quarta e a sexta décadas de vida, costuma acompanhar doencas autoimunes
sistémicas, e se caracteriza por um quadro de perda auditiva neurossensorial progressiva, sendo bilateral em mais
de 80% dos casos na sua evolugdo.'2 O diagndstico da DIMOI implica certa dificuldade e, até o0 momento, ndo existem
critérios universalmente aceitos. E considerado um diagnéstico de exclusdo, quando ha um quadro clinico tipico,
associado a exames laboratoriais sugestivos e resposta clinica positiva a corticosteroides ou outros
imunossupressores.i2 Garcia-Berrocal e colaboradores propuseram critérios diagnésticos, que podem ser apreciados no
quadro 1.13 Dentre os exames laboratoriais utilizados, a presenga do anticorpo anti-Hsp70 (anticorpo anti-coclea) e
considerado um dos marcadores sorolégicos para o diagnéstico de DIMOL.*4 E importante salientar que o diagndstico
precoce da DIMOI e a introdugdo do tratamento podem prevenir a perda auditiva irreversivel.

Vitiligo é associado a diversas doengas autoimunes sistémicas, como as tireoidopatias, alopecia areata,
anemia perniciosa, lipus eritematoso sistémico e diabetes mellitus; assim como com alta ocorréncia de diversos
autoanticorpos.1516 Porém, até 0 momento, a prevaléncia de DIMOI e de anticorpos anti-Hsp70 em vitiligo ndo foram
investigados de forma adequada.

Portanto, os objetivos principais dessa pesquisa so: avaliar a prevaléncia de DIMOI e de anticorpos anti- Hsp70
em individuos adultos com vitiligo ndo segmentar. Ja os objetivos secundarios sao: avaliar os resultados de audiometria

e a correlacdo dos anticorpos anti-HSP70 (positividade e niveis séricos) com as variaveis clinicas.
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Quadro 1. Critérios diagnésticos para DIMOI. O diagnostico é estabelecido quando presentes trés critérios maiores,

ou dois critérios maiores e dois critérios menores.3

Critérios maiores Critérios menores

Envolvimento neurossensorial bilateral Envolvimento neurossensorial unilateral

Presenca de doenca autoimune sistémica Individuo jovem/ meia idade (frequentemente mulher)

Altos niveis de fator antinuclear (FAN) Anticorpos anti-HSP70 presentes

Niveis reduzidos de células T néive (CD4RA) Resposta positiva a corticosteroides (taxa de melhora <80%)
Resposta positiva a corticosteroides (taxa de

melhora >80%)

METODOS

Estudo do tipo transversal, no qual foram incluidos voluntérios adultos, de ambos os sexos, com diagndstico
de VNS, provenientes do ambulatério de dermatologia do Hospital Santa Casa, além de pacientes atendidos no
consultério particular dos autores, na cidade de Curitiba (PR), Brasil. O periodo de recrutamento foi de novembro de
2020 a fevereiro de 2022. O estudo obteve aprovagdo do Comité de Etica e Pesquisa em seres humanos da instituicao
(parecer nimero 4.333.389 - Anexo 1).

N&o foram incluidas pessoas com idade menor que 18 ou maior que 64 anos; vitiligo do tipo segmentar;
portadores de doencas autoimunes reumatologicas; uso de corticosteroides sistémicos, imunossupressores ou
imunobioldgicos nos ultimos trés meses; e histdrico de cancer de 6rgéo sdlido ha menos de cinco anos. Idosos ndo foram
incluidos pelo alto risco de apresentarem perda auditiva relacionada a idade, o que seria um fator de confusdo. Vitiligo
segmentar tem uma fisiopatologia um tanto diversa, ainda mal entendida, tendo menor associa¢do com outras doencas
autoimunes. Tanto as doengas autoimunes reumatolégicas quanto varios tipos de cancer podem cursar com aumento
de anticorpos anti-Hsp70. J& 0 uso de imunossupressores teoricamente poderia reduzir os niveis dos anticorpos
de maneira inespecifica.

Apos assinarem termo de consentimento livre e esclarecido (Anexo2), os voluntéarios responderam a um
questionario com dados clinicos e epidemioldgicos (Anexo 3) e, em seguida, foram examinados para determinagdo
da extensdo da doenca, através da ferramenta VES (Vitiligo Extent Score) (Anexo4), pela pesquisadora principal
(HZM).17 Atividade dadoenca foi determinada através dos seguintes critérios: doenca em progressao — surgimento
de novas manchasacrémicas nos ultimos 12 meses; estabilidade — sem surgimento de manchas novas e também sem
repigmentacdo das manchas existentes por pelo menos 12 meses; e regressdo — manchas acrémicas de vitiligo
em fase de repigmentacdo no momento do recrutamento. Essa classificagdo foi baseada em auto-relato.

Todos os participantes foram submetidos a coleta de 10 ml de sangue periférico. Foi utilizado sistema de
coleta a vacuo, além de tubo com ativador de codgulo e gel separador. Apds repousar por 30 min, as amostras foram
centrifugadas para separagdo do soro (centrifuga Hermle Z326K, velocidade de 5000 rpm por 10 min), sendo este
armazenado em tubos de plastico sem aditivos e congelado para posterior andlise.

Para a dosagem dos anticorpos anti-Hsp70 no soro, foi utilizado o método ELISA (kit ELISA anti-Hsp70

IgG/A/M human, ADI-EKS-750, Enzo Life Sciences, Nova lorque, EUA) sob diluicdo de 1:1000. A curva padréo foi
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executada em duplicata, paralelamente ao ensaio com soro dos voluntarios (Apéndice 1). Foi realizado um pré-
testecom o soro de 24 voluntérios sadios para determinacéo de valores normais na populagéo, definidos como os valores
dentro de dois desvios-padrdo a partir da média (i.e. <148,8 ng/mL — Apéndice 2).18 Os voluntarios sadios eram
individuos adultos, que ndo apresentavam vitiligo ou qualquer outra doenca otologica, nem doencas autoimunes
sistémicas, assim como ndo utilizavam nenhum tipo de medicacéo sistémica que pudesse causar supressao
imunoldgica. Essa etapa da pesquisa foi realizada no laboratério de Imunoquimica, do Departamento de Patologia Basica
do Setor de Ciéncias Bioldgicas da Universidade Federal do Parana.

