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Resumo Geral

A C-ficocianina (C-FC), um pigmento comum nas cianobctérias e um dos
mais abundantes constituintes da Spirulina platensis, vem sendo estudada por
possuir  varias propriedades como  antioxidante, hepatoprotetora,
antiinflamataria e inibidora da enzima COX-2. Alguns autores atribuem também
a C-FC um efeito oxidante quando ela € o agente fotossensibilizante utilizado
na terapia fotodindmica (TFD), podendo ser um importante agente no
tratamento do cancer. Entretanto ainda pouco se sabe sobre a acédo da C-FC,
como substancia fotosensibilizante, no tratamento de acao fotodinamica (AFD)
em modelos bioldgicos. A AFD provoca a fotooxidacdo de substratos bioldgicos
através da geracdo de espécies reativas de oxigénio produzidas pela
associacdo entre um determinado comprimento de onda, uma substancia
fotosensivel e oxigénio. Existem dois caminhos que levam a morte celular pelo
processo de fotooxidacdo conhecidos como mecanismo do tipo | e tipo II. No
mecanismo tipo | sdo gerados radicais como o radical anion superéxido e
radical hidroxila, enquanto no mecanismo do tipo Il a espécie reativa de
oxigénio gerada é o oxigénio singlete (*O,). A TFD da C-PC possui muitas
vantagens em relacdo ao uso das hematoporfirinas e seus derivados, como
rapida preparacao e facil purificagdo, ampla faixa de absor¢éo do UV e visivel,
nenhum efeito local, e significativa redugcéo da fotosensibilidade em tecidos
normais por ter uma rapida metabolizacdo em vivo. As pesquisas que avaliam
os possiveis efeitos celulares da AFD tém sido também estendidas para as
células tumorais que adquirem fenétipo de resisténcia a mdltiplas drogas
(MDR). A MDR é um fendbmeno no qual células tumorais, selecionadas

resistentes a um agente quimioterapico, adquirem resisténcia a outras drogas,



aparentemente nao relacionadas. O fendtipo MDR ¢é multifatorial, mas o
mecanismo melhor estudado é a super expressdo da glicoproteina-P, que é
uma proteina de membrana capaz de fazer a extrusdo de quimioterapicos para
fora de célula. Com isso o objetivo deste estudo é avaliar a sensibilidade das
linhagens celulares que expressem (Lucena) ou ndo (K562) o fenétipo MDR a
AFD do pigmento C-FC, extraido da cianobactéria S. platensis, e propor um
possivel mecanismo de agdo. A extracdo da C-PC foi feita no Laboratorio de
Microbiologia e Engenharia de Bioprocesos (FURG). Diferentes concentragdes
de C-PC (0.025, 0.05, 0.10, 0.20 e 0.40 mg/ml para os testes de PDA da C-PC
e 0.05, 0.10, 0.20, 0.40 e 0.60 mg/ml para os testes no escuro) foram usadas.
O numero de células viaveis foi avaliada imediatamente, 24 h e 48 h apos o
tratamento com C-PC ou PDA da C-PC através de exclusé@o por azul de trypan.
A concentracao de 0.05 mg/ml foi utilizada para determinar o possivel papel da
Pgp na resposta da linhagem Lucena e a concentracdo de 0.10 mg/ml foi
utilizada nos testes de peroxidacao lipidica (LPO), de producdo de espécies
reativas de oxigénio (ROS) e quantificacdo de apoptose/necrose. A PDA da C-
PC causou uma diminuigdo no nimero de células viaveis em ambas linhagens
K562 (ndo MDR) e Lucena (MDR), sendo que a linhagem MDR foi menos
sensivel que a ndo MDR. J& nos testes realizados no escuro, nenhuma
toxicidade foi encontrada para as duas linhagens. Nenhuma alteracdo na
resisténcia da linhagem Lucena foi encontrada quando o modulador verapamil
foi colocado durante o tratamento de APD com C-PC e até as 48h de
acompanhamento apdés o tratamento. Também néo foi encontrada diferenca
significativa de lipoperoxidacédo (LPO) mas houve uma tendéncia de aumento

na producdo de ROS, que foi mais evidente na linhagem K562. Além disso a



linhagem Lucena apresentou uma producao basal de ROS significativamente
maior que a K562. Nos testes de apoptose/necrose nenhuma diferenca foi
encontrada entre as células controle e tratadas em ambas linhagens. Os
resultados encontrados neste estudo sugerem que a C-PC possa ser um
potente agente fotosensibilizante, tanto para linhagens ndo MDR quanto para
linhagens MDR e também que o mecanismo tipo Il esteja envolvido em maior
parte no efeito observado na PDA da C-PC, mas uma menor participagdo do

mecanismo tipo | ndo pode ser descartada.



