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RESUMO

Schultze, Eduarda. Avaliacdo do efeito antitumoral in vitro de nanocapsulas de
nucleo lipidico de tretinoina sobre células de adenocarcinoma de pulmaéo,
linhagem Ab549. Dissertacdo (Mestrado) - Programa de POs-Graduacdo em
Biotecnologia. Universidade Federal de Pelotas, Pelotas

Derivados e andlogos retindides tém sido largamente estudados como agentes
antitumorais devido a seus efeitos sobre a proliferacdo e diferenciacdo celular.
Tretinoina (TT), também conhecida como &cido retindico € um derivado retindide
que tem sido usado como adjuvante no tratamento de leucemia promielocitica aguda
com excelentes indices de remissdo da doenca. Este composto exerce atividade
antiproliferativa em diversos tipos de tumores. Entretanto, células de
adenocarcinoma de pulmdo humano em geral exibem uma forte resisténcia aos
efeitos da tretinoina, a qual pode estar relacionada com a deficiéncia na
internalizacdo celular de tretinoina nesse tipo de célula. Uma estratégia para
aumentar a atividade antiproliferativa de tretinoina € aumentar a captacéao celular do
composto através de carreadores como lipossomas ou outras vesiculas como
nanocapsulas ou nanoesferas. Neste trabalho nanocapsulas de nucleo lipidico
contendo tretinoina (TT-LCNC) foram avaliadas quanto ao seu potencial de inibir o
crescimento, induzir a apoptose e interferir com o ciclo celular de células de
adenocarcinoma de pulmao, linhagem A549, resistentes ao tratamento com TT livre.
Os resultados demonstraram que TT-LCNC foi capaz de superar a resisténcia
celular ao tratamento com TT, reduzindo a viabilidade celular e induzindo apoptose,

superexpressao de P21 e parada do ciclo celular em G1.

Palavras-chave: Tretinoina, acido retindico, nanocapsulas, cancer de pulméo, P21



ABSTRACT

Schultze, Eduarda. In Vitro Antitumor Activity of Tretinoin-Loaded Lipid-Core
Nanocapsules on human lung adenocarcinoma cell line (A549). Dissertagéo
(Mestrado) - Programa de Pos-Graduacdo em Biotecnologia. Universidade Federal
de Pelotas, Pelotas.

Retinoid derivatives and analogs have been widely studied as antitumor agents due
to their effects on cell proliferation and differentiation. Tretinoin (TT), also known as
retinoic acid is a retinoid derivative that has been used as an adjuvant in the
treatment of acute promyelocytic leukemia with excellent rates of remission. This
compound has antiproliferative activity in various tumor types. However, non small
cell lung cancer in general exhibit strong resistance to the effects of TT, which may
be related to the deficiency in the cellular up-take of TT in that cell type. A strategy to
enhance the antiproliferative activity of TT is to increase the cellular internalization of
the compound through carriers such as liposomes or other vesicles or nanospheres
or nanocapsules. Here we evaluated TT lipid-core nanocapsules (TT-LCNC) for their
power to inhibit growth, induce apoptosis and interfere with the cell cycle of lung
adenocarcinoma, A549 cell line, which is resistant to treatment with TT. The results
showed that TT-LCNC was able to overcome the cellular resistance to treatment with
TT, reducing cell viability and inducing apoptosis, upregulation of P21 and cell cycle

arrest in G1 phase.

Keywords: tretinoin, retinoic acid, nanocapsules, lung cancer, P21.
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1. INTRODUCAO

1.1. Cancer

Cancer é o termo utilizado para um conjunto de doencas em que as células se
dividem de maneira anormal, descontrolada e com capacidade de invadir outros
tecidos que ndo o seu de origem (INSTITUTO NACIONAL DE CANCER, 2013).
Dados da Organizacdo Mundial da Saude indicam que sao esperados para 2030, 27
milhdes de casos incidentes de cancer, 17 milhdes de mortes por cancer e 75
milhdes de pessoas vivas, anualmente, com cancer. No Brasil, as estimativas mais
recentes, de 2012, que valerdo também para o ano de 2013, apontam a ocorréncia
de cerca de 518.000 casos novos de cancer. Dentre os tipos de cancer mais
incidentes estdo os canceres de pele ndo melanoma, préstata, pulmao, célon/reto e
estdbmago para o sexo masculino; e os canceres de pele ndo melanoma, mama, colo
do utero, célon e reto e glandula tiredide para o sexo feminino (INSTITUTO
NACIONAL DE CANCER JOSE ALENCAR GOMES DA SILVA, 2013).

A carcinogénese envolve alteracdo no DNA de uma ou mais células normais,
geralmente em genes de controle do crescimento, levando a um crescimento celular
autbnomo e descontrolado. Durante o desenvolvimento do céncer, as células
adquirirem algumas caracteristicas biolégicas que sustentam esse processo. Estas
caracteristicas incluem sinalizacéo proliferativa sustentada, evasédo de supressores
de crescimento, resisténcia a morte celular, inducdo de angiogénese, imortalidade
replicativa e capacidade de invasdo e metastase. Esses processos sao
acompanhados por uma instabilidade gendmica e pela presenca de inflamacéo no
local, o que culmina por acelerar e agravar o desenvolvimento da neoplasia
(HANAHAN; WEINBERG, 2000; HANAHAN; WEINBERG, 2011). Os autores citam
ainda duas outras caracteristicas importantes na manutencdo da carcinogénese: a
capacidade de reprogramacdo do mecanismo energético, 0 que permite a
sobrevivéncia de células mais internas de tumores solidos, onde ha acesso limitado
aos nutrientes, e a capacidade de evasao do sistema imune. Qualquer uma dessas
caracteristicas pode ser alvo de terapias antitumorais (HANAHAN; WEINBERG,
2011).
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1.2. Terapias antitumorais

O que se espera de uma terapia antitumoral € uma alta capacidade de inibir a
proliferacdo das células alteradas, um eficiente indice de remissdo do tumor e uma
baixa incidéncia de efeitos colaterais. Duas abordagens que vem sendo muito
descritas na literatura para o tratamento de diversos tipos de cancer séao: a inducéo
de diferenciacdo celular, o que leva as células a retomarem o seu estado de
crescimento controlado e a reduzirem sua taxa de proliferacdo (BROWN; HUGHES,
2012) (NIU et al.,, 2010); e a indugdo de parada permanente do ciclo celular,
chamada senescéncia celular. Entretanto, a acdo mais comum de um agente

terapéutico antitumoral € a inducéo de apoptose.

