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1. Revisao da Fisiopatogenia do Melasma

1.1 Pigmentacgao da pele

A cor da pele humana normal € efeito da interagdo de varios pigmentos sendo
o principal a melanina, uma proteina acastanhada densa, de alto peso molecular,
que assume 0 aspecto enegrecido quanto mais concentrada estiver. No entanto,
contribuem também pigmentos exdgenos amarelos, os carotenoides; vermelho,
dado pela hemoglobina oxigenada nos capilares da derme; e azul, decorrente da
hemoglobina reduzida nas vénulas.’

Além disso, a pigmentacdo da pele e do cabelo humanos é dependente do
tamanho, numero e distribuicdo de particulas citoplasmaticas denominadas
melanossomas, bem como da natureza quimica da melanina que eles contém.?

Dois padrdes de pigmentacdo melanica sdo responsaveis pela cor normal da
pele. A cor da pele constitutiva € a cor geneticamente determinada da pele saudavel
nao submetida a exposigdo cronica a radiagdo ultravioleta (RUV). A cor da pele
facultativa € a cor de pele mais intensa, resultante de exposi¢ao solar ou doengas
pigmentares, e reflete a capacidade geneticamente determinada de bronzeamento
em resposta a RUV.

O grau de “bronzeamento” e de eritema de cada individuo apds exposicao
solar, é geneticamente determinado, sendo a base para divisdo da pele normal em

fototipos (Tabela 1)."

1.2 Melandcitos
Os melandcitos sao células dendriticas, embriologicamente derivadas dos

melanoblastos, que se originam da crista neural, logo apés fechamento do tubo
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neural.® Sua migragéo, proliferacdo e diferenciagdo em células produtoras de
melanina depende de mediadores produzidos no tubo neural, ectoderme e
queratinécitos, como a familia de glicoproteinas WNT, endotelina 3 e fator de célula

tronco (SCF — stem cell factor).*

Tabela 1. Fototipos de pele segundo a classificacdo de Fitzpatrick.®

Fototipo de pele Caracteristicas Cabelos / olhos
| Sempre queima, nunca bronzeia Ruivos/azuis
I Geralmente queima, as vezes Loiros ou ruivos/verdes ou
bronzeia azuis
I As vezes queima,. geralmente Castanhos clarps /castanhos
bronzeia claros ou azuis ou verdes
: . Castanhos/ castanhos ou
v Nunca queima, sempre bronzeia
verdes
Vv Moderada pigmentagcao Castanhos ou negros/
constitucional Castanhos ou Negros
VI Marcada pigmentagcao Negros/ Castanhos escuros
constitucional OuU negros

A migracdo dos melanoblastos da crista neural pode ocorrer para varios
destinos. Quando se tornam células completamente desenvolvidas ficam distribuidos
em diversos locais: olhos (epitélio pigmentar retiniano, iris e coroide), ouvidos
(estrias vasculares), sistema nervoso central (leptomeninges), matriz do pelo,
membranas mucosas e pele.?

Na pele, ficam localizados na camada basal da epiderme e projetam seus
dendritos através da camada espinhosa onde transferem seus melanossomas aos
queratindcitos. Essa associacdo melandcito-queratinocito € denominada unidade
epidérmico-melanica (Figuras 1 e 2) e é constituida por um melandcito e cerca de
trinta e seis queratindcitos.® A atividade pigmentar da unidade epidérmico-melanica

é regulada por um complexo sistema paracrino.*

11
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Estrato
granuloso

Ceratindcitos

Células de
Langerhans (4%)

~ " Célula de Merkel
(concentrada nos labios,
pontas dos dedos etc.)

Lamina densa

Melanocitos (3%)

Figura 1. Representacdo esquematica da disposi¢gao dos melandcitos na epiderme e

sua inter-relagdo com os queratindcitos (Fonte: Storm, 2006).”

Figura 2. Melanécitos na epiderme marcados pelo Melan-A (40X). Observa-se alta
dendricidade e inter-relagao com os queratindcitos adjacentes. (Fonte: Arquivo do

Departamento de Patologia FMB-UNESP)

As células basais epidérmicas estdo unidas as células vizinhas por estruturas

especificas denominadas desmossomas e a membrana basal, por

12
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hemidesmossomas. Ja os melandcitos, ao contrario, ndo estédo fixos na epiderme.
Entretanto, identifica-se apenas, pequeno desnivel na posicao dos melandcitos em
relagdo ao alinhamento da camada basal, projetando-se, ligeiramente, em direcéo a
derme.®

Ha em torno de dois mil ou mais melandcitos epidérmicos por milimetro de pele
da cabeca e antebraco e usualmente mil no restante do corpo em todas as ragas.®

O numero de melandcitos diminui com a idade, na proporcédo de 6 a 8% por
década, sendo que as diferengas raciais na pigmentacédo n&o sdo devidas a uma
marcante diferenga no numero de melandcitos, mas sim no seu grau de atividade
(sintese de melanina e melanossomas), na proporgao de feomelanina e eumelanina,
suas distribuicdes nos melandcitos e envolvimento de fatores ambientais como

exposicdo solar, que estimula a sintese de melanina.’®

1.3 Melanossomas

Melanossomas (figura 3) sao organelas elipticas, altamente especializadas,
nas quais ocorre a sintese e deposicdo de melanina através do armazenamento de
tirosinase (TYR) sintetizada pelos ribossomos. Sdo sede dos fendbmenos
bioquimicos que origiham a melanina." A sintese de melanina ocorre,
exclusivamente, nos melanossomas e € dependente de varios genes como TYR,
gene da proteina-1 relacionada a tirosinase (TYRP1), OCA2, gene receptor de

melanocortina tipo 1 (MC1R) e gene da proteina sinalizadora agouti (ASIP).
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Figura 3 - Eletrofotomicrografia de pele acometida por melasma evidenciando

queratinécito (Figura A) e melandcito (Figura B) repletos de melanossomas maduros

(7000X). (Fonte: Arquivo do Departamento de Patologia FMB-UNESP)

Nos individuos negros os melanossomas sdo maiores (mais maduros) do que
em brancos e sao armazenados mais como unidades do que como grupamentos. A
degradagdo dos melanossomas maiores nos queratinécitos também é retardada, o

que também contribui para os niveis mais altos de pigmentagdo cutanea.?

1.4 Melanina

Nos melanossomas da pele normal, a melanina € extremamente densa, sendo
um polimero nitrogenado, insoluvel e de alto peso molecular. A melanina é um
pigmento que além de dar cor a pele, desempenha fungao protetora, absorvendo a
RUV.®2

O elemento inicial do processo biossintético da melanina é a L-tirosina, um
aminoacido essencial. A L-tirosina sofre atuagdo quimica da TYR, complexo
enzimatico cuprico-proteico, sintetizado nos ribossomos e transferido através do

reticulo endoplasmatico para o aparelho de Golgi, sendo aglomerado em unidades
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envoltas por membrana, ou seja, 0 melanossoma.®

Em presenca de oxigénio molecular, a TYR oxida a L-tirosina em L-dopa
(dioxifenilalanina) e esta, em dopaquinona (Figura 4). A tirosina hidroxilase isoforma
| estd presente na membrana do melanossomo, adjacente a TYR, e catalisa a
conversdo da L-tirosina em L-dopa, promovendo a ativagdo da TYR.* A partir da
formacao da dopaquinona, a presencga ou auséncia de cisteina determina o rumo da
reacdo para sintese de eumelanina ou feomelanina.'

Na auséncia de cisteina (glutationa), a dopaquinona é convertida em ciclodopa
(leucodopacromo) e esta em dopacromo. H& duas vias de degradacédo de
dopacromo, uma que forma dopa,5,6 diidroxiindol (DHI) em maior proporgao e outra
que forma 5,6 diidroxiindol-2-acido carboxilico (DHICA) em menor quantidade.
Finalmente, estes diiidroxiindéis sdo oxidados a eumelanina. Este processo é
catalisado pela dopacromotautomerase (DCT).

A proteina-1 relacionada a tirosinase (TYRP 1) € que parece estar envolvida na
ativacao e estabilizacdo da TYR, sintese de melanossomos, aumento da relacéo
eumelanina/ feomelanina. A proteina-2 relacionada a tirosinase (TYRP 2) atua como
a DCT.

Por outro lado, na presenga de cisteina, dopaquinona rapidamente reage para
gerar 5-S-cisteinildopa e, em menor proporgao, 2-S-cisteinildopa. Cisteinildopas séo
entdo oxidadas em intermediarios benzotiazinicos e finalmente produzem

feomelanina (Figura 4).*
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Figura 4. Esquema da formag&do da eumelanina e feomelanina.*

Eumelanina, um polimero marrom, alcalino e insoluvel, é o tipo predominante
em individuos de cabelos e olhos escuros, sendo mais eficiente na fotoprotecao.
Feomelanina, um pigmento alcalino, soluvel e amarelo-esverdeado, ¢€
predominantemente encontrada em individuos de cabelos vermelhos e fototipos | e
I1.*

Pigmentos semelhantes a feomelanina, no entanto, podem ser estruturalmente
derivados da eumelanina, assim como esta pode ser oxidada, na presenca de ions
metalicos, resultando em um pigmento soluvel e mais claro. Outro pigmento
sulfurado, derivado da feomelanina, pode ser encontrado em pequenas quantidades
nos cabelos humanos vermelhos e é denominado tricromo.®

Sendo assim, a melanogénese apresenta trés passos distintos e importantes.
O passo inicial é a producao de cisteinildopa, a qual continua tao intensa quanto for

a quantidade de cisteina presente.
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O segundo passo é a oxidagdo da cisteinildopa para formar feomelanina,
processo que se propaga de acordo com a quantidade de cisteinildopa presente. E o
terceiro e ultimo passo € a producado de eumelanina, a qual comega somente apos a
maioria da cisteinildopa ser depletada. Entretanto, parece que a eumelanina se
deposita sobre a feomelanina pré-formada e a relagdo entre feo e eumelanina é
determinada pela atividade da TYR e disponibilidade de cisteina.™

A eumelanina absorve e dispersa a luz ultravioleta, atenuando sua penetracao
na pele e reduzindo os efeitos nocivos do sol.” Em outras palavras, individuos com
maior pigmentacéo tendem a se queimar menos e bronzeiam mais do que individuos
mais claros."