Introducéo Geral

A C-ficocianina (C-FC), um pigmento comum nas cianobctérias e um dos
mais abundantes constituintes da Spirulina platensis, vem sendo estudada por
possuir  varias  propriedades como  antioxidante, hepatoprotetora,
antiinflamatéria e inibidora da enzima COX-2 (Pifiero Estrada L. E. et. Al. 2001,
Vadiraja B. B. et. Al. 1998; 2000, Romay C. et. Al. 2000). Madhava Reddy et al.
(2000) verificaram que a C-FC, uma das ficobiliproteinas da S. platensis, € um
inibidor seletivo da ciclooxigenase-2 (COX-2). O COX-2 é uma enzima que
cataliza a conversdo do acido aracdbnico em prostaglandinas (PG). As PGs
sdo mediadores lipidicos de importancia em muitos processos patoldgicos
como inflamagé&o, trombose e cancer, e 0 aumento da expressao de COX-2 foi
recentemente associado com 0 aumento nos niveis de PG em varios canceres.
Outro efeito protetor da C-FC é a sua capacidade de captar radicais livres.
Vadiraja et al. (2001) observaram que a C-FC e seu cromdforo ficocianobilina
foram capazes de captar peroxinitrito (ONOO’) e proteger contra danos
oxidativos no DNA de maneira dose dependente. Pifiero Estrada et al. (2001)
estudaram o efeito antioxidante de diferentes fracbes obtidas durante o
processo de purificacdo da C-FC através da atividade de captacédo do radical
hidroxila. Estes autores verificaram uma relagdo entre o aumento de C-FC e o
aumento na atividade antioxidante, nas diferentes fracbes do extrato da S.
platensis.

Alguns autores atribuem também a C-FC um efeito oxidante quando ela
€ 0 agente fotossensibilizante utilizado na terapia de acao fotodinamica (AFD),

podendo ser um importante agente no tratamento do cancer. Entretanto ainda



pouco se sabe sobre a agdo da C-FC, como substancia fotosensibilizante, no
tratamento de ag&o fotodindmica em modelos biol6gicos.

A acdo fotodindmica (AFD) provoca a fotooxidacdo de substratos
biolégicos através da geracao de espécies reativas de oxigénio produzidas pela
associagao entre a presenca de um determinado comprimento de onda, uma
substancia fotossensivel e oxigénio. Existem dois caminhos que levam a morte
celular pelo processo de fotooxidagcdo conhecidos como mecanismo do tipo | e
tipo II. No mecanismo tipo | a substancia fotosensibilizante ativada pela luz
interage com alvos biolégicos e em combinacdo com o O, do meio, gera
radicais como o radical anion superoxido (O;) e radical hidroxila (OH). No
mecanismo do tipo Il ocorre transferéncia de energia do fotosensibilizante
ativado pela radiacdo para o O, no estado triplete (°0,), gerando uma espécie
extremamente reativa, o oxigénio singlete (*O,), que, por sua vez, ir4 atuar nos
alvos biolégicos. O mecanismo do tipo Il destréi muitos compostos fora e
dentro da célula enquanto que o tipo | necessita da penetracdo do
fotosensibilizador no invélucro celular (Foote, 1991; Henderson e Dougherty,
1992).

Morcos et al. (1988) e Zheng et al. (1994) tém demonstrado que as
ficobiliproteinas exercem uma forte AFD em células tumorais quando
comparada com as hematoporfirinas (HPD) e seus derivados. Além disso, a
terapia de acéo fotodinamica da C-PC possui muitas vantagens em relacao ao
uso das HPD, como rapida preparacdo e facil purificacdo, ampla faixa de
absorcdo do UV e visivel, nenhum efeito local, e significante reducdo da
fotosensibilidade em tecidos normais por ter uma rapida metabolizacdo em vivo

(Zheng S. et. Al. 1994). Estudando a AFD da C-FC, Jin-An He et al. (1997)



verificaram a geracdo de espécies reativas de oxigénio em uma solugdo
contendo trés ficobiliproteinas (R-ficoeritrina, C-ficocianina e aloficocianina).
Eles verificaram que apds irradiacdo de uma solucdo aquosa saturada de
oxigénio com luz visivel, ocorreu a formacdo do O, e do 'OH. Utilizando
catalase observaram uma inibicdo na formagdo de OH, indicando que o
peréxido de hidrogénio (H,0;) também é gerado, atuando como suprimento
para a formacdo de ‘OH. Foi verificado também que a fotooxidacdo da C-FC
observada pela perda de sua coloracdo, pode ser significativamente inibido
pela histidina e NaNs, que s&o inibidores especificos de 'O,, sugerindo que o
'0, também é gerado no processo de fotossensibilizagdo. Zhang et al. (1999)
iluminando uma solugéo saturada de oxigénio contendo C-FC e 5,5-dimetil-1-
pirroline-N-oxido (DMPO) verificaram a formacéo de 'OH através da formagéao
de adutos de DMPO-OH utilizando um espectro por ressonancia de eletron spin
(ESR), e adicionando um conhecido captador de ‘OH foi observado por eles
uma reducdo na formacdo destes adutos. Estes autores testaram ainda a
participacdo de outras fontes de suprimento para a formagéo do aduto, que nao
0 OH, e verificaram que o O,, o H,O, e 'O, também s&o formados pela
iluminacéo da C-FC contribuindo para a geracao de adutos de DMPO-OH.
Estudando microorganismos, Padula et al. (1996) testaram a AFD de um
extrato de C-FC, também extraida da cianobactéria S. platensis, em linhagens
de Escherichia coli, Stafilococcus epidermidis e DNA plasmidial pBR322. A
linhagem gran negativa E. coli foi resistente ao tratamento enquanto que a gran
positiva Stafilococcus epidermidis e o plasmideo pBR322 foram sensiveis a
AFD da C-FC. Estes autores observaram que a inativacdo das células e do