1.3. Apoptose

Apoptose € um mecanismo de morte celular controlado geneticamente, que
esta envolvido na regulacdo da homeostase tecidual (VANGESTEL et al., 2009). A
apoptose pode ser desencadeada por diferentes estimulos como estresse celular e
outras formas de dano, sinalizacdo mediada por outras células ou privacdo de
fatores de crescimento (ELMORE, 2007). Existem duas rotas apoptéticas principais:
uma via extrinseca, da qual faz parte a ativacdo de receptores como o Fas ou o
receptor de TNF, e a via intrinseca, que esta relacionada com danos internos a
célula, como danos ao DNA e ao citoesqueleto. A via extrinseca € iniciada pela
ativacdo de receptores de morte na superficie celular, os quais desencadeiam uma
cascata de sinalizacdo que envolve a ativacdo da caspase 8 (VANGESTEL et al.,
2009).

As caspases (cysteine-aspartic proteases) sdo uma familia de cisteino-
proteases que sao sintetizadas na forma inativa de pro-caspases e sdo ativadas
guando interagem com proteinas especificas. Estas proteases sdo responsaveis por
clivar outras proteinas em dominios especificos apds residuo de acido aspartico
(LAMKANFI et al., 2007). Quando recrutada pela cascata da via extrinseca, a

caspase 8 ativa a caspase 3. A ativacdo da caspase 3 leva a degradacdo de
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proteinas celulares necessérias para a manutencdo da sobrevivéncia e integridade
celular (ELMORE, 2007). A via intrinseca de ativacdo das capases acontece quando
uma série de estimulos pro-apoptéticos culminam com a liberagdo do citocromo ¢
pela mitocOndria, independentemente da ativagcdo da caspase 8. O Citocromo ¢
interage com as proteinas Apaf-1 e Caspase 9 para promover ativacdo da caspase
3. As caspases 3, 6 e 7 sdo caspases efetoras que clivam substratos protéicos,
incluindo lamina nuclear e moléculas de actina do citoesqueleto, ativando os
processos apoptoticos (ADAMS; CORY, 2007).

A célula que entra na rota apoptética tem as seguintes caracteristicas:
condensacéo do nucleo e do citoplasma, sem alterac6es das organelas até quase o
final do processo; formacao de circunvolugbes na membrana; formacédo de corpos
apoptoéticos, ndo ocorrendo extravasamento do material citoplasmético; e a célula
morta normalmente é encontrada entre células vivas e é removida do tecido por
células vizinhas ou por fagocitos especializados, frente a exposicdo de sinais de
reconhecimento em sua superficie (VANGESTEL et al., 2009). Entre os sinais de
reconhecimento pelos fagocitos estd a externalizacdo do fosfolipidio anidnico,
fosfatidilserina, a qual € muito utilizada como marcador de apoptose em testes in
vitro. (WLODKOWIC; SKOMMER; DARZYNKIEWICZ, 2012).

Muitos agentes antitumorais agem induzindo apoptose (VANGESTEL et al.,
2009). Entretanto, muitas células tumorais desenvolveram mecanismos de
resisténcia a morte celular e, portanto, ao tratamento com agentes indutores de
apoptose. Um dos mecanismos tumorais mais comuns de evasdo da apoptose é a
perda da funcédo do gene supressor tumoral TP53 (HANAHAN; WEINBERG, 2011).
Este gene codifica a proteina P53, que desencadeia a rota apoptética em resposta a
danos no DNA. Com essa proteina afuncional, a célula perde um importante
mecanismo de checagem de dano celular. As células cancerigenas podem, ainda,
aumentar a expressao de genes anti-apoptoéticos, como o Bcl-2, e fatores de
crescimento, através da regulacdo negativa de agentes pré-apoptoticos, como o

Bax.

Outras formas de morte celular programada tém sido amplamente descritas
(MADDIKA et al.,, 2007) (LEIST; JAATTELA, 2001). A chamada morte celular

hY

semelhante a apoptose ocorre sem a ativacdo de caspases efetoras e possui
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caracteristicas semelhentes as células apoptéticas como condensacdo da cromatina
e presenca de moléculas de reconhecimento para fagocitos. Existe ainda outra
forma de morte independente de caspases, que cursa sem a condensacdo da
cromatina, mas com outras caracteristicas apoptoticas, como a reducéo do potencial
transmembrana mitocondrial e a externalizagdo de fosfatidilserina (MATEO et al.,
1999). Considerando que muitas células cancerigenas apresentam deficiéncias nas
rotas apoptoticas comuns, drogas potenciais que agem em outras rotas de morte
estdo emergindo (LEIST; JAATTELA, 2001).

1.4. Parada do ciclo celular

Ainda que a maioria das terapias anticancerigenas vise matar as células
alteradas, uma opcéo terapéutica interessante é a inducdo de parada do ciclo
celular, fazendo com que as células ndo se dupliquem (JAIN et al., 2013). O ciclo
celular é um processo altamente controlado pelo qual a célula passa a fim de fazer a
duplicacdo do DNA e subsequente divisao celular. Este processo pode ser divido em
interfase e fase M (de mitose). A interfase pode ser dividida ainda em quatro
periodos principais: GO, G1, S e G2. Chama-se GO o periodo em que a célula ndo
recebe estimulos de divisdo, podendo permanecer nesta fase por horas, dias ou por
uma vida inteira, como as células neuronais. G1 é a fase em gue a célula esta se
preparando para duplicar seu DNA. Nesta fase, a célula responde a estimulos
positivos ou negativos, sendo levada ao crescimento, a diferenciacdo, a
multiplicacdo ou a apoptose, bem como a producdo de enzimas e outras moléculas
necessarias para a proxima fase do ciclo, a fase de sintese. Na fase S ocorre a
duplicacdo do DNA. Na fase G2 ocorre a sintese de RNA, de proteinas e de outras
estruturas necessarias para o inicio da divisdo celular (VERMEULEN; VAN
BOCKSTAELE; BERNEMAN, 2003) (MADDIKA et al., 2007).

Na maioria das células, ha varios pontos no ciclo celular, chamados pontos de
checagem, em que o ciclo pode ser detido ou atrasado se eventos anteriores nao
foram concluidos. Por exemplo, a entrada em mitose é impedida se a replicacdo do
DNA nédo for completa, e a separacdo dos cromossomos na mitose pode ser

atrasada se alguns cromossomos nao estiverem devidamente ligados ao fuso
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mitotico. A progressao através de G1 e G2 é atrasada por mecanismos de bloqueio
se 0 DNA nos cromossomos estiver danificado por radiagdo ou compostos quimicos.
Atrasos nesses pontos de verificacdo de danos ao DNA proporcionam tempo para
gue o DNA danificado possa ser reparado. Apoés a liberacdo do mecanismo de trava
do ciclo celular, a progressdo ao longo da fase continua. Estes pontos de checagem
evitam que a célula duplique descontroladamente, acumulando danos que podem
transformar a célula numa célula tumoral (VERMEULEN; VAN BOCKSTAELE;
BERNEMAN, 2003).

