UNIVERSIDADE FEDERAL DA BAHIA
Programa de Pés-Graduagao em Biotecnologia
RENORBIO

AVALIACAO DA TERAPIA FOTODINAMICA ASSOCIANDO O LASER
VERMELHO A SOLUCAO FENOTIAZINICA SOBRE MELANOMA MURINO
B16F10

Gustavo Miranda Pires Santos

Salvador
2018



UNIVERSIDADE FEDERAL DA BAHIA
Programa de Pés-Graduagao em Biotecnologia
RENORBIO

AVALIACAO DA TERAPIA FOTODINAMICA ASSOCIANDO O LASER
VERMELHO A SOLUCAO FENOTIAZINICA SOBRE MELANOMA MURINO
B16F10

Gustavo Miranda Pires Santos

Tese apresentada ao Programa de Pds-graduacdo
em Biotecnologia da Rede Nordeste de
Biotecnologia (RENORBIO) do Ponto Focal
Bahia da Universidade Federal da Bahia, como
requisito parcial para obtencdo do titulo de
Doutor em Biotecnologia. Area de concentragio
Biotecnologia em satde.

Orientador: Prof. Dr. Antonio Luiz Barbosa
Pinheiro

Salvador
2018






Ficha catalografica elaborada pelo Sistema Universitario de Bibliotecas (SIBI/UFBA),
com os dados fornecidos pelo(a) autor(a).

Santos, Gustavo Miranda Pires

AVALIACﬁO DA TERAPIA FOTODINAMICA ASSOCIANDO O
LASER VERMELHO A SOLUCﬁO FENOTIAZINICA SOBRE MELANOMA
MURINO B16F10 / Gustavo Miranda Pires Santos. --
Salwvador, 2018.

86 f.

Orientador: Antonio Luiz Barbosa Pinheiro.

Tese (Doutorado - Renorbio) -- Universidade
Federal da Bahia, Instituto de Ciéncias da Satde,
2018.

1. Melanoma. 2. Terapia Fotodindmica. 3. Autofagia
I. Pinheiro, Antonio Luiz Barbosa. II. Titulo.




Frograma de Pos-Graduacao em Eiuta-l;nnluﬁl
Universosde Federal da Baria - UFEA o ;
Pro-Rators 0e Pesgusa & Pos-Gracuscto 3, [ 20101 hio

&5 Fwibor Migual l.‘.‘-l-immﬂn Wals 4o Cansla
SAD0-00, Savador-oA
Talafone: {T1) 3283-BA28 - E-mail mncrhaohafliuha b
TERMO DE APROVACAD
& TESE:

“Avaliachio da Terapla Forodindmica assoctumde o laser vermelho a salucio
femptiarinica sehre melanama murine Bi6F 0%

Elaborada por:
GUSTAVO MIRANDA PIRES SANTOS

Fo aprovada por todos os membres do banca examinadiora ¢ aceita pelo Programa de Pos-
Graduagio em Biotecnobogia da Renmorbae comae requesiio parcial i oblengiio do ko de

DOUTOR EM BIOTECHNOLOGEA

Salwador. Bahia, 25 de fevereiro de 2018

BANCA EXAMINADORA |"
Dr. M{Lhm a Pinheiro

{ Orscdador
Linivers Fi ida iH
I s dos Sahtos ==

.fE inaifor [nierno)
Unirversaibisde Federal da Balia

R, Sorith e (on S, WG -
[ Julinna Santos de Carvalbho Monteino
| Examimadora Exiersa)
Llmiversidade de Feimn de Saminnn

L A
Dr. Luiz Guilherme Pinbeiro Soares
| Exprminasdor Fxiemis)
Unaversidade Federal da Babua
P o P
Dr." Patricia Ramos Cury
{Examinalora Externa)
Limiversidade Federal da Bahin

Fae OIeEe OF DaAMOnongi . WIcST 08 P GIaduasio
T epae ML e BAET (0 O



AGRADECIMENTOS
Aos meus pais que sempre me incentivaram a seguir em frente
Ao irmao que é meu grande amigo
A minha esposa pela forca e paciéncia

Aos amigos de laboratorio Susana Carla, Pedro Crugeira, Fernando
José e Sandra Fagnani pelo apoio, discussdes e correcdes

Aos professores do programa Renorbio/UFBA pelos ensinamentos
Ao prof. Antonio Pinheiro pela orientagao e acolhimento

A FAPESB (termo de outorga 04282014)






“Uma mente que se abre a uma nova ideia
jamais volta ao seu tamanho original.”
Albert Einstein.
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RESUMO

Este estudo trata-se da avaliagdo da terapia fotodindmica associando uma solugdo
fenotiazinica ao Laser vermelho (A=660nm) contra células de melanoma B16F10. Para tanto,
foram realizadas trés etapas: prospec¢do; avaliagdo da terapia fotodinamica contra melanoma;
avaliagdo da terapia fotodinamica contra macrofagos infectados e ndo infectados. Deste modo
foi possivel demonstrar que a maior parte das patentes depositadas sobre o tema utilizam
porfirinas como fotossensibilizador, que o maior depositante de patentes nesta drea sdo os
Estados Unidos da América e que as cincos maiores instituicdes depositantes sao empresas
privadas. Ja na segunda fase do estudo foi demonstrada a capacidade da terapia fotodinamica,
associando uma solug¢do fenotiazinica ao Laser vermelho (A=660nm), em aumentar a
producao de ROS intracelular, bem como a producao massiva de autofagia, além de reduzir a
proliferacdo de células de melanoma B16F10. Por ultimo, a fim de avaliar a seletividade da
terapia fotodinamica, associando uma solugdo fenotiazinica ao Laser vermelho (A=660nm),
foram usados macrofagos infectados e nao infectados. Esta ultima etapa demonstrou-se que a
terapia fotodinamica, associando uma solugdo fenotiazinica ao Laser vermelho (A=660nm),
reduz o niimero de patégenos intracelulares sem reduzir o nimero de macrofagos, este fato
estd associado a indugdo de um maior ‘burst’ oxidativo nos macrofagos que resulta na
eliminagdo de patdgenos. Enquanto, em macrofagos ndo infectados a terapia fotodinamica,
associando uma solugdo fenotiazinica ao Laser vermelho (A=660nm), ndo produziu o aumento
de ROS. Assim foi possivel concluir que a terapia fotodinamica foi seletiva sendo capaz de
causar alteragdes ultraestruturais e reduzir a proliferagdo de células de melanoma B16F10,
mas incapaz de produzir o mesmo efeito em macrofagos, infectados ou ndo.

Palavras-chave: Cancer; Autofagia; Laser; Terapia Fotodindmica



ABSTRACT

The objective of this study was to evaluate the photodynamic therapy associated with a
phenothiazine solution to the Red Laser (A=660nm) against B16F10 melanoma cells. Three
steps were taken: prospecting; evaluation of photodynamic therapy against melanoma;
evaluation of photodynamic therapy against infected and uninfected macrophages. In the first
stage, we show that most of the patents deposited on the subject use porphyrins as a
photosensitizer, that the largest patent holder in this area is the United States of America and
that the five largest depositors are private companies. In the second phase of the study, the
capacity of photodynamic therapy was demonstrated increasing intracellular ROS production,
as well as mass production of autophagy, and reducing the proliferation of melanoma
B16F10. Finally, to evaluate the selectivity of photodynamic therapy infected and uninfected
macrophages were used. In this step the photodynamic therapy’s group reduced the number of
intracellular pathogens without reducing the number of macrophages. This fact is associated
with the induction of a greater oxidative burst in the macrophages that results in the
elimination of pathogens. While, in uninfected macrophages, photodynamic therapy did not
produce an increase in ROS. Thus, it was possible to conclude that photodynamic therapy was
selective and capable of causing ultrastructural alterations and reducing proliferation of
B16F10 melanoma cells, but unable to produce the same effect in infected or non-infected
macrophages.

Keywords: Cancer; Autophagy; Laser; Photodynamic Therapy
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1 INTRODUCAO

A produgdo tecnolodgica deve ser acompanhada de uma prospeccao tecnoldgica e uma
busca de anterioridade. Este primeiro evento, no geral, ¢ produzido a partir do estudo de
patentes depositadas. Assim ¢ possivel avaliar o nivel de desenvolvimento de uma
determinada tecnologia e suas respectivas possibilidades de crescimento. No Brasil o
principal banco de patentes consultados ¢ INPI. Enquanto a busca de anterioridade esta
relacionada a identificagdo dos produtos e processos, relacionados a tecnologia em questao, ja
desenvolvidos.

A terapia fotodindmica ¢ uma modalidade terapéutica que utiliza um cromoforo
exdgeno que quando fotoativado libera ROS. Existem muitas classes de cromodforos passiveis
de fotoativagdo, os principais sao as porfirinas e seus derivados. Estes compostos tem o maior
pico de absor¢do na faixa espectral do azul, onde produzem maior efeito fotodinamico,
contudo podem ser fotoativados em outras faixas espectrais.

A maioria dos tipos de morte celular ¢ fisioldgica, estas sdo classificadas como morte
celular programada. Enquanto, quadro de morte ndo programadas estdo relacionadas a casos
de alteracOes abruptas. Basicamente existem cinco tipos de morte celular programada, sendo
uma dependente de caspase, apoptose, € os outros tipos independentes de capazes.

O controle da progressao celular e da morte celular sdo realizados por dois grupos de
genes: os protooncogenes, que regulam o ciclo celular, e o genes supressores de tumor, que
ativam as vias de morte programadas. Falhas nestes mecanismos de controle podem gerar
neoplasias.

O cancer ¢ um conjunto de mais de 100 patologias, estima-se que ocorra em 1 a cada 3
americanos durante a vida (NIH, 1999). Entre 2003 e 2008 cerca de 29 milhdes de pessoas, no
mundo, foram diagnosticadas com algum tipo de cancer. Em 2008 foram registrados 7,6
milhdes de oObitos, em termos percentuais corresponde a 13% de todas as mortes de 2008,
além disso, mais de 50% destes casos de Obitos ocorrem em paises em desenvolvimento
(OMS, 2008).

Dentre os tipos de cancer mais comuns estdo cancer de prostata, cancer do colo de
utero, leucemia, cancer de estomago, cancer de pele. Este ultimo ainda pode ser subdividido
em varios tipos de cancer de pele onde o subtipo mais letal € o melanoma (OMS, 2004). O
melanoma corresponde a cerca de 3 a 4% de todos os tumores cutdneos malignos (ALMEIDA
et al.,2001), contudo ¢ responsavel por aproximadamente 80% das mortes por cancer de pele
(INCA, 2007).

Dentre as terapias utilizadas podemos citar a cirurgia, a quimioterapia, a radioterapia, a

terapia bioldgica — que utiliza interferon ou interleucina-2 — e a terapia fotodinamica (TFD)



14

(NIH, 2010). Esta ultima, a terapia fotodindmica, pode ser considerada uma alternativa
terapéutica ndo invasiva (CHAVANTES, 2009).

A terapia fotodindmica baseia-se na associacdo de trés elementos: um composto
fotossensivel (fotossensibilizador) que ¢ atdxico, uma fonte de luz visivel (LED ou LASER) e
a presenca de oxigénio molecular. Assim, no processo de fotoativagdo o fotossensibilizador
que era inerte absorve fotons e passa para um estado excitado. Neste estado o composto tende
a retornar ao estado natural e transfere sua energia para o oxigénio, que por sua vez, pode
apresentar-se como oxigénio tripleto ou recombinar-se passando para o estado singleto
(CHAVANTES, 2009). Outro efeito que pode ser associado a terapia fotodinamica ¢ a
produgdo de radicais livres (CASTANO et al.,2004). Esse fato é relevante uma vez que a
inducdo do estresse oxidativo por ser uma ferramenta util na quimioterapia do cancer (FANG,
NAKAMURA & YIER, 2007)

A terapia fotodinamica pode apresentar diferentes alvos intracelulares que sdo
dependentes da afinidade do fotossensibilizador por uma determinada molécula ou organela.
Sendo assim, podemos observar a agdo da terapia fotodindmica na mitocondria, nos
lisossomos, na membrana plasmatica, no complexo de Golgi ou no reticulo endoplasmatico
(CASTANO et al.,2004) e por atuar em diferentes estruturas a terapia fotodinamica pode
induzir a diferentes tipos de morte celular incluindo a apoptose e a necrose (ROBERTSON,
EVANS & ABRAHAMSE, 2009). Segundo Castano e colaboradores, em 2005, para
determinar o tipo de morte celular e suas respectivas vias devem ser considerados: o tipo e a
localizag@o do fotossensibilizador, a dose de energia, o comprimento de onda (L) especifico e
o tipo celular. Os mecanismos de morte celular podem ser avaliados por sondas fluorescentes
e por técnicas ultraestruturais. A microscopia eletronica ¢ empregada tanto para estudos em
cancer, quanto em doencas parasitdrias (RODRIGUES & DE SOUZA, 2008; MENNA-
BARRETO et al.,2009; VANNIER-SANTOS & CASTRO, 2009).

Genericamente, em 1990, a necrose induzida pela terapia fotodinamica foi associada a
alta e rapida producdo de espécies reativas de oxigénio (ROS) (ROBERTSON, EVANS &
ABRAHAMSE, 2009), que pode causar danos celulares irreversiveis e por consequente
ocasionando as alteracdes demonstradas por Ketabchi e colaboradores, em 1998. A apoptose,
por sua vez, possui alvos celulares mais definidos nos protocolos de terapia fotodindmica
onde os mais descritos sdao, dentre as organelas, o lisossomo, a mitocondria, a membrana
plasmatica e o reticulo endoplasmatico, dentre as moléculas tem-se, por exemplo, Fas-FADD
ligado a procaspase-8, Ca™ e Bcl-2 (ALMEIDA et al.,2004; CASTANO et al.,2005).

Apesar da autofagia ainda ndo estar relacionada positivamente a terapia fotodinamica,
por ser um mecanismo de sobrevivéncia bem definido e conservado, existem relatos de que a

deplecao de Bcl-2, cuja expressao esta relacionada ao efeitos antiapoptoticos, e/ou a redugdo
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de Beclin-1, podem desequilibrar a formag¢do do complexo Bcl-2/Beclin-1, que mantém a
homeostase celular em situagdes de caréncia de nutrientes e induzem a morte autofagica
(PATTINGRE et al.,2005; CASTANO et al.,2005).

Além dos efeitos antitumorais a terapia fotodinamica possui mais duas vias de agdo
que podem auxiliar na redu¢do e morte do tumor. A primeira atua na ativagdo do sistema
imune: com ativacao dos macrdfagos; influxo de neutroéfilos; producdo de anticorpos; ativagdo
de células citotoxicas, enquanto a segunda via tem sua atuacao no tecido endotelial, reduzindo
o aporte de nutrientes e causando hipoxia (CASTANO et al.,2005).

Davids e Kleemann, em 2011, apontam a terapia fotodindmica como um tipo de
tratamento minimamente invasivo que apresenta boa eficacia em casos oncologicos € nao-
oncoldgicos e capaz de ser um tratamento coadjuvante nos casos de melanoma. Dentre os
fotossensibilizadores mais utilizados estdo as porfirinas e seu derivados. Contudo, compostos
diferentes dos anteriormente citados podem ser utilizados como fotossensibilizadores capazes
de reduzir a proliferagdo de melanoma murino B16F10.

A fim de ampliar as alternativas para a terapia fotodinamica contra o melanoma
murino B16F10, neste trabalho, foram estudados os efeitos da terapia fotodindmica contra
células de melanoma, bem como a acdo da terapia fotodindmica contra macrofagos. Para
tanto, foram avaliadas a capacidade antiproliferativa, a producao de ROS, a integridade

membranar e a indugdo de autofagia.
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2  OBJETIVOS

2.1 OBJETIVO GERAL

Avaliar a eficacia da terapia fotodinamica, utilizando uma solugdo fenotiazinica e laser

vermelho, contra células de melanoma murino B16F10.

2.2 OBJETIVOS ESPECIFICOS

Realizar prospeccao tecnologica de fotofdrmacos e tratamentos relacionados a terapia
fotodinamica.

Avaliar a proliferagdo celular de melanoma apos a terapia fotodinamica em 24 horas.