Apods a sintese completa da melanina, os melanossomas repletos de melanina
séo injetados no interior do citoplasma dos queratinécitos da unidade epidérmico-
melénica correspondente, através dos prolongamentos dendriticos do melandcito.
Essa transferéncia ndo é completamente esclarecida, e diferentes mecanismos
como exocitose, citofagocitose, fusdo das membranas plasmaticas e transferéncia
das vesiculas s&o descritos.*

O receptor de protease ativada 2 (PAR-2) é expresso nos queratindcitos,
porém nao nos melandcitos. PAR-2 esta envolvido na transferéncia dos
melanossomas e, portanto, deve regular a pigmentacdo. Ativacdo PAR-2 com
tripsina ou com peptideo agonista SLIGRL, induz pigmentagdo em coculturas de
queratinécitos e melandcitos, mas nao em coculturas que foram separadas
espacialmente, indicando a necessidade de contato queratindcito-melandcito. '

SLIGRL, peptideo agonista PAR-2, aumenta a transferéncia de melanossomas
pelos queratinécitos e, consequentemente, aumenta a pigmentagdo de depdsito.

Diferentemente, RWJ-50353, inibidor da protease, leva a redugdo da pigmentacao

17
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de depdsito nos melandcitos e consequente despigmentagao. '

Uma vez no interior dos queratinocitos, os melanossomas tendem a distribuir-
se sobre a parte superior do nucleo dos queratindcitos basais, como um “chapéu”
(Figura 5), de forma a protegé-lo das radiagdes ultravioleta. Sugere-se que o
pigmento no interior destas células atua, também, como varredor de radicais livres

fotoproduzidos, sempre no sentido de proteger o DNA celular.®

SA™H ' ' MELASMA.

Figura 5. Comparacao da quantidade de melanina entre as epidermes da pele sa e
do melasma. Observa-se denso acumulo supranuclear nos queratinécitos basais
(Fontana-Masson, 40x). (Fonte: Arquivo do Departamento de Patologia FMB-

UNESP)

1.5 Receptor de Melanocortina do tipo 1 (MC1-R) e Hormdnio estimulante dos
melandcitos do tipo a (a-MSH)

Os receptores de melanocortina pertencem a familia dos receptores das
proteinas G. MC1-R predomina nos melandcitos, e seus agonistas incluem horménio
estimulante dos melandcitos do tipo a (a-MSH) e horménio adrenocorticotrépico

(ACTH), ambos produtos de clivagem da proopiomelanocortina (POMC). POMC
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também é expressa e sofre clivagem em outros locais, incluindo o cérebro e a pele.
O o-MSH foi o primeiro dos peptideos derivados da POMC a ser identificado na
pele.”

O ACTH e o a-MSH possuem em comum o tetrapeptideo His-Phe-Arg-Trp,
que € essencial para a atividade melanotrépica. Este peptideo é o principal
regulador intrinseco da pigmentagédo, porém sua producdo pituitaria é insuficiente
para estimular a melanogénese, assim, os melandcitos e queratindcitos sdo os
principais responsaveis por sua producdo na pele e controle da melanogénese. ™

Injecbes nos individuos humanos de a-MSH e B-MSH (hormdnio estimulante
dos melanécitos do tipo B) levam a um escurecimento da pele que resulta da
elevada melanogénese dentro dos melandcitos epidérmicos e aumento do
transporte dos melanossomas derivados de melandcitos, através dos ceratinécitos,
sem a necessidade de exposi¢do a RUV. A hiperpigmentagcédo cutanea foi também

observada quando individuos humanos foram injetados com altas doses de

ACTH.817-19

Evidéncias indicam que estes hormdnios tém um papel paracrino na
regulagao das fungdes dos melandcitos. Mais de 120 genes foram identificados e
parecem regular a pigmentagédo, porém, os efeitos do a-MSH s&o mediados pelo
MC1-R, o qual é expresso na superficie dos melandcitos e é considerado o ponto

chave para pigmentacao.

MCR1-R esta também presente em outras células como mondcitos,
neutrofilos, células de glioma, astrécitos, macrofagos, fibroblastos, células
endoteliais e queratinécitos. Desde que MC1-R tem uma distribuicao tecidual ampla,

é provavel estar associado com um ntimero grande de fungdes bioldgicas. 42926
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Polimorfismos genéticos do MC1-R sao responsaveis por diferengas étnicas
da pigmentagao constitucional e por diferentes respostas a RUV."®?" Em pessoas
de cabelos vermelhos e pele clara, ha alta incidéncia de mutacées do MC1-R, o que
deve ser responsavel pela diminuicdo da resposta ao a-MSH, resultando em menor

eumelanogénese e reduzida pigmentagao induzida por exposicdo & RUV.'®

A proteina de sinalizagdo agouti, embora pobremente documentada, € o unico
antagonista conhecido do MC1-R, compete com a-MSH e, portanto, estimula a

feomelanogénese.*

1.6 Estresse e Melanogénese

O complexo queratindcito-melandcito responde rapidamente a uma gama de
estimulos ambientais, de maneira paracrina e/ou autdcrina. Assim, os melandcitos
respondem a RUV, proteina de sinalizacdo agouti, hormdnio estimulante dos
melanécitos (MSH), endotelinas, fatores de crescimento, citoquinas, e estimulos
inflamatérios.

Depois da exposi¢cdo a RUV, e em dependéncia da expressao do p53, os
melanécitos aumentam a expressao de POMC, do precursor de MSH, do receptor
de melanocortina 1 (MC1-R), TYR e TYRP1, da proteina quinase C (PKC), e outros
fatores de sinalizagdo. Sabe-se, também, que a RUV estimula a produgcdo de
endotelina-1 (ET-1) e POMC por queratinécitos e que esses fatores podem entéo,
agir de uma forma paracrina para estimular os melanécitos.

Além de queratindcitos e fibroblastos, possivelmente outras células da pele,
produzem citocinas, fatores de crescimento e mediadores inflamatérios que podem
aumentar a producdo de melanina e/ou estimular a transferéncia de melanina dos

melandcitos para os queratindcitos. Fatores de crescimento do melandcito afetam
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nao s6 o seu crescimento e pigmentagdo dos melandcitos, mas também a sua
forma, dendricidade, ades3o as proteinas da matriz, e mobilidade.? (Figura 6)

O ao-MSH, ACTH, fator de crescimento basico de fibroblastos (bFGF), fator de
crescimento neural (NGF), endotelinas, fator de estimulagdo colénias granuldcitos-
macrofagos (GM-CSF), fator inibidor de leucemia, fator de crescimento hepatico
(HGF) sao fatores derivados dos queratinécitos que também parecem estar
envolvidos na regulagdo da proliferacdo e/ou diferenciacdo dos melandcitos.?
Também o aumento na expressao do fator de transcricdo associado a microftalmia
(MITF) induz o aumento da regulagdo do TYR, TYRP1 e DCT que também resulta
na sintese de melanina.*

Os queratindcitos também produzem e liberam NGF, que esta envolvido na
regulagdo da melanogénese e/ou dendricidade dos melandécitos. A produgao e
liberacdo deste fator de crescimento é estimulada pela RUV, sugerindo outra
influéncia paracrina dos queratindcitos nos melandcitos com possivel relevancia na
resposta ao bronzeamento, uma vez que foi demonstrado que melandcitos
expressam receptores de NGF.*’

ET-1 € um peptideo com propriedades vasoativas, isolado primeiramente de
células endoteliais e, mais tarde verificou-se ser sintetizada e segregada também
por queratindcitos, principalmente apds exposigao a RUV. O efeito global da ET-1 é
o aumento da dendricidade dos melandcitos e o aumento da migragcao e
melanizagao dos melandcitos.

A ligagdo da ET-1 ao seu receptor de proteina G-acoplada (ETBR) nos
melandcitos ativa uma cascata de vias de sinalizagdo, que resulta na mobilizagao do
calcio intracelular, ativacdo de PKC, elevacao dos niveis de adenosina monofosfato

cilcico (CAMP) e ativagdo da proteina quinase ativada por mitdgeno (MAPK).*2
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A RUV estimula os queratindcitos a produzirem ET-1 e também induz a
interleucina-1 (IL-1) na produgéo destas células. IL-1 é conhecido por induzir a ET-1
em queratindcitos numa forma autocrina. Sugere-se que estes eventos intracelulares
levam ao aumento na TYR, proteinas e atividade enzimatica em melandcitos

vizinhos, bem como a um aumento no niimero de melandcitos.* (Figura 6)

As prostaglandinas E2 e F2a (PGE2 e PGF2a) sdo conhecidas por serem
produzidas e liberadas a partir de queratinécitos humanos pela estimulacdo do PAR-
2. PGE2 e PGF2a estimulam a dendricidade de melandcitos epidérmicos humanos
em cultura.