Os pontos de verificacdo s&o ainda importantes por outros fatores. E através
deles que o sistema de controle pode ser regulado por sinais extracelulares de
outras células. Esses sinais, que podem promover ou inibir a proliferacdo celular
tendem a agir regulando a progresséao através de um ponto de controle em G1. Além
disso, a maioria das mudancas genéticas que promove a tumorigénese envolve uma

desregulacéo da progressao do ciclo celular em G1 (FOSTER et al., 2010).

Muitos agentes terapéuticos que induzem parada irreversivel do ciclo celular,
chamada de senescéncia celular tém sido estudados (VANGESTEL et al., 2009).
Um exemplo € a Tretinoina, ou acido retindico, um derivado de vitamina A que,
dentre outras acdes, induz parada do ciclo celular em G1 (SOPRANO; QIN;
SOPRANO, 2004).

1.5. Tretinoina

Tretinoina (TT), ou acido retindico, € um metabdlito ativo de vitamina A
(retinol) que desempenha um papel importante na mediacdo do crescimento e
diferenciacdo de células normais e transformadas. Esse composto € essencial para
diversas funcdes bioldgicas como crescimento, visao, reproducdo, desenvolvimento
embrionario, diferenciacdo de tecidos epiteliais, e respostas imunoldgicas
(SOPRANO; QIN; SOPRANO, 2004). Tretinoina, bem como muitos de seus analogos
e derivados (chamados de retinoides), tem sido estudada atraves de ensaios clinicos,
testes em animais de laboratorios, modelos celulares e através de abordagens
epidemioldgicas, apresentando um bom valor terapéutico em oncologia devido a sua

acao antiproliferativa e de inducéo de diferenciagcao (ORLANDI et al., 2003).
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Tretinoina tem a capacidade de induzir completa remissdo na maioria dos
pacientes com leucemia promielocitica aguda, através da inducdo de diferenciacao
dos blastos (REGO et al., 2013). Além disto, este composto tem se mostrado eficaz,
sozinho ou por efeito sinérgico com outros agentes, contra diversos tipos de cancer,
como cancer de cabeca e pescogo, cancer de células escamosas de boca e cancer
de pulméo (HIGUCHI et al., 2003) (XU et al., 2008) (ARRIETA et al., 2010).

A acdo da tretinoina se da por modulacdo da transcricdo génica através da
interacdo com receptores de &acido retindico (RARa, B, y), convertendo-os de
repressores a ativadores da transcricdo (ALTUCCI; GRONEMEYER, 2001). Estes
receptores nucleares sao codificados por genes distintos dentro do genoma e sao
membros da superfamilia de receptores para horménios esterdides e da tiredide.
RAR sao fatores de transcricdo que atuam como heterodimeros com receptores
retinoides X (RXRa, B, y) RAR-RXR, os quais podem ainda atuar como
homodimeros RXR-RXR, e se ligam ao DNA em sequéncias chamadas de
elementos responsivos ao acido retindico (RARES) ou elementos responsivos a
retindides X (RXRES), localizados na regido promotora de genes alvo (SOPRANO;
QIN; SOPRANO, 2004). RARs podem ser ativados tanto por tretinoina como por
acido 9-cis-retindico, enquanto que os RXRs sao exclusivamente ativados pelo acido
9-cis-retindico (BUSHUE; WAN, 2010). Trés receptores (RARa, RXRa e RXRp) sdo
largamente expressos, enquanto os outros (RARB, RARy e RXRy) mostram um
padrdo de expressdo mais complexo, tecido-especifico. Assim, a maioria dos tecidos
séo alvos potenciais da agéo dos retindides (RHINN; DOLLE, 2012).

Muitos estudos tém demonstrado que o nivel de expressdo de RARp esta
reduzido em muitos tipos celulares de cancer e também em muitas amostras
tumorais, incluindo cancer de pulméo (SOPRANO; QIN; SOPRANO, 2004) (XU,
2007). Este nivel reduzido de RARp esta relacionado com a tumorigénese e a
resisténcia ao tratamento com retindides. De fato, tem sido descrito que cancer de
pulmédo de células ndo pequenas, o qual apresenta resisténcia ao tratamento com
acido retindico, apresenta também expresséo reduzida de RARB (GERADTS et al.,
1993) (INUI et al., 2003). Entretanto, a expressado deste receptor pode ser induzida
por tretinoina (ALTUCCI et al., 2007) (RHINN; DOLLE, 2012).
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1.6. Cancer de Pulmao

O cancer de pulméo é a principal causa mundial de mortes por cancer
(BUNN, Jr., 2012). No Brasil, estimativas do Instituto Nacional do Céancer para 2012
prevéem 17.210 casos novos de cancer de pulmdoem homens e 10.110 em
mulheres. O tabagismo é a principal causa de cancer de pulméo e a cessacdo do
tabagismo é o principal método de prevencdo da mortalidade por esse tipo de
neoplasia (BUNN, Jr., 2012). O cancer de pulméo é uma doenca heterogénea com
dois subtipos principais: o de células ndo pequenas (NSCLC), mais comum, sendo
cerca de 85% dos casos, e 0 de células pequenas (SCLC). NSCLC compreende
dois tipos: adenocarcinoma, mais comum em mulheres, especialmente fumantes, e
carcinoma de células escamosas, mais frequente em homens e em idosos de ambos
0s sexos. Apesar dos avancos recentes feitos em oncologia clinica e experimental, o
prognéstico de cancer de pulméo ainda € desfavoravel, com uma taxa de sobrevida
global em 5 anos de apenas cerca de 11% (ZHANG et al., 2012).

Vérios fatores progndésticos independentes para a sobrevivéncia de pacientes
com NSCLC foram identificados, como estado fisico, estagio da doenca, idade, sexo
e quantidade de peso perdido, dos quais 0 mais importante € o estagio do tumor.
Segundo a Alianca Global Contra o Céancer de Pulméo, o estadiamento do cancer de
pulméo é definido como: estagio | — o cancer esta presente somente em uma parte
do pulmé&o; estagio Il: a doenca se disseminou para os ganglios linfaticos ou tecidos
proximos; estagio Ill: o cancer se disseminou de forma mais extensa dentro do térax
e, em geral, para os ganglios linfaticos maiores; e estagio IV: o céncer se
disseminou para outras partes do corpo, por exemplo, para o figado ou ossos. Em
estagio inicial NSCLC é tratado principalmente por ressecgdo cirdrgica, com
guimioterapia adjuvante para pacientes em estagio 1B, Il e lll da doenca (GADGEEL,;
RAMALINGAM; KALEMKERIAN, 2012). No entanto, mesmo na fase inicial da
doencga, cerca de 30% dos pacientes sofrem de recidiva e morrem dentro de 5 anos
de cirurgia. Pacientes com NSCLC localmente avancado de estagio Il séo
normalmente tratados com terapia combinada de diferentes modalidades. NSCLC

avancgado ainda é uma doenca incuravel.
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O céancer de pulmdo é um tipo de neoplasia para a qual esta sendo estudada a
utiizacdo de TT. Em ensaio clinico de fase Il em pacientes com NSCLC foi
demonstrado que o tratamento com TT aumentou a taxa de resposta, bem como
prolongou o tempo de sobrevida livre de progressdo (ARRIETA et al., 2010).
Entretanto, muitas células tumorais pulmonares exibem resisténcia ao tratamento
com TT (GERADTS et al., 1993), a qual pode estar relacionada com a reducao da
expresséo de RAR o e B (INUI et al., 2003) e com a deficiéncia na internalizagao
celular deste composto (KAWAKAMI et al., 2006). Tem-se proposto que a superagéo
da resisténcia celular possa ser alcancada através do uso de sistemas eficientes de

entrega de drogas, como lipossomas ou nanocapsulas (GAO; ZHANG; SUN, 2012).