Além disso, todos os participantes realizaram exame de audiometria vocal, tonal e imitanciometria
(audiémetro Amplivox 260 e imitanciémetro Amplivox 202), que foi executado por duas fonoaudiélogas colaboradoras
da pesquisa (ASTC e ECWB). Foi realizada inspe¢do do meato auditivo em todos os participantes. A avaliagdo
audioldgica foi realizada no Hospital Santa Casa de Curitiba. Para definicio audiométrica de perda auditiva, foram
utilizados os critérios diagndsticos de Silman e Silverman: Perda auditiva condutiva — limiares de via 6ssea menores
ou iguais a 15 dB NA e limiares de via aérea maiores que 25 dB NA, com gap aéreo-6sseo maior ou igual a 15 dB; perda
auditiva sensorioneural — limiares de via 6ssea maiores do que 15 dB NA e limiares de via aérea maiores que 25 dB
NA, com gap aéreo-0sseo de até 10 dB; perda auditiva mista — limiares de via 6ssea maiores do que 15 dB NA e limiares
de via aérea maiores que 25 dB NA, com gap aéreo-6sseo maior ou igual a 15 dB.®

Para o diagnéstico de DIMOI, consideramos os critérios diagnésticos de Garcia-Berrocal, desde que néo
houvesse nenhuma outra causa comumente associada a PANS, como: idade acima de 60 anos, exposicdo
ocupacional a ruido, diabetes mellitus, uso de drogas ototoxicas (Apéndice 3), infecBes otoldgicas de repeticdo, historico
de cirurgia otol6gica ou de rompimento da membrana timpanica, meningite prévia, historico de trauma otoldgico.*3

As variaveis qualitativas foram representadas pelos seus percentuais, e seus intervalos de confianga de 95%
(1C95%) foram calculados a partir de reamostragem com 5.000 simulagdes (bootstrap) com corre¢édo de viés
acelerado. As variaveis quantitativas foram representadas pelas médias e desvios-padrdo, sendo comparadas entre 0s
subgrupos pelos testes t de Student ou Kruskal-Wallis, de acordo com a normalidade e homoscedasticidade da
amostra.20 A correlagdo entre a extensdo da doenca (VES), idade de inicio, tempo de evolugéo e os niveis de anticorpo
anti-Hsp70 foi explorada pelo coeficiente de Spearman.2

Os dados foram tabulados em MSExcel 2013, e analisados no software IBM SPSS 25v. Considerou-se
significativo p-valor <0,05.22

0 tamanho amostral foi dimensionado tendo em base a expectativa de até 7,5% de prevaléncia de anticorpos
anti-Hsp70 em pacientes com VNS, sendo considerado um erro alfa de 5% e poder de 80%, totalizando a necessidade

de até 107 pacientes.?

RESULTADOS
Foram incluidos 123 pacientes com diagndstico de VNS. Foram excluidos posteriormente 11 individuos,
sendo: quatro devido a uso de imunossupressor, dois com doenga reumatoldgica, e cinco que ndo completaram as duas

etapas da pesquisa.

Um total de 112 pacientes com diagndstico de VNS concluiram as duas etapas previstas — audiometria e

dosagem sérica de anticorpos anti-Hsp70. Os principais dados clinicos e demogréaficos desses individuos estéo
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na tabela 1. Destaguem-se a inclusdo de participantes de ambos os sexos, com diferentes faixas etarias, mltiplas
comorbidades, diferentes tempos de evolugcdo da doenca, alta taxa de vitiligo em progressao e de sintomas
otoldgicos.

Os resultados das audiometrias e dos anticorpos anti-Hsp70 estdo dispostos na tabela 2. PANS foi
identificada em 38 individuos, sendo que PANS unilateral ocorreu em 10 participantes (8,9%) e bilateral em 28 (25,0%);
IC 95% 17,9 a 32,1%); sendo que 17 participantes (15,2%; IC95% 9,8 a 20,5%) apresentavam quadro de PANS
bilateral que ndo poderia ser explicada por outra causa (exposi¢éo laboral a ruido, infeccdo, doencas metabolicas, uso
de drogas ototoxicas ou trauma).

Os niveis séricos dos anticorpos anti-Hsp70 variaram de 0,0 a 438,0 ng/ml na amostra. Anticorpos anti-
Hsp70 foram positivos em 30 pacientes (26,8%; 1C95% 19,6 a 33,9%). J& no subgrupo de pacientes com PANS de
etiologia inexplicada, a positividade do anticorpo anti-HSP70 foi de 35,3% (n = 6). Estes seis individuos que
apresentaram PANS de origem inexplicada e anticorpos anti-HSP70 positivos corresponderam a 5,4% (IC95% 2,7 a
8,0%) da amostra, e preencheram critérios diagnosticos de DIMOI. Para o diagnéstico de DIMOI, os critérios
considerados foram: dois maiores (PANS bilateral e presenca de doenca sistémica autoimune — vitiligo ndo segmentar)
mais dois menores (individuos jovens ou de meia idade e anticorpos anti-Hsp70 positivos).

Ainda, os valores medianos dos anticorpos anti-HSP70 séricos dos pacientes com DIMOI foram maiores que
0s demais pacientes com vitiligo (Figura 1): 220,9 vs. 85,1 ng/ml (p = 0,001). Também houve maior média de idade
de inicio do vitiligo entre os pacientes com DIMOI: 46 vs. 32, anos (p = 0,039) (Figura 2); porém, menor extensao
mediana da doenga: VES 0,4 vs. 1,8 (p = 0,027) (Figura 3). Nem os titulos, nem a positividade dos anticorpos se
correlacionaram com a extensdo da doenca (VES), tempo de evolugéo do vitiligo, ou sua atividade (p > 0,1).

Quando questionados, dos seis pacientes diagnosticados com DIMOI, apenas quatro referiram hipoacusia,
metade referiu vertigem e metade zumbido.

Entre os 10 participantes em que foi identificada PANS unilateral, 80% referiam hipoacusia, 70% zumbido, 40%
vertigem, e 40% apresentavam niveis elevados de anti-Hsp70, sendo que todos estes anti-Hsp70 positivos
gueixavam de zumbido.

Todos os participantes identificados com anormalidades na audiometria foram encaminhados para

seguimento otorrinolaringoldgico.
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Tabela 1. Principais dados clinicos e demogréficos dos participantes (n = 112).

Variaveis Valores
Sexo, n (%)
Feminino 76 67,9%
Masculino 36 32,1%
Idade, anos (média, dp) 47,8 11,1
Fototipo
lell 27 24,1%
I 51 45,5%
VeV 34 30,4%
Escolaridade, n (%)
Sem estudo 3 2, 7%
Fundamental 25 22,3%
Médio 38 33,9%
Superior 46 41,1%
Grau de obesidade, n (%)
Hipotrofico (IMC < 19 kg/m?) 2 1,8%
Eutréfico (IMC entre 19 e 25 kg/m?) 36 32,1%
Sobrepeso (IMC entre 25 e 30 kg/m?) 51 39,8%
Obesidade (IMC > 30 kg/m?) 24 21,4%
Idade de inicio do vitiligo, anos (média, dp) 33,0 16,5
Tratamentos prévios, n (%)
Corticosteroide topico 47 42,0%
Inibidor de calcineurina 85 75,9%
Corticosteroide sistémico 22 19,6%
Metotrexato 6 5,4%
Fototerapia PUVA 29 25,9%
Fototerapia UVB banda estreita 28 25,0%
Outros 10 8,9%
Tratamento atual , n (%)
Corticosteroide topico 13 11,6%
Inibidor de calcineurina 49 43,8%
Corticosteroide sistémico 2 1,8%
Fototerapia PUVA 17 15,2%
Fototerapia UVB banda estreita 19 17,
Outros 7 6,3%
Comorbidades referidas, n (%)
Hipertensdo arterial 24 21,4%
Diabetes 10 8,9%
Tireoidopatias 31 27,7%
Depresséo 20 17,9%
Ansiedade 30 26,8%
Dislipidemia 11 9,8%
VES (mediana, P2s—P7s) 1,7 0,6-4,1
Atividade da doenca, n (%)
Progressiva 83 74,1%
Estavel 15 13,4%
Em regresséo 14 12,5%
Sintomas otol6gicos, n (%)
Hipoacusia 43 38,4%
Vertigem 36 32,1%
Zumbido 38 33,9%

IMC: Indice de Massa Corpdrea; dp: desvio-padréo; VES: Vitiligo Extent Score;
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Tabela 2. Resultados das audiometrias e dos anticorpos anti-Hsp70 dos participantes (n = 112).