O bFGF e SCF também sio expressos pelos queratindcitos. Estes fatores
estdo envolvidos na regulagdo da proliferacdo e melanogénese/dendricidade de
melandcitos epidérmicos humanos em pele normal e/ou em pele irradiada por
radiacdo ultravioleta A (RUVA) e radiacdo ultravioleta B (RUVB).*3¢

O HGF se liga ao seu receptor especifico e ativa MAPK, provocando o
aumento da regulacdo de proteinas necessarias para a proliferacdo de
melandcitos.*

A epiderme tem uma rede complexa que tanto secreta quanto responde as

citocinas autdcrinas e paracrinas produzidas por queratindcitos e melandcitos.?

1.6 Melasma

Melasma é uma disfungdo da melanogénese em humanos e constitui uma
discromia adquirida comum que afeta simetricamente as areas fotoexpostas. E
cronico e recidivante, apesar da terapéutica. Possui importante impacto na vida
39,40

social, familiar e profissional dos pacientes.

Embora possa acometer ambos o0s sexos e todas as ragas, € mais comum em
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mulheres jovens em idade fértil. Ocorre principalmente em individuos de origem
oriental ou hispanica vivendo em regides de clima tropical.

A principal faixa etaria de aparecimento é de 30-55 anos e o sexo masculino
representa apenas 10% dos casos.*™ Incide principalmente entre fenétipos mais
pigmentados (Fitzpatrick Il a V), entretanto a doenga aparece mais precocemente
em pacientes menos pigmentados (Fitzpatrick Il e Ill). Também acomete mais

precocemente individuos com antecedente familiar positivo para melasma.**

Keratinocyte

c—f’/ @ nor Fibroblast —

Drug Discovery Today: Disease Mechanisms

Figura 6. Esquema da resposta do melandcito-queratinécito aos estimulos

ambientais, paracrinos e autocrinos.>®

A histéria natural do melasma ainda nao foi adequadamente estudada. As
casuisticas evidenciam importante reducao da prevaléncia apds os 50 anos de idade
0 que pode se dever a menopausa € a propria reducdo do numero e atividade

melanocitica que ocorre com o envelhecimento.*>*

23



Andréia Tamega Expression of estrogen and progesterone receptors in melasma

Caracteriza-se por maculas hipercrobmicas acastanhadas, de diversas
tonalidades, simétricas e irregulares, na face e areas fotoexpostas.*'>.

Geralmente ocorre em um de trés padrdes clinicos. O mais comum € o centro-
facial, enquanto os tipos menos comuns sdo o malar e mandibular.*

O padrao centro-facial consiste de lesbes na fronte, bochechas, nariz, regidao
supralabial e mento. O padrdo malar descreve lesdes localizadas nas bochechas e
dorso nasal. O mandibular possui lesdes nos ramos mandibulares.

A designacdo como centrofacial, malar e mandibular n&o leva em conta as
formas periférica e combinadas.*®*® Um estudo identificou uma predominancia de
melasma padrao centro-facial, sem nenhuma evidéncia para apoiar um padrao
exclusivamente mandibular, tal como sugerido por alguns autores.** Neste estudo,
64,8% de incidéncia mandibular co-ocorreu com topografia parétida e somente dois
casos (3,7%) se apresentaram apenas com lesdes mandibulares.*

O padrdao mandibular deve ser, na verdade, uma forma de poiquilodermia de
Civatte, ja que as pacientes sao frequentemente menopausadas e biopsias cutaneas
revelaram significativo dano actinico.*

Inumeros fatores estdo associados ao inicio da doenga, porém nenhum deles
pode ser responsabilizado isoladamente pelo seu desenvolvimento.

Gravidez, terapias hormonais, contraceptivos orais, cosméticos, drogas
fototdxicas, endocrinopatias, estresse emocional, inflamagdes da pele e medicagdes
anticonvulsivantes sao elementos referidos pela literatura. Entretanto, a
predisposicao genética e exposicao as radiagdes solares configuram os fatores mais
importantes para seu desenvolvimento, ja que a doenca se manifesta principalmente
28,47,51

apods periodos de maior exposigao a luz solar, como no verao.

Os melasmas associados a gestagcdo, em regra, costumam desaparecer
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completamente em um prazo de até um ano apds o parto, todavia, até 30% das
pacientes evoluem com alguma sequela pigmentar. O quadro é mais persistente em
mulheres que fizeram uso de anticoncepcionais orais € nos melasmas com
pigmentagcdo mais intensa. Recorréncias sdo comuns em gestagdes subsequentes
e as chances de se apresentar melasma pela primeira vez durante uma gravidez
aumentam com histéria de gestacdes multiplas.®*>°

Histopatologicamente, observa-se, na pele com melasma, uma hipertrofia
melanocitica localizada, sem aumento no numero dos melandcitos, porém com
aumento do numero e maturidade dos melanossomas; hiperpigmentagdo melanica
de todas as camadas da epiderme e elastose solar.***>" A pigmentacdo dérmica
ndo difere na epiderme com melasma e na pele sa adjacente.*>°8°

Varios peptideos como SCF, ET-1, bFGF, HGF, IL- 1, PGE2 e a-MSH, agem
como mitégenos ou melanégenos. Sdo produzidos por queratinécitos, melandcitos e
fibroblastos; interferindo na melanizagao epidérmica e podem exercer algum papel
na génese da doenga. 520226061

A prevaléncia no sexo feminino, durante a menacme, e o surgimento das
lesbes apos a introdugdo de contraceptivos orais, gravidez e terapia de reposi¢cao
hormonal, corroboram o papel de horménios sexuais na fisiopatologia da doenca.
Em contrapartida, niveis séricos de estrogénio nao estdo aumentados nessa

populagao, o que sugere o possivel aumento da expressao de seus receptores como

base da resposta melanogénica.®

1.7 Estrogénios
Os estrogénios aumentam a vascularizacdo da pele e suprimem a atividade da

glandula sebacea, além de aumentar a atividade das células pigmentantes.*
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Estudos ja demonstraram que culturas de melandcitos humanos expressam
receptores de estrogénio e que o estradiol aumenta os niveis de TYR, TYRP 1 e
TYRP 2, enzimas envolvidas na eumelanogénese humana, dentro dos melandcitos
humanos normais.*

Um estudo indiano comparou FSH, LH, prolactina, estrogénio e progesterona
entre 36 mulheres com melasma e controles da mesma idade. Houve diferenga nos
niveis de 17-B-estradiol no inicio do ciclo menstrual entre os grupos, sugerindo que
estrogénios possam ser fatores de risco e mantenedores da doenga.®

Nos queratindcitos, o 17-B-estradiol pode atuar por vias de sinalizagao
gendmica (através de receptor estrogénico) e ndo gendmica.(Figura 7).%

Ha duas formas de receptores de estrogénios. Descoberto na década de 1960,
o receptor de estrogénio a tem sua importancia ligada ao cancer de mama. Em
1986, uma nova forma de receptor de estrogénio, receptor de estrogénio 3, foi
descoberta, e com isto abriu novos campos de pesquisa sobre o estrogénio.64

Classicamente, os estrogénios se ligam a receptores especificos, os quais
estdo localizados no nucleo das células alvo, juntamente com o acido
desoxirribonucleico (DNA). Quando o estrogénio se liga ao seu receptor, ele altera
sua forma, sendo que o complexo estrogénio-receptor se liga a sitios especificos do
DNA, causando ativagcdo de certos genes e levando a produgao de acido
ribonucleico mensageiro (RNAm) e proteinas especificas.®®

Embora estruturalmente os dois tipos de receptores sejam semelhantes, uma
vez que o estrogénio se liga a um deles, eles podem resultar em diferentes efeitos.
Em certos sitios de ligacao, eles podem até mesmo terem efeitos opostos, isto &,
ativacdo da transcrigdo quando o estrogénio se liga ao receptor a e inibicdo da

transcricdo ao se unir ao receptor B.%°
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Os sitios de ligacdo aos dois receptores possuem 60% de homologia em sua

estrutura, assim, alguns ligantes terdo diferentes afinidades de ligagcdo aos

receptores a e [3.5"°°

Estrona e 17-a-estradiol possuem maior afinidade de ligagdo ao receptor a.°’
O 17-B-estradiol aumenta os niveis de RNAm do MC1-R, portanto, pode exercer

papel importante na pigmentagao cutadnea e no melasma, ja que o MC1-R é um dos

pontos fundamentais na via para producgéo de melanina.®®

. Estrogen

Genomic pathway / Non-genomic pathway

(classical) ® (non-classical)

Cell Membrane Estrogen or
Non-Steroid Hormone Receptor

: \ Kinase
‘ Intracellular
c

Estrogen
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l transcription or
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‘.5"9‘,&';!&%_6‘0/ NI

gene

transcription

Nucleus

Figura 7. Vias de Sinalizagéo do 17-B-estradiol.?®

1.7 Progesterona

Alguns estudos evidenciaram que a progesterona aumenta o numero de
células e a atividade da TYR em melandcitos, enquanto outros evidenciaram

significantes efeitos inibitérios da progesterona na proliferacdo de melanécitos em
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culturas.?6-68

Progesterona é marcadamente elevada na gravidez, o que pode justificar o
surgimento de melasma nessa fase, via ativagdo dos receptores epidérmicos.
Porém, alguns grupos de progestagenos, como a clormadinona, podem
contrabalangcar o efeito estrogénico na pigmentagcdo, protegendo contra o
desenvolvimento do melasma.®®®°
Sendo assim, a relagdo da progesterona na pigmentagédo melanica ainda nao

€ definida e, portanto, seu verdadeiro papel no desenvolvimento do melasma nao

pode ser estabelecido.
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2. Objetivos

Comparar a expressao proteica e génica de receptores de estrogeno 3 e de

progesterona na pele com melasma e pele normal adjacente.
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ABSTRACT:

BACKGROUND: Melasma is an acquired, chronic hypermelanosis which affects
photoexposed areas and inflicts important psycho-social impact. Its physiopathology
is not well understood. Women are mainly affected and lesions usually develop after
the introduction of oral contraceptives, pregnancy and hormone replacement therapy,
these are elements that suggest the influence of sexual hormones in the disease’s
development.