1.7. Nanocarreadores

Uma abordagem pela qual o interesse dos pesquisadores da area da
oncologia celular vem aumentando é o uso de carreadores de escala nanométrica.
Dentre varios beneficios que esses carreadores podem apresentar, destacam-se 0
aumento da seletividade de um agente terapéutico, a melhora na sua solubilidade e
estabilidade e a reducédo de seus efeitos colaterais (SULTANA et al., 2012). Varios
pesquisadores vém estudando a associacdo de tretinoina (TT) a nanocarreadores a
fim de aprimorar suas atividades antitumorais (OURIQUE et al., 2010) (CHANSRI et
al., 2008) (TRAPASSO et al., 2009), bem como superar a resisténcia que algumas
células apresentam ao tratamento (KAWAKAMI et al., 2006). Além disso, tretinoina é
um composto que isomeriza dependendo das condicbes do meio e que apresenta
uma fotosensibilidade elevada, caracteristicas que podem ser atenuadas por
sistemas de entrega de droga que estabilizam o composto (BUSHUE; WAN, 2010)
(TRAPASSO et al., 2009).

Kawakami et al. (2006) demonstraram que a incorporacao de tretinoina em
lipossomas catibnicos compostos por DOTAP/colesterol foi capaz de superar a
resisténcia apresentada pelas células de linhagem de adenocarcinoma de pulméao
(A549) aos efeitos inibidores de crescimento de tretinoina livre (KAWAKAMI et al.,
2006). Os autores discutiram que esta superacdo da resisténcia se deveu ao

aumento da internalizacdo celular do composto promovido pela incorporagdo aos
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lipossomas. Entretanto, a instabilidade inerente dos carreadores a base de lipidos na
presenca de componentes do soro resulta na libertacdo rapida e instantanea das
drogas quimioterapicas, o que tem limitado a sua utilizacdo como sistema de entrega
de agentes terapéuticos para tratamento do cancer (JOO et al., 2013). Além disso,
ainda que lipossomas catiénicos proporcionem uma maior taxa de absorcao celular
do que os anibnicos e neutros, agueles sao removidos mais rapidamente pelos rins
do que estes e apresentam uma interacdo eletrostatica forte com proteinas
plasmaticas, o que pode resultar em agregacdo (GAO; ZHANG; SUN, 2012). Dessa
forma, outros nanocarreadores tem sido estudados para servirem de sistema de

entrega de tretinoina, bem como outros retindides.

Nanoesferas e nanocipsulas tem sido largamente estudadas para o0 uso
como carreadores de agentes terapéuticos. Nanoesferas sao definidas como uma
estrutura polimérica matricial onde drogas podem ser fisicamente aprisionadas ou
dispersas. Nanocapsulas, entretanto, sdo caracterizadas por um nucleo lipofilico
envolvido por uma camada polimérica, nas quais as drogas podem estar dissolvidas
no nucleo lipofilico, dispersos no interior da particula ou adsorvidos na interface

particula/agua.

Em 2008, nanocapsulas de tretinoina foram produzidas a fim de avaliar o
beneficio desta formulacdo na fotoestabilidade do composto (OURIQUE et al.,
2008). No entanto, esta formulacdo apresentou uma estabilidade limitada na
armazenagem. Foram produzidas entdo, em 2010, nanocapsulas de nucleo-lipidico
contendo tretinoina (TT-LCNC), e sua estabilidade fisico-quimica, bem como efeitos
fotoprotetores frente a exposicdo da droga a radiacdo UV foram avaliados
(OURIQUE et al., 2010). Esta formulacédo apresentou uma alta estabilidade fisico-
quimica, caracteristica aquosa e fotoestabilidade adequada sobre radiacdo UVA e
UVB. Além disso, TT-LCNC se mostrou mais eficiente a longo prazo quando
comparada com tretinoina livre em tratamento de linhagem celular de células de
leucemia promielocitica aguda. Os autores consideraram TT-LCNC como um
inovador e promissor sistema terapéutico nanométrico para a administracao
parenteral de tretinoina no tratamento de pacientes com leucemia pro-mielocitica

aguda.
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Os beneficios apresentados pela nanoencapsulagdo de TT em nanocépsulas
de nucleo lipidico frente a sua estabilidade e acdo antitumoral em células
leucémicas, bem como os beneficios apresentados por outras nanoformulacdes de
TT frente a sua acdo antitumoral em células resistentes, justificam o uso da
formulagcdo de TT-LCNC para avaliacdo do efeito antitumoral sobre células de

adenocarcinoma de pulmé&o resistentes ao tratamento com TT.
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2. OBJETIVOS:

Geral:

O presente trabalho teve como objetivo avaliar a superagdo da resisténcia de células
de adenocarcinoma de pulmao (A549) ao efeito antitumoral de TT in vitro, através da

utilizacao de nanocapsulas de nucleo lipidico (TT-LCNC).

Especifico:

Utilizando-se células de adenocarcinoma de pulmao, linhagem A549, buscou-se

avaliar:

1- A capacidade antiproliferativa in vitro de uma formulagéo ja caracterizada de

tretinoina nanoencapsulada;
2 - A capacidade da nanoformulacao de induzir apoptose nestas células;
3 — A capacidade desta formulacao de interferir com o ciclo celular e;

3 — Ainducédo ou repressao da transcricdo de genes relacionados a ativacao ou

inibicdo das rotas apoptoticas e vias de controle do ciclo celular.
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ABSTRACT

Tretinoin is a retinoid derivative that has antiproliferative effect on several
kinds of tumors. Human lung adenocarcinoma epithelial cell line (A549) exhibit a
profound resistance to the effects of tretinoin. Nanocarriers seem to be a good
alternative to overcome cellular resistance to drugs. The aim of this study was to test
whether tretinoin-loaded lipid core nanocapsules exert an antitumor effect
on A549 cells. A549 cells were incubated with free tretinoin (TTN), blank
nanocapsules (LNC) and tretinoin-loaded lipid-core nanocapsules (TTN-LNC). Data
from evaluation of DNA content and Anexin V binding assay by flow cytometry
showed that TTN-LNC induced apoptosis and cell cycle arrest at the G1-phase while
TTN did not. TTN-LNC showed higher cytotoxic effects than TTN on A549 cells
evaluated by MTT and Live/Dead cell viability assay. Gene expression profiling
identified up regulated expression of gene P21 by TTN-LNC, supporting the cell cycle
arrest effect. These results showed for the first time that TTN-LNC are able to
overcome the resistance of adenocarcinoma cell line A549 to treatment with TTN by
inducing apoptosis and cell cycle arrest, providing support for its use in applications

on lung cancer therapy.