Avaliar produgdo de ROS nas células de melanoma B16F10 apds a terapia
fotodinamica.

Avaliar alteragdes membranares promovidas apos a terapia fotodinamica.

Avaliar processo autofagico promovido apds a terapia fotodinamica

Avaliar seletividade da terapia fotodindmica usando macréfagos infectados e nao
infectados.

Avaliar produ¢do de ROS macrofagos infectados e ndo infectados apos a terapia

fotodinamica.
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3 REFERENCIAL TEORICO

3.1 TERAPIA FOTODINAMICA (TFD - PDT)

3.1.1 Principios basicos da Terapia Fotodinidmica

O tratamento do cancer baseado em fotoquimioterapia ¢ chamado Terapia Fotodinamica
(inglés: photodynamic therapy - PDT) (Dougerthy et al.,1998), este ¢ baseado no uso de
corantes nao-toxicos, que tem seletividade por alguns tecidos ou células e quando ativados
pela luz visivel, produzam ou induzam a célula a produzir Espécies Reativas Oxigénio (ROS),
como Oxigénio Singleto (DOBSON, QUEIROZ e GOLDING, 2018).

A agdo desses corantes, conhecidos como fotossensibilizadores depende basicamente de
dois tipos de reagdo, onde o fotossensibilizadores, quando excitado reage diretamente com
substratos oxidaveis, através de transferéncia de elétrons ou removendo atomos de hidrogénio
de moléculas bioldgicas, como fosfolipidios, colesterol, entre outras, ou reagem com o
oxigénio molecular produzindo oxigénio singleto, e reduzindo o corante a seu estado

fundamental (MARTIN & LOGSDON, 1987; NUNEZ, 2007) (figuras 1 e 2).

'S, AL

Figura 1: Esquema da reagdo fotodindmica tipo I. S => fotossensibilizador. A=> molécula que serd oxidada.
Fonte: MACHADO, 2000.
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Figura 2: Esquema da reagao fotodinamica tipo II. Fonte: MACHADO, 2000.

O oxigénio singleto ¢ um dos principais mediadores do dano fotoquimico causado por
fotossensibilizadores usados na PDT, por ter um tempo de meia vida curto (em agua 4,0 ps),
por conta disso seu raio de ac¢ao ¢ reduzido, corroborando com o principio de que a PDT atua

de maneira localizada (MACHADO, 2000).
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A maioria dos fotossensibilizadores tem seletividade por células alteradas (neoplasicas
ou ndo) isto ocorre porque as células normais eliminam o corante em aproximadamente 24h
enquanto as cé€lulas neoplasicas, por exemplo, permanecem com o corante num intervalo de
24 a 72 h (National Cancer Institute, 2011). Um fotossensibilizador ideal deve atender as
seguintes caracteristicas: Atoxicidade ou pouca toxicidade quando nao irradiado; estabilidade
cinética e termodindmica; sintese rapida, barra e com alto rendimento; seletividade por
células-alvo; ser ampla e rapidamente absorvido pela célula; ndo ser absorvido ou ser
eliminado rapidamente pelas células nao-alvo; ter um comprimento de onda para sua ativagao
dentro do espectro; apresentar alta capacidade de produzir ROS; ndo apresentar efeito
mutagénico (GONZALES, 2007; VAN STRATEN et al., 2017).

A terapia fotodindmica no tratamento do cancer ¢ indicada em estdgios iniciais, quando
métodos tradicionais de tratamento nao sdo recomendados ou podem causar sequelas
irreversiveis, tratamento de regides tubulares, como esdfago, traqueia, bronquios. As
contraindicacdes da terapia fotodindmica podem ser divididas em contraindicagdes severas,
como no caso de paciente com deficiéncia cardiorrespiratdria, caquexia, lipus eritematoso
sistémico, ou contra indicagdes restritas, no caso de reagdes alérgicas e/ou metastase regional

ou distante (FERREIRA & MENEZES, 2008).

3.1.2 Fotossensibilizadores

Fotossensibilizadores sdo moléculas que apresentam propriedades fotoquimicas, que em
geral, podem na presenca da luz ser fotoconvertidas em outras moléculas bem como
apresentarem alguma luminescéncia. Atualmente muitos compostos sdao utilizados como
fotossensibilizadores utilizados nos protocolos de fotoinativacdo e estes podem ser
classificados em diferentes “familias” e geracdes (CALLAGHAN e SENGE, 2018).

Em linhas gerais, o fotossensibilizador ideal ¢ aquele que s6 apresenta toxicidade apos a
fotoativagdo, apresenta alta seletividade e afinidade pelas células-alvo, além de ser inativo
contra células e tecidos humanos. Seguindo este raciocinio tem-se como grupo utilizados para
o tratamento de cancer as familias que albergam na sua estrutura quimica nucleo
tetrapirrélicos, como por exemplo, a familia das porfirinas (VO-DINH, 2015).

E de senso comum, contudo, que compostos coloridos que sio formados por moléculas
que possuem metais, como Al, Ga, Si, Zn, ou mesmo enxofre ou oxigénio na sua estrutura,
bem como a presenca de anéis aromaticos, como o benzeno, pontes de nitrogénio e que
possam doar ou receber elétrons tem, a0 menos em teoria, a chance de serem utilizados como
fotossensibilizadores. Neste caso podemos citar como exemplos: Ftalocianinas; Fenotiazinas;

Riboflavinas, dentre outras (WAINWRIGHT et al.,2009).
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3.1.3 Fontes emissoras de luz na terapia fotodinimica

O uso de terapias baseadas em efeitos fotoquimicos era realizada por civilizagdes
antigas como fenicios e egipcios, apesar dos seus respectivos mecanismos de agdo fossem
desconhecidos. Consequentemente, a utilizacdo destas modalidades terapéuticas eram
empiricas (ABDEL-KADER, 2014).

Apos 1960 com o advento da tecnologia LASER e pouco tempo depois do LED os
estudos envolvendo fototerapia tornaram-se mais profundos. Além disso, o aumento no
numero de equipamentos estimulou o interesse cientifico. A partir deste momento foi possivel
regular, nos aparelhos, parametros importantes, tais como a densidade de energia,
comprimento de onda e a poténcia, para as terapias fotonicas (PIMENTA, 1990).

Atualmente existem diferentes estudos que apontam fontes emissoras de luz como
LASER e LED como equipamentos eficazes. Entretanto, existem outras fontes luz citadas na
literatura como eficazes, tal como ldmpadas aldgenas (semelhante as utilizadas em projetor de
slides), porém vale a pena ressaltar com este tipo de lampadas a determinacao dos parametros
da luz tornam-se inviaveis (GOLDMAN, 2007).

Sabendo que a terapia fotodindmica ¢ uma particularidade da fototerapia que exige a
associacdo da luz e um fotossensibilizador. Tem-se que o efeito fotoquimico ocorrerd no
fotossensibilizador apos a agdo da luz, culminando na liberacdo de oxigénio singleto em um
local especifico. Contudo para obter esta reagdo € preciso utilizar um comprimento de onda
especifico, ou seja, um comprimento de onda que quando absorvido pelo fotossensibilizador
seja capaz de alterar a camada de valéncia dos seus elétrons (VO-DINH, 2015).

Os principais alvos da terapia fotodindmica tem como principais alvos a membrana,
nicleo e mitocondrias. Para tanto sdo utilizados diferentes fotossensibilizadores, pois, no
geral, cada um apresenta afinidade por um alvo celular especifico. Além disso existe a
possibilidade de utilizar fotossensibilizadores nanoencapsulados ou mesmo ligados a
anticorpos, assim nestes métodos de entrega de fotossensibilizadores busca-se o aumento da

especificidade pelo alvo celular da terapia fotodindmica (WAINWRIGHT, 2009).

3.1.4 Terapia fotodinAmica vs melanoma

A terapia fotodindmica ja ¢ utilizada como método de tratamento ou método auxiliar no

tratamento de diferentes tipos cancer. A principal familia quimica utilizada como

fotossensibilizador ¢ a das porfirinas, que tem dois picos de absorcdo de luz visivel: o
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primeiro € mais intenso na faixa espectral do azul e o segundo pico menos intenso na faixa
espectral do vermelho. Esta diferenca de intensidade na absor¢ao da luz resulta na diferenga
proporcional da producao de ROS (GOLDMAN, 2007; PIRES-SANTOS et al.,2015).

Outro fator importante associado as porfirinas € a acdo de proteinas membrana ligadas a
resisténcia as drogas sobre os compostos desta familia quimica. Estas proteinas ja foram
descritas em diferentes tipos celulares, sendo que sua presenca confere a célula a capacidade
de bombear porfirinas para fora da célula. Estas proteinas foram denominadas MRP ou ABC,
que além de serem descritas em células tumorais podem ser expressas em células normais, tais
como hepatdcitos, células renais e pulmonares (BORST et al.,1999; GABER et al., 2017).

Nos casos de tumores pigmentados, como o melanoma, a terapia fotodindmica
apresenta uma desvantagem associada a competicdo de melanina e do fotossensibilizador pela
luz. Portanto, protocolos terapéuticos propostos com os comprimentos de onda na faixa
espectral do vermelho e infravermelho possuem uma interferéncia menor que os protocolos
que utilizam a faixa espectral do azul para este tipo de barreira fisica (figura 3). Vale a pena
ressaltar que além do comprimento de onda o sucesso da terapia esta relacionado a outros
fatores, tais como doses de energia e concentragdes do composto usadas (SACZKO et
al.,2005; MONTEIRO et al.,2016).

Outras moléculas também sdo citadas como fotossensibilizadores eficazes em modelos
in vitro ¢ in vivo. Dentre estas moléculas podem ser citadas ftalocianinas, clorinas e
verteporfina. Todos estes compostos foram testados em associagdo com luzes cujos
comprimentos de onda pertencem a faixa espectral do vermelho/infravermelho préoximo foram
utilizados contra tumores tipo melanoma (DABROWSKI et al.,2011; BALDEA & FILIP,
2012).

Os principais efeitos antitumorais citados apos a terapia fotodindmica foram: inibicao
da proliferagdo tumoral; indu¢do de morte celular e regressdo do tumor. Enquanto os menos
frequentes foram: reducao de metastase por destruicao dos vasos linfaticos; conservagao dos
tecidos normais adjacentes ao tumor e aumento da sobrevivéncia dos individuos submetidos

aos protocolos (DABROWSKI et al.,2011; BALDEA & FILIP, 2012).
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Figura 3: Absor¢do de luz pela melanina, hemoglobina ¢ agua. A absor¢do de luz pela melanina é
aproximadamente 10 vezes maior na faixa espectral do azul que na faixa espectral do vermelho. Fonte:

https://www.globeamt.com/product/deka-minisilk-ft/

A inducao de morte celular pela terapia fotodinamica depende de varios fatores: tipo de
cancer; tipo de fotossensibilizador, concentragdo e seu respectivo sitio de ligacdo;
comprimento de onda e dose de energia. Os trés tipos de morte celular mais estudados sao a
apoptose, a necrose € a morte autofagica, este ultimo dos trés processos € o menos entendido
(SACZKO, 2005).

A autofagia ¢ conhecida principalmente por sua agdo na sobrevivéncia da célula, bem
como da sua participa¢do na manutengdo tumoral. Entretanto existem relatos referentes a agdo
letal da autofagia, principalmente, em tumores como uma nova possibilidade terapéutica a ser
explorada. Sabe-se que a macroautofagia quando superexpressa induz a morte autofagica, no
caso da terapia fotodinamica os principais alvos subcelulares sdo reticulo endoplasmatico,

mitocondrias, nucleo e lisossomos (GARG & AGOSTINIS, 2015) (figura 4).


https://www.globeamt.com/product/deka-minisilk-ft/
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Figura 4: Esquema para a ativagdo da autofagia pela terapia fotodinamica e suas vias subsequentes de
sobrevivéncia e morte tumoral. Fonte: GARG & AGOSTINIS, 2015.

O melanoma possui a0 menos cinco mecanismos de resisténcia contra a terapia
fotodindmica: 1) interferéncia otica — promovida pela melanina; 2) mecanismos antioxidantes;
3) sequestro dos fotossensibilizadores pelo melanossomos; 4) bombas de efluxo; 5) resisténcia
a apoptose. Portanto, conhece-los é o primeiro passo para elaboragdo de um protocolo

terapéutico com maiores chances de sucesso (SHARMA, HUANG & HAMBLIN, 2015).
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ABSTRACT

Prospective studies are based on the analysis of patent documents and aims to assess the both technological history and
development providing innovation opportunities. This study was a technological prospection mapping aiming to identify
breakthrough in PDT and the new possibilities of the technology. Therefore, research i the bank patent 'Spacenet Patent
Search' was performed using determinants descriptors associated with the theme: 'A61K41" "AGIN5 / 06 Were analyzed
in this study 326 documents. In evaluating these patents, it was possible to observe an increase in the number of deposits
over time, with peak between 1990 and 2000. The highest number of mventors of this area are part of the private sector
and the US appear as main producer of technology. It was also observed that blue light, porphyrins and their derivatives
are the mam topics. It may be concluded that PDT still offers a large opportunity for growth as several wavelengths, and
photosensitizers that may be used m the technique

Keywords: PDT, Prospecting, Porphyring

1. INTRODUCTION

The production of knowledge m general may be accomplished in two ways: the firstis relatedto the production
of papers and second the production of patents. The distinction between these two forms of knowledge production is
related to the rights tothe use of this knowledge. Thus, papers are associated withpublic knowledge and any

individual can take advantage of its Dbenefits. While the patent documents are associated with the protection of

knowledge, an intellectual property”.

The production of knowledge and technology are important factors for the development of a community. Transfers of
scientific  knowledge and  technology directly affect human development. In  this  regard, countries  with
different economic conditions have different profiles of production and transfer of knowledge and technology. Brazil,

for example, accounts for approximately 3% of publications worldwide scienfific articles, but the contribution of patents

Mechanisms for Low-Light Therapy X, edited by Michael R. Hamblin, James D. Carroll, Praveen Arany,
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1s about 30 times smaller. However, in developing countries, there is greater disparity between the number of published

papers and the number of patents being the later smaller™*.

Prospection is a scientific method that studies the technological developments and can serve as a guiding agent in the
development process. This field of science help to establish the state of the art technology exposing its structure and its
possible positive and negative projections’. Technological prospection, therefore, is a form of study that conducts a
survey of existing technology. and identify the evolutionary stage of this technology and its infegration into
soctety. The technological prospecting may — haveas object of  study competitors and  related technologies and

technological gaps’.

Prospective studies may be carried out info three ways: prior art search, technology mapping and development
prospects. In the first case, the focus is to understand the technologies described to date. The mapping discusses items
related to the inventors, applicants, application date of the patent, the place of production and deposit the
patent. By consequent, when dealing with prospects the key pomts are: the currentuse of technology, potential

technological gaps to be filled or even development of new technologies™.

In this study, a technological prospecting was carried out on photodynamic therapy, aimed mapping the technology, and

tried to identify gaps to be filled and new technological possibilities that culminate in the improvement of health.

2. METHODOLOGY

This is a technology mapping study therefore, it was adopted as review criteria: the country, the technological evolution,

depositors and determinants codes mvolved. This momtoring were used records of national and mternational patents

(Tab. 1).

Table 1: Criteria for analysis used as direct targets in the prospective study

Analysis Criteria

Types of monitoring Identify

Priority country
‘ Temporal evolution of technological
Internationale -
Depositors Involved

Codes

Proc. of SPIE Vol. 9309 93090Y-2
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For this study, the following determimants codes: 'A61K41" and 'AGINS / 06' were listed. These two codes according to
the bank patents 'Spacenet Patent Search' means respectively: 'Obtaming materials by treatment with waves or particles'
and 'therapies for emussion of light radiation’. Using these two descriptors allow the use of only one search strategy

described in Table 2.

Table 2: Summary of strategies for patent searching using codes as descriptors elements

Search strategies ~ A61K41 AGINS/06 TOTAL
1 X 14067
2 X 34924
. 1207
3 X X (320)

After the definition of analysis and strategy of search criteria patent documents the bank of patents ' Spacenet Patent

Search' were researched and analyzed.