OBJECTIVE: Comparing gene and protein expression for [ estrogen and
progesterone receptors in facial melasma and adjacent healthy skin.

METHODS: A transversal study including 42 women with facial melasma, at the
Dermatology Service in UNESP Medical School, Botucatu-SP, Brazil. Biopsies from
lesional skin were performed as well as from the healthy skin around it. Gene
expression (PCR real time) from the hormone receptors in the tissue was evaluated.
Subsequently, skin fragments were immuno-marked to  estrogen and progesterone
nuclear receptors, evaluated according to their HSCORE (epidermis) and percentage
of staining by microscopic field (dermis).

RESULTS: RNAm tissue expression for 3 estrogen and progesterone receptor was

not different between melasma affected skin fragments and the healthy parts around

33



Andréia Tamega Expression of estrogen and progesterone receptors in melasma

it (p>0.2). Nuclear epithelial expression for 3 estrogen and progesterone’s receptors
were higher in lesional skin (HSCORE 144.5 and 60.7) than in the healthy skin
around it (HSCORE 98.8 and 27.8; p<0.05), without any difference on dermal
markings. Nuclear histological expression for § estrogen or progesterone were not
influenced by age, phototype, family background, age when it first appeared, clinical
pattern, disease induced by pregnancy or contraceptive pills.

CONCLUSION: There was no difference in gene expression for 3 estrogen and
progesterone receptors in melasma affected skin in comparison to adjacent healthy
skin. However, there was a higher protein expression of such receptors in melasma

affect epithelia, suggesting hormonal participation in the diseases’ pathogenesis.

KEY WORDS: melasma, estrogen receptor, progesterone receptor, pigmentation,

melanogenesis, immuno-histochemical, melanin, melanocytes.

INTRODUCTION

Melasma is a common acquired dyschromia which symmetrically affects photo
exposed areas. It is chronic and relapsing, besides treatment. It is caused by local
melanogenesis’ increase, and inflicts important impact over patient’s social, family
and professional life. [1,2]

Although it can affect both gender and all races, it is much more common in
young women in their childbearing age. It mostly occurs in eastern or Hispanic
individuals, living in tropical areas. The main affected age group is 30-55 years old
and men represent only 10% of it. [3-5]

Many factors are associated to the beginning of the disease. However, none of

them can be exclusively responsible by the development of the disease.
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Pregnancy, hormonal therapies, oral contraceptives, cosmetics, phototoxic
drugs, endocrinopathies, emotional stress and anticonvulsant medication are
elements cited in literature. However, genetic predisposition and solar radiation
exposition are the most important factors to its development, once the disease mainly
appears after long sun light exposition periods, such as in summer. [6-9]

Its prevalence in females, during menacme, and the formation of lesions after
oral contraceptive introduction, pregnancy and hormonal replacement therapy,
corroborate sexual hormones’ role in the disease’s physiopathology. On the other
hand, estrogen serum levels are not increased in this population. [7,10] It suggests a
possible increase of its receptors’ expression, as the basis for the melanogenic
response.

There are two estrogenic receptor forms: a receptor is importantly linked to
breast cancer, and [ receptor that is expressed in epidermis. [11] Regarding
keratinocyte, 17-pB-estradiol can act through genomic and non genomic signaling. [9]
Estrogens increase skin vascularization and suppress sebum genesis, besides
increasing pigmentation cells activity. [12] 17-B-estradiol increases RNAm levels of
type 1 melanocortin receptors (MC1-R), so it can play an important role in skin
pigmentation and in melasma. [13]

Progesterone role in melanic pigmentation is not defined yet. So studies
showed that progesterone increases the amount of cells and tyrosinase’s activities in
melanocytes, whereas others have evidenced significant progesterone inhibitory
effects in melanocyte cultures’ proliferation. [14,15]

The current study aims to evaluate gene and protein expression for 3 estrogen
and progesterone receptors in skin affected by melasma in comparison to the

adjacent healthy skin.
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MATERIALS AND METHODS

We performed a crossectional study. Forty two adult female patients with
facial melasma, without any phototype restrictions, treated at the Dermatology
Service in the Botucatu Medical School — UNESP (from January 2010 up to
December 2011), were included in the experiment, after sign the Consent Form.

Melasma was clinically diagnosed by a senior dermatologist as adjacent
healthy skin was identified.

The study was approved by the Ethical Commission on Institutional Research
(453/2009).

Patients diagnosed with colagenosis, blood dyscrasia, using anticoagulant
medication, immuno-suppressed, diabetics, with severe hypertension and pregnant
women were excluded from the experiment.

Patients were told to stop any bleaching treatment to melasma, except sun

block, 15 days before biopsy.

Obtaining skin fragments

Two biopsies (punch 2 mm) were performed in facial skin affected by melasma
and also two in the adjacent healthy skin, with a 2 cm distance among samples. A
fragment of healthy skin and another one of lesional skin were later placed in RNA
and stored in a fridge for 24 hours under -80°C until the very moment when the gene
expression study was done, using a real time technique. The other fragments were
stored for 48-72 hours in bottles containing buffered formalin 10% to

immunohistochemistry analysis.
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Gene expression for 3 estrogen and progesterone receptors in healthy and lesional
skin
RNA extraction

Two skin fragments (1 healthy and 1 lesional), stored in tubes type eppendorf
containing RNA later™, were submitted to total RNA extraction, using the lllustra Kit
(GE Healthcare), according to the producer’s instructions. Initially, samples were
digested with 350 pL of RA1 tampon, increased with mercaptoethanol. Right after,
the digested tissue was transferred to a filter with a collector tube and was spun for 1
minute at 11.000 g. After spinning, the filter was disposed and the filtered matter was
transferred to a new 1.5 yL eppendorf tube. 350 pL of 70% ethanol were added and
homogenized for 30 seconds at 8.000 g. After such procedure, 350 pyL of MBD
tampon were added and spun for 1 minute at 11.000 g in order to dry up the sample.
The filtered matter was disposed and the collector tube put back into the column. The
next step regarded submitting the samples to a treatment with RNase free DNase
enzyme, aiming to eliminate possible contamination with residual genomic DNA. 200
ML of RA2 tampon were added and spun for 1 minute at 8.000 g, and the columns
were transferred to new collector tubes. Following up the samples wash process, 600
ML of RA3 tampon were added, spun for 1 minute at 11.000 g and, after disposing
the content of the collector tube, 250 uL of RA3 tampon were added, spun for 2
minutes at 11.000 g. Columns were transferred to new tubes and the RNA was
diluted in 30 p of RNase-free water, facing further spun for 1 minute at 11.000 g. The
extracted RNA was qualified by NaNo-Drop ND -1000 measurements. Técnica de
procedimento n&o € necessaria

The efficiency of the treatment with RNase-free DNase was verified by

amplifying the constitutive gene from the 3 globine by PCR straight from the obtained
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RNA, and visualizing in 1.5% agarose gel. Samples that did not present such

amplification were considered in the study.

Obtaining cDNA

Right after the RNA extraction, samples with concentration between 0.02 and
0.2 pg/pL of RNA were submitted to cDNA obtainment by means of the High-
Capacity cDNA Archive Kit (Applied Biosystems), following producer’s instructions.
The mix held 10 pL of 10X RT buffer, 10 pyL of 10X RT Random primer, 4 pyL of dNTP
mix (100 mM), 5 pL of MultiScribe™ Reverse Transcriptase (50 U/ yL), 1 pL of milli-
Q water and the same RNA volume. Cycling conditions to obtain cDNA were 10
minutes at 25°C, followed by 120 minutes at 37°C. The produced cDNA was used to
detect and qualify gene expressions for B estrogen and progesterone receptors by a

real time PCR technique.

Real Time PCR

Starting from the obtained cDNA it was performed a gene amplification for 3
estrogen receptors (ESR2; Hs01100353 m1) and progesterone (PGR;
Hs00198499 m1), according to the protocols from the Applied Biosystems
TagMan"Gene Expression Assays, in a Line Gene K (Bioer™) thermocycler, in a
final volume of 20uL with a 5uL addition of cDNA from the 1:5 dilution samples.
Reaction conditions were 95°C for 10 minutes, followed by 40 cycles of 95°C for 15
seconds and 60°C for 1 minute, when fluorescence signs were acquired during
annealing steps and amplification cycle extension (60°C for 1 minute). Samples were
processed in duplicates in all essays. At the same time, it was performed a human 3

actine gene amplification (ACTB; Hs99999903 _m1) as endogenous control, once the
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real value for gene expression was given through a comparison between gene
amplification of receptors’ (B estrogen and progesterone) results and this constitutive

gene.

Immunohistochemistry for B estrogen and progesterone nuclear receptors

Skin histological samples included in paraffin, 4um thick, were placed over
histological slides previously treated with Vectabond (Vector Laboratories) and dried
out in an oven at 37°C for 24 hrs. Right after that, they were deparaffinized in xilol, in
two 20 minutes immersions each, hydrated in absolute ethanol decreasing
concentrations (95, 80 and 70%) and washed in fresh water for 10 minutes.