DNA plasmidial foi dependente da concentracdo do corante, do tempo de



incubacgdo e da temperatura. Utilizaram ainda a proteina formamidopirimidina —
DNA - glicosilase (Fpg), que tem um importante papel no reparo de danos no
DNA por agentes fotooxidantes, e verificaram que a sobrevivéncia foi maior
guando o plasmideo pBR322 foi pré tratado com a proteina Fpg. Esta alta
sobrevivéncia do plasmideo pré-tratado com Fpg foi atribuida pelos autores
como um completo reparo no DNA. Estes autores sugeriram entdo que a AFD
da C-FC induz foto oxidacdo do DNA, mas n&o descartam que danos em
outros alvos como, por exemplo, na membrana celular, podem estar envolvidos
na letalidade da AFD da C-FC principalmente em células de mamiferos, como
foi visto por Santus e Reyftmann (1986) e Moreno et al. (1987).

Varios autores vem estudando a possibilidade da AFD ser considerada
uma técnica terapéutica para o tratamento do cancer (Ochsner, 1997; Orth et
al., 1995, 1998, Dellinger et al. 1992). Outros estudos “in vitro” tém enfocado o
possivel mecanismo celular que leva a morte de células tumorais através da
AFD.

Hadjur e colaboradores (1995) testaram a fototoxicidade do corante
hipericina em fibroblastos humanos MRC5. Eles encontraram em seus estudos
gue baixas concentracdes do corante ndo possuem toxicidade no escuro e ao
mesmo tempo sao suficientes para causar fototoxicidade. Além disso, a
fototoxicidade foi dependente da concentracdo do corante e da dose de luz.
Utilizando extintores de *O,, como 1,4 — diazabiciclo [2,2,2] octano (DABCO) e
histidina, e inibidores de espécies reativas de oxigénio geradas pelo
mecanismo tipo I, como superoxido dismutase e catalase, foi verificado por
estes autores que a fototoxicidade do corante hipericina é causada, em maior

parte, pelo mecanismo tipo Il, mas que o mecanismo tipo | também esta
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envolvido. Sharma et al. (1997) estudando o efeito da agao fotodinamica da
merocianina 540 (MC540) em células de glioblastoma, verificaram alteracdes
na membrana plasmatica. Utilizando métodos de fluorescéncia foi detectado
por eles um aumento na fluidez da membrana e uma diminuicdo na mobilidade
das proteinas de membrana, sugerido por eles como resultado de mudancgas
na interagdo lipideos - proteinas da membrana.

As pesquisas que avaliam os possiveis efeitos celulares da AFD tém
sido também estendidas para as células tumorais que adquirem fenétipo de
resisténcia a multiplas drogas (MDR).

A MDR é um fenémeno pelo qual, tumores que inicialmente respondiam
a determinados quimioterapicos, adquirem resisténcia ndo apenas as drogas
utilizadas no tratamento, mas também a um namero de outras drogas que ndo
apresentam uma estrutura comum as primeiras, nem mesmo possuem um
mesmo alvo intracelular (Gottesman M. M. & Pastan L. 1993). Este fenGmeno
possui caracteristicas que ainda ndo se encontram bem definidas e tem sido
sugerido como a maior causa de falta de éxito na quimioterapia de diversos
tipos de cancer (Gottesman M. M. & Pastan L. 1993).

O gene mdrl codifica a gpP, proteina de cerca de 170 KDa, da familia
das ATPases (super familia ABC), que expressa ha membrana celular, é
responsavel por um mecanismo de efluxo, dependente de energia, capaz de
bombear agentes quimioterapicos para fora da célula (Uchiumi T. et. al. 1993).
A presenca desta proteina, na membrana celular, confere a célula um fenotipo
MDR.

Uma linhagem celular dita MDR apresenta caracteristicas que a definem

como tal: resisténcia a drogas nao relacionadas (Tiirikainen M. L. & Krusius T.
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1991, Kartner N. & Ling V. 1989), expressao de glicoproteina P (gpP) na
superficie da membrana (Gottesman M. M. & Pastan L. 1993), extrusdo do
corante rodamina (Neyfakh A. A. 1988) e reversédo da resisténcia pelos agentes
reversores trifluoperazina, verapamil e ciclosporina A (Ford J. M. & Hait W. N.
1990, Sikic B. 1993).