Keywords: tretinoin; apoptosis, nanocapsules; P21; antitumor activity.
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1. INTRODUCTION

Retinoids are metabolites of vitamin A that play many roles in the body.
Retinoids analogs and derivatives have been extensively investigated as promising
anticancer agents due to their antiproliferative and prodifferentiation effects [1] [2] [3]
[4]. Tretinoin (TTN) also known as all-trans retinoic acid is a naturally occurring
retinoid that plays an essential role in regulation of differentiation, growth, and
development of normal and malignant epithelial cells in various tissues [5]. TTN and
its derivatives have been recognized as a group of cancer chemopreventive and
therapeutic agents [6] [6]. It have been used as effective agent to induce remission in
patients with acute promyelocytic leukemia [7] [7]. This compound also has effect in
other types of tumor as solid tumor [7], brain tumor stem cells [8] and squamous cells
carcinoma [9]. The mechanism of action is mainly through regulation of gene
expression by nuclear receptors, known as retinoic acid receptors (RAR), which have
three subunits called RARa, f and y [4]. RARs form heterodimers with another type
of nuclear receptors, retinoid X receptors (RXRs) and bind to retinoic acid response
elements (RARES) in the promoter region of target genes [6]. Tretinoin binds to RAR
subunit of heterodimer RAR-RXR and induces transcription. These receptors can
also interact with other pathways independently of interaction with RAREs [10].

Lung cancer is a heterogeneous disease with two main subtypes: non-small
cell lung cancer (NSCLC) and small cell lung cancer (SCLC). NSCLC can be
subdivided in adenocarcinoma, squamous-cell lung carcinoma, and large-cell lung
carcinoma. The treatment for this type of cancer depends on the stage of disease
and includes surgery, radiotherapy and chemotherapy. TTN has aroused a deep

interest as a potential therapeutic agent for lung cancer [11] [12]. However many
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NSCLC exhibited a profound resistance to the effects of tretinoin [13]. The
intracellular delivery of tretinoin may be involved in this resistance [14]. One strategy
to overcome tretinoin resistance could be to enhance cellular uptake of this
compound by its nanoencapsulation [14] [15].

TTN incorporated in DOTAP/cholesterol liposomes showed a potent cytotoxic
effect on A549 cells, which are insensitive to the effects of free TTN [14]. This result
was assigned to increased internalization of TTN promoted by the cationic
liposomes. Further studies have investigated the benefits provided by incorporation
into liposomes or other drug delivery systems compared to the action of free TTN
[16]. However there are no reports on the use of tretinoin lipid-core nanocapsules
TTN as a strategy to improve the antitumor effect on lung cancer cells.

Tretinoin loaded nanocapsules were reported in 2008 as having a significant
protection of the drug against UVC radiation. However, the formulation showed a
poor stability during storage, dropping the drug content below 90% after 1 month of
storage [17]. To improve the physicochemical stability of tretinoin-loaded polymeric
nanocarriers our group changed the type of nanocapsules, preparing a lipid-core
nanocapsules containing TTN. Lipid-core nanocapsules are polymeric nanocapsules
present a core composed of a dispersion of a liquid lipid, capric/caprylic triglyceride,
and a solid lipid, sorbitan monostearate. TTN-LNC was described as having high
physicochemical stability and others important characteristics such as aqueous
characteristics, which is desirable for a formulation for parenteral use [18]. Besides
that TTN-LNC showed an adequate photostability under UVA and UVC exposition
protecting the drug during the manipulation and/or the administration procedure.
These are relevant characteristics considering the TTN instability against UV

radiation and its high hydrophobicity and low aqueous solubility.
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Taking all our previous results on the feasibility to encapsulate tretinoin in
agueous dispersions by its nanoencapsulation into account, the aim of this study was
to test if tretinoin-loaded lipid-core nanocapsules would be able to overcome the
tretinoin resistance of human lung adenocarcinoma epithelial cell line, A549 to TTN

treatment.

2. MATERIALS AND METHODS
2.1 Preparation of nanocapsules

TTN-LNC were prepared as described before [18] by interfacial deposition of
polymer, using poly(e-caprolactone) at 1% (w/v) as a biodegradable polymer. Two
hundred fifty mg of polymer, 0.77% (w/v) of sorbitan monostearate, 3.3% (v/v) of
caprylic/capric triglyceride mixture and 0.05% (w/v) of tretinoin were dissolved in 67
mL of acetone. This organic solution was added to 134 mL of an aqueous phase
containing 0.77% (w/v) of polysorbate 80 under moderate magnetic stirring during 10
minutes. Acetone was removed and the aqueous phase concentrated by evaporation
at 40°C under reduced pressure to obtain 25 mL. The concentration of tretinoin was
set to 0.5 mg.mL™ . Blank lipid-core nanocapsules (LNC) were prepared in a similar
way, but without the addition of the drug into the organic phase. All preparations were

kept protected from the light during all the time.

2.2 Characterization of nanocapsules

Characterization of nanocapsules was previously described for three
independent batches [18]. In the present study we confirm the following
characteristics: particle size, polydispersity index, zeta potential and drug content.

Particle size as well as the polydispersity index (PDI) were analyzed by photon
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correlation spectroscopy (PCS) (Zetasizer® Nanoseries ZEN3600, Malvern
Instruments, Worcestershire, England) after adequate dilution (1:500, v/v) of an
aliquot of the suspension in filtered water (0.45 um, Millipore, Bedford, USA). The
zeta potential ({-potential) (Zetasizer® Nanoseries ZEN3600, Malvern Instruments,
Worcestershire, England) measurements were performed at 25°C according to the
electrophoretic mobility principle after diluting (1:500, v/v) the samples with a filtered
(0.45 pum, Millipore, Bedford, USA) 10 mM NaCl aqueous solution. Drug content was

evaluated by HPLC according to the method previously validated [20].