3. RESULTS AND DISCUSSION
By performing search using codes 1207 patents were found, however after excluding replicates, 326 patent documents
were used (Tab. 2). For the analysis, they were separated by year. country, depositors mvolved and related codes.
Evaluation of the publication period showed that the total number of patent applications mcreases with respect to tine,
without formation of stagnation horizontal areas (Fig. 1). This may be related to the successes achieved by the apparatus,
materials and proposed protocols. However when evaluating the deposits per vear, it may be seen that, the peak of
deposits of patent documents took place between 1999 and 2003, where the number of deposit was approximately 500%

as compared to deposits of the previous decade (Fig. 2).
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Figure 1: Progression of annual accumulated deposits of patent documents.
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Figure 2: Number of patent filings deposits separated by periods of five years.
Regarding involvement in patent registrations, it was observed that, only 38.9% of deposits countries or international
institutions had only one 'priority number'. Therefore, it was considered only the first record (the oldest). The three
countries and / or nternational orgamzations that hold more deposits are, respectively, US, Japan and World
Organizations (WO). On this area of knowledge, Americans have a hegemony of the records, with around two thirds of
the world's deposits. The second country with the most patents filed over the issue has placed approximately 10% of US

deposits (Fig. 3).
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Figure 3: Number of patent applications deposits segregated by country.
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Figure 4: Number deposits of patent applications segregated by depositors.

Noteworthy that Brazil has not submitted patent applications in this area despite having several research centers dealing
with the topic. Therefore, corroborating the data presented, the production of knowledge i this area has not being

converted mto patents as i the scientific scenario as a whole.

When evaluating the depositors, it may be seen that, only 12% of these are universities. This situation may be seen also
1 the top five depositors, where universities have less than 20% of the deposits. However, private companies appear as
stimulating agents for the studies and deposit of patents in this area, as some private institutions have more patent

documents that some countries such as 'QUADRA LOGIC TECH INC' (Fig. 4).
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Figure 5: Number of patent applications deposits segrgated for periods of five years.

Assessing the codes, it was observed the predominance of the following codes: A61K41 /00 and A6INS / 06, where the
sum of their respective occurrences approaches 600 times (Fig. 5). However, an artefact was detected as the search
engine patent documents codes used these codes for all typed of patents. Therefore, they were were excluded from the
analysis. After exclusion, three man search codes referred to the derivative organic assets to porphyrins; porphyrins used
in photodynamic therapy for in vivo treatments; antineoplastic agents, which correspond respectively to A61K31 / 409
codes; A61K49 / 00 and A61P35 / 00 were found and used for analysis. These parameters are associated closely to the
assumptions of this technology, which are the use of photosensitive molecules; production of free radicals by

: . A ‘ . 7
photochemical reactions and determination of specific targets, such as anti-cancer therapy'.

Tnitially, photodynamic therapy used mainly blue light and porphyrins and its derivatives. Other wavelengths such as & =
030 nm were only used in cases of deeper tumors. This alternative was possible as some porphyrins exhibit a small
absorption peak in this range. However, despite this wavelength presents a deeper penetration it also reduces the

activation of the photosensitizer and the consequent release of free radicals®.

Currently, there are studies usig other wavelengths, and new anfitumor photosensitizers having different origins and
types of production. This may increase the interest in the subject, as well as the applications of therapies using light

radiation, such as antimicrobial photodynamic therapy (which present lethality against bacteria, fungi and parasites)”™”
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4. CONCLUSION

From the results, it may be concluded that PDT still offers a large opportumty for growth as several wavelengths, and

photosensitizers that may be used in the technique.
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ABSTRACT

In Brazil solar incidence is high and continuous throughout the year. Body exposure to sunlight may be a key point in the
rates of individuals affected by melanoma and other types of skin cancer in many countries. Brazil already occupies the
15% place in the ranking of melanoma cases and the limitations presented by drugs used in the therapy of this cancer,
new approaches are being used in an attempt to decrease the mortality of this malignancy. The aim of this study was to
evaluate the effects of phenothiazinium dyes (PD) associated with laser light on murine melanoma (B16F10) in vitro by
measuring cell growth using colorimetric assay before and after photodynamic therapy. We used a diode laser (A660nm,
2.4 Jlew?, 40 mW, 60 s, CW) associated with PD at 12.5 pg/mL, time pre-iradiation of 30 minutes). The following
groups were tested: control (LF-), PD (L-F+), Laser (L+F-), Laser + PD (L+F+). The results showed a significant
reduction in cell growth in the group treated by the photodynamic therapy compared to the control at 24 and 48 h (p <
0.001). Were showing at 30 min PD has a dose-dependent response on BI6F10 cells, but at 24 h did not demonstrated
this response.

Keywords: Light, PDT, Melanoma, Laser.

1. INTRODUCTION

Phenothiazinium dyes (PD), like methylene blue and toluidine blue O, are photosensitizer cationic molecules. When this
photosensitizer is irradiated, process named Photodynamic Therapy (PDT)', they release Reactive Oxygen Species
(ROS), e.g. oxygen singlet (0"), promoting cells death via different pathways”.this technique was show to be effective
upon microbes inchiding bacteria’ fungi®, parasitic °, as well as, pathologies such as oral disease ® and cancer *. The
clinic its administration may be topical, oral, infusion into the bladder, intravenous, intratumoral injection *. Some
research link the effect of PDT using other photosensitizer, as porphyrin or S-aminolevulinic acid m diseases including
cancer - ™°,

Melanoma 1s the most aggressive skin cancer with low overall survival, but if detected early and removed by surgery
there is possibility to cure '']. Clark ef al. '* describe five stages to prognostic where stage I is most superficial and
curable, and stage V is most invasive and metastatic with bad prognostics. The treatment of this malignant neoplasm is
inefficient and the drugs used display remarkable adverse effects. Therefore, new approaches to improve chemotherapy
efficacy are required >,

o albp@ufba.br: phone 55 71 3283-9010: fax 55 71 3283-9010; www laser.odontologia.ufba.br
Mechanisms for Low-Light Therapy IX, edited by Michael R. Hamblin, James D. Carroll, Praveen Arany,
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In this study we used the PD in association with a diode red light, to evaluate if this PDT has a mhibitory action in
melanoma growth cell culture, and also the toxicity of PD before and after irradiation.

2. METHODOLOGY

Cell Culture

Melanoma B16F10 cells were obtained from Institute of Biophysics, Federal University of Rio de Janeiro. The cells
were maintained in RPMI 1640 (Gibeo), supplemented with 10% Fetal Bovine Serum (FBS) (Invitrogen). For
experiments, the cells were removed by addition Trypsm/EDTA (Gibeo) and centrifuged mn 380 g for 10 minutes. They
were incubated at 37°C and 5% CO,.

Photodynamic Therapy (PDT)

The BI6F10 after the trypsinization were incubated in 24 well plate in a 2x10° celliwell, for 30 minutes in the dark, with
12.5ng/mL of PD, RPMI 1640 and FBS (10%). Them they were irradiated with diode red laser (Twin Flex®,
MMOptics, Sao Carlos, SP, Brazil), emitting light at 660nm wavelength. We used energy density of 2.4 J/em’ and
potency of 40 mW for 60 seconds and they were washed with RPMI to remove de PD excesses and incubated at 37°C
and 5% CO, for 24 or 48h.

Toxicity of PD in B16F10 cells

The PD (methylene blue and toluidine O blue in a 1:1 proportion) was obtained by Formula, (Salvador, Brazil). To
evaluate the growth of B16F10 cells, PD was add on 24 well plate cultures at different concentrations for 24 h at 37 °C
and 5% CO,. The treatment of BI6F10 cells with PD were also made for 30 minutes, followed by a wash with RPMI
1640 and mcubation at same conditions.

Colorimetric Assay

To evaluate if the PDT is able to decease the development of B16F10, we used the colorimetric assay ™ to indicate
indirectly the growth of cells. The cells were washed with sterile PBS to remove debris and unviable cells them they
were fixed with methanol 100% (0.5 mL/well) for 10 minutes, and washed with borate buffer (pH 8.7) them we added
methylene blue (0.1% in borate bufter)(0.5 mL/well) for 10 minutes and supematants were plated in 96-well plate and
read at 655 nm.

Statistical Analysis

All experiments were performed in triplicate and repeated independently. The statistical analysis was performed
employing ANOVA and Tukey post-test using GraphiPad Prism 5.0 software, with * to p<0.05, ** to p<0.001 and *** to
p<0.0001 as significance level.

3. RESULTS

The aim of this study was to evaluate the effect of PD upon B16F10 cells growth, using PD before and after its
association with LASER light.
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Downloaded From: http:/proceedings.spiedigitallibrary.org/ on 03/11/2014 Terms of Use: http://spiedl.org/terms

31



The effects of PD in association with LASER do not influence in effects of PD without irradiation in BI0F10 cells
growth.

We used LASER light iradiation to stimulate PD and evaluate the effects on BL6F10 growth by colorimetric assay. The
conditions were described as Control (L-P-), LASER (L+P-) PD (L-P+) and PDT (L+P+). The cells in L+P- were only
irradiated in absence PD to survey if the light has any effect on B16F10. Melanoma cells in L-P+ sample were incubated
1 presence of PD with no nradiation. All cells in L-P+ and L+P+ sample were incubated for 30 minutes with PD (12.5
ng/ml) and L+P+ after that were irradiated with LASER, and all conditions were incubated for 24 and 48 h. After
incubation of 24h (Figure 1-A) was possible evaluate what L+P- as compared to L-P- show a growth, but did not show
significance. The L+P+ (PDT) showed statistically significant mhibition as compared to L-P- and L+P-, but do not as
compared to L-P+, demonstrating the cytotoxicity of PD. When incubated for 48h (Figure 1-B) the inhibition was
similar, L+F- had no statistical significance as compared with L-P. L-P+, L+P+ significantly inhibited BI6F10 cells
growth, but did not show significant difference.

'—‘ *%k
0.10- *r 025 |

0.D. 655 nm
0O.D. 655 nm

. X

V.Q \:3 Q

Figure 1. Effect of PDT on B16F10 in 24 and 48h. (A) 24h after PDT. We observed inhibited BL6F10 growth on L-P+
and L+P+, as compared to dark control group (L-P- vs L+P-), and T+P- did not demonstrate inhibition. Similarly
between L-P+ and L+P+ there was no statistical significance. (B) After 48 h PDT we observed that inhibition in growth
of melanoma cells was significant only in L-P+ and L+P+ as compared to L-P-. We used ANOVA and Tukey post-test
for statistical analysis with *(p<0.05) and ** (p<0.001).
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PD dose-dependent and time-dependent cytotoxicity on B16F10 cells

In order to evalvate the PD cytotoxicity upon melanoma cells, the BI6F10 cultures were exposed to different
concentrations (100; 50; 25; 12.5; 6.25; 3.12; 1.6 pg/mL) for 30 minute and 24 hours proliferation was accrued by
colorimetric assay. The PD treatment produced a dose-dependent effect in BIGFO growth m 30 munute (Figure 2-A). In
the major concentrations, rangmg from 100 - 6.25 png/mL displayed marked 100ug/mL, shows great inhibition compare
with control and last concentration with hyper statistical significance (p<0,0001) on cancer cell growth. In 24h (Figure 2-
B) all concentrations were highly cytotoxic with no apparent dose-dependently under these conditions.

0.3 0.4+

0O.D. 655 nm
o
bl

(=]
-
1

Figure2. Cytotoxicity of PD on B16F10. (A) On 30 min. Dose-dependent response showing in the 3.12-100 pg/mL
range PD as highly significant (¥** p<0.0001) (B) In 24h all concentration showed high nhibition with no apparent
dose-dependently under these conditions Data were analyzed usimg ANOVA and Tukey post-test with *** (p<0.0001)

4. DISCUSSION

The photosensitizer used on PDT must preferentially be non-toxic before irradiation, quickly absorbed by cells among
other features”. The methylene blue and toluidine blue O used in this study have been show to be rapidly absorbed by
tissues and is actuated at 600-660 nm wavelength '°. The PDT using PD has demonstrated in some bacterial models to be
effective against Staphviococcus aurens and multi-drg resistant Escherichia coli "' and Candida albicans **. As
performed in other cancer models like sarcomas PDT show high antitumoral activity . In our work we verified that
PDT using PD and LASER, produced remarkable effects on BL6F10 proliferation, demonstrating efficacy against
BI6F10,

We also notice that PD has a high cytotoxicity on BI6F10. Cytotoxity was reported in Stapiviococcus aureus ™,

. . . .21 . . .
Leishmania braziliensis — models. Furtherer approaches are under way to determine suitable, safe conditions for PD use
both m vitro and i vivo.
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5. CONCLUSION

The present study indicates that PDT using PD as photosensitizer is a possible approach against melanoma cells, but
further mvestigation is refused to elucidate optimal conditions and mechanisms of melanoma death envolved.
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Abstract

Cancer is a pathology characienized by increased cell progression and.or redwced pro grammeed cell death. Melanoma shows a
rapid increase in cell progression and it resismnce to chemotherapy isassociated with uncontrolled apoptosis and to meoec hanisms
that imcrease the flow of the drag out of the cell The objective of this study was to evaluaie the effects of photody namic themapy
{PDOT) on the cell proliferation and cellular aliermtons in BI6F1D munne melanoma. For that, four expenmental groups were
evaluaied: the control group; laser group { = G660 rm, 40 m'W, 2.4 Tem™: phomsensitizer group (solution contaiming mathylene
hlue and toluidne blue 1:1-12.5 pg/mL); PDT group. The incubation tme was 30 min. Fluomescence microscopy assays wore
performed without freation with the DAPL monedansylcadavenne { MDC), and dithydrocthidnm (DHE) probes. Cell prolifer-
ation was alko determined at 24-h time. The tests werne performed in ripicate and the statistical test wsed was ANOVAwith Tukey
post-test. The resulis demonstraie that the plasma membrane of the cells of all the experimental groups remained intact, ROS
production and awnphagy significantly increcased (p< 00005 and p < 00071, respectively) only in the PDT group. The cell
proliferation exzay showed a reduction of 74.2% on the POT group in relaton to the control group. The present study demon-
strated that cxidative siress promoied by phoiodynamic twerapy may ndwee sutophagy and consequenthy reduce cell proliferation
in B1GF 10 meelano ma

Keywords Cancer - Autophagy - Photodynanic therapy

Introduction atype of skin cancer that shows a mapid nerease in cell pro-
gresion. In approcamaichly H-60% of melanomas, there is a
mtation in the encoding BRAF gene, The maost oom mon
mutation i a resul of twe replacement of the amino acid valine
(V) by ghutamic acid {E) at the codon 600 of the BRAF gene.
This change activates the MAPKinase, an mnportant intracel-
halarzignaling pathway that emits proliferation stmu b into the
cell [1].

Rezsistance o chemaotherapy in this type of cancer & asso-
ciabed with the lack of control in the programmed death pro-

Cancer is a patholgy charactenzed by increased coll progres-
siom and'or reduction of programmed cell death. Melhnoma is
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cesaes, a5 well as mechanisms that increase the flow of the
drug ot of the cell [2].

These facts emaphasize the noed to seanch for new treatment
altermatives that are more efficient and that overcome the
e hamismes of tumaor resistance. Bocause of the difficulty in
mducing apoptosis in melanoma, other processes that may
culminate in cell death meed to be activated, such as
mutophagy.

Autophagy isa process o flysosomal-mediated o ytoplasmic
recycling and degradation. Therefore, to culminate in cell
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death, it 15 nocessary to regulaie the ATG orthologue genes,
Bclk2and BAX expression, in addition to assessing the stage
of tumor progression [ 3, 4].

In the induction of autophagy, different cellular targets can
be defined, the main ones being mitochondria and the endo-
plasmic reticulum. In these targets, the producton reactive
oy gen species—ROS imtally promotes lipid permadation.
Chemotherapeutics and photodynamic therapy can act on
these cellular strsctures producing ROS and breaking cellular
homonstazis [5]. The producton of ROS in photody namic
therapy occurs through the photoactivation of a chemical
compound, potentializing its cytotoxic effect. This
photoactivation depends on a specific mieraction betweon
the light and the compound wsed [6].