Variaveis Valores

Audiometrias, geral (n = 112), n (%)

Normal 67 59,8%
PANS unilateral 10 8,9%
PANS bilateral 28 25,0%
Perda auditiva mista 7 6,3%

PANS bilateral, n (%) - etiologia (n = 28)

Ocupacional 3 2,7%
Infecciosa 2 1,8%
Metabdlica 4 3,6%
Drogas ototdxicas 2 1,8%
N&o esclarecida 17 15,2%
Anticorpos anti-Hsp70, geral (n = 112), n (%)
Positivo (>148,8 ng/mL) 30 26,8%
Negativo 82 73,2%
Anticorpos anti-Hsp70, subgrupo PANS hilateral de etiologia inexplicada (n = 17), n (%)
Positivo (>148,8 ng/mL) 6 35,3%
Negativo 11 64,7%

*PANS = perda auditiva neurossensorial

= N w S
o o o o
o o o o
1 | 1 1

Anti-Hsp70 (ng/mL)

DIMOI +

Figura 1. Niveis séricos dos anticorpos anti-Hsp70 em participantes com e sem
critérios para DIMOI (n = 112; p = 0,001).
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Figura 2. Idade de inicio da doenca em participantes com e sem critérios
para DIMOI (n = 112; p = 0,039).
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Figura 3. Extensdo (Vitiligo Extent Score) da doenga em participantes com e sem critérios
para DIMOI (n = 112; p = 0,027).

DISCUSSAO

A associacdo entre VNS e PANS é bem definida, subsidiando seu carater de doenca sistémica.®
Entretanto, a etiologia do quadro audioldgico ndo foi investigada nesses pacientes, além da maior parte dos
estudos incluir idosos na amostra, 0 que pode inflacionar sua prevaléncia. Neste estudo original,
corroboramos 0 achado de alta prevaléncia de PANS em pacientes brasileiros com vitiligo, e identificamos
pela primeira vez uma alta frequéncia de DIMOI.
A prevaléncia de perda auditiva na populagdo adulta é estimada em cerca de 15%, e aumenta em funcéo

da idade.1%2 Na nossa amostra de individuos adultos portadores de VNS, PANS ocorreu em quase o dobro

35



dessa expectativa, corroborando os dados da literatura.2>26 Dentre as principais etiologias de PANS na
populacdo, podem ser incluidas a idade avancada, exposi¢do a ruido ocupacional, infeccdes (p.ex.
meningites), causas metabdlicas como diabetes mellitus, uso de drogas ototdxicas (p. ex. quimioterapicos
e gentamicina), trauma e autoimunidade.* Em nossa amostra, 15,2% dos participantes apresentavam
quadro de PANS bilateral que ndo era justificada por nenhuma outra causa, além da autoimunidade.

Autoanticorpos e outras doencas autoimunes séo frequentes em pacientes com VNS. Anticorpos anti-
tireoide (anti-tireoperixidase e anti-tireoglobulina), anti-células parietais gastricas, antinucleares e anti-
adrenais sdo frequentemente detectados em pacientes com vitiligo.*t Nessa amostra, encontramos niveis
elevados de anticorpos anti-Hsp70 em 26,8% dos pacientes com VNS, 0 que supera a expectativa de
menos que 5% de positividade da populagdo adulta.?” Entre as autoimunidades associadas a presenca de
anticorpos anti-Hsp70, destacam-se a DIMOI e a sindrome de Cogan, que combina perda auditiva,
vertigem, ceratite intersticial e aortite.?8 A alta prevaléncia de anticorpos anti-Hsp70 em pacientes com VNS
consolida a hipotese de uma participagdo do vitiligo no processo autoimune de agressdo aos melandcitos
da cdclea.

Melandcitos ocorrem em abundéncia no ouvido interno, especialmente na regido da stria
vascularis na coclea, mas também em outras partes tanto da cdclea quanto do sistema vestibular.2? Sua fungéo
no ouvido interno ndo é bem definida, mas acredita-se que desempenhe um papel protetor contra toxicidade
por drogas, ou no estresse oxidativo.® Além disso, a sua redugdo ou auséncia, como ocorre ndo sé no vitiligo
mas também no albinismo e em outras desordens pigmentares, como na doenca de Vogt-Koyanagi-
Harada e na sindrome de Waardenburg, em que estd associada a perda auditva e desordens
vestibulares.31.32

Um subgrupo de 5,4% dos pacientes adultos com VNS apresentou quadro de PANS bilateral sem
causa definida e anticorpos anti-Hsp70 positivos, preenchendo critérios para DIMOI, em uma prevaléncia
centenas de vezes maior do que a esperada na populagdo.i? Além disso, esse subgrupo de pacientes
apresentou niveis de anticorpos anti-Hsp70 2,5 vezes maiores que o restante dos individuos estudados, 77%
menor extensdo da doenga, e a idade de inicio do vitiligo foi 14 anos maior que os demais,
substanciando um fenotipo individualizado de participantes com VNS propicios ao desenvolvimento de
DIMOI.

DIMOI foi referido como associado a diversas autoimunidades sistémicas, como llpus eritematoso
sistémico, artrite reumatoide e sindrome de Sjogren, entre outras.3 Tendo em vista nossos resultados,
vitiligo também deve ser incluido na lista de doengas autoimunes sistémicas associadas a DIMOI.

Devido a raridade e quadro clinico insidioso, o diagnéstico de DIMOI é bastante complexo, ndo
existem critérios bem definidos nos diferentes estudos, tampouco investigagBes populacionais
extensas.!23*Em geral, a suspei¢do diagnostica ocorre quando ha uma associagdo de fatores, tais como:
um quadro clinico caracteristico, o afastamento de outras causas mais comuns de PANS, presenca de
alteracbes audiométricas progressivas em audiometrias subsequentes, positividade de anticorpos anti-

Hsp70 e de outros marcadores de autoimunidade (como fator antinuclear, por exemplo), além da resposta
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as terapéuticas com corticosteroides ou imunossupressores. Portanto, uma limita¢do da nossa pesquisa € que
ndo acompanhou os individuos ao longo do tempo, por ser um estudo transversal, tampouco foram
dosados outros autoanticorpos; além disso, foram excluidos participantes com VNS em uso de
imunossupressores e portadores de outras doengas reumatoldgicas, para garantir a homogeneidade da
amostra e maximizar a inferéncia dos niveis de autoanticorpos anti-Hsp70. Esses elementos podem ter
subestimado a prevaléncia de DIMOI nessa amostra.