Further on, it was performed an endogenous peroxidase blocking with 3%
hydrogen peroxide for 10 minutes and, right after, an antigenic rescue in a
microwave oven, at maximum temperature, in 10mM citrate tampon, 6.0 pH for 15
minutes and left to cool at room temperature for 40 minutes. So, slides were washed
in fresh water for 10 minutes and the incubation with B estrogen nuclear anti-
receptors (RB-10658, Lab Vision) and progesterone (PGR636, Lab Vision) anti-
bodies, under 1:150 and 1:300 dilution.

Fragments of breast tissue and sebaceous hyperplasia were used as positive
controls as proposed by Jang et al. [16] The positive marking was detected by a
brownish color with nuclear cytoplasmic pattern. Negative controls were obtained
omitting anti-receptors’ anti-bodies.

A Giemsa counter-coloring was performed in order to improve the difference

between receptors’ histochemical marks and melanin.

Semi-quantitative analysis for B estrogen and progesterone nuclear receptors
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The histological cuts submitted to healthy and lesional skin fragments’
immuno-histochemical marks — from the same patient — were photographed in a light
microscope (NCoolscope I, Nikon Instruments Inc., Tokyo, Japan, 2009), under
standardized white light and balance, in 40X increase and stored as files BMP, 24-bit
(RGB) with 1280x960 pixels. Two pictures were captured by slides in areas with
bigger epidermis immuno-histochemical (hotspot) marks.

Manual counting over nuclei marked on the photographed epithelia was done
in a blind way. Nuclei were categorized individually according to marks such as
strong, medium, weak and mark-free, in order to get the HSCORE.

The HSCORE is a method for assessing the extent of nuclear immune-
reactivity, applicable to steroid receptors. The score is obtained by the following
formula: 3x percentage of strongly staining nuclei + 2 x percentage of moderately
staining nuclei + percentage of weakly staining nuclei, giving a range of 0 to 300. [17]

The dermal mark was also evaluated in duplicate, according to the Jang et al.
[16] Dermis images were segmented after color deconvolution (H-DAB) and pixels
percentage referred to nuclear marks from each dermis areas were calculated. [18-

20]

Statistical analysis

Clinical and demographic groups included in the current study, as well as the
outcomes from the semi-quantitative analysis and from 3 estrogen and progesterone
receptor’s expressions were submitted to statistical analysis by means of SPSS 20.0
software. [21]

Parametric distributions were represented by averages and standard

deviations, non-parametric distributions were represented by medians and quartiles
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(p2s and prs) and compared by a t test from paired samples or Wilcoxon, when
needed. Normality was estimated by the Shapiro-Wilk test. [22,23]

B estrogen and progesterone HSCORE was tested by means of a linear
correlation through Spearman’s test, and the outcomes rates were evaluated in a
multivariate way, using a linear model generalized with mixed effects. [23]

Regarding all the performed tests, it was adopted the two-tailed 5% significance

level.

RESULTS

Melasma first occurred in adulthood (menacme), and the average age (*
standard deviation) was 27.7 + 3.1 years old.

The most prevailing phototypes (Fitzpatrick) were the intermediate ones
(24.4% phototype Ill and 48.8% phototype IV). Family background, mainly related to
first degree relatives, was referred in 70.4% of patients.

Pregnancy (34.2%), contraceptive pills (7.3%) and intense sun exposure
(34.2%) were the most commonly identified triggering elements, regarding patient’s
reports.

Patients set in the current experiment showed no significant difference from
the total sample of patients at outpatient clinic regarding gender, phototype, age
group or age in which the disease first occurred (data not shown).

Table 1 substantiates HSCORE rates for B estrogen and progesterone
epidermis nuclear expression in healthy skin and in melasma affected skin,
percentage of dermal staining, besides RNAmM gene expression rates from this
receptors. There was a difference between immunohistochemical staining of

epidermis samples, but not for dermis or gene expression.
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One hundred and fourteen nuclei were sampled, in average, for each slide in

order to set the HSCORE (Figure 1).

Table 1. Immunohistochemistry (epidermis: HSCORE and percentage of staining by
dermal fields) for B estrogen and progesterone receptors and gene expression in

healthy and melasma skin.

Healthy skin Melasma P
HSCORE - B estrogen receptor® 97 (33-149) 157 (104-183) <0,01*
HSCORE - progesterone®@ Receptor 19 (0-52) 58 (14-98) <0,01*
Dermis (%) - estrogem B# Receptor 5,7+34 6,9+35 0,09**
Dermis (%) - progesterone© Receptor 2,4 (1,4-6,2) 2,8 (1,3-9,2) 0,75*
PCR - estrogen [3@ receptor 4,6 (1,2-20,8) 3,6 (1,0-11,2) 0,25*
PCR - progesterone@ receptor 36,1 (10,8-196,4) 24,7 (9,8-62,0) 0,94*

@ median and quartiles (ps and p;s); © mean + standard deviation; *Wilcoxon test; **student’s t Test
(for paired samples)

It was not observed a linear correlation between progesterone and 3 estrogen
nuclear expression in healthy skin, with melasma. The Spearman coefficient rs = -
0.06 and 0.11 (p>0.50) to epithelia (HSCORE); and rs = 0.23 and 0.1 (p>0.26), for
dermal staining.

When adjusted by oral contraceptive, family background, age when it first
appeared, melasma triggered by pregnancy or by sun exposure, HSCORE for (3
estrogen was different between healthy and lesional epidermis and presented higher
rates (Figure 2) in patients whom melasma had occurred because of sunstroke
(p<0.05).

HSCORE for progesterone was different between healthy and melasma
lesional epidermis, besides that, it presented higher rates in higher phototypes

(Figure 3) and in patients without family melasma (p<0.05) background (Figure 4)
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Melasma skin Healthy skin

Figure 1. Healthy and lesional skin’s estrogen and progesterone receptors. Nuclear

B-Estrogen receptor

Progesterone receptor

staining for estrogen and progesterone receptos were stronger in melasma skin than

perilesional.
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Figure 2. HSCORE of epithelial estrogen receptor according to sun exposure

inducing melasma (p<0,05).
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Figure 4. HSCORE of epithelial progesterone receptor according to family

background (p<0,05).

DISCUSSION

B estrogen and progesterone receptors were more expressive in keratinocyte
nuclei in melasma affected skin that it was in the healthy skin around it, suggesting
that they play a role in melasma’s pathogenesis.

The estrogen’s effects over melanocytes have being reported by many
different authors. 17-B-estradiol causes tyrosinase dose-dependent increase,
followed by a melanocyte’s proliferation decrease. [24] Besides, melanocytes have

estrogen receptors both in cytoplasm and in the nuclei; [25] and 17-B-estradiol
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promotes a significant increase of MC1R mRNA’s levels that is involved in melanin
syntheses regulation. [26]

Such elements lead to the hypotheses that keratinocytes sensitive to sex
steroid hormones related to stronger activities in melasma’s epidermis-melanin unit.
Other studies have identified differential changes in melasma affected epithelia, as
the higher a-MSH and MC1-R expression, subsidizing the observation. [4, 27, 28]

Additionally, estrogen has been seen as related to skin’s aging, pigmentation,
hair growth, sebaceous production and to skin cancer. Estrogen’s effects in skin
prevent aging, through skin thickness influence over rhythids and hydration. Relative
hypoestrogenism — which follows menopause — worsens intrinsic and extrinsic aging
bad effects. [29]

Throughout pregnancy — especially in the third trimester — estrogen,
progesterone and MSH high levels have been related to melasma. Sex steroid
hormones increase the transcription of genes involved in human’s melanocyte
enzymes coding, mainly for Tyrosinase and Dopachrome tautomerase. [9]

According to the current study, pregnancy and oral contraceptive use were
factors that caused the disease in more than 40% of cases, although, such factors do
not explain the totality of events, leading to the idea that different elements are
actually involved in the disease’s genesis. [30,31]

Regarding melasma affected patients’ photo exposed skin areas, it is possible
to observe different phenotypic expressions in the epidermis-melanin unit overlaid in
an intriguing way, suggesting the possibility of focal changes, mosaic like. Factors
involved in its development must, in general, act straight over melanogenesis and
over melanossomes cytocrinic activity, instead of a systemic change where it would

be expected a generalized pigmentation, just as the one induced by ACTH
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administration for patients. [32,33]

Estrogen regulates PDZK1 expression, at the same time inducing tyrosinase
expression, although PDZK1 super-expression does not change melanocyte and/or
keratinocyte rates. [34, 35] It was also shown the important role played by PDZK1
stimulation due to hyperpigmentation in melasma affected skin’s patients, particularly
when associated to estrogen, through identified clinic correlations and the action
mechanism with its molecular interaction. [36]

H19 low expression is significantly correlated to melasma, and, in melanocyte
cultures with H19 gene low expression, there was a Tyrosinase superexpression. [37]
It suggests that H19 gene expression can lead to melasma developing susceptibility
and estrogen level during pregnancy or the use of contraceptives can be expression
regulator factors.

Sun exposure induced melasma presents higher [ estrogen receptors
HSCOREs for healthy and lesional skin, pointing towards the occurrence of
receptor’s upregulation by sun exposure, the main element associated to melasma
development.

Lack of linear correlation between estrogen and progesterone receptor’s
nuclear expression suggests that the increase in receptor expression occurs
independently in the samples. Besides, progesterone expression increased
according to patient’'s phototypes, suggesting that it can play some role in
melanogenesis.