The reduction of cellular proliferaton chamctenzed by the
action of autophag ic vacwoles is known a8 programmmead type
[T death. While types [ and I are charactenized by ofher evenis.
Type programmed death 1= momphologically like classical
apoptosis pathways (with acivation of caspases); however,
mnlecules are activated, for example by NE cells, such as
endomclease G and OmiHr A2, Type [ pro grammeed death
iz characterized by the shsence of lysosomal action during the
progresaon of cell death [ 7).

Photodynamic therapy (FDT) has been used for treating
several types of cancer However, most studics and paients
imvolve the use of pomphyrms dermvatives. Theae substances
are photoactivaid by bhue light in which speciral shsorption
hand i the zame as of the melanin, Bocause of this, proincols
using other speciral bands such as red and infrared may be an
altemative. Besides, protocols capable of activating alerna-
tive pathways of programmed cell death are inberesting for
treating melanomas [B, 9.

It was hypothesized that the reduction of the prolifieration
of B1G6F 10 murine melanoma cells could be achieved by pho-
todymamic therapy. Thus, the aim of the present study was to
evaluaie the effocts of photodynamic thermpy on the cellular
profiferatve activity and cellular alterations of munne mela-
noma BLEF1D cells.

Material and methods
Cel culture

Muring melanoma cells BIGF1O (ATOC: CRL-6475) wene
mamntamed in RPMI 1640 (Gibco, Grand Island, MY, TISA)
medinm contaiming 1 0% Foetal Bovine Serum (FBS) (Gibco,
Grand Island, WY, USA), 5 pg/ml Enmroflocacin { BaytrikE,
Bayer Com, Toromin, Ontario, Canada), and 12,5 pgimL of
Amphotericin B {Giboo, Grand [sland, NY, USA) at 37 °C
and 5% 0, amosphere, All the aszays were performad in
tnplicate. All the assays wore performad in 24-well plate
with 4 = 107,

&) Springer

Photodynamic therapy

For photodynamic therapy, the Bl 6F1 0 cells were treated with
the photosensitizer (soluton contaimng methylens hlue and
toluidine blue 1:1-125 pg/mL) (A Fomula Labomtory,
Salvador, BA, Brazil), following the pre-imadiation time of
30 muin, incubated at 37 °C and 5% COy, n the dark. Afier
the time described, the POT was performed using adiode laser
{ =660 nm, 40 mW, and 2.4 Tem® for 1 min TwinFlex,
MMOptics, S30 Carles, Si0 Paulo, Brazl). After imad iation,
cells were washed with phosphate-buffered zaline (PBS),
pH 7.2; the culture medium was replhoed then the samples
ware incubated in an oven at 37 °C and 5% O0,.

Colorimetric assay

Taenty-four hours afier wsing the PDT proincols, the phte
was washed with PBS pH 7.2 and the viahle cells were fooed
with methanol {Synth, Diadema, 5P, Brazil) for 15 min, Afier
that, the plate was washed with PBS, pH 7.2, and the cclls
were stained with methylene blue 1000 pg/ml {Synth,
Diadema, 5P, Brazl) in buffered borate 0.1 M, pH .7, for
10 muin. The excess of color was removed by washing with
buffered borate 001 M, pH &7, and the color absorbed by
attached cells was extracted with 500 pl of HCI 0.1 M
{Synth, Diadema, 5P, Brazl). The optical density of each well
was obtaimed in 655 mm u=ing a microplate reader
{Spectrablax®, Medical Device Corpomaton, Orleans Drive
Sunmywale, Ca.) [ 10].

Percent of inhibition

The peroent of inhibition were cakculated with the folloaing
OguATion

Percent of mhibition = [ 1—(standand /sample) ] = 100

Fluorescence micaoscopy

Fuorescenoe microscopy aalyaes included the deiection of
RS, evaluation of membrane indcgnty, and detoction of au-
inphagy. For azsays of flusrescence microscopy, the cell were
bve. The cells were culiured on glass coverslips { 12 mm) ina
2well plate. All photomicrographs are at =400,

Detection of ROS

For the detection of ROS, the fluorescence probe
dihydmethidium {DHE) {Molecular Probes, Invitrogen,
Eugene, OR, USA) was used, at concentration 5 phd'miL.
After 10 min of mcubation, at 37 °C, the celk were washed
with PBS, pH 7.2, and then observed under an Olympus
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BX5 1 fluorezcence microscope. DHE is excited atabout 460—
495 nm and emutied light 15 observed with filters for red
flaorescence.

Asseszment of membrane integrity

The 4 G-diaming-2-phenylindole probe (DAPT) (Mo lecular
Probes, Invirogen, Eugene, OR, USA) was used to evaluate
membrane indegnty in live cells, as it can mark the genctic
maienal in fived cells or the cell must be parmeabilized. Ten
micrograms per milliliter of DAPL was applied on with well
containing the different experimental groups. All fluomrescence
observatons were made with an Obympus BXS1 microscope
equippad with epiflucrescent illumination. DAP is excited at
about 350 nm and emited light is ohserved with filiers for
hlue fluorescence [11].

Detection of autophagy

The autophagic process was detected using the fluorescent
probe monodansylcadavenne (MDC) (Maolecular Probes,
Invitrogen, Eugene, Oregon, UUSA) a marker of autop hagic
vacuoles. To perform this test, MDC probe was added
{1 pg'mL) to the culwre medium containing the cells. Afer
10 min of incubation with te label, the culture medium was
removed and the coverslips were removed fior ohservation of
the celk. This observaton was performed on an Olympus
BX51. MDC is exciied at abowt 350 nm and emitted light is
observed with filters for hlue fluorescence.

Quantification of epifluorescence

Far the quantification of cell epifluorescence, the softwane
“Image J” was used, adapting the analysis protocols of
('neal, Landis, and Izaacs [12]; Bakr [13]; and Jensen [ 14].
Imitially, background subtraction was carmied out and was
followad by the selection of the region of mterst wsng the
counterdamad image thatwas bnanzed and used as a mask to
filter the original image. Once the selected area was deter-
mined, the fluorescence intensity of cach photomicroegraphy
was measured.

Fig. 1 Pmduction of ROS in the 400" 4
comiral and in the diflerent
exparimental gougs affar POT
princal . Adhitrary fluorescanae L0 4
umit {AFLT. p < Q0005
& 2010
10104

Statistical analyses

The venfication of significance in cell growth and evaluation
of fluorescence micrographs were performed uwsing the
AMOVA statistical test with Tukey s multiple comparison
post-test with the help of GraphPad Prism® 50 softaane.

Results
Detection of ROS

Photodynamic therapy produced significantly higher
(o« 00005 ) amoumnits of ROS in the POT treated cells (Fig. 1).

Assessment of membrane integrity

The DAPT is a probe that marks the genetic matenal, however
at the first moment it was not possible to observe this madang
bocause the probe crosses the whole plasma membrane and
discontinees at different spoeds. [t was observed that, affer
24 h of the treatment, the coll membranes of all te open-
mental and control groups remained intact (Fig. ).

Assessment of autoph agy

The photodynamic tverapy was ahle to induce cellularchang-
s compathble with autophagy. These changes were ovidenced
with the uae of the MDC fluorescent probe. The fluorescence
zignals emitied by the POT growp were abowt four times great-
erthan in the control group and this difference was smtstically
significant {p <0.0071) (Figs. 3 and 4). Figure 4d showed
increased fluorescence and evidences the autophagy and
Fig. 4 a—¢ showod basal and diffuse marking.

Cell proiferation

In addition to autophagic procssses, cell prolifeaton was ne-
duced in 24-h in the PDT group when compared to the control
group. This reduction betaeen the PDT group and the control
group was T4.2% and presented a statistically significant

E3 Control

B3 Phatossensibzer
B Laser

m POT

=
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Fig. 2 Photomicrograph showing
the ahsenae of flunmesaence by
DAPT in a1 the expenimental
gwags. 8 The antrol gmag. b
The laser gman. © The
photnsemsitirer gronm. d The POT
g

difference (p <0.0002). The photosensitizer group showed a
55% mhibiion (Fig. 5). Photod ynamic therapy, hoowever, po-
tentiaied the antiumor effect of the compound by approx-
meaiely 404 {p=0105).

Discussion

Melanin absorbs light in the speciral mnge from LV to blue,
which roduces the possibility of using compounds in phoio-
dynamic therapy, such as those derived from porphyTins tat
cxhibit ther madmum absomption peaks m this spectral range.
Therefore, the scarch for compounds that can be eociied in
other spoctral hands, such as the red band, is fundamental for
the development of more efficient protocaols [§, 1 5], Thus, the
present study demonstrated the feasibility of PDT in the
adoptad parameters.

Free radicals produced in the cell have several actions.
Howewver, at high levels, they pmoduce oxidative siress,
which causes damage to DWNA, proteins, and lipids [ 16].
Maolecules such as Hy{); can increase intracellular ROS
amnd consequently activate mTOR-independent suwbphagy

Fig. 3 Detection of suophegic 0.15+
varunles i the different
enpaimental g Arhi trany
|'|Jl:l'\:r:i.|.:fl-'l|u‘. it {AFLTh. 0104
(p< 0071 =

[TH

=

0.05+

'\-E Spl inslrr

in tumor cells. Photodynamic terapy also generates intra-
cellular ROS, as demonstrated in the present study, and just
a5 H,0h also increases the awtophagic pathway [ 17]. Those
cellular events show significant di fference between the
PDT group and control group, about ten times more AFL
in the PDT group.

Phenothiazines have been reported as antitumor by
their ability to fragment DMNA | frigger caspase-3 activa-
tion, alter BAY and BCL-2 expression, and alter mito-
chondrial redox balance. These effects may reduce cell
proliferation in culture, cormborating the data of the pres-
ont study [18, 19]. In thie sdy, after PDT, ROS kevels
imcreased, abowt 100 times more in the PDT group, and in
response to axidative siress, the cells stared the awtopha-
gic process. As this event did not happen on the phoin-
SEnEitiZeT group, it is suggestive that the activated antim-
maral pathways are different when wsing phenothiazines
compounds and photeactivated ones. The present study
demonsirated that sigmificantly imereased ROS formation
caused by POT-induced autophagy in BIGF10 melanoma
cells causing a reduction in the prolifermtive activity of
these tumaor cells,

T E3 Cortraol

[ Laser
= B Photossensitizer
1 B PDT
24 hours
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Fig. 4 Flumrescence microgmphs of the difrent expanimental groups. Celks of the comtm] group (2), lsa group (b), and photosensitizer group i)
pr=entng discrae and diffise kbelng The POT cll goup @) showing massive flurescent lehelng

Auwiop hagy s a process that & involved in main@ining cell
viahility in case of senescence or metabolic imbalance. This
process can also be triggered & contain damage cawsed by
oidative stress | 2], However, this process is alko related to
programmed type [T death [21], comboratng the data present-
ed in this study, there was a reduction of the proliferation of
cells in the PDT group that presentod a massive number of
autophagic vacwoles and intact membrancs, as presenied in
Fig. 4.

The autophagy to preclude cell viability and i activate
type II-programmed death requires a massive number of
autophagic vacwoles associated with mitochondnal dam-
age, as damaged cells are unable to re-esmblish homeosta-
zis [22]. Phenothiazines may bind to membane proteins,
mucleic acids, and mitochondrial structures and these strue-
turez may be targetz of PDT [23, 24], this fact may

Fig.5 Pacentage mhibitim in 100 -
melnoma cell poliferation m ithe
different e perimental groups
relative i the control. The lsar
Emam presemnied a negative pak
due io its pmliferstive action

therefore explain how mitochondna may be targets of the
therapy presented in this shedy.

Successful use o f TFD depends on some factors such as the
concentration of the phomsensites and enorgy density. As
the proposad protocol wsed a very low encrgy density (2.4 ]
e )it could be zafely mercased, and this may potentialize the
oubcomme [ 25].

Finally, it must be mentoned that porphyrins have teir
mecinmum ahsorpton peak inthe blue spoctral range; howev-
or, they can he photoactivated at lower peaks, such as by red
light. It iz worth mentoning that, even producing a smaller
photodynamic effect these pomphyrns kave clmical viahiliy.
Another key point is that in addition to the phenothiazines,
there are other compounds that can be wsed as photosensitizems
that absorb red light swch as the phenothiazines wsed in the

prescnt shady [ 26—29].
| E3 LASER
ER Fholossansitizar
— B POT
e

percaentual of inhibition

24 hours
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Condusion

The present study demonstrated that cecidative stress promdated

by photodynamic therapy may induce mutophagy and conse-
quenithy reduce cell proliferation in B 1GF 10 melanomsa.
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Abstract

The aim of this study was to evaluate the lethal potential of macrophages infected
with Staphylococcus aureus after PACT using phenothiazine derivatives (a
solution containing 1:1 methylene blue and O toluidine blue) and laser (660 nm,
40 mW, 60 s, 12 J/cm?2) or LED (632 + 2 nm, 145 mW, 40 s, 12 J/cm?2). Six
experimental groups were evaluated: Control Group (untreated); Photosensitizer
group (phenothiazines - 12.5 pg/mL); Laser Group; LED Group; Laser PACT
Group; and LED PACT Group. The pre-irradiation time used in this study was 5
minutes. Macrophages and bacteria were cultured in specific culture media and /
or allowed interaction between the cell types. Subsequently, tests were carried
out to evaluate microbial proliferation, ROS production by macrophages and
survival capacity of S. aureus after phagocytosis. Fluorescence microscopy
assays were performed with the H2DCFDA probe, after PACT, at the initial time
(0Oh), 4-h and 12-h. The tests were performed in triplicate and the statistical test
used was ANOVA with Tukey post-test. After PACT, a statistically significant
difference (p> 0.0001) was observed between the microbial growth of the control
group and the PACTs groups. Laser PACT and LED PACT groups presented,
respectively, reductions of 84.2% and 81.5% when compared to control and
53.3% and 46% when compared to the photosensitizer group. It is concluded that
the therapeutic protocols presented in this study increased the phagocytic
capacity, the response rate of the phagocytes and the consequent reduction of
the numbers of S. aureus for both PACT protocols, however the increase in ROS
production was only observed in the group irradiated with Laser light.

Keywords: Laser; LED; Macrophages; PACT.

1. Introduction

Macrophages and neutrophils are main cell involved on phagocytosis [1].
Pathogen internalization can occur basically in two ways: active (phagocytosis)
and passive. Passive pathogen internalization is characterized by cell invasion
and phagocytosis is associated with the depletion of infectious processes [1,2].
During infectious inflammatory processes, the major molecules produced by the
phagocytes of the immune system are free radicals, this event is known as
"oxidative burst". These molecules act unspecifically by de-structuring the
pathogen or even by unbalancing metabolic pathways [1-3]. Invasivity and
evasion systems are virulence factors presented by different pathogens, such as
the S. aureus. This pathogen, in addition to produce toxins, is capable of

modulating autophagic vacuoles and surviving intracellularly [2,3].
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Gram-positive microorganisms may develop resistance to antibiotics used in
clinical practice. Resistance to antibiotics is a public health problem and can be
found in different microbial species, such as methicillin-resistant Staphylococcus
aureus (MRSA) [4-3]. Therefore, the search for different therapeutic alternatives

is important and PACT might be considered as a therapeutic possibility [6-9].

PACT is a potential treatment for infectious diseases [10]. This therapy combines
a photosensitizer and a visible light. The light is used at a wavelength capable of
exciting the photosensitizer into a triplet reactive state. This reaction will produce
singlet oxygen and / or superoxide that are highly toxic to target cells damaging
the cellular ultra-structure (DNA and cell membranes) and causing irreversible
cell lesions and cell death. This therapeutic modality causes the production of

free radicals in the targets such as the cells of the innate immune system [11-16].

Thus, it is hypothesized that the use of PACT could potentiate the action of
leukocytes such as macrophages. Therefore, the objective of this study was to
evaluate the lethal potential of macrophages infected by S. aureus after

photodynamic therapy.