Rumjanek et al. (1994; 2001) estabeleceram um modelo in vitro
utilizando vincristina para induzir uma linhagem eritroleucémica resistente e,
com isso, permitir um estudo experimental de células MDR. A essa linhagem
MDR foi dado o nome K562-Lucenal (Lucena) para distinguir de sua linhagem
parental K562. Maia et al. (1996a), Marques-Silva (1996), Maia et al. (1996b), e
Orind et al. (1997), demonstraram para a linhagem celular Lucena as mesmas
caracteristicas de células MDR, descritas acima.

Um achado comum entre os pesquisadores que estudam células com o
fen6tipo MDR é a resisténcia a agentes oxidantes. Em geral, tem-se mostrado
gue células MDR apresentam menor peroxidacdo lipidica que suas células
parentais. No entanto, apesar de ser um fenbmeno comum a maioria das
células MDR estudadas, a razdo dessa resisténcia varia consideravelmente
entre as linhagens celulares, podendo estar relacionada a um aumento da
expressdo de enzimas antioxidantes (Benchekroun et. al. 1990, Trindade et al.
1999), a um aumento da quantidade de alfa-tocoferol na membrana celular
(Mazzanti R. et. al. 1995), ou a outras razfes ainda ndo compreendidas.

Keppler (1999) em seu artigo de revisdo sugere que a glutationa
conjugada, com uma toxina, por exemplo, é exportada por bombeamento
protéico para 0 meio extracelular. Este autor apresenta as proteinas da familia

MRP (ATPases de transporte) como indispensaveis para transportar estes
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conjugados e as coloca tendo um papel decisivo na detoxificacdo e defesa
contra estresse oxidativo. A toxina aflatoxina B1 € sugerida como exemplo de
conjugado com a glutationa, agindo como substrato de alta afinidade com a
proteina MRP1 (Keppler D. 1999, Loe D. W. et. al. 1997). Entretanto Votto
(2004) testando a toxina microcistina em linhagens celulares tumorais
sanguineas humanas K562 (ndo MDR) e Lucena (MDR) verificaram que nédo
houve aumento na atividade da GST na linhagem Lucena indicando que a
microcistina nao foi exportada das células através da Pgp conjugada com GSH.
Trindade et al. (1999) estudaram a AFD do azul de metileno (AM) em
cinco linhagens tumorais que expressavam ou nao o fenétipo de resisténcia a
multiplas drogas (MDR). Eles observaram que o AM foi capaz de reverter o
fen6tipo MDR e que tanto as linhagens MDR como as ndo MDR foram
sensiveis a AFD do AM e com isso sugeriram que o AM pode ser usado
simultaneamente como um reversor da MDR e como um agente fotodinamico.
O nosso interesse neste estudo é avaliar a sensibilidade das linhagens
celulares que expressem (Lucena) ou ndo (K562) o fenoétipo MDR a acédo
fotodinamica do pigmento C-FC, extraido da cianobactéria S. platensis, e

propor um possivel mecanismo de agéo.
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Objetivos

Objetivo Geral

O objetivo deste trabalho foi estudar o efeito da acdo fotodinamica do
pigmento C-FC, extraido da cianobactéria S. platensis, nas linhagens K562

(ndo MDR) e Lucena (MDR), propondo um possivel mecanismo de acao.

Objetivos Especificos

- Avaliar a viabilidade das linhagens celulares expostas a acéo fotodinamica da
C-FC em diferentes concentracbes, a fim de construir uma curva dose-
resposta.

- Demonstrar a formacdo de espécies reativas de oxigénio nas linhagens
celulares expostas a AFD da C-FC.

- Avaliar danos oxidativos (peroxidacdo lipidica) nas linhagens celulares
expostas a AFD da C-FC.

- Estudar a participacao da Pgp na resposta ao tratamento de AFD da C-FC na
linhagem MDR.

- Quantificar a capacidade da AFD da C-FC em provocar apoptose e necrose

nas linhagens celulares.
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Abstract

C-Phycocyanin (C-PC), the major light harvesting biliprotein from Spirulina platensis is of
greater importance because of its various biological and pharmacological properties. It is a
water soluble, non-toxic fluorescent protein pigment with potent anti-oxidant, anti-inflammatory
and anti-cancer properties. In the present study the photodynamic action of C-PC was
investigated. K562, a leukemia cell line and Lucena, a vincristine-resistant derivative of K562
that overexpress P-glycoprotein (Pgp) and displays several multidrug resistance (MDR) were
both sensible to PDA of C-PC, moreover MDR line presented a low sensitivity toward the non-

MDR line, suggesting that the C-PC can be a powerful photosensitivity agent.

