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Resumo

O interferon alfa (IFN-a), um IFN do tipo |, se apresenta como uma citocina com
grande potencial terapéutico, pois atua no combate direto as células tumorais, além de agir
sobre a maturacdo de células dendriticas (DCs), que sao células apresentadoras de
antigenos profissionais e pecas chave na elaboracdo da uma resposta antitumoral.
Entretanto, a administracao sistémica de citocinas pode produzir toxicidade importante nos
pacientes, de modo que a indugcado de sua producgdo in situ poderia representar uma forma
de imunomodulacdo mais adequada. Assim, o objetivo deste estudo é verificar a acao de
vetores lentivirais carregando o gene do IFN-a para transdugdo de células tumorais,
permitindo assim a producgao localizada de IFN-a, a fim de explorar, in vitro, seu potencial
litico e imunomodulatério sobre DCs. Vetores lentivirais carregando o gene do IFN-a
humano (Lego-IFN) ou GFP (Lego-GFP) foram utilizados para a transducgao in vitro de
células de cancer colorretal. A transducao foi feita com diferentes multiplicidades de infeccéo
(MOls — 0.3, 1.0, 2.0, 4.0) para avaliarmos o efeito dose-dependente, seguido de co-cultura
com DCs derivadas de mondcitos de doadores saudaveis (DC-0.3, DC-1.0, DC-2.0, DC-4.0).
Apds 48h de co-cultura, as DCs foram avaliadas fenotipica e funcionalmente, através da
analise dos marcadores de membrana por citometria de fluxo, capacidade de aloestimulagao
e de inducao de linfécitos T citotoxicos (CTLs). Nés observamos que a transdugdo com
Lego-GFP, mas ndo com Lego-IFN, aumentou a imunogenicidade das células tumorais, com
aumento de expressdao de CD54 e HLA-DR. A co-cultura de DCs com células tumorais
transduzidas com Lego-IFN aumentou discretamente seu perfil de ativagdo, mas nao seu
potencial aloestimulatério in vitro. Observamos que linfécitos cultivados com DC-2.0
produziram niveis mais altos de IFN-y, sugerindo a indugdo de um perfil Th1, enquanto que
DC-GFP induziu maior produgédo de IL-10 e IL-4. DC-4.0 foi mais eficiente na geracao de
CTLs que o controle DC, entretanto, DC-GFP induziu ainda mais proliferacao de linfécitos T
CD8". O aumento de imunogenicidade das células tumorais e o potencial superior de
geracao de CTLs por Lego-GFP e DC-GFP exigem uma maior investigacgao.

Palavras-chave: cancer colorretal, citocinas, interferon alfa, células dendriticas



Abstract

Interferon alpha (IFN-a) is a type | IFN with great therapeutic potential, since it is able
to directly fight tumor cells and enhance the maturation of dendritic cells (DCs), the main
antigen-presenting cells, required for an effective antitumor response. However, the systemic
administration of cytokines can induce severe collateral effects. Therefore, the induction of
cytokine secretion in situ should represent a more adequate approach for cytokine-based
immunotherapy. Thus, the goal of this study was to induce IFN-a secretion by colon cancer
cells by transduction with a lentivirus vector carrying the human IFN-a gene, followed by
analysis of its immunomodulatory potential over DCs. Transduction was made with different
multiplicities of infection (MOIs — 0.3, 1.0, 2.0 and 4.0) to evaluate the dose-dependent
effects. Such cells were co-cultured with monocyte-derived DCs from healthy donors (DC-
0.3, DC-1.0, DC-2.0 and DC-4.0). Forty-eight hours later, DCs were evaluated for their
phenotype (surface activation/maturation markers) by flow cytometry, their ability to induce
allogeneic response in a mixed leukocyte reaction (MLR) and effectiveness to induce
cytotoxic T cells. We observed that transduction with Lego-GFP, but not Lego-IFN, increased
tumor cells’ immunogenicity with up-regulation of the markers CD54 and HLA-DR. Co-culture
of Lego-IFN-transduced tumor cells with DCs slightly enhanced their activation phenotype
but not their potential to stimulate T cell proliferation in vitro. Furthermore, we observed that
lymphocytes cultured with DC-2.0 produced higher levels of IFN-y, suggesting an induction of
Th1 profile on T cells, while DC-GFP induced more IL-10 and IL-4. Additionally, DC-4.0 was
more efficient in generating cytotoxic T lymphocytes (CTLs) that the control DC, however
DC-GFP induced even more CD8'T cell proliferation. The enhancement of tumor cell
immunogenicity and the superior induction of CTLs by Lego-GFP and DC-GFP require
additional investigation.