2. Material and Methods

2.1 Bacterial Strain and Culture Condition

Bacterial strain used in this study was Staphylococcus aureus (ATCC 25923, a+
Diagnostic Medicine, Fleury's Group, Salvador, BA, Brazil). Cells were
aerobically cultured in blood agar (Merck® Darmstadt, Hessen, Germany) at 37
°C and grown for 24-h. For the experiments, colonies were collected with the aid
of a calibrated loop of 100 pL and inoculated into 5 mL of tryptic soy broth (TSB)

(Merck®, Darmstadt, Hessen, Germany).

For the quantification of colony-forming units (CFU), the suspension was
standardized by measuring absorbance with a Microplate Spectrophotometer
(SpectraMax®, Medical Device Corporation, Sunnyvale, CA, USA) at A625 nm.
The initial inoculum was 3x108 CFU/mL, it was plated in a 24-well culture plate
(Falcon®, BD Lab., Franklin Lakes, NJ, USA). After this inoculation, each
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concentration of the photosensitizer was added and irradiated following the
experimental protocol. Subsequently, samples were diluted 107 and 100 pL of

this suspension were inoculated in Petri dishes [16].

2.2 Macrophage culture

J774 macrophages were cultured at 37 °C for 72-h in RPMI 1640 medium (Angus
Buffers & Biochemicals, Niagara Falls, NY, USA) supplemented with 10 % Foetal
Bovine Serum (Gibco-BRL, Grand Island, NY, USA), Enrofloxacine 10 mg/ml and
Fluconazole® 5 pM (Sigma-Aldrich, St. Louis, MO, USA).

2.3 Photosensitizer and light source

A 1:1 solution of toluidine blue O and methylene blue (A Formula Laboratory,
Salvador, BA, Brazil) was used for photosensitization of the S. aureus strain. To
determine the concentrations used on the study the half maximal inhibitory
concentration (ICs0) was determined (19.10 pg/mL). The stock solution had 1000
pg/mL concentration. A dye solution at 12.5 pg/mL concentration was prepared
by dissolving in sterile phosphate — buffered saline, pH 7.4 and filtering it through
a 0.22 pm membrane (Millipore®, S&o Paulo, SP, Brazil). After filtration, the dye
solution was stored in the dark for a maximum of two weeks at 4 °C before use.
A red-orange light emitting diode (Prototype, MMOptics, Sao Carlos, SP, Brazil,
A632 + 2 nm) was used as the light source (Tab.1). A diode laser (A660 nm, Twin
Flex®, MMOptics, Sao Carlos, SP, Brazil) was used as the light source (Tab. 1).

Table 1. Summary of the parameters used on the study.

Parameters Laser LED
Wavelength (nm) 660 6322
Mode cw cw
Spot of the probe (cm?) 0.04 0.5
Irradiated area (cm?) 1 0.5
Power Output (mW) 40 145+ 5
Exposure Time (s, per session) 300 40
Energy density (J/cm?) 12 12

2.4 Photodynamic Antimicrobial Chemotherapy (PACT)
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Samples were distributed into the following groups: 1. Negative control group -
untreated by either laser and photosensitizer; 2. Laser group - bacterial
suspensions irradiated with laser (12 J/cm?) in the absence of photosensitizer; 3.
Photosensitizer group - bacterial suspensions in the presence of phenothiazine
at concentration of 12.5 pg/mL; and 4. Laser PACT group - bacterial suspensions
irradiated with laser and photosensitizer; 5. LED group - bacterial suspensions
iradiated with LED (12 J/cm?) in the absence of photosensitizer; 6. LED PACT

group — bacterial suspensions irradiated with LED and photosensitizer (table 2).

Table 2: Summary of the experimental groups

Negative | Laser | LED | Photossensitizer | Laser LED
control | group | group group PACT PACT
Photosensitiser X X X
Laser X X
LED X X

The bacterial suspensions were platted into the 24-well culture plates (Falcon®,
BD Lab., Franklin Lakes, New Jersey, USA) and the conditions mentioned above
and incubated in the dark and at room temperature. After pre-irradiation time (5
minutes) the bacterial suspensions, with and without photosensitizer, were or not
irradiated. Immediately after the irradiation, the contents of the wells were mixed
before sampling and were seeded in triplicate onto Petri plates containing TSA
medium (Merck® Darmstadt, Hessen, Germany) and incubated at 37 °C for 24-h.

After incubation (24-h), the number of CFU was determined by counting.

2.5 Interaction between macrophages and S. aureus Assay

For interaction tests, 2 x 10° macrophages were plated on round glass coverslips
placed in 24-well plates (Falcon®, BD Lab., Franklin Lakes, New Jersey, USA).
After 1-h incubation in RPMI 1640 medium (Angus Buffers & Biochemicals,
Niagara Falls, NY, USA) supplemented with 10% Foetal Bovine Serum (Gibco-
BRL, Grand Island, NY, USA), Enrofloxacine 10 mg/ml and Fluconazole 5 pM
(Sigma-Aldrich®, St. Louis, MO, USA), 3x108 CFU/mL were added to cultured

bacteria which, in turn, were incubated for 1-h. Then the wells were washed with
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PBS buffer and new medium was added. Subsequently, the different therapeutic

protocols seen on Table 2 were carried out.

2.6 Phagocytosis assay

After the interaction step and application of therapeutic protocols, the samples
were fixed and stained for Gram assay. The number of S. aureus phagocytosed
by 100 macrophages was assessed by light microscopy (Olympus BX51). Five
Microscopic fields distributed throughout the slide were randomly selected and

all macrophages in each field were examined [14].

2.7 Evaluation of the oxidative burst

To evaluate the oxidative burst an assay was performed to detect Reactive
Oxygen Species (ROS) by using the 2',7'-Dichlorofluorescin diacetate probe
(H2DCFDA, Sigma-Aldrich, St. Louis, MO, USA). This probe reacts with free
radicals in general and emits green fluorescence. For assays, aliquots of a stock
solution were applied to the wells, reaching a final concentration of 0.4 yM and
incubated for 15 minutes at 37 °C in the absence of light. Subsequently, the
experimental groups were cbserved, and micrographs were obtained on a

fluorescence microscope (Olympus BX51).

2.8 Equation of percent of inhibition
The percent of inhibition were calculated using the equation above:
Percent of inhibition = (1-(test/sampler))*100
2.9 Statistical analysis

Statistical analysis was carried on by One-Way ANOVA and Tukey's Multiple
Comparison tests (Graphic Prism Software 4.0) p < 0.05 was considered

statistically significant.

3. Results
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Microbial growth significantly differed (p< 0.0001) when comparing Control and
PACT groups which showed the lowest microbial growth. Comparison between
PACT groups with the group treated only with the photosensitizer also showed
significantly reduction (p<0.0001) on the microbial growth in those treated with
PACT (Fig. 1).

2.5
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201 EZ Compound
E S — B3 PACT (Laser)
O 157 ity pmm— M @D PACT (LED)
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Figure 1: microbial growth in the different experimental groups (*** p<0.0001).
Groups PACT (Laser) and PACT (LED) showed smaller cell proliferation.

The Laser PACT and LED PACT groups showed, respectively, reductions of 84.2
% and 81.5 % in microbial growth when compared to the control group. Inhibitions

of 55.3 % and 46 %, respectively, when compared to the phenothiazine group
(Tab. 3).

Table 3. Percentage of inhibition of the different experimental groups. A)
Percentage of inhibition considering the control as standard. B) Percentage of
inhibition considering the photosensitizer as standard.

B) Percentage of inhibition
in relation to the
photosensitiser group

A) Percentage of inhibition in relation
to the control group

» Laser LED
Photossensitizer PACT PACT Laser PACT | LED PACT
59.5 84.2 81.5 55.3 46

Despite the phagocytic activity on both Laser and LED PACT groups increased

(21 % and 47 %, respectively) in relation to the Control group this was not
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significant. It has been found that phenothiazines alone can reduce the

phagocytic capacity of macrophages in vitro by about 42 % (Fig. 2).
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Figure 2: Assessment of the percentage of phagocytosis of different experimental
groups in relation to the control. Phagocytic activity was increased in the groups
PACT (Laser) 21% and PACT (LED) 47%, while the photosensitizer group
reduced phagocytic activity in the macrophages by 42%. Para a obtengao destes
dados foi utilizada a equagéo de percentual de inibigdo multiplicada por -1.

Following the phagocytosis test, the S. aureus survival test was performed on
cytoplasmic vacuoles and showed reduction in the survival capacity of the
microorganism in the cytoplasmic vacuoles when compared to both Control and
both PACT groups, whose percentage inhibition was respectively 50.2 % and
32.4 %. However, only the Laser PACT showed statistically significant difference
in relation to the Control (p< 0.0128) (Fig. 3).
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Figure 3: Microbial growth after phagocytosis and PACT in infected
macrophages. After PACT (Laser) the macrophages showed a greater capacity
to eliminate intracellular pathogens. This increase was statistically significant in
relation to the control (p <0.0128).

The production of the "oxidative burst" in the infected macrophages started earlier
in the irradiated groups which, in turn, showed a response in about 4-h after the
accomplishment of the therapeutic protocols. Meanwhile, the control group

obtained a response after 12-h (Fig. 4).

Control Oh CompoundOh PACT (LED) Oh PACT (Laser) Oh

Control 4h Compound4h PACT (LED) 4h PACT (Laser) 4h

Control 12h Compound12h PACT (LED) 12h PACT (Laser) 12h

Figure 4: detection of ROS using H2DCFDA in the different experimental groups
over time. In the groups treated with PACT the oxidative burst occurs in the time
of 4-h after treatment, whereas the control group is only observed with 12-h.
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The results of demonstrated quick increase on the response of the phagocytes
on the PACT groups, being higher when the Laser was used. However, when
observing the general production, it was evident that LED irradiation caused a
radical production like the Control. On the other hand, this production was
approximately 5 times greater than the production of the control when using laser

irradiation (Fig.5).
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Fig. 5: Evaluation of ROS production in the different experimental conditions. In
the PACT (Laser) group, the production of ROS had a 5-fold increase in relation
to the control.

The production of free radicals after the application of PACT in uninfected
macrophages showed no differences in relation to macrophages of the control
group. This data suggests that PACT was unable to alter cellular physiology for

the parameters adopted in this study.

4, Discussion

In this study it was evident that, after PACT, infected macrophages showed
greater lethal capacity against endocytosed microorganisms [18] as well as
increased the oxidative burst. Resistant strains of S. aureus are present in the

community and generate pathologies, however, therapeutic protocols such as the
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PACT using either Laser or LED can reduce these microorganisms in vitro as
shown in the present study [6-8,19]. PACT could inhibit the growth of S. aureus
by at least 80% in vitro using either laser or LED, as demonstrated previously
[20,21].

The literature shows no differences between the use of either Laser or LED
irradiation in PACT tests performed in plankton cultures of microorganisms on
regards inhibition or growth, corroborating the data demonstrated by this study.
However, in the present study, when assessing the interface of the interaction, it
was possible to observe the existence of differences in the cellular mechanisms,

such as on the phagocytosis and ROS production [20-22].

In this study, the phagocytic activity of either Laser PACT or LED PACT groups
showed an increase in relation to the control reaching 21 % and 47 %,
respectively. Regarding ROS production, the LED PACT group showed free
radical production similar to the control. However, the Laser PACT group
generated 5 times more the release of free radicals when compared to the control

group [23].

In general, it has been shown that PACT is capable, even if secondary, of
inducing ATP synthesis in macrophages and consequently increasing their
phagocytic capacity, as demonstrated in this study. The synthesis of ATP in
eukaryotes can also aid in the oxidative burst, which results in the production of

free radicals used in the depletion of the infectious process [23,24].

The highest production of ROS observed on this study is revealed by the intensity
of the fluorescence observed in infected macrophages and treated by PACT. In
addition, these molecules are contained in the antimicrobial arsenal of
phagocytes, so it is possible to establish a relationship between the fluorescence

intensity and the antimicrobial capacity of phagocytes [20,21,23,24].

The protocol described in this study corroborates the inability to increase ROS
production in uninfected macrophages. Therefore, PACT probably acted in, at

least, two distinct pathways: the first altering cellular structures and / or pathogen
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metabolism thus reducing its survival capacity; and the second by potentiating
the biochemical pathways capable of improving the response of host cells to

infection [18].

5.Conclusion

The therapeutic protocols presented in this study increased the phagocytic
capacity, the response rate of the phagocytes and the consequent reduction of
the numbers of S. aureus for both PACT protocols, however the increase in ROS

production was only observed in the group irradiated with Laser light.
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5 CONCLUSAO

A prospeccao tecnoldgica revelou que a maioria dos fotofarmacos patenteados fazem
parte da familia das porfirinas, que os maiores depositantes sdo os EUA com cerca de dez
vezes mais patentes que o Japao, o segundo colocado.

Foi demonstrado, também, neste estudo que ¢ possivel inibir a proliferacao de
melanoma in vitro utilizando a terapia fotodindmica associada a uma solucdo fenotiazinica
como fotossensibilizador. Os dados sugerem que o efeito antitumoral observado esta
intimamente ligado & intensa autofagia. Além disso, foi possivel associar os eventos
anteriormente citados a produg@o de ROS pela terapia fotodindmica.

Outro ponto importante foi a seletividade da terapia fotodindmica, utilizando esta
solugdo fenotiazinica, uma vez que mesma nao promoveu a formagdo de ROS em macrofagos
ndo infectados. Além disso a terapia possibilitou um aumento na capacidade letal de

macrofagos contra patdgenos intracelulares.
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Abstract The aim of this study was to evaluate, in vitro, the
bactericidal effect of antimicrobial photodynamic therapy
(AmPDT) using phenothiazinium dyes (Toluidine Blue O
and methylene blue, 1:1) using different concentrations (100,
50, 25, 12.5, and 6.25 pg/mL) associated to red laser with
different energy densities (2.4, 4.8, 7.2, 9.6, and 12 chmz)
on a strain of Staphylococcus aureus (ATCC 23529). On this
study, tests were performed in triplicate and the samples were
distributed into 36 test groups: Control and bacterial suspen-
sions were irradiated with the different energy densities, re-
spectively, in the absence of photosensitizer, bacterial suspen-
sions were irradiated with the laser in the different concentra-
tions of the photosensitizer, and finally bacterial suspensions
only in the presence of phenothiazinium dye. The pre-
irradiation time was 5 min. Therefore, we analyzed the poten-
tial of the AmPDT by counting colony-forming units. The
logarithm of CFU/mL (logl0 CFU/mL) was calculated and
the data was analyzed statistically (ANOVA, Tukey’s test,
p<0.05). The results showed that the association 50 and
100 pg/mL with 12 J/em® showed the highest percentage of
inhibition (100 %). Based upon the present results, it may be
concluded that the AmPDT was able to enhance the antimi-
crobial effect of phenothiazines and both concentration of the
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compound and energy density are important factors for greater
effectiveness of therapy.

Keywords Antimicrobial photodynamic therapy -
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Introduction

Resistance to antibiotics is a serious public health problem and
different alternative treatments have been tested, including the
use of AmPDT [1]. AmPDT is a procedure that may be carried
out on both sensitive and antibiotic-resistant bacteria causing
inactivation of the strains. This procedure has shown itself
advantageous, as it does not induce bacterial selection (resis-
tance observed during the treatment with antibiotics) [2, 3].
Staphylococeus spp. are capable of developing resistance to
antibiotics and are opportunistic microorganisms. Resistant
strains, such as methicillin-resistant Staphyvlococcus aureus
(MRSA), are a major public health challenge. MRSA is a
major concemn in nosocomial infections worldwide and is also
currently prevalent in residential homes [4, 5]. Staphvlococeus
is one of the most important causes of nosocomial infections
and is often disseminated by medical devices. These microor-
ganisms are protected by a biofilm that causes resistance to
phagocytosis, hindering immune system functions and antibi-
otics activity. Therefore, their virulence is closely related to
the biofilm [6].