Keywords: Multidrug resistance, C-Phycocyanin, Photodynamic action

1. Introduction

The photodynamic action (PDA) is the photo oxidation of biological molecules that take
the production oxygen reactive species across of combination of light, a substance photo
sensible and oxygen. There are two principal mechanisms that lead to cell death for photo
oxidation: type | and Il mechanisms. In the type | mechanism, the light-actived photosensitive
substance interacts with biologics target and with oxygen and produces superoxide anion and
hydroxyl radicals. On the other hand, in the type Il mechanism upon light absorption by
photosensitizer in it triplet state occurs energy transference to triplet state oxygen (*0.),
producing singlet oxygen (*O,), a potent oxidizer, that will interact with biologics target [1,2].

Morcos et al. [3] and Zheng et al. [4] have demonstrated that phycobiliproteins exerts
much stronger photodynamic action on tumor cells compared with hematoporphyrin (HPD) and
their derivatives. C-Phycocyanin (C-PC), a common pigment in the cyanobacterias and one of
the major constituent of Spirulina platensis, is a phycobiliproteins that exhibits several

advantages over the presently used HPD, i.e., ready preparation and easy purification, high
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molar extinction coefficients, wide UV-visible absorption, no side effects and significantly
reduction of normal tissue photosensitivity because of its fast metabolism in vivo.

C-PC is shown to be hepatoprotective, anti-oxidant, anti-inflammatory and COX-2
inhibitor [5,6,7,8]. One of mechanism involved in the PDA of C-PC is DNA photo-oxidation
across singlet oxygen production [9]. Furthermore, others mechanism are suggested to be
involved in the phototoxicity of the C-PC since the PDA of this substance also generates
reactive species as the hydroxyl radical, hydrogen peroxide and superoxide radical anion
[10,11]. Based on these ideas, Zhang et al. [11] estimated that type | and type Il mechanisms for
C-PC sensitization play a 30 and 70% part, respectively, in buffer agueous solution.

It is consensus that resistance to oxidants agents is involved on multidrug resistance
(MDR) phenotype of the cells. However, although it is a common phenomenon in MDR cells
lines, this resistance varies between the cellular lines. One are related to an increase of the
antioxidant enzymes expression [12,13], or an increase of the amount of alpha-tocoferol in the
cellular membrane [14], or are not investigated.

Trindade et al. [15] studied the PDA of methylene blue (MB) in five tumoral cell lines
expressing or not the MDR phenotype. These authors observed that MB was capable to revert
this phenotype, and that all cell lines were sensible the PDA of the MB, suggesting that the MB
can to be used simultaneously as MDR reverser and as photodynamic agent.

The objective of this study was evaluate the sensitivity of cell lines that express or not
MDR phenotype to photodynamic action of pigment C-PC, extracted of cyanobacterium

Spirulina platensis, suggesting a possible action mechanism.

2. Materials and Methods

2.1. Chemicals and cell culture
C-Phycocyanin (C-PC) isolated from Spirulina platensis as described previously [16]

was dissolved in distilled water and diluted in PBS for use.
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K562 (human leukemia cell line) and Lucena (a K562/VCR resistant cell line with
MDR characteristics) [13] were cultivated at 37 °C in RPMI 1640 (Life Tech. Inc., Rockville,
MD) supplemented with 10% heat-inactivated fetal calf serum (FCS) (Life Technologies Inc.,
USA), 2mM L-glutamine, 25mM HEPES, 5x10° M -mercaptoethanol, 1200U/ml penicillin, 100

g/ml streptomycin (Life Technologies Inc.), and 0.25 g/ml antimicotic (SIGMA, St. Louis,

USA). Lucena was maintained in the presence of 60 nM vincristine (SIGMA).
2.2. Cell viability assay

In order to investigate the intrinsic cellular dark toxicity of C-PC, the cells (4x10°
cells/ml) were suspended in medium without -mercaptoethanol, treated with different
concentrations of C-PC (0.05, 0.10, 0.20, 0.40 and 0.60 mg/ml) and incubated at 37°C for 48 h.
Viable cell number was assessed by trypan blue exclusion after 0 h, 24 h and 48 h of incubation.

Photodynamic action of C-PC was evaluated as described previously [15]. Briefly, cells
(4x10° cells/ml) in PBS were illuminated with visible light for 5 minute (1 J/cm?) with different
concentrations of C-PC (0.025; 0.05; 0.10; 0.20 and 0.40 mg/ml). The light source was a
Halopar 38 E 26 (90W), Halogen Osram lamp, with an emission spectrum almost totally in the
visible region and an emission peak in 590 nm. After removal of C-PC by centrifugation, the
cells were ressuspended in fresh medium without -mercaptoethanol and incubated at 37°C for
until 48h. Photodynamic action (PDA) of the drug were analyzed immediately (0 h) and 24 and
48 h after the treatment.
2.3. ROS assay

For this experiment the cells were incubated at 37°C with C-PC for 24 h. After
incubation the cells were washed with PBS for removal of C-PC, suspended in PBS and
illuminated.