Houve dois participantes que cumpriram critérios diagnosticos de DIMOI, porém, que ndo haviam
se queixado de hipoacusia quando questionados. Esse dado subsidia a existéncia de quadros subclinicos
de DIMOI, tornando ainda mais importante a indicacdo de audiometria em pacientes com VNS, para rastrear
PANS, cuja etiologia deve ser investigada para exclusdo de DIMOI, j& que seu tratamento evita a
progressao da doenca e a evolucdo para surdez.® Ademais, quatro participantes (3,6%) apresentaram
PANS unilateral e positividade do anticorpo anti-HSP70 e zumbido, o que pode configurar um quadro inicial
de DIMOI que seria apenas identificado pelo seguimento longitudinal, ou pela resposta a corticoterapia. Por
fim, temos que observar que os anticorpos anti-Hsp70, apesar de serem considerados marcadores
soroldgicos de DIMOI, sdo positivos em até 33% dos pacientes com esse diagnostico, sendo esse mais um
dado que reforca a ideia de uma prevaléncia subestimada de DIMOI na nossa amostra.1

Outras limitagdes residem no fato de termos estudado uma populacéo especifica da regido Sul do
Brasil e, portanto, esses dados ndo podem ser extrapolados para outras populagdes com diferentes
caracteristicas étnicas ou perfis demogréaficos, assim como criancas e idosos com VNS. Novas pesquisas
devem avaliar se as terapéuticas sistémicas para o tratamento do VNS, como, por exemplo, os inibidores
da via JAK/STAT serdo eficazes na remissdo da DIMOI.

CONCLUSOES

A prevaléncia de DIMOI em adultos com VNS se mostrou expressivamente elevada. Além
disso, a prevaléncia de anticorpos anti-Hsp70 nessa populagdo também se mostrou aumentada,
quando comparada com a expectativa para a populagéo geral. A audiometria € um exame ndo invasivo
que pode identificar PANS em pacientes com VNS, permitindo a identificacéo e tratamento da DIMOI,

precocemente.
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CONCLUSOES

A prevaléncia de DIMOI em adultos com VNS se mostrou expressivamente elevada. Além
disso, a prevaléncia de anticorpos anti-Hsp70 nessa populagdo também se mostrou aumentada,
quando comparada com a expectativa para a populagao geral. A audiometria € um exame ndo invasivo
que pode identificar PANS em pacientes com VNS, permitindo a identificacdo e tratamento da DIMOI,

precocemente.
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PERSPECTIVAS

Esse trabalho levanta algumas perspectivas de estudos futuros. Como exepmplo, um estudo longitudinal
de seguimento desses individuos que possuem DIMOI e vitiligo, a fim de se avaliar se os tratamentos do vitiligo poderiam
levar & melhora da audicdo também. Ainda, avaliar a associagdo entre vitiigo segmentar da face e hipoacusia
neurossensorial em ambos 0s ouvidos e testar a hipotese de que os melandcitos da cdclea mais proximos ao vitiligo
pudessem ser mais atingidos. Mapear os marcadores genéticos de risco para DIMOI para se entender melhor essa

associagao.

Além disso, a partir desse estudo, torna-se importante a divulgagdo entre os médicos
dermatologistas e otorrinolaringologistas dessa associagéo, a fim de se aumentar o alcance desses achados,
que podem ser revertidos em mudangas reais na pratica clinica e na vida dos pacientes afetados por ambas

as doengas (vitiligo e DIMOI).

Os resultados dessa pesquisa favorecem ainda a hiptese de que o vitiligo € uma doenga sistémica

e deve ser interpretada e tratada como tal.
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APENDICES

Apéndice 1: Ensaio ELISA Anticorpo Anti-Hsp70: curva-padréo

[ng/mL] Al A2 Média

50 2,359 2,371 3,637029
25 1,647 1,538 2,009644
12,5 1,022 1,012 1,025608
6,25 0,588 0,507 0,405113
3,125 0,331 0,335 0,192161
1,56 0,161 0,154 0,062506
0,78 0,117 0,108 0,037734
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Apéndice 2: Ensaio ELISA anticorpo anti-Hsp70 - controle (n = 24)

Frequéncia

0 30 60 920 120 150 180 210 240 270 300

Anti-HSP70
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Apéndice 3. Lista de drogas potencialmente ototdxicas

Classe Droga
Antibiéticos
Aminoglicosideos Neomicina
Gentamicina
Tobramicina
Canamicina
Glicopeptideos Vancomicina
Macrolideos Eritromicina
Azitromicina
Antimalaricos Quinino
Quimioterapicos Cisplatina
Carboplatina
Oxaliplatina
Diuréticos de Alca Furosemida
Torasemida
Bumetanida

Anti-inflamatérios ndo esteroidais Salicilatos

Adaptado de: Lanvers-Kaminsky C, Zehnhoff-Dinnesen AA, Parfitt R, et al. Drug-induced
ototoxicity: Mechanisms, Pharmacogenetics, and protective strategies. Clin Pharmacol Ther.
2017;101(4):491-500. doi:10.1002/cpt.603



ANEXOS
Anexo 1. Aprovacdo do Comité de Etica e Pesquisa em Seres Humanos

Comité de Eti :

o Pecquisa da  PONTIFICIA UNIVERSIDADE -
¥ | pucer CATOLICA DO PARANA - PUC/ QQS,WO -
PUCPR PR

PARECER CONSUBSTANCIADO DO CEP

DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: PESQUISA DE ANTICORPOS ANTI-HSP70 EM PORTADORES DE VITILIGO E
ASSOCIACAO COM DOENGCA AUTOIMUNE DO OUVIDO INTERNO

Pesquisador: HELENA ZENEDIN MARCHIORO

Area Tematica:

Versao: 2

CAAE: 36235020.8.1001.0020

Instituicao Proponente:IRMANDADE DA SANTA CASA DE MISERICORDIA DE CURITIBA
Patrocinador Principal: Financiamento Préprio

DADOS DO PARECER

Numero do Parecer: 4.333.389

Apresentacgao do Projeto:

O presente estudo visa investigar pacientes de ambos os sexos e maiores de 18 anos, que tenham
diagnéstico clinico de vitiligo, provenientes do ambulatério de vitiligo do servico de dermatologia do hospital
Santa Casa de Misericérdia de Curitiba. E um estudo transversal que em que os pacientes serdo
entrevistados para coleta dos dados demograficos, como sexo, idade, escolaridade, além das caracteristicas
individuais da doenga, como tempo de duragéo, tratamentos prévios e tratamento atual, além da presenca
ou ndo de comorbidades. Posteriormente, os pacientes serdo submetidos a exame fisico dermatolégico para
avaliagao do vitiligo em relagdo a localizagdo das lesdes e extensdo da doencga. Além disso, todos os
individuos participantes realizardo um exame de audiometria para screening de hipoacusia neurossensorial.
Por fim, os pacientes serdo submetidos a coleta de amostra de sangue periférico para analise da HSP70.

Objetivo da Pesquisa:
Objetivo Primario: Avaliar a prevaléncia de anticorpos anti-HSP70 em pacientes com diagnéstico de vitiligo
ndo segmentar (VNS).
Objetivo Secundario: Avaliar a prevaléncia de doenga imuno-mediada do ouvido interno em pacientes com

vitiligo ndo segmentar.

Endereco: Rua Imaculada Conceigéo 1155

Bairro: Prado Velho CEP: 80.215-901
UF: PR Municipio: CURITIBA
Telefone: (41)3271-2103 Fax: (41)3271-2103 E-mail: nep@pucpr.br
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om Pesquisada  PONTIFICIA UNIVERSIDADE
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PUCPR PR

Continuacéo do Parecer: 4.333.389

Avaliacao dos Riscos e Beneficios:

Riscos: Os riscos para os participantes do estudo serdo aqueles relacionados a coleta de amostra de
sangue periférico: dor e formagcao de hematoma no local da puncdo venosa. Beneficios: Nao havera
beneficio direto ao paciente. Entretanto, esse estudo podera evidenciar uma nova ferramenta no diagnéstico
de vitiligo. Além disso, a dosagem de anticorpos anti-HSP70 em portadores de vitiligo, caso nossa hipétese
se confirme, podera servir como uma ferramenta a mais para o rastreio precoce de hipoacusia
neurossensorial autoimune.