Keywords: colorectal cancer, cytokines, interferon alpha, dendritic cells
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Capitulo |: Revisao da literatura



Interferons do tipo |

Os interferons (IFNs) foram descritos pela primeira vez em 1957, por Isaacs e
Lindenmann, que investigavam o fendbmeno de interferéncia viral, no qual a exposicdo a um
virus atenuado confere resisténcia contra infecgbes posteriores pelo mesmo virus (1). Até
entao, acreditava-se que o bloqueio de receptores na membrana da célula alvo pelo virus
inativado era responsavel por conferir resisténcia as células e que este era um fendmeno
relativamente “passivo”. Entretanto, Isaacs e Lindenmann ndo encontravam evidéncias de
que o virus atenuado estivesse “impedindo a captura de virus vivos pelas células (...) e que
para estabelecer o fenbmeno de interferéncia, mais de 4h de incuba¢cdo eram necessarias”.
Em seus experimentos, os autores utilizaram pedacos da membrana corioalantéide de ovos
de galinha cultivados in vitro tratados com o virus influenza A atenuado pelo calor (0 que
abolia sua infectividade, mas nao suas propriedades de interferéncia), para depois serem
desafiados com virus influenza A vivos. Observaram que o fenbmeno de interferéncia
acontecia de fato nas membranas infectadas, o que foi chamado de “interferéncia inicial”,
mas que, além disso, ao transferir as membranas para uma cultura fresca, livre de virus, o
novo sobrenadante também apresentava uma ‘“interferéncia residual’, de magnitude
comparavel a inicial. Este achado levou os autores a especularem que a propria membrana
estava envolvida no fendmeno de interferéncia e ndao somente as particulas virais. Os
autores cogitaram a possibilidade de que a membrana pré-imunizada produzia um “agente
de interferéncia” caracterizado como “uma macromolécula com propriedades distintas
daquelas dos virus influenza A atenuados”. Este agente foi chamado de interferon. Em
humanos, existem 3 familias distintas de IFNs. Os do tipo I, no qual se enquadram os IFNs
a, B, w e ¢ (2); tipo Il, representado pelo IFN-y (3) e tipo Illl, no qual estdo os mais
recentemente descobertos IFNs A (4). Dada a amplitude do tema, a presente revisdo é
focada na biologia do IFN tipo I, com énfase no papel do IFN-a na estimulagdo do sistema
imune e no combate ao cancer.

IFNs do tipo | sdo produzidos por praticamente qualquer tipo celular em resposta a
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uma gama de estimulos externos que muito frequentemente envolve a ativacdo de
receptores de reconhecimento de padrdao (PRR — pattern recognition receptors) por
componentes e/ou produtos microbianos (5), além de componentes enddgenos
ectopicamente expressos, como RNA e DNA extracelulares (6). Os PRRs estdo presentes
na superficie, citoplasma e compartimentos endossomais das células. Na superficie, os
receptores foll-like (TLR) reconhecem principalmente produtos microbianos, sendo que o
TLR4 é o mais potente indutor de IFNs do tipo | mediante ativacao por lipolisacarideos (LPS)
de origem bacteriana (5). O receptor RIG-I (RNA helicases retinoic acid-inducible gene |) é
um dos principais receptores citosolicos de RNA e esta intimamente ligado com a produgao
de IFNs do tipo |, assim como o receptor MDA5 (melanoma differentiation-associated
gene 5) (5). Em compartimentos endossomais, o TLR3 reconhece RNA de fita dupla e TLR7
e 8 reconhecem RNA de fita simples (6). Dependendo da natureza do patégeno (como sua
espécie e local de infecgdo) e da origem da célula alvo, os PRRs sao diferencialmente
ativados, na tentativa de montagem de uma resposta adequada ao tipo de infecgéo (7).
Assim, ampliando o conceito primordial de inducéo de IFN tipo | por infecgdes virais, sabe-
se hoje que muitos outros estimulos podem ser responsaveis pela indugédo dessa citocina.

A familia de IFNs do tipo | compartilha o receptor IFNAR, que comanda a indugao de
diversos genes através da ativacao de ISGF3 (IFN-stimulated gene factor 3) que induz a
subsequente fosforilagdo de fatores de transcricdo como STAT1 e 2 e IRF9 (interferon
regulatory factor 9) (8), levando a sua ativagdo e entrada no nucleo, possibilitando a
transcricdo de genes IFN-respondedores, em sua maioria com papel antiviral, envolvidos em

processos como sintese de proteinas, crescimento e sobrevivéncia celulares (9) (8).