After treatment, the cells were twice washed with PBS and incubated for 30 min at 37°C
with the fluorogenic compound 2°,7 -dichlorofluorescin diacetate (H,DCF-DA) at a final
concentration of 40 M, according to previously described [17]. H,DCF-DA passively diffuses

through cellular membranes and, once inside, the acetates are cleaved by intracellular esterases.
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Thereafter, the non-fluorescent compound H,DCF is oxidized by ROS to the fluorescent
compound DCF. After the loading with H,DCF-DA, two washes with PBS were performed and
suspended in fresh PBS. Each treatment was performed in quadruplicate. Aliquots of 160 | of
each sample (five replicate) were placed into an ELISA plate and the fluorescence intensity
determined during 90 min at 37°C, using a fluorometer (Victor 2, Perkin Elmer), with an
excitation and emission wavelength of 485 and 520 nm, respectively. ROS levels were
expressed in terms of fluorescence area, after fitting fluorescence data to a second order
polynomial and integrating between 0 and 90 min in order to obtain its area.
2.4. LPO measurement

The cells received even treatment report in ROS. LPO was determined according to
Hermes-Lima et al. [18]. Samples were homogenized (10% W/V) in 100% cold (4°C) methanol.
The homogenate was then centrifuged at 1,000 x g, for 10 min at 4°C. The supernatant was used
for LPO determinations (580 nm). Cumene hydroperoxide (CHP; Sigma) was employed as
standard. Each treatment (control cells and cells treated) was performed in quadruplicate.
2.5 Role of Pgp in the resistance of Lucena cells to photodynamic action of C-PC
To assess the role of Pgp in the resistance of Lucena cells was used the concentration of 0.05
mg/ml, because to this concentration the cell lines showed different sensibility. It was applied a
Pgp modulator, the verapamil (Sigma) at concentrations known to reverse the MDR phenotype
of Lucena cells (5 uM).This drug was present during the treatment and during the incubation
period following treatment.
2.6. Detection of apoptosis

Apoptosis was evaluated by Annexin V-FITC and Propidium lodide (PI) stained. The
cells treatment was the same described to ROS detection assay. Cells were twice washed with
PBS, suspended in 100 | (1x10° cell/ml) of binding buffer diluted 10x (0.1 M Hepes/NaOH
(pH 7.4), 1.4 M NaCl,25 mM CaCl,) plus 5 | of Annexin V-FITC solution, then incubated for

20 min in dark. Pl (5 L) plus binding buffer (400 I) were added and the cells acquisition was
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detected using flow cytometer (FACSCalibur, Becton Dickinson, San Jose, CA). Data
acquisition and analysis were controlled by CellQuest Pro software.
2.7 Statistical analysis

In all cases, three independent experiments were done using least triplicates in each
experiment. Data are expressed as mean + standard error and analyzed with ANOVA followed
by Tukey's multiple range test. ANOVA assumptions (data normality and homogeneity of

variances) were previously checked. Significance level was fixed in 0.05.

3. Results

3.1. PDA of C-PC induces cellular toxicity in K562 and Lucena cells

In the dark, there is not cellular toxicity in both cell lines analyzed, K562 (non MDR)
and Lucena (MDR), in the tested concentration (Fig. 1A e 1B, respectively). These results
encouraged the use of same concentrations for the tests of PDA of C-PC, since one of greater
preoccupation in the photodynamic action therapy (PDT) is the photosensible substance
toxicity. By the other hand, PDA of C-PC induces cytotoxicity of K562 cells in a dose-
dependent manner. It was observed for K562 cell line there was a strong decrease in the viable
cells number in 24h, maintained until 48h, compared with the control, from concentration of
0.05 mg/ml (fig. 2A). The Lucena cell line (fig. 2B), also was sensible to PDA of C-PC, but
showed more resistance than K562 cells for some concentrations. Lucena cells presented a
decrease in the viable cell number from concentration of 0.10 mg/ml in 24 h, when compared
with control. Also was observed a proliferation significantly decreased in 48h in the smaller
concentration when compared with control. These cell lines presented a concentration-
dependent sensibility, that was higher in the K562 cell line.