Comentarios e Consideragoes sobre a Pesquisa:
Esse estudo possui relevancia social e cientifica. Tem um desenho relativamente simples e adota todos os
itens metodolégicos para atender os objetivos propostos.

Consideracoes sobre os Termos de apresentagao obrigatoria:
Todos os termos formam devidamente apresentados conforme sugerido na primeira versao e estdo de
acordo com as diretrizes do CEP/CONEP

Recomendacgoes:
Como sugestéo, deve incluir o nimero de pacientes a serem investigados e a forma de recrutamento.

Conclusées ou Pendéncias e Lista de Inadequacoes:

Considerando o exposto acima e que os pesquisadores acrescentaram todas as pendéncias solicitadas pelo
CEP e ndo havendo pendéncias adicionais, esse estudo esta aprovado.

Consideracoes Finais a critério do CEP:

Lembramos aos senhores pesquisadores que, no cumprimento da Resolucado 466/12, o Comité de Etica em
Pesquisa (CEP) devera receber relatérios anuais sobre o andamento do estudo, bem como a qualquer
tempo e a critério do pesquisador nos casos de relevancia, além do envio dos relatos de eventos adversos,
para conhecimento deste Comité.

Salientamos ainda, a necessidade de relatério completo ao final do estudo. Eventuais modificagées ou

emendas ao protocolo devem ser apresentadas ao CEP-PUCPR de forma clara e sucinta, identificando a

parte do protocolo a ser modificado e as suas justificativas.

Este parecer foi elaborado baseado nos documentos abaixo relacionados:

Tipo Documento Arquivo Postagem Autor |Situa9§o|
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Justificativa de
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TCLE / Termos de | TCLE.pdf 23/09/2020 |HELENA ZENEDIN Aceito

Assentimento / 21:24:30 |MARCHIORO

Justificativa de

Auséncia

Projeto Detalhado / |Projeto_de_Pesquisa.pdf 06/08/2020 |HELENA ZENEDIN Aceito

Brochura 09:21:09 |MARCHIORO
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Anexo 2 : Termo de Consentimento Livre e Esclarecido

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO (TCLE)
RESOLUCAO 466/2012

Convido o Senhor (a) para participar do Projeto de Pesquisa intitulado “PESQUISA DE ANTICORPOS
ANTI-HSP70 EM PORTADORES DE VITILIGO E ASSOCIACAO COM DOENCA AUTOIMUNE DO
OUVIDO INTERNO”, que sera desenvolvido por mim, Helena Zenedin Marchioro, médica dermatologista, com
orientacdo do profissional médico e professor (a) Dr. Hélio Amante Miot, da Faculdade de Medicina de
Botucatu —UNESP.

Estou estudando a doenca VITILIGO. Para que eu possa ter um resultado nesse momento preciso coletar
10ml do seu sangue, para que seja realizado o seguinte exame: pesquisa e dosagem de anticorpos anti-
HSP70. Os riscos relacionados a esse procedimento podem ocorrer durante ou ap6s a coleta e incluem:
dor e/ou hematoma (mancha roxa na pele) e, em alguns casos, desmaios. Pode haver um pequeno coagulo
sanguineo ou infeccdo no local da picada da agulha, embora raro de acontecer. Assepsia adequada e
sistematizada antes da coleta sera realizada para prevenir infec¢des. Qualquer intercorréncia seré
prontamente atendida pela médica pesquisadora e pela equipe do hospital.

Informo que o material bioldgico colhido do Senhor(a), ndo serd usado em sua totalidade e parte dele sera
armazenada na Faculdade de Medicina. Para reutilizacdo desse material, sera escrito um novo projeto de
pesquisa, com um novo termo de consentimento para que o Senhor (a) assine nova autorizagdo para
utilizacao desse material.

Solicito também seu consentimento para consultar seu prontuario médico para coletar outras informagdes
la contidas como dados referentes a consultas feitas anteriormente pelo (a) Senhor (a).

Além disso, 0 (a) Senhor (a) responderd um questionario que levara uns 10 minutos de durac¢&o. Depois,
realizaremos um exame dermatoldgico, o qual também tera duragdo de cerca de 10 minutos.

Depois, 0 Senhor (a) realizard um exame chamado audiometria por um (a) profissional fonoaudiélogo (a),
0 qual seré agendado. Esse exame serve para detectar deficiéncias na audi¢do, sendo um método nao
invasivo, que ndo traz riscos a sua saude.

Outros riscos relacionados a sua participacéo nessa pesquisa sao: cansago ou aborrecimento ao responder
questionarios; constrangimento ao realizar exames.

Os pesquisadores serdo 0s (nicos a ter acesso aos dados dos participantes da pesquisa e tomaréo todas
as providéncias necessarias para manter o sigilo, mas sempre existe a remota possibilidade da quebra do
sigilo, mesmo que involuntaria e ndo intencional, cujas consequéncias serdo tratadas nos termos da lei. Os
resultados deste trabalho poderdo ser apresentados em encontros ou revistas cientificas.

Os resultados desse estudo ndo trardo um beneficio direto e imediato aos seus participantes
individualmente. Seu beneficio em participar sera: contribuir para o desenvolvimento de um possivel
método diagndstico para a doenca “vitiligo”, além de ajudar a comunidade médica a compreender melhor
a relacéo existente entre “vitiligo” e “doenca autoimune do ouvido interno”, colaborando assim para o
desenvolvimento futuro de métodos diagndsticos e terapéuticos dessas duas doengas.

Ndo havera remuneracdo aos participantes.
N&o haverd custos para os participantes em relagéo as consultas e exames realizados para esse estudo.

Em qualquer etapa do estudo, o Sr(a) terd acesso aos profissionais responsaveis pela pesquisa para
esclarecimento de eventuais dividas. Caso necessario, serd garantido o direito a assisténcia integral e
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gratuita ao participante, devido a danos decorrentes da participacdo na pesquisa e pelo tempo que for
necessario, pela equipe de pesquisa. Assim como é garantido o direito de buscar indenizacéo diante de
eventuais danos decorrentes da pesquisa, custos com o tratamento e transporte.

Fique ciente de que sua participacdo neste estudo é voluntaria e que mesmo apds ter dado seu
consentimento para participar da pesquisa, vocé podera retird-lo a qualquer momento, sem qualquer
prejuizo na continuidade do seu tratamento.

Este Termo de Consentimento Livre e Esclarecido sera elaborado em 2 vias de igual teor, o qual 01 via
serd entregue ao Senhor (a) devidamente rubricada, e a outra via serd arquivada e mantida pelos
pesquisadores por um periodo de 5 anos apds o término da pesquisa.

Apos terem sido sanadas todas minhas duvidas a respeito deste estudo, CONCORDO em participar de
forma voluntéria. Estou ciente que os resultados desse estudo poderdo ser publicados em revistas
cientificas.