AmPDT combines the use of a nontoxic photosensitizer
combined with a non-ionizing visible light, in which wave-
length has to be effective to excite the photosensitizer to a
reactive triplet state. This reaction will generate singlet oxygen
and superoxide that are highly toxic to the cells reactive oxy-
gen species (ROS). AmPDT has been suggested as a
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Abstract The aim of this study is to evaluate the effects of
ApPDT (antiparasitic photodynamic therapy) on the interac-
tion of Leishmania braziliensis with J774 macrophages, used
as a photosensitizer, methylene blue associated with red laser.
The tests are in triplicate and the samples divided into four
groups: control, photosensitizer, laser, and ApPDT. The pho-
tosensitizer used was the methylene blue at concentration of
12.5 pg/mL. The parameters of the laser were A = 660 nm,
40 mW, and 8.4 Jem?. Samples are analyzed by optical mi-
croscopy through the identification and counting of infected
and uninfected macrophages, parasite load, infectivity, and in-
fection index. Statistical analysis used ANOVA test with
Tukey post-test, being considered statistically significant
p <0.05. The analysis of the interaction tests shows that the
infection rate in the ApPDT group in relation to the control
group presents a statistically significant reduction (p < 0.0001)
of 71% at both 24 and 48 h (p < 0.0001) of 62%. ApPDT
reduces the number of macrophages infected by Leishmania
braziliensis, as well as the number of intracellular parasites,
being a possible alternative therapy in the treatment of cutane-
ous leishmaniosis.
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Introduction

The earliest forms of treatment for cutaneous leishmaniosis were
based on oral, topical, or systemic administration of antimonial
drugs. For decades, sodium stibogluconate was considered the
gold standard for treatment of cutaneous leishmaniosis.
However, this drug was reported to be quite toxic to humans,
expensive and mnefficient to the various species of Leishmania
[1]. Therapy with meglumine and allopurinol antimoniate pro-
motes not only a clinical improvement but also a marked de-
crease in parasitic load onblood, skin, and lymph nodes [2]. The
treatment usually lasts for more than 6 months in cases of large
lesions and lesions located in the joints or face [3].

Among the problems reported in the treatment of cutaneous
leishmaniosis are difficulty in determining clinical diagnosis due
to lack of access to mictoscopy on many basic health services [3];
the serious side effects of pentavalent antimonial drugs, for exam-
ple: bone and muscle pain, renal failure, hepatotoxicity, and
cardiotoxicity [4]; and the variability of the efficacy against the
different forms of Leishmania [5], making drugs and medical
attention an expensive treatment because of the side effects [6];
besides, there have also been reports of patients not responding to
drugs due to drug resistance or increased immunosuppression [ 7].

In this context, ApPDT appears to be a promising technique
in the treatment of cutaneous leishmaniosis due to its low tox-
icity, lower costs and adherence of patients to the treatment.
Unlike conventional drugs that act only on a target, the photo-
sensitizers act via production of singlet oxygen or reactive oxy-
gen species [8], inducing damage to biomolecules that will lead
to loss of appropriate biological functionality, leading to inacti-
vation of the parasite cell [9]. The evident advantages of ApPDT
over conventional treatments such as chemotherapy are target
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ARTICLE INFO ABSTRACT

Keywords: The objective of this study was to evaluate, in vitro, the bactericidal effect of AmPDT on Staphylococcus aureus
AmPDT (ATCC 25923) using different concentrations (100, 50, 25, 12.5 and 6.25 pg/mL) of phenothiazine compound
Bacteria combined with LED light (A632 + 2 nm) using varied energy densities (12, 9.6, 7.2, 4.8 and 2.4 J/cm®). The
;E::y‘;—::e'l:‘li:im experiments were carried out in triplicate and the samples were divided into groups: Control, Irradiated (treated

only with light at different energy densities), Photosensitizer (treated only in the presence of the dye), AmPDT
(treatment with light associated with dye). Counts of the colony forming units and the data obtained were
statistically analyzed (ANOVA, Tukey's test, p < 0.05). The results showed no difference between irradiated
and Control groups. However, using the photosensitizer alone caused significant increased cytotoxicity and
consequent reduction on the CFU counts (12.5pg/mL (p < 0.001), 25 pg/mL, 50 pg/mL and 100 pg/mL
(p < 0.0001). When AmPDT was used significant inhibition above 70% were detected for all concentrations of
the photosensitize (p < 0.0001) except for 6.25 pg/mL. The results indicate a dose-response dependent when
the photosensitizer is used alone but not for the sole use of the light is used. It is concluded that, a single
application of AmPDT, using energy density of 12J/em® associated either to 12.5 (81.52%) or 25 pg/mL

Toluidine blue

(91.57%) resulted in higher in vitro inhibition of 5. aureus.

1. Introduction

A wide varety of strains of methicillin-resistant Staphylococcus
aureus have spread throughout the world causing serious and often fatal
infections. Antibiotics are the most common medications currently used
in clinical settings to treat such infections. These strains represent a
problem for the health system [1-3].

Previous data found on the literature showed that antimicrobial
photodynamic therapy (AmPDT) is effective against S. aureus, being
considered bactericidal. In AmPDT, a non-ionizing light associated with
a photosensitizer is used to produce reactive species of singlet oxygen,
which induce damage to target cells [4-7].

The photosensitizers used in photodynamic therapy functions as an
optical absorption agent being essential to use a type suitable for the
wavelength used. Among the properties of an ideal photosensitizer, it
must have a high coefficient of excitation in the range of 600-800 nm
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[8] within the biological window as wavelengths below 600 nm are
highly absorbed by haemoglobin and above 800 nm the photons are not
energetic enough to activate the photosensitizer being the light highly
absorbed by water. Within the biological optical window (600-800 nm)
light penetration on tissues is at its maximum and the wavelength is
energetic enough to cause singlet oxygen production during the PDT
[9,10]. This maximum absorption band is known as Soret band. Both
methylene and toluidine blue stains show wide absorption bands being
at 664 e 631 nm their maximum absorption peak, respectively [11].

For AmPDT Lasers at varied wavelengths are used as light source.
However, novel studies using LEDs are currently on focus due to the
lower cost of this technology. Data from studies using LEDs alone or in
the AmPDT indicate promising results in the control of microorganisms
[12].

The hypothesis of this study was that LED AmPDT could be able to
inhibit the proliferation of S. aureus. Therefore, the objective of the
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APENDICE 1

5.1 MORTE CELULAR

Em organismos multicelulares os processos de morte celular podem ser considerados
fisiolégicos ou ndo. Existem fatores que podem levar uma célula a morte, tais como:
desnutri¢do; sinais intra e extracelulares; farmacos e toxinas. Cada um destes eventos,
portanto, pode ser caracterizado morfoldgica e bioquimicamente (LIZARD et al.,1999).

Desta forma, existem alguns tipos de morte celular, sendo os mais bem descritos a
apoptose e a necrose. O primeiro destes processos representa de um modo geral processos de
morte celular programada. Por isso, pode ser dividido em apoptose classica, que cursa com a
ativacdo de caspases e processos de morte programada independente de caspases. De um
modo geral, nas mortes programadas as células gastam ATP e mantém a integridade da
membrana plasmditica, por exemplo (NANJI & HILLER-STURMHOFEL, 1997;
GRIVICICH, REGNER & ROCHA, 2007).

A necrose, por outro lado, esta relacionado a quadros de morte celular ndo programada.
Nestes casos as células durante o processo apresentam tumefagdo, esta alteracdo de
morfologia estd associada ao aumento da permeabilidade membranar (NANJI & HILLER-

STURMHOFEL, 1997; KROEMER, GALLUZZI & BRENNER, 2007).

5.1.1 Necrose

Segundo Robbins et al. 1986, necrose ¢ a soma de alteracdes morfoldgicas que
induzem a morte de uma célula. Nesse tipo de morte celular ocorre a ativacao enzimatica e a
liberacao dessas enzimas, agora ativadas, do lisossomo causando autdlise.

Para uma célula que sofreu algum dano agudo e irreversivel, que a impede de executar
as vias de morte programada, esta seguird o caminho para necrose. Sdo exemplos destes
danos: mudanca rapida de concentracdo ionica entre a célula e o meio ou pH do meio
extracelular; redugdo drastica dos recursos energéticos; mudanga de temperatura; ruptura
fisica de membrana. As células que passam por este processo de morte celular apresentam
nucleo e citoplasma desorganizados com presenga de precipitado proteico (LOCKSHIN &

ZAKERI, 2004; CRAWFORD et al.,2017) (figura 5).
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Figura 5: Processo esquematico da necrose celular. Fonte: https://basicmedicalkey.com/cell-injury-aging-and-
death/. Adaptado para portugués.

Os ambientes mais propensos para a ocorréncia de necroses sdo os quadros de
isquemia, como em infarto agudos, ou demasiada instabilidade genética, como no interior de
tumores solidos. No primeiro caso, héd a reducdo do aporte energético e de oxigénio. Enquanto
no segundo caso, a demasiada instabilidade genética promove uma desorganizagdo celular
(BERNS et al.,2017).

Durante a necrose ¢ comum a perda da integridade de membrana, turgidez e ruptura da
célula, langando para o meio extracelular o conteudo intracelular, resultando em uma resposta
inflamatoria do tecido, gerando danos as células vizinhas. (JIN & EL-DEIRY, 2005) (figura
6).

Figura 6: Micrografia eletronica de necrose celular. Fonte: CRAWFORD et al.,2017.
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5.1.2 Apoptose

A apoptose ¢ um tipo de morte celular que ¢ considerado, em muitos casos, fisioldgico
por estar presente durante toda a vida de diversos organismos multicelulares, promovendo
uma importante etapa no desenvolvimento e homeostase do tecido (JIN & EL-DEIRY, 2005).

A apoptose classicamente ¢ uma via de morte celular mediada por caspases. Estas
moléculas podem ser divididas em caspases iniciadoras (caspase 8 ¢ 9) e caspases efetoras
(caspase 3, 6 ¢ 7). Assim o papel do primeiro grupo de caspases € ativar o segundo grupo
(figura 3). Enquanto as caspases efetoras sdo responsaveis por atuar em sitios celulares
proteicos (LAMKANFI ef al.,2002).

As caspases sdo proteinases que provocam alteragdes celulares como: condensagao e
vacuolizacdo citoplasmatica, condensagdo e marginalizacdo de cromatina e degradagdo de
DNA. A ativagdo das caspases pode acontecer desde estimulos extracelulares a alteragdes de
organelas. Com a ligagdo de Fator de Necrose Tumoral (TNF-a) ao receptor especifico,
conduzindo a sinalizagdo para ativacdo da caspase 8 que ¢ uma caspase iniciadora das
caspases 3 e 7 que sdo efetoras e induzem a apoptose. A alteragdo de membrana mitocondrial
a partir da inativagdo da proteina Bcl-2 promove uma despolarizacdo, permitindo a
mitocondria perder o Citocromo C para o citoplasma. Este evento promove a clivagem da pro-
caspase 9 em caspase 9, outra caspase iniciadora, ativando posteriormente as caspases 3 € 7

(JIN & EL-DEIRY, 2005; LOCKSHIN & ZAKERI, 2004) (figura 7).
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Figura 7: Dois modelos para a montagem de caspases maduras. No modelo de montagem intramolecular, as duas
subunidades do heterodimero maduro sdo derivadas da mesma molécula precursora. Alternativamente, no
modelo de montagem intermolecular as subunidades p20 e p10 do heterodimero originam-se de dois precursores
diferentes. Fonte: LAMKANFI ef al.,2002. Adaptado para portugués.

Existem ao menos duas vias de ativagdo de caspases e de consequente ativagdo da

apoptose. Estas vias sdo: via extrinseca e via intrinseca. A via extrinseca de sinalizacdo
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celular para a ativagdo de caspases ¢ realizada através de proteinas transmembrana, tais como
FAS e TRAIL. Estes receptores de membrana ativam a caspase 8 que, por sua vez, ativarao as
caspases efetoras 3, 6 ¢ 7 (ASHKENAZI & DIXIT, 2003).

A via intrinseca pode ser ativada por diferentes sinais, tais como dano no DNA, dano
mitocrodrial, estresse oxidativo, dentre outros. Nesta via de morte os diferentes sinais
conduzem para a ativacdo da caspase 9 e consequente formacdo do apoptossomo. O
apoptossomo ¢ um complexo proteico que tem como fun¢ao a ativagdo das caspases 3, 6 ¢ 7
(LE BLANC & ASHKENAZI, 1998).

Subdividindo a via intrinseca € possivel afirmar que os sinais apoptoticos sao
produzidos na mitocondria ou que eles passardo pela mitocondria. No primeiro caso, os danos
mitocondriais reduzem a integridade membranar desta organela fazendo com que o citocromo
C seja liberado no citoplasma. Uma vez liberada da mitocondria esta molécula ativa a caspase
9, que se encontra inativa no citoplasma (OLSSON & ZHIVOTOVSKY, 2011) (figura 8).

No segundo, em caso de danos fora da mitocondria, tal como no DNA, a cascata de
morte inicia-se com a liberagao de p53. A p53 ¢ uma proteina pro-apoptotica liberada em
casos de danos ao DNA, que atua sobre moléculas citoplasmaticas (caspase 2, Puma e Noxa)
que aumentam a permeabilidade da membrana mitocondrial € como supra citado, liberando o
citocromo C, ativando a caspase 9 e iniciando a apoptose (LOCKSHIN & ZAKERI, 2004,
KROEMER & MARTIN, 2005) (figura 8).
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Figura 8: Esquema resumido da apoptose evidenciando as vias extrinseca e intrinseca. Setas azuis => ativacao da
via; setas azuis com “X” vermelho => via bloqueada; setas azuis pontilhadas => sequéncia da via em caso de
ativagdo; setas vermelhas => vias de controle/inibi¢do.Adaptado de KROEMER, GALLUZZI & BRENNER,
2007.

Nem sempre os processos de morte celular programada que iniciados serdo
concluidos, pois existem mecanismos de controle das vias de morte celular programada.
cFLAME 1, Usurpina, Bcl 2 e Bel X sao exemplos de moléculas que atuam no controle
negativo da apoptose. As duas primeiras moléculas estdo envolvidas no bloqueio da via

extrinseca, enquanto as duas ultimas controlam negativamente a via intrinseca (RASPER et
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al.,1998; SRINIVASA, et al.,1997; KROEMER, GALLUZZI & BRENNER, 2007) (figura
9).
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Figura 9: Esquema resumido do controle negativo da apoptose evidenciando as vias extrinseca ¢ intrinseca. Setas
azuis => ativacdo da via; setas azuis com “X” vermelho => via bloqueada; setas azuis pontilhadas => sequéncia
da via em caso de ativacdo; setas vermelhas => vias de controle/inibigdo. Adaptado de KROEMER, GALLUZZI
& BRENNER, 2007.

5.1.3 Mortes celulares programadas nao apoptoticas

Ja foram descritos ao menos quatro tipos de morte celular programada nao apoptotica:
“catastrofe mitdtica” (células truncadas); necroptose; piroptose; morte autofagica. Estes
processos de morte celular derivam da apoptose classica, pois nestes casos a acdo das
caspases efetoras ¢ inexistente (BURSCH et a/.,2004; KROEMER & MARTIN, 2005).

A catastrofe mitdtica ndo € um consenso na literatura. Alguns autores relatam que este
tipo de morte ocorre quando tem-se células que apresentam alteragdes no arranjo de
microtubulos associadas aos danos no DNA, por exemplo. Deste modo, o processo de morte
ocorreria durante a divisdo celular diferenciando-se, portanto, da apoptose cléassica
(CASTEDO et al.,2004) (figura 10).

Este tipo de morte celular seria importante para reduzir a possibilidade de alteragdes
cromossomicas, como os casos de aneuploidia, que poderiam resultar em céncer
(KROEMER, GALLUZZI & BRENNER, 2007). Entretanto, existem autores que defendem
que a morte celular por “catastrofe mitdtica”, representa ndo uma via de morte, mas apenas
um quadro inicial que culminaria com vias de morte como a necrose ou apoptose

(VAKIFAHMETOGLU, OLSSON & ZHIVOTOVSKY, 2008).
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Figura 10: Micrografia eletronica de Leishmania apds tratamento. seta amarela mostra uma célula truncada
(catastrofe mitotica). Fonte: acervo do autor.

A necrose programada ou necroptose ¢ um tipo de morte celular que se diferencia da
necrose classica por apresentar padroes moleculares que a caracterizam como uma via de
morte programada (LINKERMANN & GREEN, 2014). A necroptose apresenta morfologia
caracteristica, assim podem ser citadas a contragao nuclear, a tumefacao celular e de organelas
e a ruptura da membrana (WEINLICH et al.,2017).