2.3.Cell Culture

The human lung adenocarcinoma cells (A549) were obtained from the Rio de
Janeiro Cell Bank (PABCAM, Federal University of Rio de Janeiro, RJ, Brazil). They
were cultured in Dulbecco’s modified Eagle’s medium (DMEM), supplemented with
10% fetal bovine serum (FBS), purchased, respectively from Vitrocell Embriolife
(Campinas, Brazil) and Gibco (Grand Island, NY, USA). Cells were grown at 37°C in
an atmosphere of 95% humidified air and 5% CO,. The experiments were performed

with cell in the logarithmic phase of growth.

2.4. Determination of cytotoxicity by MTT assay

The viability of the A549 cell line was determined by measuring the reduction
of soluble MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphe-nyltetrazolium bromide] to
water insoluble formazan [19]. A549 cells were seeded on a 96-well cluster dish at a
density of 1x10* cells per well and grown at 37°C in a 5 % CO, atmosphere. Twenty-
four hours later, cells were incubated with medium containing tretinoin (TTN), blank

lipid-core nanocapsules (LNC) or tretinoin-loaded lipid-core nanocapsule (TTN-LNC)
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at various concentrations (1, 5, 10 and 20 uM) for 24, 48 and 72 h at 37 °C. After
these periods cells were washed twice with phosphate-buffered saline (PBS; Gibco®,
Carlsbad, USA); five mg/mL of MTT solution was added to each well and cells were
incubated for 3 h at 37 °C in 5% CO,. The medium was removed and then 200 uL of
DMSO was added to each well, in order to dissolve formazan crystals using a shaker
for 20 min at 150 rpm. The absorbance of each well was read on a microplate reader at
a wavelength of 492 nm. The inhibition (%) of cell proliferation was determined as
follows: growth inhibition rate (%) = [1- (Absyg, treated cells/Abs,g, control cells)] x 100
[19]. Obtained results are a media of three independent experiments in triplicates for

each experiment.

2.5 Viability assessment and LIVE/DEAD assay

The LIVE/DEAD cell viability assay (Invitrogen™, Carlsbad, USA) was
conducted following the manufacturer’s instructions. Live cells were able to take up
calcein and could be analyzed by green fluorescent light emission (488 nm).
Ethidium bromide homodimer diffuses through the now permeable membrane of
dead cells and binds to DNA, which was detected by the red fluorescent signal (546
nm). The LIVE/DEAD assay was analyzed with a fluorescence microscope Olympus
IX71 (Olympus Optical Co., Tokyo, Japan) by multicolour imaging. After excitation at
480 nm and emission at 510 nm the fluorescent images were stored as TIFF files
using a digital camera (Olympus, Tokyo, Japan) attached to a fluorescence
microscope (DP 12; IX 71; Olympus, Tokyo, Japan). The recorded images was
analyzed using Cell*F software (Cell*F, Olympus, Tokyo, Japan). The data were
expressed as the mean+SEM of percentage of dead cell, based 3 different fields of

view, with 100 cells in each field.
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2.6. Measurement of apoptosis by Annexin V staining

The A549 cells were seeded on a 6-well cluster dish at a density of 1x10° cells
per well. Twenty-four hours later, the medium containing 5 or 20 uM of TTN, LNC, or
TTN-LNC was added to the plates. After 72h of incubation, cells were trypsinized,
collected and centrifuged. After washing in phosphate-buffered saline, the viable cell
number in each well was counted using the Guava ViaCount Assay (Guava
Technologies, Industrial Boulevard Hayward, USA). Apoptosis was assessed by
using the Guava Nexin kit and the Guava TUNEL assay (Guava Technologies,

Industrial Boulevard Hayward, USA).

2.7. Cell cycle analyses

Cells (2x10° cells per well) were cultured in triplicate in 6-well plates by 24
hours and synchronized by growing without serum for additional 24 hours. Cells were
pre-incubated with 5 and 20 uM of TTN and TTN-LNC, as well as the relative
amounts of LNC for 24h. After this, for flow cytometry analysis using Guava Cell
Cycle Reagent (EMD Millipore Corporation, Billerica, USA), supernatant and cells
were harvested, fixed with 70% ethanol and stained according to manufactures. Data
acquisition and analysis were performed on flow cytometer (Quava easyCyte™ Plus,

EMD Millipore Corporation, Billerica, USA).

2.8. RNA extraction, cDNA synthesis and Real-Time PCR
To evaluate the gene expression profile of cell cycle-related, apoptotic, and
oxidative stress-related genes, total RNA extraction and cDNA was synthesized as

previously described [20]. Cells were seeded on a 6-well cluster dish at a density of



31

1x10° cells per well and grown at 37°C in a 5% CO, atmosphere. Cells were then
incubated for 72h with 5 and 20 uM of TTN, TTN-LNC or LNC. After the incubation
period, RNA samples were isolated using TRIzol® Reagent (Invitrogen™, Carlsbad,
USA) and samples were DNase-treated with a DNA-free® kit (Ambion®, Carlsbad,
USA). First-strand cDNA synthesis was performed with 2 pg of RNA using High
Capacity cDNA Reverse Transcription kit (Applied Biosystems®, Carlsbad, USA). All
steps described were performed according to the manufacturer’s protocol.
Real-Time PCR reactions were run on a Stratagene® Mx3005P " Real-Time
PCR System (Agilent Technologies, Santa Clara, CA, USA) using SYBR® Green
PCR Master Mix (Applied Biosystems", UK) using primers described in Table 1.
Initial validation experiments were conducted to ensure that all primer pairs had
equivalent PCR efficiencies. Amplification was carried out at cycling conditions of 95
°C for 2 min, followed by 40 cycles of at 95 °C for 15 sec, 60°C for 60 sec followed by
conditions to calculate the melting curve. The real-time PCR data were analyzed

2—AACt

using the method, according to [21].

2.9. Data analysis
Data sets were analyzed using a factorial ANOVA followed by a Tukey test for

multiple comparisons. Three treatments were considered: free tretinoin, blank
nanocapsules and tretinoin-loaded lipid-core nanocapsules. Chi-square was used to
analyze the cell cycle data. Significance was considered at P value < 0.05 in all

analyses. All data were expressed as mean = SEM.
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3. RESULTS
3.1. Production and characterization of lipid-core nanocapsules

Formulations of TTN-LNC were previously described [18]. Each preparation
used in the present study was evaluated regarding their drug content, showing
values between 0.45 and 0.55 mg.mL™, in accordance with the theoretical value (0.5
mg.mL™). Encapsulation efficiency of tretinoin in lipid-core nanocapsules was
previously reported as higher than 99.9% [18]. Mean particle sizes were below 250
nm (225 £ 2 nm and 208 + 2 nm for TTN-LNC and LNC, respectively). Low
polydispersity indices (0.08 = 0.01 and 0.15 + 0.01 for TTN-LNC and LNC) showed
an adequate homogeneity of the particle sizes. Zeta potential were negative,
regardless the presence of the drug (-12.7 + 0.9 mV and -11.0 £ 0.6 mV for TTN-LNC

and LNC)

3.2. TTN-LNC inhibited cell proliferation of A549 cells

The results from MTT assay showed that incubation with TTN by 24h, 48h or
72h did not induce cytotoxicity on A549 cells, confirming the resistance of these cells
to treatment. However TTN-LNC showed a dose-dependent cytotoxicity with an
inhibition rate upper to 50% with concentration of 20 uM. At 72h the inhibition rate of
20 uM of TTN and TTN-LNC as well as the equivalent volume of LNC was

respectively 14.0%, 64.2% and 11.2% (Fig. 1).