In opposition to estrogen receptor, there is no literature explaining
progesterone’s role in dermal pigmentation. Progesterone is remarkably high during
pregnancy, what can explain melasma occurrence at such phase, caused by

epidermis’ receptors activation. But, some progestogens groups, such as
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clormadinoma, can counterbalance estrogen effects over pigmentation, protecting
against melasma’s development. [15, 29]

B estrogen and progesterone receptors’ nuclear histological expression was
not influenced by age, phototype, family background, age in which it first appeared,
clinical pattern, disease induced by pregnancy or oral contraceptive. Such outcomes
are different from YH Jang et al.’s study, which substantiated higher 3 estrogen
receptor expression in the sub-group of patients with melasma related to pregnancy.
[16] The more expressive sample size and the most sensible counting methodology
we used in this study should have influenced the current outcomes.

Skin biopsies, regarding the different analysis in the current study, were done
just in facial melasma, once healthy skin control was taken from skin around the
lesions. It is important to highlight that facial skin presents higher melanocyte rates in
comparison to the rest of the body, so, a comparison with skin from other areas
would not be appropriate. Moreover, the comparison needs a control skin (healthy)
submitted to the same environmental stimulus, such as sun exposure. [4]

Evidences show that melanocytes from melasma affected skin are locally
hyperfunctioning due to specific paracrine stimulus from melanogenic substances
secreted by neighbor keratinocyte, influenced by environmental factors, among them,
ultra-violet radiation and sex steroid hormones. [14, 24, 25]

Identifying increased level of estrogen and progesterone receptors in melasma
affected skin brings up arguments in order to investigate local hormonal blocking in
melasma’s outcome

Although B estrogen and progesterone receptors protein expression increase
in lesional epithelia by melasma is a possible mechanism involved in local

occurrence of the disease, B estrogen and progesterone receptor’'s RNAm relative
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concentration was not different in healthy and lesional skin fragments.

Such outcomes can be explained, partially, by the fact that RNA identification
did not happen only between keratinocyte, but in all cells sampled in the fragment,
including dermis, which presented similar immunohistochemical marks among
samples. Yet, it is important to consider that the RNA's presence, does not
necessarily mean, protein production. Moreover, it is known that the difference in
specific RNA rates, among biological samples, is not necessarily reflected by an
equivalent difference in protein rates. [38] Thus, a similar relative RNAmM
concentration found in healthy and lesional skin fragments can also be the reflex of
post-transcriptional control in healthy skin, and studies that investigate epigenetic
regulator elements such as microRNAs must explore such question.

Other studies must be done in order to elucidate elements involved in
melasma’s physiopathology, once just the B estrogen and progesterone receptors
quantitative difference would not be the only explanation for its physiopathology, by
the occurrence of the disease in men and menopause women and by 17-B-estradiol
non-genomic effects in epidermis.

Melasma which affects upper members of the body is more common among
menopause women, when submitted to hormone replacement therapy. [7] Besides,
estradiol increases B estrogen receptor expression in dermis fibroblast cultures in
menopause women. [39]

Whereas melasma’s physiopathology is still little clarified, the disease will keep

being a source for research and a therapeutic challenge.
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4. Conclusoes

Houve maior expressao nuclear de receptores de estrogénio B e progesterona
na pele com melasma facial que na pele s& adjacente, sugerindo a participagao
hormonal na patogénese da doencga, entretanto isto n&o foi ratificado pela expressao

génica na pele total.

53



Andréia Tamega Expression of estrogen and progesterone receptors in melasma

5. Perspectivas

O melasma inflige importante impacto na imagem pessoal, causando estresse
emocional, alterando a qualidade de vida dos pacientes acometidos, além dos cust
relacionados aos tratamentos e procedimentos, cujos resultados, nem sempre,
correspondem as expectativas dos pacientes.

Melasma tem etiologia multifatorial, envolvendo elementos genéticos,
comportamentais e de exposicao, interferindo com a funcdo de toda a unidade
epidermomelanica.

O favorecimento da eumelanogénese envolve mediadores inflamatérios,
fatores de crescimento, sintese paracrina de MSH e expressdo de receptores de
horménios sexuais; porém, a alteragao primaria subjacente que leva a todos esses
elementos ainda ndo é conhecida, e receptores de hormdnios devem ter
participagao importante mas nao exclusiva na sua patogénese.

De maneira geral, o progndstico do melasma é favoravel, observando-se uma
redugao da sua prevaléncia e da intensidade das lesbes com a idade e atenuacao
da pigmentagdo com o tratamento. O fato do melasma diminuir de incidéncia com a
idade pode ser devido a reducao dos horménios sexuais e/ou redugao do numero de
melanadcitos.

E intrigante que nas lesdes do melasma ocorram comportamentos de
resposta melanogénica mais intensa que areas saudaveis contiguas, submetidas a
regimes semelhantes de fotoexposicdo, sugerindo um comportamento de
mosaicismo genético pos-somatico do sistema pigmentar, cujo substrato gendémico,
também n&o é ainda totalmente compreendido.

Estudos com interferéncia genética, como microRNA podem elucidar o
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comportamento de genes candidatos quanto as alteragdes que podem induzir a
pigmentacdo de maneira tao peculiar.

A compreensado disso pode levar hipoteses de formas de reversao desse
fendtipo localizado e idealizar novas estratégias terapéuticas para reduzir a aflicado

que a doenca inflige em seus pacientes.
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6. Anexos

Anexo | — Artigo de epidemiologia do melasma

ORIGINAL ARTICLE

Clinical patterns and epidemiological characteristics of facial
melasma in Brazilian women
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Abstract

Background Melasma is a common acquired chronic hypermelanosis of sun-exposed areas which
significantly impacts quality of life. There are few epidemiological studies in medical literature
concerning these patients.

Objective Characterize clinical and epidemiological data on Brazilian female patients with
melasma.

Methods A semi-structured questionnaire was administered to melasma patients treated at a
dermatology clinic between 2005 and 2010. Association between variables was performed by
multivariate regression models.

Results We assessed 302 patients; intermediate skin phototypes Il (34.4%) and IV (38.4%) were
prevalent. Mean disease onset age was 27.5 + 7.8 years and familiar occurrence of melasma was
identified in 56.3%. The most commonly reported trigger factors were pregnancy (36.4%),
contraceptive pills (16.2%) and intense sun exposure (27.2%). Preferred facial topographies were
zygomatic (83.8%), labial superior (51.3%) and frontal (49.7%). Pregnancy induced melasma has
been associated to early disease (OR = 0.86) and number of pregnancies (OR = 1.39).
Childbearing was correlated to melasma extension. Older disease onset age was associated to
darker skin phototypes. Co-occurrence of facial topographies supported clinical classification as
centrofacial and peripheral melasma.

Conclusion This population was characterized by: a high prevalence in adult females,
intermediate skin phototypes, disease precipitation by hormonal stimulus and familiar genetic

influence.
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Introduction

Melasma is a common chronic  acquired
hypermelanosis that causes important aesthetic
involvement and decreases quality of life. It mainly
affects adult women of childbearing age from all
ethnic groups and 1is characterized by brown
symmetrical, homogeneous, irregular macules in sun-
exposed areas, mostly on the face.'”

The epidermis of melasma reveals local melanocytic
hyperactivity without melanocyte hyperplasia. The
number of melanosomes and their degree of maturity
are increased causing hyperpigmentation in all
epidermal layers. Dermal elastosis and slight
lymphocytic infiltrate are also observed. However,
most of the physiopathology is still not fully
understood.®"°

Several factors have been implicated in melasma
development, but none are individually responsible.
Pregnancy, hormonal therapies, oral contraceptive
pills, cosmetics, photosensitizing medications,
endocrinopathies, emotional stress and anticonvulsants
have been reported, along with a genetic
predisposition and exposure to sunlight, as the main
factors for melasma development.'™*

The American Academy of Dermatology estimates
that melasma affects 5—6 million women in the
United States.'”” Pigmentation disorders were the
third largest group of diseases (8.8%) detected in
dermatological consultations in the last Brazilian
dermatological census, and the second largest
dermatology office complaint in women (11.6%)."°

Population-based studies in pregnant women have
revealed a varying melasma prevalence of 10-70%,
suggesting that other factors, such as ethnicity and
sun exposure, are involved in its development.'”°

Family history of melasma occurs in about 50% of
patients, particularly in those with darker skin
types."’

There are several clinical classifications regarding
the topographical locations of these lesions.
Centrofacial, malar and mandibular are the most
common, although some authors prefer more
objective classifications such as: central, peripheral,
mixed (facial) and extrafacial.**!

There are few epidemiological studies on the clinical
issues of melasma or analytical studies that explore the
relationship between its demographic and clinical
variables. This work evaluates the main clinical
patterns and epidemiological aspects of facial
melasma in Brazilian women.

Materials and methods

An observational and analytical epidemiological study
was performed by interviewing adult women with
melasma attending the dermatology clinic from 2005
until 2010 at Botucatu School of Medicine-UNESP,
S&o Paulo, Brazil. There were no restrictions regarding
ethnicity, Fitzpatrick’s skin phototype classification
(I-VI),” diagnosis status (old and newly diagnosed),

or treatment.

All  volunteers answered a
questionnaire  on  clinical and demographic
information specially developed for this study.
Interviews were performed by dermatologists and
supervised by the principal authors (A.A.T. and
L.D.B.M.) during routine dermatologic consultation.
Basal cortisol and thyroid-stimulating hormone (TSH)
were collected from patients in the morning and
analyzed at the institutional laboratory by
chemiluminescence and radioimmunoassay. TSH
values outside 0.4—4.0 lg/dL and basal cortisol values
outside 3.7-19.4 1U/mL were considered abnormal.
This study was approved by Botucatu School of
Medicine Research Ethics Committee (293 / 2004),
and all participants signed an informed consent form
for clinical and laboratorial investigation.