At 0.05 mg/ml C-PC, K562 cells were more sensible than Lucena cells in PDA tests.
However, no significant effects were observed on this concentration to the others tests, and then

0.10 mg/ml C-PC was employed for detection of ROS, LPO, and apoptosis.
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Fig. 1: Viable cell number of (A) K562 (non MDR phenotype) and (B) Lucena (MDR

phenotype) cells exposed to different concentrations of C-PC in the dark for the times Immed —

when C-PC was placed in the samples, 24h — after 24 h incubation and 48h — after 48 h

incubation. Data are expressed as mean + SE. Similar letters indicate absence of significant

differences (p>0.05).
Lucena
K562 B
150~ .
1509 A D immed. —— immed.
5 24h S 1254 24h
< 1257 - 48h x = 48h
S [}
&= 100- £F 1997
EE S&
22 c2 75
2 57 =38
e 8~
o 50 bc @ 50'
<} ab ghbd ab bgci ij X ae fgega
< i a ab?d S 25- fh
> 25 ﬂ I |;.Icggl hi J fh
cont 0 025 0 05 0.10 0.20 0 40 0 Cont 0 025 0 05 O 10 0 20 0 40
Phycocyanin concentration (mg/ml) Phycocyanin concentration (mg/ml)

Fig. 2: Viable cell number of (A) K562 (non MDR phenotype) and (B) Lucena (MDR

phenotype) exposed to PDA treatment with different concentrations of C-PC after irradiation

with C-PC (Immed), after 24 h irradiation (24h) and after 48 h irradiation (48h). Data are

expressed as mean + SE. Similar letters indicate absence of significant differences (p>0.05).

3.2.

ROS and LPO production

Such as observed in the figure 3, there was a significant difference (p<0.05) in the ROS

production between K562 and Lucena control cells (24 h post-treatment with C-PC), but there
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was no significant difference among control cells and treated cells with C-PC for both tested
cell lines and neither among the treatment in the two cell lines. Despite this, was observed a
tendency of increase in ROS production by the treatments, when compared with its respective
controls, and this tendency was more evident in K562 cell line.

The capacity of LPO induction by PDA of C-PC was investigated 24h post-treatment.
Neither significant difference in the LPO induction was verified in the treated cells with
0.10mg/ml of C-PC (K562 28.03  3.40 and Lucena 30.66 2.38 nmol CHP/mg) when

compared with its control (K562 34.51 8.89 and Lucena 32.02 6.57 nmol CHP/mg) and also

there no was difference (p>0.05) among the cell lines.
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Fig 3: Quantification of ROS production (fluorescence area) in K562 (non MDR phenotype)
and Lucena (MDR phenotype) cell lines immediately after treatment to PDA of C-PC with 0.10
mg/ml (treated cell). Data are expressed as mean + SE. Similar letters indicate absence of
significant differences (p>0.05).
3.3. No function of Lucena cells Pgp to resistance of PDA of C-PC

For verify the role of Pgp in the larger resistance of Lucena cells, they were incubated
with 5 uM of VP modulator during, and until 48h post-treatment of PDA of C-PC. In this test
was utilized the VCR drug associated with VP as positive control. In the fig. 4 may to note that

VP modulator non significantly altered the Lucena resistance.
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Fig. 4: Viable cell number of Lucena cells treated with 5uM of VP after irradiation with 0.05
mg/ml of C-PC (Immed), after 24 h irradiation (24h) and 48 h (48h) and after treatment of PDA
of C-PC. Data are expressed as mean + SE. Similar letters indicate absence of significant
differences (p>0.05). VP — verapamil, VCR —vincristine and C-PC — phycocyanin.
3.4 Detection of apoptosis/necrosis by Annexin-V/PI staining

In the K562 cells was verified more apoptosis than necrosis in all treatments, and no
difference was observed among the treatments and its respective controls for apoptosis (dark
control: 41,05; dark treated with C-PC: 32,69; light control: 39,3; light plus C-PC: 42,08) and
necrosis (dark control: 5,67; dark treated with C-PC: 3,63; light control: 2,66; light plus C-PC:
5,35) (Fig. 5A). Lucena cells also was verified more apoptosis than necrosis in all treatments,
and no difference was observed among the treatments and its respective controls for apoptosis
(dark control: 36,08; dark treated with C-PC: 32,7; light control: 50,96; light plus C-PC: 56,93)
and necrosis (dark control: 11,33; dark treated with C-PC: 14,36; light control: 14,58; light plus

C-PC: 15,12), but there was a increase of apoptosis in cells illumined with regard to dark (Fig.

5B).
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Fig. 5: Analysis of apoptosis (AnV+/P1-) and later apoptosis/necrosis (AnV+/Pl+) upon treated
with PDA of C-PC or only C-PC in 24h with 0.10 mg/ml. Data were expressed by total cells

percentage comparing the control cells.