3.3. TTN-LNC alters morphology of A549 cells
A549 cells are human alveolar basal epithelial cells, squamous in nature and

grow adherently, as a monolayer, in vitro. Cells treated with TTN-LNC showed
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apoptotic morphology such as loss of attachments to other cells and extracellular
matrix and rounding up. Cells incubated with TTN or LNC were similar to control (Fig.

2).

3.4. TTN-LNC reduces the cell viability

The Figure 3 top panel shows that TTN-LNC reduces significantly the cell
viability, while TTN and LNC did not affect the cell viability. Fig.3 bottom panel shows
the mean of dead cells calculated from three different areas of the plate. Samples
without treatment (A), with TTN (B) and with LNC (C) showed no more than 5% of
dead cells, while sample incubated with TTN-LNC (D) showed an average of 38% of

dead cells.

3.5 Apoptosis induction by TTN-LNC on A549 cells

In order to analyze the apoptotic induction by TTN, LNC and TTN-LNC, A549
cells were assessed by flow cytometry with annexin V-PE/7-AAD staining. Figure 4
shows that cells treated with TTN-LNC showed a rate of 11% of early apoptosis and
24.8% of late apoptosis/dead cells. Cells treated with TTN and LNC showed a rate of

apoptosis similar to control.

3.6 Analysis of gene expression

An evaluation of gene expression profile was performed to assess which
pathway was involved in TTN-LNC cytotoxic effect. Surprisingly, none of the
apoptotic genes tested was significantly induced by TTN-LNC, except from P21
(Figure 5, D). Transcripts of P21 of cells treated with both concentration of 5 pM and

20 uM of TTN-LNC were increased more than 2-fold related to control (Figure 5).
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3.7. TTN-LNC-induced cell cycle arrest

Data from flow cytometry of cells stained with propidium iodide showed that
the population with the amount of DNA related to the GO/G1 phase of cell cycle was
significantly increase in cells treated with TTN-LNC (Figure 5). Cells without
treatment showed a rate of 49.6% of cells in GO/G1 phase, while cells incubated for
24 h with TTN-LNC showed a rate of 57.8% of cells in GO/G1 phase. Consequently,
the rate of cells in S and G2/M phase decreased related to control (9.93% and
25.73% from TTN-LNC treatment versus 13.98% and 30.68% from control).
Unexpectedly, the treatment with LNC also increased significantly the rate of cells in
GO0/G1 phase (60.5%), which needs to be better understood. Additionally the
presence of Sub-G1 population is representative of apoptotic cells. Wells incubated

with TTN-LNC showed significantly more apoptotic cells.

4. DISCUSSION

A large number of studies have investigated tretinoin therapy in combination
with chemotherapy on different kinds of tumors showing a promising therapeutic
value [12] [22] [23] [24]. However many lung cancer cells exhibit resistance to TTN,
which may explain why some patients do not respond well to treatment [13] [25]. In
this study we demonstrate by the first time that a formulation of tretinoin-loaded lipid
core nanocapsules may overcome the cell resistance showed by human
adenocarcinoma epithelial cell line (A549) to TTN anticancer effects. The formulation
evaluated in this study was previously developed [18]. However, we confirm some of
their important properties before use in the present study. Formulations showed

feasible properties, as particle size below 250 nm, low polydispersity indices (< 0.25)
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and negative zeta potential, regardless the presence of the drug. These
characteristics are according to our previous study [18] and allow us to investigate
their properties against lung cancer cells.

The MTT assay was performed to detect cytotoxic effect of free tretinoin
(TTN), TTN-LNC and unloaded-nanocapsules (LNC). TTN did not show inhibition of
cell growth at all tested concentrations, confirming the cell resistance for this
compound. TTN-LNC was able to increase significantly the rate of growth inhibition
even with lowest concentrations. However, the treatment with LNC also showed a
reduction in the number of viable cells, which was not sustained over the time. This
result may indicate an interference of nanocapsules in cell metabolism or even
interference in cellular MTT uptake. Nevertheless, TTN-LNC showed significantly
higher growth inhibition than LNC, which reflect an additional activity. Furthermore, in
treatment with LNC the percentage of non viable cells evaluated by Live/Dead assay
was similar to control, while in treatment with TTN-LNC this percentage was
significantly higher, showing that LNC did not affect cell viability.

TTN exerts anti-cancer activities mainly because of its differential effects and
control of cell proliferation. However, a large number of studies have demonstrated
that TTN induces apoptosis of cancer cells [7] [26]. Here we demonstrated that TTN
did not induce apoptosis on A549 cells at tested concentrations, but analyses of
Annexin-V/7-AAD staining as well as DNA fragmentation by flow cytometry showed
that TTN-LNC increases significantly this rate. These results supported the benefits
of TTN encapsulation on its anti-tumor effect.

Apoptosis is one of the programmed cell death process targeted by the
antitumor agents. Many therapies as chemotherapy and radiotherapy induce cellular

stress and DNA damage, triggering the intrinsic apoptotic pathway [27]. This pathway



36

is mediated by the mitochondria and controlled by the balance and interactions
between pro- and antiapoptotic members of the Bcl-2 family proteins, such as Bax
and Bcl-2 [28]. The results of expression analyses showed that the transcripts of anti-
and pro-apoptotic genes, Bcl-2 and Bax were not significantly altered by the
treatment, suggesting that the intrinsic apoptotic pathway was not activated.

Caspases are intracellular cysteine proteases which are cleaved and
activated, causing most of the biochemical changes observed in apoptotic cells [29].
Apoptotic extrinsic pathway activates caspase 8 and apoptotic intrinsic pathway
activates caspase 9. Both caspase 8 and 9 can activate effectors caspases, like
caspase 3. Ours data showed that TTN-LNC does not induced up-regulation of
caspase 3, 8 or 9 what suggest that the anticancer activity of this compound may not
be through apoptosis dependent of Bcl-2 or caspases expression. Some reports
have been showing other types of programmed cell death that may present apoptosis
features by caspase-independent pathways [27] [30].Transcriptional products
of apoptosis induction factor (AIF) and Endonuclease G (Endo G), which
are responsible for DNA degradation in caspase-independent apoptotic
pathway, were also not increased by the treatments tested in this study.