Curitiba, [

Participante da Pesquisa Pesquisador (Helena Zenedin Marchioro)
Nome

Assinatura

Contatos:

Helena Zenedin Marchioro: helena.marchioro@unesp.br (41) 3222-0842
Caio Cesar Silva de Castro: caio.castro@pucpr.br (41) 3222-0842
Hélio Amante Miot: heliomiot@fmb.unesp.br (14) 3880-1001
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Anexo 3. Formulario de dados clinicos e demograficos

PESQUISA DE ANTICORPOS ANTI-HSP70 EM PORTADORES DE VITILIGO E ASSOCIACAO COM
DOENGCA AUTOIMUNE DO OUVIDO INTERNO
Formulario individual do paciente participante da pesquisa
Responsavel pela pesquisa: Dra Helena Zenedin Marchioro

Data de incluséo: [

Nome:

Nome da Mae:

Prontuario:

Ano de Nascimento: Sexo:F() M( )
Telefones de contato: () ()
Escolaridade:

Peso: kg Altura: m

Idade em que iniciou vitiligo: anos
Tratamentos ja realizados:

() corticoide topico  ( ) tacrolimus topico () pimecrolimus topico

() corticoide sistémico ( ) fototerapia (PUVA / NB-UVB / UVB banda larga)
(') outro imunossupressor sistémico (qual?)
Tratamento atual:
(
(

) corticoide topico () tacrolimus topico  ( ) pimecrolimus t6pico

) corticoide sistémico ( ) fototerapia (PUVA / NB-UVB / UVB banda larga)
() outro imunossupressor sistémico (qual?)
No dia de hoje, a doenca esté:
() estavel — 1 ano sem aumento ( ) em progressao () em regressao
Possui alguma doenca autoimune do tecido conjuntivo? ( )sim ( )nédo
Se sim, qual? ( )Lupus Eritematoso Sistémico ( )Artrite Reumatoide
( )Sd de Sjégren ( )Vasculite ( ) Esclerodermia Sistémica
( )Outra
Possui outras comorbidades?
( YHAS ( )DM ( ) Hipercolesterolemia ( ) Hipertrigliceridemia
() Depressdo ( ) Transtorno de ansiedade ( ) Hipo / Hipertireoidismo
Outras? Se sim, quais:

Medicacdes de uso continuo:

Possui histérico pessoal de malignidades? ( )Sim ( )N&ao
Se sim, qual?
Ano do diagnostico e tratamento
Possui guadro hipoacusia? ( )Sim ( )N&o

- Se sim:

J& foi avaliado por otorrino? Tem diagnéstico do quadro otoldgico?

Se apresenta quadro de hipoacusia, mas ainda ndo foi avaliado, caracterizar: uni ou bilateral, tempo de
evolucdo, histérico de exposicao ocupacional a ruidos, outros sintomas otolégicos associados (zumbido,
vertigem).

Exame Fisico:
Extenséo do Vitiligo (Escala VES):
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Anexo 4. Vitiligo Extent Score (VES)

Copyright © 2015 Nanja van Geel, Reinhart Speeckaert. All rights reserved.

van Geel N, et al. Development and Validation of the Vitiligo Extent Score
(VES): an International Collaborative Initiative. J Invest Dermatol
2016;136:978-84
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PRODUCAO CIENTIFICA DURANTE O MESTRADO

1. Artigo publicado no Journal of the European Academy of Dermatology
and Venereology (https://doi.org/10.1111/jdv.18375)
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LETTER TO THE EDITOR

Moving forward from hearing
loss in vitiligo — Does
autoimmune sensorineural
hearing loss play a role?

Dear Editor,

As non-segmental vitiligo is associated with multiple autoim-
mune comorbidities (e.g. thyroid diseases, alopecia areata, perni-
cious anaemia and type 1 diabetes),! we read with interest the
publication by Lien et al. that pooled nine case—control studies
(371 vitiligo patients) and concluded vitiligo is consistently asso-
ciated with high-frequency (>2000 Hz) sensorineural hearing
loss (SNHL).> We would like to commend the authors, bring
additional data and highlight other hypotheses to this pertinent
discussion.

SNHL, the primary cause of hearing impairment, is a com-
mon outcome of neurologic or cochlear damage caused by
drugs, infectious diseases, genetic disorders, ageing, trauma, dia-
betes, occupational noise exposure and autoimmune injury.
These aetiologies are heterogeneous regarding age groups, dis-
ease presentation (time of onset and intensity) and previous risk
factors, and they can present different audiometric patterns.’

Several authors have noted the higher prevalence of SNHL in
vitiligo; however, it is highly heterogeneous among the studies
(ranging from 1% to 77%), which may be due to the different
audiometric criteria used and the inclusion of patients in several
age groups.>* Additionally, the lack of detailed clinical and aeti-
ologic investigation hinders the imputation of autoimmunity as
a pathogenetic model of SNHL in these patients.

To reinforce these results and to provide original data from
Latin America, we assessed the prevalence of SNHL in non-seg-
mental vitiligo through an audiometric investigation in a Brazil-
ian sample from Curitiba-PR, recruited from November 2020 to
January 2022. Adult patients with non-segmental vitiligo were
included in this study. The main outcome was the presence of
bilateral SNHL, defined as bone conduction thresholds greater
than 15 dB and airway thresholds greater than 25 dB, with an
air-bone gap of up to 10 dB. The clinical and demographic char-
acteristics from patients without hypoacusis were compared with
those with possible explained hearing loss, and those with SNHL
with indetermined aetiology.’

One hundred five adult patients (aged 19-64 years) with non-
segmental vitiligo were included in the study; their detailed clini-
cal, demographic and audiometric information is summarized
in Table 1.

JEADV 2022

Reinforcing the results from Lien er al., the prevalence of
SNHL in the vitiligo patients was 37.1% (CI 95% 28.6-43.8%),
twofold higher than expected in the Brazilian adult population
(16.5%; P < 0.01 — Monte Carlo simulation chi-squared for
adherence). All these cases presented audiometric damage at fre-
quencies higher than 2000 Hz.> When excluding cases in which
SNHL could be explained by known factors, such as noise expo-
sure, ototoxic drugs, diabetes mellitus, trauma, previous ear
infections and unilateral cases of SNHL, there were 17 (16.2%;
CI 95% 9.5-21.9%) cases of SNHL with indetermined aetiology.
The patients who evidenced hypoacusia were addressed to the
otorhinolaryngology consultation, and all the SNHL diagnosed
were identified on frequencies higher than 2000 Hz.

Notably, these indeterminate SNHL patients have a different
disease profile compared with the other SNHL cases (Table 2),
characterized by younger age and earlier disease onset. These
findings suggest the existence of an independent subgroup of
SNHL patients with vitiligo, whose pathogenetic link between
these diseases is currently unknown. Since melanocytes are pre-
sent in the cochlea, the systemic autoimmunity and oxidative

Table 1 Main clinical, demographic and audiometric data for adult
patients with non-segmental vitiligo (n = 105)

Variables Values
Sex, n (%)

Female 70 (66%)

Male 35 (33%)
Age (years), mean (SD) 46.6 (11.0)
BMI (kg/m?), mean (SD) 26.8 (4.7)
Age of onset (years), mean (SD) 32.7 (16.3)
Disease length (years), mean (SD) 14.6 (13.0)
VES, median (p25-p75) 1.6 (0.5-4.2)
Vitiligo activity, n (%)

Stable (>1 year)* 15 (12%)

In progression (new lesions)* 77 (74%)

In regression (repigmentation)* 13 (14%)
Thyroid disease, n (%)t 27 (26%)
Diabetes mellitus (type 1 or 2), n (%) 11 (10%)
Result from audiometry, n (%)

Normal 60 (57%)

SNHL unilateral 11 (10%)

SNHL bilateral 28 (27%)

Mixed type 6 (6%)

BMI, body mass index; VES, Vitiligo Extent Score; SNHL, sensorineural
hearing loss.