Deste modo podem ser citadas como moléculas ativadas presentes neste processo a
RIP 1 e RIP 3, quinases que formam um complexo enzimatico chamado de necrossomo. Estas
moléculas sdo ativadas quando na ativacdo de receptores de morte, tais como o TNFR 1 e
FAS, a caspase 8 ¢ inibida (TSUJIMOTO, 2012; NAJAFOV, CHEN & YUAN, 2017).

Durante a necroptose o necrossomo ativa um complexo enzimadtico caracterizado
como pseudoquinase, 0 MLKL (mixed-lineage kinase domain-like protein). Este complexo ¢
responsavel por interagir com fosfatidioinositol presente na membrana plasmatica induzindo,
assim, a permeabilidade membranar e consequente destruicdo celular (WEINLICH et

al.,2017) (figura 11).

Ativacdoda necroptose Bloqueio da necroptose
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Figura 11: Esquema resumido da necroptose evidenciando as vias de ativagdo e bloqueio. Setas azuis =>
ativacao da via; setas azuis com “X” vermelho => via bloqueada; setas azuis pontilhadas => sequéncia da via em
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caso de ativacdo; setas vermelhas => vias de controle/inibi¢do. Adaptado de NAJAFOV, CHEN & YUAN,
2017.

A necroptose parece ser uma importante via na inflamagao e ¢ um evento auxiliar do
sistema imune inato contra infecgdes virais. Este efeito estd ligado a ativacdo de RIP 3.
Enquanto RIP 1 parece relacionar-se com a ativa¢do de IL-la e a efeito pro-inflamatdrios
(TSUJIMOTO, 2012).

A RIP 1 e a RIP 3 s3o moléculas associadas a morte programada, quando expressas
juntas ou isoladas. Na presenca da caspase 8 e quanto expressas isoladamente, entretanto,
ambas podem ser relacionadas a casos de apoptose (WEINLICH et al.,2017).

A necroptose como todo evento programado ¢ passivel de inativacdo e seus
reguladores moleculares sdo a necrostatina 1 e a caspase 8. Neste caso o bloqueio da via de
morte esta na formagdo do necrossomo, provavelmente na ativagdo de RIP 3 pela RIP 1 ativa.
Com este bloqueio o complexo MLKL nao ¢ formado, a membrana continua integra e o
processo de necroptose ¢ inibido (PASPARAKIS & VANDENABEELE, 2015; NAJAFOV,
CHEN & YUAN, 2017) (figura 12).

Diferente dos dois tipos de morte celular supra citados, a piroptose estd relacionada
processos inflamatérios e tem como principal marcador molecular a caspase 1. Esta molécula
ndo estd presente no processo de apoptose classica, portanto, a apoptose ocorre normalmente
em individuos ‘Knockout’ para esta caspase (FINK & COOKSON, 2005). Outro ponto que
diferencia a piroptose da apoptose ¢ a auséncia de citocromo C citoplasmatico nesta via de
morte.

Morfologicamente a piroptose apresenta uma tumefagdo com exposi¢do do conteudo
citoplasmatico devido a ruptura na membrana plasmatica, além disso sdo encontradas
vesiculas perinucleares, condensagdo do nucleo e fragmentacdo do DNA (LABBE & SALEH,
2011).

A piroptose ¢ desencadeada pela formagdo de inflamossomos, complexos proteicos
citoplasmaticos ativados por diferentes sinais, mas que atuam na ativacdo de caspases
inflamatorias, tal como a caspase 1. Dentre os estimulos que ativam os inflamossomos estao:
aumento de ROS; presenga de PAMPs; ativagdo de receptores citoplasmaticos
(BERGSBAKEN, FINK & COOKSON, 2009).

Apds o processo de ativagdo da caspase 1, ela pode atuar sobre dois substratos: a
gasdermina D e um grupo de caspases, tais como as caspases 3 e 7. Quando a ativa¢do da
caspase 1 culmina na clivagem de gasdermina D, no sitio D275, gerando a gasdermina D p30,
ocorre a piroptose. Por outro lado, quando as caspases 3 e 7 sdo ativadas eles clivam a
gasdermina D, no sitio D87, gerando a gasdermina D p45, inibindo a piroptose

(TAABAZUING, OKONDO & BACHOVCHIN, 2017) (figura 12).
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Figura 12: Esquema resumido da piroptose evidenciando as vias de ativacdo e bloqueio. Setas azuis => ativagdo
da via; setas azuis com “X” vermelho => via bloqueada; setas azuis pontilhadas => sequéncia da via em caso de
ativagdo. Adaptado de TAABAZUING, OKONDO & BACHOVCHIN, 2017.

A tltima das vias de morte programadas ndo apoptdticas ¢ conhecida como morte
autofagica, esta via de morte ja foi descrita em diferentes tipos celulares e ocorre
independente da agdo das caspases efetoras (BENCHIMOL, 2008).

A autofagia, que deriva do grego auto = proprio, a si mesmo, e fagos = digestdo, ¢ a
capacidade da célula digerir seus proprios componentes, € um processo fisioldgico, que ocorre
em taxas basais em diferentes tipos celulares, sendo mediado pelo produto de um conjunto de
genes, como os genes Afg, bem caracterizados em leveduras. Este evento estd presente em
diferentes momentos ¢ com finalidades distintas, tais como o desenvolvimento celular,
contencdo de processos invasivos € manutencdo de organelas, dentre outras (PICAZARRI et

al.,2008) (figura 13).

Complexo ATG 1 Autolisossomo
(ATG 1; 13; 17; 29; 31)

[
Estrutura pre- Autofagossomo
autofagica
Complexo Fosfatidilinositol 3-quinase Complexo ATG 8/ LC3 Lisossomo
(ATG 6/beclin 1; ATG 14; Vps 15; Vps 34) fosfatidiletanolamina

Figura 13: Esquema resumido de ativagdo da autofagia. O complexo ATG 1 atua sobre a membrana do reticulo
endoplasmatico (RE) recrutando o complexo fosfatidilinositol 3-quinase, formando assim uma estrutura pré-
autofagica (PAS). A maturacdo de PAS em autofagossomo ocorre apos a agdo do complexo ATG 8. O fim do
processo acontece apds o fusionamento do autofagossomo com o lisossomo e consequente digestdo do contetido
vesicular. Setas azuis => ativacdo da via. Adaptado de LIN & BAEHRECKE, 2015
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Este mecanismo, entretanto, também pode estar ligado a processos imunitarios e até
mesmo a morte programada, sendo chamada de morte autofagica ou apoptose tipo II. Durante
0 processo autofagico, vesiculas caracterizadas por 2 (duas) unidades de membranas sdo
formadas no citoplasma celular, envolvendo o contetido citoplasmatico, incluindo organelas e
formando o autofagossomo. Tal evento ¢ caracterizado pela fusdo, por exemplo, do vacuolo
autofagico com o lisossomo, criando assim um autofagolisossomo (XIE & KLIONSKY,
2007).

Este processo pode também ser encontrado em células onde estejam ocorrendo
desequilibrios metabdlicos, onde, através deste recurso procura-se preservar a viabilidade
celular, reciclando nutrientes intracelulares. Em eucariotos, a presenca de espécies reativas de
oxigénio (ROS) pode induzir autofagia na tentativa de reparar danos ocasionados pelo
estresse oxidativo que pode levar a célula a morte (SCHERZ-SHOUVAL & ELAZAR, 2007).

Como supracitado a autofagia ¢ um processo que pode induzir morte programada
independente de caspase, onde a degradagao citoplasmatica precede a degradacdo nuclear, e ¢
necessario a formacdo de vacuolos autofigicos que contém os conteudos citoplasmaticos.
Estes vacuiolos (autofagossomos) sdo separados do citoplasma por uma dupla membrana,
seguido pela perda da membrana interna do autofagossomo. Restos de membrana e organelas
sdo gradativamente englobadas por estas vesiculas, sendo em seguida degradadas (BURSCH
et al.,2004).

Durante este processo de morte a via autofagica ¢ intensamente ativada. Esta ativagao
pode ser observada pela formagdo massiva de vactolos autofagicos ou mesmo pela formagao
de figuras de mielina. Esta ultima estrutura ¢ caracterizada pela formac¢do de membranas
citoplasmaticas concéntricas. In vitro o processo autofagico pode ser avaliado em microscopia

de fluorescéncia ou microscopia eletronica de transmissdo (BOYA et al.,2005) (Figura 14).

Figura 14: Processo autofigico em diferentes estidgios de ativagdo em eucariotos. A) células ndo tratadas
exibindo pequenas vesiculas citoplasmaticas. B) células tratadas apresentando estrutura com membranas
concéntricas (figura de mielina) caracterizando processo autofagico mais intenso. Fonte: acervo pessoal do autor.



76

Para este tipo de morte celular a deterioracdo nuclear ¢ uma ag¢do que ocorre muito
tardiamente, priorizando a degradacdo citoplasmatica (LOCKSHIN & ZAKERI, 2004). A
degradacao nuclear quando acontece segue o padrao descrito para apoptose: condensagao de
cromatina ¢ fragmentagdo de DNA. Estes vacuolos quando exteriorizados, sdo fagocitados

evitando uma resposta inflamatoria exacerbada (BURSCH et al.,2004) (figura 15).
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Figura 15: Esquema de morte programada diferenciando apoptose e autofagia. Fonte: BURSCH et al.,2004.
Adaptado para portugués.

52 CANCER
5.2.1 UM BREVE HISTORICO SOBRE O CANCER

O cancer ¢ um grupo de patologias caracterizado pela proliferagdo anormal de células.
Este quadro ¢ multifatorial que afeta milhdes de pessoas e por tratar-se de uma doenga cujos
métodos diagnosticos sdo relativamente novos e com baixos indices de cura espontanea, esta
enfermidade acabar debilitar o individuo acometido fisica e mentalmente (CALABRICH &
KATZ, 2010).

Diferentemente do que muitos individuos pensam o cancer ndo € o mal do século, trata-se
de um quadro clinico de dificil diagnostico que passou a ser identificado, com maior precisao,
devido o avanco tecnologico. Este grupo de patologias, entretanto, ja era descrito em periodos
historicos 2500 anos antes de Cristo como incuravel. Neste periodo, entretanto, o termo
cancer ainda ndo era utilizado (LAKHTAKIA, 2014).

Cerca de 400 anos depois de Cristo, Hipdcrates utilizou o termo cancer para descrever
tumores, que no geral, eram malignos. Apds Hipdcrates muitas tedricas sugiram para tentar
explicar a carcinogénese. Apds 2500 anos de registros sobre tumores 0s mesmos continuavam
sem cura definitiva (LAKHTAKIA, 2014).

A paleontologia oncoldgica apresentava algumas dificuldades na identificagao de
tumores. No geral as maiores dificuldades estdo em identificar tumores em tecidos moles e
casos de metastase. Nestes casos requerem mais cuidado e experiéncia do paleontologista, em

funcao dos artefatos gerados durante o processo de mumificacdo ou mesmo da exposi¢ao ao
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tempo, para realizar corretamente o diagndstico. Apesar da dificuldade inerente aos processos
de analise de tumores em amostras seculares existem relatos de tumores em mtimias do século
18, bem como outros casos (FELDMAN et al.,2016; NERLICH et al.,2006).

Ao longo dos quase 5000 anos de registros e teorias sobre o cancer foram descritos
tumores em tecidos humanos e em raros casos existe cura espontinea. Cada uma destas
patologias produz quadros clinicos diferenciados que evoluem de modos distintos. Assim o0s
protocolos terap€uticos para cada tipo de cancer devem ser personalizados, levando em
consideragdo pelo menos o tipo de cancer, anamnese ¢ o quadro clinico do paciente
(LAKHTAKIA, 2014).

O tempo de diagnodstico ¢ um fator preponderante no prognostico do paciente, pois
quanto mais rapido ¢ o diagnostico maiores sdo as chances de um protocolo terapéutico de
sucesso. Apesar da grande inovacdo tecnologica na area da saiide e da maior capacidade de
detecgdo e diagnostico de cancer muito destes quadros patoldgicos permanecem sem cura
definitiva (INCA, 2018).

5.2.2 CARCINOGENESE

Uma célula normal possui muitas maneiras de controlar sua respectiva proliferagdao, como
descrito anteriormente. Entretanto, c€lulas cancerosas nao apresentam o mesmo padrdo de
controle, estas células passam por um processo chamado imortalizacdo. Este processo esta
relacionado a capacidade de uma célula proliferar indefinidamente (FERREIRA & CASTRO,
2008).

As neoplasias, portanto, sdo enfermidades onde a unidade funcional e estrutural dos
organismos vivos — a c€lula — prolifera de forma desordenada. Esta condicao pode acontecer
em diversos tecidos em todo o corpo, podendo ser considerada benigna ou ndo invasiva,
quando delimitada e restrita ao seu tecido de origem, e maligna (invasiva ou metastética),
quando esta proliferacdo ultrapassa os limites teciduais e passa a ocorrer em tecidos
adjacentes e, nos casos mais graves, em tecidos mais distantes (XIA ef al.,2015) (figura 16).
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Figura 16: Diferentes condigdes uma glandula: glandula normal; tumor glandular ndo invasivo (células rosa);
tumor glandular invasivo (maligno — células vermelhas). Fonte: BERNS et al.,2017
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As neoplasias malignas sdo conhecidas como cancer, esta nomenclatura se da devido a
estrutura das células metastaticas que se assemelha a um caranguejo, onde a cabeca do animal
representa a origem da proliferacdo anormal das células e os “tentdculos” representam a
invasao nos tecidos adjacentes (OMS, 2012).

A formacdo do cancer pode ser dividida em trés etapas: Iniciagdo, Promocdo e
Progressdo. A primeira etapa, a iniciacdo, ¢ irreversivel onde os danos causados pelos agentes
carcinogénicos ao DNA (4&cido desoxirribonucleico), como: mutagdes pontuais, delecoes,
insercoes, translocacdo de cromossomos e amplificagcdes foram conservadas nas células
(FERREIRA & CASTRO, 2008).

O processo da carcinogénese depende de varios fatores, desde alteragdes genéticas a agao
de agentes fisicos, quimicos e/ou biologicos. Tais alteracdes podem ocorrer devido a muitos
fatores dentre eles podem ser citados as exposicdes a agentes ambientais como a radia¢do
ionizante, tal como a radiacdo ultravioleta (UV), que pode formar dimeros de ciclobutano
pirimidina (CPD) entre as bases nitrogenadas das células, sobre tudo das células epiteliais,
uma vez que sao as mais expostas a radiagdo ultravioleta oriunda do sol, por exemplo

(RIBEIRO ef al.,2003; PEREZ-MORENO et al.,2008) (figura 17).

Figura 17: Esquema de formacgao de dimeros de pirimidina no DNA ap6s a irradiagdo com UV.

A ocorréncia alteragdes em genes que controlam o ciclo celular ou a ativagao de morte
programada podem transformar uma célula normal em uma célula tumoral. No entanto,
mutacgdes Unicas sdo incapazes de produzir este efeito, assim é necessario um acumulo de
mutacoes independentes para alcancar as alteracdes presentes em células cancerosas. Vale a
pena ressaltar que a ocorréncia casos de cancer € proporcional a idade (BERNS et al.,2017).

A promogdo ¢ um processo dependente de um agente promotor, onde este atuara
estimulando a prolifera¢do celular, esta a¢do ¢ reversivel e ndo ¢ toxica a célula ou causa
qualquer dano no DNA. Portanto, este processo € caracterizado pela agdo de fatores
epigeneticos, tais como posicionamento de nucleossomas, acdo de histonas e metilacdo do
DNA. A exposi¢do aos agentes promotores auxilia na formac¢do de um tumor ndo invasivo
pela proliferagdo das células que passaram pela iniciagdo (SHARMA, KELLY & JONES,
2010).
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A progressdo refere-se ao processo onde mutagdes sdo produzidas em células iniciadas e
que as conduzem para a malignidade e metastase, esta ultima ¢ uma condi¢do onde as células
neoplasicas comprometem os tecidos distantes do seu 6rgao de origem. Durante este processo
ocorrem, basicamente, quatro eventos em cascata: 1) aumento da taxa de mutacao; 2) nimero
de clones; 3) instabilidade genética e 4) selecdo natural de clones (CAHILL et al.,1999;
MARTINEZ et al.,2003) (figura 18).