Some studies have related the induction of p21 by retinoic acid [31]. Here we
demonstrated that TTN-LNC up-regulated the p21 transcription and promoted cell
cycle arrest at G1 phase of A549 cell line. p21 protein is a cyclin dependent kinase
inhibitor that is able to inactivate cyclin dependent kinase 2 (CDK2), as well as
interact with other proteins implicated in various cellular processes [32]. p21 blocks
the expression of S phase specific genes through regulation of cyclin E CDK2 and
arrest the cell cycle in G1 phase. This protein can also suppress the cell proliferation

by other pathways such as interaction with DNA-polymerase & subunit [32]. The



37

promoter region of p21 gene contains many regulatory sequences. These sites
provide a potential regulation of this gene by a large amount of inducers or
repressors related to cell cycle and differentiation and stress, including retinoic acid.
We suggest that TTN-LNC was able to enhance the internalization of TTN in A549
cells and that TTN induced expression of P21 by interacting with its receptor in the
promoter region of the gene. p21 expression is also regulated by the protein p53,
however, the p53 gene was not up-regulated by TTN-LNC. Induction of p21 by TTN
without induction of p53 and its association with differentiation, senescence and
inhibition of cell proliferation has been reported [33] [34] [35].

Our results showed for the first time the ability of TTN-LNC overcome lung
cancer cell resistance to TTN, providing support to future applications on lung cancer
therapy. Due to complex activity of tretinoin on cancer cells, more studies are
necessary to elucidate the exact mechanisms by which TTN-LNC was efficient to

induce cell growth inhibition, decrease in cell viability and cell cycle arrest.

5. CONCLUSION
We conclude that TTN-LNC was able to overcome de resistance of adenocarcinoma
cell line A549 to tretinoin, inducing apoptosis, reducing the cell viability and causing

cell cycle arrest in G1 phase, by P21 up-regulation.
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Table 1. Primers sequences used in this study.

Primers Sequence 5 — 3’

p53 For AGCGAGCACTGCCCAACA

p53 Rev CACGCCCACGGATCTGAA

Bcl-2 For GTGTGGAGAGCGTCAACC

Bcl-2 Rev CTTCAGAGACAGCCAGGAG

Bax For ATGCGTCCACCAAGAAGC

Bax Rev ACGGCGGCAATCATCCTC

KRAS For TTATAAGGCCTGCTGAAAATGACTGAA
KRAS Rev TGAATTAGCTGTATCGTCAAGGCACT
Casp9 For CCAGAGATTCGCAAACCAGAGG
Casp9 Rev. GAGCACCGACATCACCAAATCC
Survivin For CTGTGGGCCCCTTAGCAAT

Survivin Rev. TAAGCCCGGGAATCAAAACA

p21 For CCTAATCCGCCCACAGGAA

p21 Rev ACCTCCGGGAGAGAGGAAAA

MYC For TCAGCAACAACCGAAAATGC

MYC Rev TTCCGTAGCTGTTCAAGTTTGTG
GAPDH For GGATTTGGTCGTATTGGG

GAPDH Rev TCGCTCCTGGAAGATGG
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Figure 1 - Effect of tretinoin-loaded lipid-core nanocapsules (TTN-LNC) on proliferation of A549 cell line. Cells were incubated with (A) 1 uM, (B)
5 uM, (C) 10 uM (D) and 20 uM of tretinoin (TTN) and TTN-LNC and the relative amount of blank lipid-core nanocapsules (LNC) for 24, 48 and
72 hours. Cytotoxicity was assessed by MTT assay. Data are expressed as mean + SEM from three independent experiments, each performed
in triplicate. * and # represents significance (P<0.05) compared with TTN and LNC respectively
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Figure 2 - Morphological analyzes of A549 incubated without treatment (control) or with 20
MM of TTN, TTN-LNC and the relative amount of LNC after 72h. Cells treated with TTN-LNC
showed morphology similar to apoptotic cells, with cell shrinkage and lose of cell-cell contact.
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Figure 3 — Tretinoin-loaded lipid-core nanocapsules (TTN-LNC) increased A549 cell death.
Lung cancer cells were treated with tretinoin (B), TTN-LNC (D) and the relative amount of
blank nanocapsules (C) for 72 h. Quantitative analysis of cell death was estimated by
LIVE/DEAD assay. The graphic shows the mean + SEM of three different areas of the plate.
Long arrow indicates dead cell and short arrow indicates live cell. * represents significance
(P<0,05) compared with control. Barr indicates 100 um.
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Figura 4 - Induction of apoptosis by tretinoin-loaded lipid-core nanocapsules (TTN-LNC) in
A549 cells. Cells treated with tretinoin (TTN), TTN-LNC and the relative amounts of LNC
were examined for apoptosis by 7-AAD and Annexin V-PE staining. Dot plot (A) of staining
cells shows non-apoptotic cells: Annexin V(-) and 7-AAD(-) (1) ; Early apoptotic cells:
Annexin V(+) and 7-AAD(-) (2) and late stage apoptotic and dead cells: Annexin V(+) and 7-
AAD(+) (3). The graphic (B) represents mean = SEM of early and late apoptosis for three
independent experiments. TTN-LNC significantly (P<0.05) enhances the rate of both early
and late apoptosis.
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Figure 6 — Induction of cell cycle arrest and apoptosis by TTN-LNC. Cells were synchronized, incubated with 5 or 20 uM of TTN and TTN-LNC
and the highest amount of LNC, harvested, fixed, stained and analyzed by flow citometry. A shows the DNA content histogram and B shows
the percentage of cells in each cycle phase. TTN-LNC and LNC induced cell cycle arrest in G1 phase. TTN-LNC induced apoptosis. * P<0,05
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4. CONCLUSAO

Neste trabalho demonstramos que nanocapsulas de nucleo lipidico de tretinoina
(TT-LCNC) foram capazes de superar a resisténcia que as células de
adenocarcinoma de pulm&o humano, linhagem A549, apresentam aos efeitos
antitumorais de TT. Esta superagdo foi demonstrada a partir da inducdo de
citotoxicidade, medida pelo ensaio de Live/Dead e MTT,; apoptose, medida por
citometria de fluxo através da avaliacdo da externalizacdo de fosfatidilserina, bem
como fragmentacdo de DNA; e parada do ciclo celular, medida também por
citometria de fluxo através da avaliacdo de conteido de DNA corado com iodeto de
propideo. Além do mais, pode se demonstrar que esse efeito estd ocorrendo via
regulacdo da expressdo de P21, uma proteina inibidora de ciclinas que controla,
dentre outros mecanismos, a passagem do ciclo celular de G1 para S. Os resultados
encontrados estéo de acordo com os efeitos de TT descritos na literatura. Com isso
o trabalho evidenciou um possivel potencial terapéutico dessa formulagdo para o

tratamento de cancer de pulméo resistente a TT.
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