Categorical variables were represented by their
percentages and 95% confidence intervals were
estimated (CI 95%). Quantitative data were
represented by mean and standard deviation, or
median and interquartile range if non-parametric.
Normality was assessed by Shapiro-Wilk test.”

semi-structured

Subgroups were explored by multivariate analysis.
Dependent variables were adjusted by other covariates
using an unconditional multiple logistic regression
model. Association between categorical variables was
estimated by odds ratio (OR) and its respective CI
95%. Multivariate analysis of continuous dependent
variables was performed by a generalized linear
model. All multivariate models were built according
to the selection of covariates which reached
significance (P < 0.3) in a bivariate analysis.** All tests
considered a two tailed P value of 0.05 as significant.
Topographical lesion patterns were evaluated by
hierarchical cluster analysis (Ward’s method).”

Data were tabulated in MS Excel 2007 and analyzed
by SPSS 17.0 software.**’

Results

Three hundred and two patients were included in the
study; their main clinical and demographical
information are presented in Tables 1 and 2.

Melasma onset occurred in adulthood (menacme)
(Fig. 1), age (mean + standard deviation) was 27.5 £
7.8 years. Disease duration (median + interquartile
range) was 9 + 11 years.

There were no Asians and no currently pregnant
women in the sample.

Intermediate skin phototypes (Fitzpatrick) were
prevalent (Table 1), a positive family history of
melasma was also expressive, mainly (70.4%) in first-
degree relatives, as was living by the sea or on a farm.

Pregnancy, birth control pills and intense sun exposure
were the most common causative elements identified
by patients (Table 1).

Hierarchical cluster co-occurrence analysis of facial
topographies revealed two main patterns of lesion
distribution in patients (Fig. 2).

57



Andréia Tamega

Expression of estrogen and progesterone receptors in melasma

Group 1 revealed a centrofacial pattern and Group 2 a
peripheral topography. Table 2 presents both
topography frequencies, and their clinical and cluster-
related classifications.

Combined facial patterns were the most common
presentation, followed by the centrally exclusive ones.
The zygomatic, labial superior, frontal, nasal and
parotid regions were the most affected. Extrafacial
occurrence was observed in 7.9% of those with facial
melasma. Six or more facial regions were involved in
most patients. Zygomatic occurrence was frequently
associated to other lesions (90.5%), mainly
centrofacial topographies.

Abnormal TSH hormonal profiles were found in
25.3% (24.1% high and 1.2% low) and cortisol in
9.6% (7.7% high and 1.9% low) of patients. These
findings were consistent with prevalence levels in the
adult female population (P > 0.3).”® High TSH levels
were associated to intense sun exposure induced
melasma (OR = 2.15; CI 95% 1.00-4.69). High
cortisol levels were associated to a lower number of
pregnancies (OR = 0.02; CI 95%0.01-0.23) and

Table 1 Main demographic patient data

Hormone replacement 3 1.0 0.0-2.1
therapy
Affected facial  Zygomatic (malar) 253 83.8  79.6-87.9
site Labial superior 155 513  45.7-57.0
Frontal 150 49.7 44.0-55.3
Nasal 122 40.4 34.8-46.0
Parotid 90 29.8  24.6-35.0
Mentonian 88 29.1 24.0-34.3
Glabellar 76 25.2 20.3-30.1
Temporal 73 24.2 19.3-29.0
Mandible 54 17.9 13.5-22.2
Upper chest 18 3.3 3.3-8.6
Upper limbs 7 0.6 0.6-4.0
Neck 7 0.6 0.6-4.0
Clinical Central 156 51.7 46.0-57.3
classification® b heral 15 50 2574
Combined 131 43.4  37.8-49.0
Cluster Centrofacial 209 69.2 64.0-74.4
classification (Cluster 1)
Peripheral 93 30.8 25.6-36.0
(Cluster 2)

TAmong who have got pregnant.
FFacial types.
Cl, confidence interval.

disease induced by oral contraceptives (OR = 6.77; CI
95% 1.07-42.98), but not to any clinical variable.

A first-degree family report of melasma was
associated to a higher chance of living on a farm or by
the sea (OR = 1.76; CI 95% 1.07-2.88) and longer
disease duration (OR = 1.03; CI 95% 1.00-1.07), but
not to any clinical pattern or skin phototype.

Of those who reported pregnancy (n = 244), the
median (+ interquartile range) was 2 £ 2 pregnancies.
Melasma triggered during gestation was associated to
early disease onset (OR = 0.86; CI 95% 0.82-0.90)

and directly to the number of pregnancies (OR = 1.45;

CI 95% 1.14-1.84), but not to any clinical pattern.

N Percentage CI95%
(%)

Skin phototype | 2 0.7 0.0-1.6
28 9.3 6.0-12.6
:\I/I 104 34.4 29.1-39.8
Vi 116 38.4 32.9-43.9
\ 47 15.6 11.5-19.7

5 1.7 0.2-3.1
Family occurrencet 169 56.3 50.7-62.0
First-degree 119 47.6 41.4-53.8
Living at seacoast or farm 159 52.6 44.5-60.8
Sun exposed occupations 146 48.5 40.7-56.4
Ever smoking 73 31.2 25.2-37.2
Hormonal contraceptivef 115 38.1 32.6-43.6
Regular sunscreen uset 251 57.3 52.7-62.0

Oral contraceptive pill induced melasmas were

tFirst or second degree.
$Current use.
Cl, Confidence interval 95%.

Table 2 Main clinical patient data

N Percentage Cl 95%
(%)

inversely associated to the number of pregnancies (OR
= 0.71; CI 95% 0.55— 0.92) and mentonian lesions
(OR =0.41; CI 95% 0.18-0.93).

Late melasma onset positively correlated to multiple
pregnancies and peripheral clinical classification (P <
0.05). Nevertheless, lighter skin phototypes, melasma
induced by pregnancy or contraceptive pills, and

frontal and upper lip lesions correlated to early disease
onset (P <0.05).

Triggering factors Anyone reported 274 90.7 87.4-94.0
Pregnancyt 110 36.4 31.0-41.9
Intense sun exposure 82 27.2 22.1-32.2
Contraceptive pills 49 16.2 12.1-20.4
Psychological stress 20 6.6 3.8-9.5
Cosmetics 10 3.3 1.3-5.3
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Figure 1 Histogram of facial melasma onset ages.

observed alterations were similar to subclinical
disease  frequencies in the adult female
population.?**®

Intense sun exposure induced melasma has been
associated to abnormal TSH levels. Lutfi et al. found a
higher prevalence of thyroid autoimmunity in
melasma patients, but they did not stratify prevalence
by melasma cause.” The role of anomalous TSH in
sun exposure developed melasma should be
investigated by further studies.

Exogenous sexual steroids have been implicated as
melasma triggers, and for being specifically
responsible for its later appearance, masculine cases
and extrafacial topography.”’ ™!

Oral contraceptive pills and pregnancy are classically
reported triggers of the disecase. Moreover, we found
that higher cortisol levels were also associated to

Total number of melasma affected areas directly
correlated to early disease onset and disease induced
by pregnancy (P < 0.05).

Cases with longer follow-up were associated to
darker skin phototypes, mandibular and parotid
(peripheral) involvement and induction by
pregnancy (P < 0.05). Upper lip occurrence was
associated to more recent cases (P < 0.05).

Discussion

In this sample, facial melasma was common in
middle-aged woman with intermediate skin
phototypes. A high familiar disease frequency was
reported, and topographical exploration of
cooccurrences revealed two main facial clinical
patterns: centrofacial and peripheral.

Despite the high frequency of melasma in
dermatological ~ patients, there are few
epidemiological studies with representative samples.
Also, disease characteristics in different populations
can vary according to genetic and environmental
aspects.'* Far Eastern and Latin people, and
pregnant women are the best studied groups, as
melasma rarely affects patients with lower skin
phototypes and frequently occurs or worsens during
pregnancy. 15230

Several series of cases, in different ethnic groups
have emphasized female involvement (9:1) during
childbearing age.***' Reports of rare melasma
findings in Andean children strengthen the adult
profile and add weight to photoexposure as a major
risk factor.”’ In our study, the higher levels of
disease onset between the second and fourth decades
corroborate findings in literature and suggest a
possible hormonal relationship in its
pathophysiology.**>*

In studies on idiopathic melasma, Sacre et al. found
normal thyroid hormonal levels, prolactinic and
gonadotrophic stores in their patients. The abnormal
TSH and cortisol levels in our study did not indicate
they were major endocrinological factors, as the

hormonal induced melasmas, strengthening the
endocrine origin hypothesis.*> Whilst persisting
indefinitely in only one third of pregnant melasma
patients,'** when induced by oral contraceptive pills
it does not tend to disappear after pill suspension.”***
Our study revealed that pregnancy induced melasma
began earlier and was more common in those who
have had multiple pregnancies, corroborating Ortonne
etal.”

The effects of estrogen and progesterone in
melanogenesis have been reported by many
authors.””*>*¢ Pregnancy and oral contraceptives pills
were disease triggering factors in more than 50% of
cases in our study.”"*¢*’

First degree family history occurred in more than 45%
of cases, supporting genetic factors as important in
developing melasma.”** In our analysis, more than
half the patients reported some family member with
melasma, although these data must be carefully
interpreted considering memory bias and also the
association between family linkage and having lived
on a farm or by the sea. Patients who reported positive
family history also had longer disease duration,
suggesting a genetic predisposition to a disease
sustaining factor.