A) Alta instabilidade genética B) Instabilidade genética ‘6tima’ C) Progress8o celular normal
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Figura 18: Esquema de progressdo tumoral baseada na instabilidade genética e sele¢do natural de clones. A)
Multiplicagdo de células sem quaisquer alteracdes genéticas. B) Multiplicagdo de células com alteracdes
genéticas e formacgdo de novas linhagens mais ‘adaptadas’ favorecendo a progressdo tumoral. C) Multiplicago
de células com alteragdes genéticas e demasiada instabilidade genética e regressdo tumoral em funcdo da selecio
natural. Fonte CAHILL et al.,1999. Adaptado para portugués.

De acordo com as etapas da cascata de eventos citados anteriormente as c€lulas iniciadas,
as que possuem poucas mutagdes, mas ja possuem algumas ‘vantagens’ na proliferagao,
podem multiplicar-se e produzir células com mais mutacdes que as células iniciadas. Assim
haveré diferentes populagdes em um tumor, contudo todas elas apresentardo as mutagdes das
células iniciadas que ‘produziram’ o tumor invasivo. Esta etapa da carcinogenese, por sua
vez, ¢ considerada irreversivel (BERNS et al.,2017).

Tendo estes aspectos em vista os processos de restauracdo do DNA sdo essenciais para
evitar a manutencao de danos nesta molécula. Apos a etapa de restauragdo de uma molécula
lesada tem-se trés possibilidades: o reparo do DNA; a ativacdo das vias de morte; manutengao
da alteragdo e consequente perpetuacao do erro. O acumulo dessas alteracdes, por uma falha
no mecanismo de reparo do DNA, que permitem a conversdo de proto-oncogenes em
oncogenes (MARTINEZ et al.,2003).

Uma via alternativa aos oncogenes nos processos de carcinogenes ¢ a inibigdo ou
deplecao dos genes supressores de tumor, que, como o proprio nome sugere, induz a morte
celular evitando a formagdo de um tumor. Estes genes, quando expressos, sdo responsaveis
por ativar os mecanismos de morte celular programada. Dois dos genes mais citados no

processo de morte programada sao tp53 e tp21 (MARTINEZ et al.,2003).
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5.2.3 MELANOMA

Os oOrgaos/sitios anatdmicos mais afetados, em 2016, por cancer sdao: prostata; colon e
reto; pulmao; mama; estomago e pele. Este ultimo, pode ser subdividido, basicamente, em
dois tipos: cancer de pele tipo ndo melanoma e o tipo melanoma. O primeiro subtipo ¢
responsavel por mais de 90% dos casos de canceres de pele, contudo o melanoma pode gerar
um quadro grave conhecido como metéstase. O melanoma ¢ responsavel por mais de 75% dos
casos de obito por cancer de pele (FINN et al.,2012).

Apesar do risco de desenvolver melanoma esteja associado aos menores fototipos é
equivocado pensar que a producdo melanina induz imunidade as neoplasias de pele. As
pessoas de fototipos mais elevados sdo mais resistentes a outros infortinios oriundos da
exposicao a luz solar, tal como a insolacdo (CARVALHO et al.,2004).

Melanoma pode ser considerado como todo cincer que apresenta-se como tumores
hipercromicos, originados das células da neuroectoderme, os melandcitos, geralmente,
ocasiona manchas escuras e irregulares na pele. A cor escura deve-se a hiperproducdo de
melanina, proteina negra que pigmenta a pele e ¢ importante nos processos de fotoprotecao
dos individuos, atuando com um filtro da radiacdo, absorvendo parte da radiagdo UV
(ARMSTRONG & HOLMANN, 1987; SOUZA et al.,2004; ANGER et al.,2010).

Atualmente sabe-se que esta enfermidade ¢ multifatorial, levando em consideragao
maior incidéncia decorrente de alguns habitos, tal como a exposicdo inadequada ao sol,
particularmente nos horarios de maior incidéncia de raios UV, que podem aumentar,
consideravelmente, o risco de desenvolvimento de neoplasias cutaneas. (ARMSTRONG &
HOLMANN, 1987; BAKOS, 2005) A a¢do da UV ocasiona sintomas que incluem eritrema,
irritacdo local, bronzeamento e imunossupressao local e sistémica. O Espectro da UV pode ser
dividido em trés intervalos de comprimentos de onda: UV-A (320—-400 nm) e UV-B (280-320
nm) UV-C (200-280 nm).

A UV-B ¢ considerada mais carcinogénica que a UV-A, uma vez que as mutacdes
decorrentes da acdo da UV-A ocorrem pela agdo de espécies reativas de oxigénio (ROS),
produzidas a partir da fotoconversao de sensibilizadores ndo enddgenos. Em contrapartida, a
UV-B promove a lesdo direta ao DNA ao adicionar entre os residuos de timina e citosina,
CPD —dimeros de ciclobutano pirimidina, sendo que estas mutacdes sdo consideradas
marcadores de alteracdes causadas pela exposi¢do a UV-B. A UV-C ¢ biologicamente
irrelevante, sendo quase que completamente absorvida pela atmosfera, contudo existem
relatos de que esta radiacdo pode ser produzida em ambientes laboratoriais. (ZAIDI et

al.,2008; KYRGIDIS et al.,2010).



81

Neoplasias melanociticas podem acometer diferentes regides do corpo que contem
melandcitos, tais como leptomeninges, ivea (regido que compreende a iris, corpos ciliares e
coroide) e regides mucosas como trato respiratdrio, urinario, ocular e gastrointestinal.
(ALGAZI et al,2010; LEE et al,2012; SEETHARAMU et al.,2010). Assim, € possivel
subclassificar os melanomas cutdneos em: mucosos, ocorrendo principalmente na oro e
nasofaringe, regido anal-genital e reto e os melanomas acrais que afetam pele, palma das
maos, planta dos pés e regides ungueais (ALGAZI et al.,2010).

Os melanomas cutaneos ainda podem ser subdivididos em: expansivo superficial,
nodular, lentiginoso e lentigo maligno, onde: expansivo superficial, ¢ mais frequente nos
membros inferiores e tronco, apresenta hipopigmentacdo central e expansdo periférica, varias
coloracdes e, em casos mais graves, pode ocorrer sangramento indicando crescimento
vertical; o nodular, apresenta-se como uma lesdo papular, elevado de cor castanha, negra ou
azulada, indica crescimento vertical sem expansdo radial; lentiginoso, por sua vez, acomete
regides palmoplantares, extremidades digitais, lesdo subungueal, sendo mais frequentes em
individuos ndo brancos; por ultimo tem-se o lentigo maligno, apresentando-se, geralmente,
como uma macha bem delimitada com margens irregulares podendo alcancar vérios
centimetros de didmetro, mais frequentemente localizada na face (FERNANDES et al.,2005).

Em células de melanoma a transdugdo dos sinais estdo alteradas em pelo menos sete via
diferentes. As alteragcdes destas vias conferem ao melanoma ‘vantagens’, tais como maior
capacidade proliferativa, redugdo da supressio e promo¢do de metdstase. Dentre estas
mutagdes podem ser citadas WNTI1 e 5, MAPK-BRAF, JAK-STAT (BERGAMI, BHOUMIK
& RONAL 2006).

Uma muta¢do no gene BRAF afeta as vias de sinalizacdo celular aumentando a
proliferacdo celular, promovendo uma atividade oncogénicas. A mutagdo ¢ mais frequente
nestes genes € a substituicdo da glutamina por valina no codon 600 (V600E) (EL-OSTA et
al.,2011). Outro gene envolvido na fisiopatologia do melanoma ¢ o gene NRAS considerado
também como um importante oncogene no desenvolvimento desta neoplasia. Estes dois genes
estdo relacionados com a expressdo de proteinas que interferem no ciclo celular — como as
proteinas RAS que quando ativas regulam e estimulam a diferenciagdo e proliferagdo celular,
além de possuirem um papel importante nas sinalizacdes com adenosina monofosfato ciclico
(AMP-c) e fosfatidilinositol 3 cinase (PI3K) que sdo efetores centrais nas cascatas de
sinalizagdo celular. Na ocorréncia de mutagdes estas cascatas de sinalizagdo nao sao
reguladas por um gene importante no controle do ciclo celular a p16, que age como gene

supressor tumoral (HOCKER et al.,2008; VIDWANS et al.,2011) (figura 19).
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Figura 19: Esquema de ativagdo genética para a progressdo tumoral pela via RAS-BRAF. Fonte: SHARMA,
HUANG & HAMBLIN, 2005. Adaptado para portugués.

5.2.3.1 Prognéstico

O prognostico do melanoma foi dividido em niveis, considerando: Nivel I, toda célula
de tumor que esta contida pela membrana basal, sendo por definigdo um melanoma in situ;
Nivel II, quando as células neoplasicas invadem a membrana basal ¢ se estende até a derme
papilar, mas ndo atinge a derme reticular; Nivel III, invasdo neopldsica na regido entre a
derme papilar e a derme reticular; Nivel 1V, extensdo das cé€lulas neoplésicas para a derme
reticular; Nivel V, invasao das células no tecido subcutaneo (CLARK ef al.,1969).

Outro indice que deve ser avaliado no prognostico desta neoplasia ¢ o indice de
Breslow que determina a espessura tumoral, a partir do ponto mais profundo de invasdo ao
topo da camada granulosa ou a célula mais superficial em caso de ulceragdo (FERNANDES
et al.,2005). Nesta escala uma espessura de 0,75 mm indica uma lesdo de Nivel II da escala de
Clark, (BRESLOW, 1970), entretanto para melhorar a avalicdo da espessura tumoral, Biittner
e colaboradores (1995), aperfeicoaram esta leitura e propuseram os intervalos de < 1,0 mm

para um bom prognostico, entre 2 ¢ 4 mm para um prognostico ruim (figura 20).
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Figura 20: Progressdo do melanoma considerando os niveis de Clark e a espessura de Breslow. Fonte: Canto &
Oliveira (2007).

5.2.3.2 Epidemiologia
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Em paises tropicais, como o Brasil, onde a incidéncia da radiacdo solar ¢ alta e
continua ao longo do ano, habitos culturais de exaltacdo ao corpo bronzeado, exposi¢ao
laboral ou ndo e uso de vestimentas que expdem o corpo a luz solar podem ser pontos-chave
nos indices de individuos acometidos por melanoma e outros tipos de cancer de pele, destes
paises, o Brasil ja ocupa a 15% colocacdo no ranking dos casos de melanoma. Possuindo uma
populagdo pouco informada ou desinformada, o aumento do numero de caos pode ser
inevitavel, lembrando que em 1935 era de 1:1500 passando para 1:75 em 2000. Nos EUA os
adultos sdo os mais acometidos por esta neoplasia (ARMSTRONG & HOLMANN, 1987,
SOUZA et al.,2004).

A Organiza¢do Mundial de Saude divulgou os dados referentes as mortes por
melanoma e outros tipos de cancer de pele e com base nos dados publicados, foi possivel
observar que os homens (43.798) morreram mais que as mulheres (33.697), no mundo inteiro,
estes dados se confirmam em quase todas as regides do globo, com exce¢ao apenas da regido
africana onde cerca de 2.701 mulheres e cerca de 2.542 dos homens morreram (OMS, 2011).
Nos Estados Unidos da América (EUA) estimou-se que, para 2012, seriam registrados 76.250
novos casos, dos quais 9.180 seriam letais, sendo que a populacdo masculina estimada de
sucumbir de melanoma ¢ quase o dobro da feminina, apontando os homens como grupo de
maior mortalidade estimada por este tipo de neoplasia maligna neste ano (ACS, 2012). No
Brasil em 2009, foram constatados mais de mil e trezentos individuos mortos pelo cancer de
pele tipo melanoma (INCA, 2011). O Instituto Nacional de Cancer (INCA), em 2012, estimou
6.230 novos casos no Brasil (3.170 em homens e 3.060 em mulheres), na Bahia esta
estimativa apontou que 120 individuos poderdo desenvolver o melanoma. Segundo as
estimativas nos anos entre 2013 e 2017 ocorreram cerca 31.000 casos de melanoma no Brasil.
Segundo o INCA, em 2018, estima-se 170.000 novos casos de melanoma no mundo e no
Brasil serdo mais 6.260 novos casos sendo que 150 destes poderdo ocorrer na Bahia.

Nos ultimos anos houve um aumento de novos casos ou ao menos a deteccao da
patologia (cancer de pele) na Bahia e no Brasil, entretanto os processos de notificacao
ineficazes e as subnotificagdes acabam por camuflar a realidade de algumas patologias no

Brasil (INCA, 2011).

5.2.3.3 Tratamento

Os principais protocolos terapéuticos envolvidos no tratamento de melanoma sao:

procedimentos cirurgicos; imunoterapia; quimioterapia e radioterapia. A terapia fotodindmica

tem como principal mecanismo de agdo a inducao de morte celular por estresse oxidativo, este



84

modelo de terapia ja ¢ utilizado para alguns tipos de cancer de pele, contudo ainda ndo ¢
utilizado em casos de melanoma (DAVIDS & KLEEMANN, 2011).

Basicamente existem trés tipos de tratamento para os casos de melanoma: cirurgia;
quimioterapia e radioterapia. As escolhas dos protocolos terapéuticos podem variar de acordo
com as severidades de cada caso, contudo a utilizagdo de mais de uma metodologia de
tratamento ¢ comum (DRABOWSHI ef al.,2011).

O tratamento cirurgico ¢ utilizado em fases iniciais da doenca, com diagnostico
precoce, podendo ainda ser associado aos outros dois tipos de tratamento. A radioterapia, por
sua vez, se utiliza de radia¢do para destruir as células tumorais, sendo empregada apenas em
casos de metastase que afetam o Sistema Nervoso Central (SNC), além disso, este método
também apresenta efeitos adversos presentes nos tratamentos quimioterapicos € a
possibilidade de queimaduras (BHATIA et al.,2009).

A quimioterapia busca a inativa¢do das células cancerosas agindo no citoesqueleto,
bloqueando a divisdo celular (BHATIA et al,2009). Nos EUA, até¢ 2011, o tratamento
quimioterapico deste tipo de cancer de pele era composto por apenas duas terapias: altas doses
de Interleucina-2 (IL-2) e Dacarbazina (FINN et al.,2012). As altas doses de IL-2 sdo muito
toxicas para o paciente podendo levar o individuo ao uma sindrome de extravasamento
vascular (Vascular Leakage Syndrome — VLS) generalizada levando os individuos a quadros
de edema pulmonar e lesdes hepaticas (FINN et al,2012; KRIEG et al.,2010; OTTER et
al.,2008). A Dacarbazina tem uma baixa taxa de resposta (FINN et a/.,2012) tornando seu uso
insatisfatorio, em primeira instancia e outro obstdculo ¢ o fato deste composto ser
mielossupressor, administrado por via intravenosa, causando dor e muitas vezes o paciente
ndo ¢ condescendente. Outro ponto ¢ a absorcdo irregular, lenta e incompleta do
medicamento, um terceiro fator é sua fotossensibilidade ¢ instabilidade, além de ter uma
meia-vida curta dificultando seu uso em terapias com combinagdo de medicamentos (BEI et
al.,2010). Ambos os medicamentos citados acima nao modificam o tempo de sobrevida global
do cancer (FINN et al.,2012), mas apenas melhoram a qualidade de vida do individuo.

Outros medicamentos foram recentemente propostos para o tratamento do melanoma:
os inibidores de BRAF e bloqueadores de CTLA-4. A mutacdo no gene BRAF esta
relacionada aproximadamente com 40% a 60% dos casos de melanoma. CTLA-4, sdo
Linfocitos T citotoxicos associados ao antigeno 4, estas células atuam fisiologicamente
inibindo a agdo das células T, o bloqueio da CTLA-4 removeria as barreiras de acdo das
células T deixando-as hiperresponssivas as células tumorais, sendo comum no melanoma a

presenca de infiltrado linfocitario (FINN, et al.,2012).