4. Discussion

The results show that the PDA of C-PC causes a decrease in the viable cells number in
K562 (non MDR) and Lucena (MDR), being that MDR cells was less sensible than non MDR
cell line. This minor sensibility may to be attributed to characteristics expresses in cell lines
with MDR phenotype, as superexpression of P-glicoprotein (Pgp) [19], cytoskeleton alterations
as increase of tubulin monomers [20], greater activity of antioxidant enzymes [13] between
others factors, that confer to this type of cell a larger resistance. However in the tests realized in
dark, no toxicity was verified in both MDR and non MDR cell lines. The same was observed in
the study of PDA of C-PC in bacterium realized by Péadula et al. [9]. These authors also found
sensibility differences to PDA of C-PC, being sensible the gran positive and resistant the gran
negatives bacterium. But no found neither sensibility to the treatment with C-PC in dark for
both bacterium lines. The results verified for C-PC, in the tests of dark toxicity, were different
of that of the majority of substances. Tests of dark toxicity with methylene blue, in the K562
and Lucena cell lines, showed a toxic effect of this substance without significant difference
among the cell lines [15]. The same was found for the hypericin dye tested in the human
fibroblast cell line MRC5 [21]. Based in these finding may suggest that the use of C-PC in the
PDA treatment was more advantageous, since in the tested concentrations in this work, it
present strong toxicity, but no presented neither toxic effect in the dark.

To verify if the greater resistance presented by Lucena cells was related with Pgp
superexpression, tests were realized with the verapamil modulator to this protein. How showed
in these results neither alteration in Lucena cells was observed when the verapamil was placed
during the APD of C-PC nor during the 48h post-treatment. Based in these results is suggested

that the Lucena cells resistance is not involved with the exportation of the C-PC for out of cell
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through of the Pgp, since is remained its resistance when the verapamil is present. Other
possible suggestion is that the C-PC present more affinity by Pgp than the verapamil. Trindade
et al. [13] tested if the resistance to UVA radiation effects presented by Lucena cells, will be
reverted by verapamil and ciclosporina A modulators, and demonstrated that either no provoked
reversion of this resistance. Theses authors utilized still the rhodamine 123 (Rho 123) dye,
which measures the Pgp activity, and verified that the Pgp activity was altered when the Lucena
cells were irradiated with UVA, increasing the Rho 123 accumulation in the cells interior.
Herewith no may discarded the Pgp participation in the greater Lucena cells resistance to PDA
of C-PC, and more studies are required to assess the Pgp role in this resistance.

Previous reports had demonstrated that the PDA of C-PC is able of generate ROS
[10,11]. However, neither significant difference of LPO induction in this study was observed.
Then tests were realized for verify the ROS production by PDA of C-PC. It was observed a
tendency in ROS production increased, which was more evident in K562 cells, suggesting that
oxygen species highly reactive and with short time life ((OH and 102) are formed difficult the
quantification of ROS production by method utilized. However for Lucena cells this tendency of
increased ROS production was minor among control and treated cells. This result concords with
that already described in literature for MDR phenotype cells, which suggest that this type of cell
is more resistant to oxidative stress [14,22,23]. Despite this the Lucena cells presented a ROS
basal production significantly higher than K562 cells. This result leaves to believe that greater
antioxidant enzymes activity [13] in the Lucena cells may be related with the greater ROS basal
production. The fact of there was not significant difference in the LPO production for both cell
lines may be related with the type of generated ROS in PDA of C-PC. Since already was
observed by Zhang et al. [11] that the type Il mechanism is 70% involved in
photosensibilization of C-PC, is possibly that the 102 be the specie more produced by this
treatment. Herewith other damage type, that not LPO, may be involved. In fact already was
observed that 102 production may induced DNA damage [24,25]. The results cited above
suggests that the possible mechanism of the PDA of C-PC involved the formation of 102, but

the involvement of type | mechanisms no may be discarded.
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In preliminaries tests to verify if the toxicity caused by PDA of C-PC occurs for
apoptosis or necrosis, neither difference was observed among the control and treated cells in
both cell lines. Maybe this fact can be related with the high percentage of apoptosis/necrosis
found in the control cells.

Finally, the results found in this study suggest that the C-PC can be a potential
photosensibilizer agent, depending of the concentration utilized, as much for non MDR as for
MDR cell lines. Also can be suggested that the type 1l mechanism is more involved in observed
effects in PDA of C-PC, but a participation of type | mechanism can’'t be discarded. This
suggestion is based in previous studies that suggest the greater involvement of type Il

mechanism in the ROS production for PDA of C-PC [11].
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Conclusobes Gerais

A C-PC nao apresentou citotoxicidade no escuro para as linhagens K562 (néo

MDR) e Lucena (MDR).

A AFD da C-PC foi citotoxica para as duas linhagens testadas, embora a

linhagem MDR tenha sido menos sensivel.

N&o houve reversao da resisténcia da linhagem Lucena tratada com AFD da C-

PC associada com o modulador Verapamil.

A C-PC néao foi capaz de produzir diferenca significativa na inducdo de LPO

para ambas linhagens testadas.

Foi observada uma tendéncia de aumento na producdo de ROS nas duas
linhagens tratadas com AFD da C-PC, sendo que esta tendéncia foi maior para

a linhagem nédo MDR.

Nenhuma diferenca na porcentagem de morte por apoptose/necrose foi

encontrada tanto para a linhagem MDR quanto para a linhagem ndo MDR

tratadas com AFD da C-PC.
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