*Self-reported by the patient.

tHashimoto or Graves’ disease.

© 2022 European Academy of Dermatology and Venereology.
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Table 2 Comparison of the main characteristics among 105 patients with non-segmental vitiligo according to the pattern of audiometric

results
Variables Normal audiometry
n 60
Sex, n%
Female 41 (68%)
Male 19 (32%)
Age (years), mean (SD) 43.1(10.6)
BMI (kg/m?), mean (SD) 26.8 (5.3)
Age of onset (years), mean (SD) 27.7 (15.1)
VES, median (p25-p75) 1.6 (0.5-3.8)
Vitiligo activity, n (%)
Stable (>1 year)i 7 (12%)
In progression (new lesions) 44 (73%)
In regression (repigmentation) 9 (15%)
Thyroid disease, n (%)§ 13 (22%)
Diabetes mellitus (type 1 or 2), n (%) 1(2%)

Explainable cause SNHL with indetermined P-value’
of hearing loss* aetiology
28 17
19 (68%) 10 (59%) 0.808Y
9 (32%) 7 (41%)
55.2 (7.2)F1 47.0 (12.5) <0.001**
27.4 (3.3 25.6 (3.3) 0.459%**
45.6 (13.1)1 33.3(17.8) <0.001**
2.0 (0.9-8.3) 0.7 (0.3-2.3) 0.258%**
0.3419
3 (11%) 5 (29%)
23 (82%) 10 (59%)
2 (7%) 2 (12%)
8 (29%) 6 (35%) 0.4529
10 (36%) T+ 0(-) <0.0019

*QOccupational exposure to noise, infectious diseases, metabolic diseases, use of ototoxic drugs or trauma.

‘tBivariate analysis.

iSelf-reported by the patient.

§Hashimoto or Graves’ disease.

Yquasi-exact chi-squared test (Monte Carlo 10 000 simulations);
**quasi-exact Kruskal-Wallis test (Monte Carlo 10 000 simulations).

+1P <0.05 (post hoc analysis) in comparison with ‘SNHL with indetermined aetiology’.
BMI, body mass index; SNHL, sensorineural hearing loss; VES, Vitiligo Extent Score.

injuries promoted by vitiligo can justify a model of inner ear
damage.®” Actually, SNHL was reported in vitiligo patients with
the syndromes of Vogt-Koyanagi-Harada and Waardenburg.®®

(ASNHL), or
autoimmune inner ear disease, is a rare progressive (months to

Autoimmune sensorineural hearing loss
years) deterioration of auditory function that usually affects
adults. It is associated with other autoimmune disorders (e.g.
rheumatoid arthritis, thyroid disease, lupus, scleroderma and
Sjogren’s syndrome) and the presence of autoantibodies (anti-
Hsp70), and it favourably responds to immunosuppressant
drugs.'®"* The estimated prevalence of ASNHL in the popula-
tion is 0.015%; however, it is probably underdiagnosed due to
the stringency of the diagnostic criteria, which include anti-
Hsp70 autoantibodies, reduced number of naive T cells
(CD4RA) and a favourable response to immunosuppressive
therapy.” To date, vitiligo has not yet been explored as a proba-
ble autoimmune disorder associated with ASNHL, nor the
prevalence of anti-Hsp70 is known among patients with vitiligo.

This study has some limitations related to the fact that the
sample came from a Southern municipality and may not repre-
sent the general population, and that using the general popula-
tion as a control group is limited because of it is average older
age than the study population, especially because ageing is a
well-known cause of SNHL.

We believe it is time to conduct further studies exploring the
pathogenesis of SNHL associated with vitiligo, especially searching
for autoimmune pathways involved in the cochlear damage. The

JEADYV 2022

investigation of genetic and serologic markers of risk for ASNHL
(e.g. anti-Hsp70), as well as its remission after systemic treatment
of vitiligo (e.g. corticosteroids and JAK inhibitors), is warranted.
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Prezado editor,

Vitiligo é doenga autoimune sistémica, caracterizada por despigmentacdo cutanea, que
acomete 0,57% da populacdo brasileira e corresponde a 1,6% dos atendimentos dermatolégicos no
Brasil.[1] Sua patogénese envolve predisposi¢do genética, sensibilidade dos melandcitos ao estresse
oxidativo, falhas na adesdo intercelular nos melandcitos, e ativagdo da resposta imunoldgica, o que justifica
a maior frequéncia de doengas autoimunes concomitantes.[2]

A proteina de choque térmico 70, ou Heat Shock Protein 70 (Hsp70), é molécula chave na
resposta imune inata do vitiligo, constituindo uma chaperona intracelular, responsavel pelo dobramento
correto das proteinas no reticulo endoplasmatico e por impedir a agregacdo de proteinas mal dobradas.
Ela existe naturalmente nos tecidos e pode ser induzida pelo estresse celular. Na fisiopatologia do vitiligo,
apds um gatilho inicial (radiag&o ultravioleta, trauma ou exposi¢do a compostos fendlicos), 0 melandcito
sofre um processo de estresse oxidativo, que induz a sintese da Hsp70. A partir disso, Hsp70 é secretada
para 0 meio extracelular levando & ativagdo de células dendriticas, que se transformam em células
apresentadoras de antigenos, estas que ativam os linfocitos T, dando inicio & resposta imune adaptativa.
Portanto, Hsp70 é considerada um elo entre as respostas imunes inata e adaptativa, no vitiligo.[3] Estudos
em modelos animais demonstraram que Hsp70 ndo s6 € necessaria como também suficiente para

desencadear a despigmenta¢do em camundongos predispostos a vitiligo.[4]
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Enquanto os niveis teciduais da Hsp70 sdo aumentados no vitiligo em atividade, ndo ha estudos
que tenham investigado os niveis circulantes da proteina nesses pacientes.[5]

Conduziu-se estudo transversal em Curitiba-PR (Brasil), entre novembro de 2020 a fevereiro de
2022, objetivando determinar os niveis plasmaticos de Hsp70 em adultos com vitiligo ndo segmentar ndo
submetidos a imunossupressao, nem portadores de outras doencas reumatolégicas, cancer ou doenca
inflamatéria intestinal (DIl), para ndo haver confundimento dos niveis de Hsp70 por mediadores
inflamatdrios. Coletaram-se dados clinicos e amostras de sangue periférico dos participantes, durante a
consulta. Utilizou-se o kit Hsp70 ELISA (ADI-EKS-700B, Enzo Life Sciences, New York, USA) para
estimativa do Hsp70 circulante. Os valores obtidos foram comparados entre 0s subgrupos quanto a
atividade da doenca: estavel (>1 ano), progressao, e regressao (em repigmentacdo); assim como em
relacdo a extensdo clinica (Vitiligo Extent Score — VES).[6]

Foram incluidos no estudo 89 participantes, 0s seus principais dados clinicos e demogréficos
estdo dispostos na tabela 1. A maior parte dos individuos estava com a doenca em progresséo, havendo
ampla variabilidade da extensdo clinica da doenca (VES variou de 0,04 a 71,06), e dos niveis plasmaticos de
Hsp70 (variaram de 1,82 a 27,8).