Melasma prevalence was higher in intermediate skin
phototypes (Fitzpatrick scale III, IV and V). The low
incidence of melasma in extreme skin phototypes
suggests some stability or homogeneity in ultraviolet
(UV) reaction regarding their pigmentation system. '’
Areas affected by melasma have intense
melanogenesis, more efficient citocrinic activity
(melanosome transference), and mature melanosome
transportation with greater proportion of eumelanin,
simulating a localized higher skin phototype. This
argument is strengthened by increased melasma
frequency in Latin and Asian phenotypes, as opposed
to a lower frequency in Caucasian and African
peoples.®"**"* Our data also showed that the highest
phototypes have the oldest disease onset ages,
substantiating melanin UV protection in melasma
development.
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Unprotected UV radiation exposure is supposed to be
the most important environmental triggering factor in
clinical issues of melasma.*** This could also be seen
in our sample due to the predominant centrofacial
location of lesions and a study reporting more than
25% melasma onsets after intense sun exposure.*’

Conclusions

We characterized a sample of Brazilian women with
facial melasma. The main findings were disease onset
at childbearing age, high reported frequency of
familiar disease, intermediate skin phototypes and
precipitation by hormonal stimuli. The co-occurrence

Another Brazilian study also found this Centrofacial of facial topographies supported a clinical
predominance. The clinical classification of melasma
Dendrogram using Ward linkage
Rescaled distance cluster combine
0 S 10 15 20 23
1 L 1 1 1
Zigomatic 2
Glabedar 5
Nasal 9
Upperlip 7

> Mentonian 8

Parotid 1

Mandible 6

Torrporal 3

Frontal 4

Figure 2 Dendrogram revealing two main co-occurrence patterns for melasma facial lesions.

is a theme that must be better assessed with proper
methodological designs. Although evident by Woods
lamp examination, the division between dermal and
epidermal does not have histopathological support,
besides being related to treatment resistance.’">"*
Categorization into facial and extra-facial types is
simple, but reductionistic, and does not give value to
the many clinical presentations on the face, or other
associations. Their designation as centrofacial, malar
and mandibular does not take into account the
peripheral and combined forms.**** Our study
identified a predominance of central melasma, with a
higher frequency in the centrofacial regions.

There was no evidence to support an exclusively
mandibular classification, as suggested by some
authors.” In fact, 64.8% of mandibular incidence co-
occurred with parotid topography, and just two cases
(3.7%) presented solely with mandibular lesions.

The main limitations of this study are related to the
evaluation of patients under dermatological treatment
and the possibility that treatment and length of time
modify clinical patterns of the disease. Furthermore,
the possibility of memory bias regarding familiar
history and triggers should be considered. Finally, this
study was a sample of women attending a public
dermatology service and cannot therefore be
representative of all Brazilian women.

classification of centrofacial and peripheral melasma.
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Anexo Il - PROTOCOLO DE PESQUISA EPIDEMIOLOGICA EM MELASMA

Responsavel: Profa. Luciane Bartoli Miot e Dra. Andréia de Almeida Tamega
Cole a etiqueta ou Preencha
R it
NOME: i
Sexo: [ |M[JF

Data de Nascimento:.................... Lo, |

Telefone para Contato:
Procedéncia (Cidade):
Naturalidade (Cidade):
Profissao:

Fototipo: [ ] [l (] I TJIV [JV [IVI J& Morou: [ JPraia [|Sitio/Fazenda

Locais acometidos: [ JParotidea [ ]Zigoma [ [Temporal [_]Frontal [ ]Glabela [_]Mandibular [ ]Labial
Superior [ JMento [_JNasal [ ]Cervical [ ]MMSS [ ]Colo [ |Orelhas [ ]Outro

Padrao: [_]Centro-Facial [ JMalar [_JMandibular [_]Difuso

Inicio do Melasmai: ..........ccccceeee anos de idade

Histéria Familiar de Melasma: oN&o oSim Quem?

Fator desencadeante: [ JACO [ ]Gestacdo [ ]Menopausa [ [TRH
OEstresse psicolégico [ JInfecgdo [ JOutro

Tabagismo? [ INao [ |Sim - (Atual: [ ]Nao [ |Sim)

Usa filtro solar? [ JN&o [ ]Sim - Qual?

Uso diario: [ |Ndo [ ]Sim

Ha quanto tempo?

Usa ACO? o Nao o Sim — Qual?

Ha quanto tempo?



Andréia Tamega Expression of estrogen and progesterone receptors in melasma

Usa outros medicamentos?

Comorbidades?

GESTA.......cueee.. PARTOS: ....cccoeeeieeeee AB: e,
Tratamentos ja realizados | Sucesso/Insucesso
TSH: o, Cortisol basal: ...........cccceeeeeee.

Comentarios: (No verso)

63



Andréia Tamega Expression of estrogen and progesterone receptors in melasma

Anexo lll - Termo de consentimento livre e esclarecido

Vocé esta convidado para participar da pesquisa intitulada “Estudo comparativo da imunohistoquimica
e expressao de receptores de estrogeno no melasma e na pele sa” que objetiva esclarecer algumas
caracteristicas do melasma, manchas acastanhadas que acometem a pele. Para participagdo da
pesquisa, serdo retirados, sob anestesia local, 4 fragmentos de 2 mm cada, da sua pele na face,
utilizando um punch, instrumento préoprio p/ esse fim. Os fragmentos da sua pele serdo obtidos tanto
da pele com a mancha quanto da pele sadia ao redor (2 fragmentos de cada), para compararmos as
regides. Os locais que serdo escolhidos para a bidpsia serdo de areas mais periféricas do rosto,
poupando o centro da face, que ¢ mais visivel. O desconforto da anestesia se restringe a dor e ardéncia
temporarios e os riscos da bidpsia sdo infec¢do local, sangramento discreto e formagdo de pequena
cicatriz. Vale ressaltar que a bidpsia ndo é necessaria para o seu tratamento e tem apenas
importancia para realizacdo deste trabalho. O material de sua biopsia ficara estocado no laboratorio
de anatomia Patoldgica do Hospital das Clinicas —-UNESP. Caso novo projeto de pesquisa deseje
estudar sua bidpsia, vocé sera novamente procurado para assinatura de novo termo de consentimento
livre e esclarecido. Caso vocé apresente quaisquer complicagdes, recebera orientagdes e tratamentos
adequados pelo responsavel pela pesquisa. E necessario esclarecer ainda que néo havera beneficios
imediatos para vocé e que vocé ndo sera remunerado pela participacdo nessa pesquisa.

Vocé devera comparecer ao retorno para retirada de pontos na face.

Vocé recebera o tratamento para suas manchas (melasma) considerado mais adequado a vocé. O
tratamento incluira fotoprotegdo associada a medicamentos topicos, peelings ¢/ou lasers, de acordo
com a avaliagdo clinica realizada pelo responsavel pela pesquisa.

Qualquer duvida adicional, vocé podera entrar em contato com o Comité de Etica em Pesquisa, através
do fone: 3811-6143.

Eu, , apos ser devidamente esclarecida, inclusive sobre o risco de ficar com uma
pequena cicatriz no local da retirada dos fragmentos de pele, aceito participar do projeto de pesquisa,
podendo a qualquer momento esclarecer diividas e desistir de participar do mesmo, sem prejuizo do
atendimento que necessitar. Eu autorizo a retirada de fragmentos da minha pele. Também fui
informada de que meu nome nao aparecerd quando os resultados forem divulgados.

Vocé ficard com uma copia deste documento.

Botucatu, de de

Assinatura do paciente

Assinatura do Pesquisador:

Dra. Andréia de Almeida Tamega Dermatologista — CRM 107.772
Endereco: Rua Coronel Manoel Luis dos Santos, 421 apto. 31

Vila Sao Liucio — Botucatu — SP CEP: 18603-310 Telefone: (14) 3815-4586
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Anexo IV — Parecer do Comité de Etica em Pesquisa

)
4%  Universidade Estadual Paulista
UNeSP ™ racuidade de Medicina de Botucatu
[estrito Rubiéo Junior, ®n® - Botucaty -S.P.

CEP: 18.618-970
Fane/Fay: {(ce1 4) 3817-6143 e

Regimrado no Minfstério do Saide

e-mal secretaria capalup@fmb.uneep br om 30 da a2vil Ju 4997

c-mai coordenadora; harden@fmb.ureso. br

Botucatu, 07 de dezembro de 2.009 OF. 453/2009-CEP

Tlustrissima Senhora

Prof® Dr® Maridngela Esther Alencar Marques
Departamenta de Patologia da

Faculdade de Medicina de Botucatu

Prezada Dr® Maridngela,

De ordem do Senhor Coordenador deste CEP, informo que Projeto de Pesquisa
{Protocole CEP 3389-2009) "Estudo comparativa da imunohistoquimica e
3 _ expressdo de receptores de estrdgenc no melasma e na pele s&°, a ser
’ conduzido por Andréia de Aimeida Tamega, orientada por Vossa Senhoria, co-
orientada pela Dr® Luciane Donida 8artoli Miot, com a participagdo dos Profs.
Drs. Marcia Buimordes da Silva e Hélio Amante Miot recebeu do relator

parecer favordvel, aprovado em reunido de 07 de dezembro de 2.009.

civar relatfric doe 10 pramemes casss concludes ¢ posterormenie
vgresantar rasuitado do cdicule amostral pera o astudy definitive.

Situagto do Projeto: APROVADO. Ao final da execucto deste Projeto,
apresentar aa CEP “Relatdrio Final de Atividades.

Atenci nte,
~
li ;’% !
Alberte Santos C.h".spelluppi
Secretédrio do CEP
/
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