N&o houve correlacdo direta entre os niveis de Hsp70 e VES (rho=0,08; p=0,461), nem nas
diferentes formas de atividade da doenga. Assim como Hsp70 e tempo de doenca, IMC, idade, fototipo
(rho<0,16; p>0,1).

Quando considerado o valor de corte da normalidade para Hsp70 como 2,8 ng/mL, 76,9% dos
vitiligos em regresséo apresentaram valores alterados, enquanto que isso ocorreu em apenas 35,7% dos
estaveis e 37,1% dos em progressao (p=0,028). Esse comportamento se comprovou mesmo quando
ajustado por sexo, idade, extensdo da doenca e fototipo (Tabela 2).

Valores alterados de Hsp70 ndo se associaram com as comorbidades avaliadas (p>0,40). Entre
0s tratamentos atuais, corticosteroides orais, metotrexato e PUVA ndo se associaram a Hsp70 (p>0,20),
porém, os participantes sob fototerapia Nb-UVB mostraram maior frequéncia de positividade para Hsp70: 71%
vs. 36% (OR 4,2; IC 95% 1,3-13,4; p=0,010).

Embora alguns estudos tenham demonstrado aumento da Hsp70 tecidual na pele lesional e
perilesional de vitiligo em atividade, até o momento ainda néo haviam sido avaliados os niveis plasmaticos
dessa proteina nos portadores da doenca, tampouco tentado correlaciona-lo com a atividade da doenca.
[5] Em nossa pesquisa, ndo encontramos correlagéo entre niveis plasmaticos de Hsp70 e extensdo da
doenca, porém,a positividade do Hsp70 se associou as formas regressivas de vitiligo.

Esse achado sugere ndo haver alinhamento entre o comportamento da Hsp70 plasmatica e sua
expressdo tecidual da Hsp70, limitando seu uso como marcador direto de gravidade da doenca. De fato,
outras dermatoses inflamatérias como psoriase e dermatite atopica também ndo apresentam forte
correlacao entre marcadores plasmaticos e a extensdo da doenca. Até o momento, ndo ha estudos em
vitiligo no qual, em um mesmo individuo, tenha-se dosado a Hsp70 plasmatica e estimado a concentracédo de

Hsp70 tecidual da pele afetada.
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Deve-se, porém, considerar que a Hsp70 possa desempenhar fungdes diferentes de acordo
com a fase da doenca. Por exemplo, na artrite reumatoide, diferentes estudos mostraram papéis
contraditorios da Hsp70, ou seja, tanto na promogéo da inflamac&o, induzindo a producéo de citocinas pro-
inflamatorias, quanto na sua modulacdo, estimulando a formacao de células T reguladoras (Tregs) e
interrompendo a atividade da doenca. [7] Nas doencas inflamatdrias intestinais (DII), existem evidéncias de
que a Hsp70 tenha sua expressdo aumentada na mucosa intestinal, mas a maioria dos estudos apontam para
um papel protetor, em que o aumento local da Hsp70 se associou a reducédo da atividade da doenca, em
modelos experimentais.[8,9] Ademais, foi demonstrado um papel importante da Hsp70 na supressdo da
resposta imunoldgica atraves da formacao de células B reguladoras (Bregs), em um estudo experimental que
utilizou modelos animais de tireoidite autoimune e DII.[10]

O modelo fisiopatoldgico do vitiligo € complexo. A disfuncdo das células T reguladoras (Tregs)
€ uma das vias de manutencao da autoimunidade no vitiligo. Porém, se existe algum papel das células
Bregs no vitiligo e se a Hsp70 circulante participa dessa modulagéo, ainda néo esta elucidado.

Individuos em tratamento com Nb-UVB apresentaram maior positividade de Hsp70. A
associagdo entre a exposicdo UVB, niveis de vitamina D, estresse oxidativo induzido pela fototerapia e o0s
niveis plasmatios de Hsp70 devem ser explorados com desenhos adequados.

Este estudo apresenta limitaces ligadas a falta da constatacdo da expresséo da Hsp70 tecidual
nos participantes. Investigacdes posteriores que explorem os niveis de Hsp70 plasmaéticos e 0s
mecanismos de tolerancia imunol6gica em diferentes fases de atividade da doenga sdo necessarias para
esclarecer o papel da Hsp70 circulante no vitiligo.

Em conclusdo, os niveis plasmaticos de Hsp70 ndo se correlacionaram diretamente com a
extensdo do vitiligo, entretanto, maior positividade foi identificada em participantes com formas regressivas da

doenca.
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Tabela 1. Principais dados clinicos e demogréficos dos pacientes

adultos com vitiligo ndo segmentar (n = 89)

Variaveis Valores
Sexo, n (%)
Masculino 30 33,7%
Feminino 59 66,3%
|dade (anos), média (dp) 48,8 10,6
Fototipo, n (%)
lell 22 24,7%
I 40 44,9%
VeV 27 30,3%
Escolaridade, n (%)
Fundamental 23 25,8%
Médio 29 32,6%
Superior 37 41,6%
IMC (kg/m?2), média (dp) 27,1 4,6
Comorbidades, n (%)
Hipertensdo arterial 18 20,2%
Diabetes 8 9,0%
Doenga tireoideana 20 22,5%
Depresséo 17 19,1%
Ansiedade 24 27,0%
Dislipidemia 12 13,5%
Idade de inicio do vitiligo, mediana (DIQ) 38 15,8
Tempo de doenca (anos), média (dp) 10 14
Tratamentos atuais, n (%)
Corticoide topico 12 13,5%
Inibidor de calcineurina topico 42 47,2%
PUVA 15 16,9%
NB-UVB 17 19,1%
Atividade da doenca, n (%)
Regresséo 13 14,6%
Estavel 14 15,7%
Progressao 62 69,7%
VES, mediana (DIQ) 15 4,3
Hsp70 (ng/mL), mediana (DIQ) 2,6 1,4
Hsp70 >2,8 ng/mL, n (%) 38 43%

VES: Vitiligo Extent Score; IMC: Indice de massa corporal;

dp = desvio-padréo; DIQ: desvio interquartilico
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Tabela 2. Modelo logistico multivariado da associagao entre valores plasmaticos elevados de Hsp70 (>2,8

ng/mL) com dados clinicos e demogréficos de pacientes adultos com vitiligo ndo segmentar (n = 89).

Variavel Frequéncia Odds Ratio (IC 95%) p-valor
Sexo (masculino) 30 (34%) 1,40 (0,51-3,82) 0,513
Idade (>50 anos) 43 (48%) 1,23 (0,50-3,02) 0,650
Fototipo 0,370
lell 22 (25%) 1(-)
Il 40 (45%) 1,38 (0,42-4,53)
VeV 27 (30%) 2,04 (0,60-6,94)
VES (>3) 28 (32%) 1,36 (0,49-3,77) 0,550
Atividade da doenca 0,026
Regressédo 13 (15%) 1(-)
Estavel 14 (16%) 0,17 (0,03-0,94)
Progressao 62 (39%) 0,16 (0,04-0,69)

VES: Vitiligo Extent Score; IC 95%: Intervalo de confianga de 95%.
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