TLRs e sinalizagao de IFNs do tipo |
Os TLRs sao PRRs transmembrana do tipo | e respondem principalmente a estimulos
microbianos, tendo importante fungdo na indugcdo de imunidade inata. Em mamiferos, a

familia dos TLRs consiste em 13 membros, sendo que os TLR1-9 sdo conservados entre
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humanos e camundongos (9). Ha uma estrutura basica entre os TLRs, composta por um
ectodominio N-terminal envolvido no reconhecimento de padrdées moleculares patégeno-
associados (PAMPs — pathogen associated molecular patterns), um dominio transmembrana
do tipo | e um dominio toll/receptor de interleucina 1 (IL-1) (TIR) intracelular responsavel
pela transducgéo do sinal (6) (9).

Dependendo da sua localizagdo celular e de seus ligantes, os TLRs podem ser
subdivididos em 2 grupos: o primeiro, composto pelos TLRs1,2,4,5,6 e 11, é expresso na
superficie das células e reconhecem principalmente componentes de membrana microbiana
como lipideos e proteinas; o segundo engloba os TLRs3, 7, 8 e 9, que estao localizados em
vesiculas citoplasmaticas e reconhecem material genético (6).

A ativacido de TLR3 e TLR4 leva a indugcao direta do promotor do IFN-B, que
desencadeia o recrutamento de proteinas adaptadoras, como TRIF (TIR domain-containing
adaptor protein inducing IFNB), que levam complexos sinalizadores até o nucleo, onde IRF3
(interferon regulatory factor-3) € ativado e promove resposta transcricional de IFN-§ (9) (10).
Na maioria dos casos, IRF3 e 7 sdo fundamentais para a produgédo de IFN-a/f (5). TLR4
responde a ligagdo com LPS bacteriano através de um complexo formado na superficie da
célula com a proteina de diferenciagdo mieldide 2 (MD2 - myeloid differentiation protein 2)
(11). O complexo TLR4-MD2 recruta moléculas adaptadoras que irdo para o nucleo iniciar a
transducgao de sinal.

A producao de IFNs do tipo | também pode ser mediada pela ligacdo de TLR7, 8 e 9 e
indugcédo da molécula adaptadora MyD88, que é recrutada para o dominio TIR do receptor e
orquestra a ativagao do fator de transcrigdo IRF7 (12). TLR7 e 9 localizam-se no reticulo
endoplasmatico de células ndo estimuladas e migram para as vesiculas endolisossomais
apos ativagao (13). TLR7 reconhece principalmente RNA retroviral de fita simples e é
altamente expresso em DCs plasmocitdides (pDCs), capazes de liberar altas doses de IFNs
do tipo | apds infecgéo viral. H4 uma alta expressao de TLR7 e 9 em pDCs (8). Nestas

células, a ativagcado de TLRY7 ocorre apés internalizagdo de particulas virais e direcionamento
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para vesiculas endolisossomais onde RNA de fita simples é reconhecido, iniciando a
resposta antiviral (6). Além disso, TLR7 quando expresso em DCs convencionais (cDCs) e
ativado por RNA bacteriano, também induz a producdo de IFNs do tipo | (14). TLR8
reconhece RNA de fita simples e é expresso ubiquamente, especialmente em mondécitos, e
é ativado apés infecgao bacteriana (6). TLR9 reconhece DNA microbiano, que contém ilhas
CpG néo metiladas, forte indutoras de resposta imune (15).

A estimulacdo simultidnea de dois ou mais TLRs, o que geralmente ocorre em
situacdes de infeccdo, pode desencadear atividades sinérgicas, agonistas ou antagonistas
entre os receptores (16). Foi demonstrado que na infecgéo por Mycobacterium tuberculosis,
a ativacado de TLR2 pela bactéria inibe a producédo de IFNs do tipo | por TLR9, através da
rapida degradagcdo da molécula IRAK-1 (/L-1R associated kinase 1), necessaria para a

sinalizacao de IFNs do tipo | via MyD88 (16) (17).

RIG-I e sinalizacao de IFNs do tipo |

Os receptores RIG-I e RIG-I-like (RLR) reconhecem virus em replicagdo no
citoplasma, especialmente na fase inicial de infecgdo e sdo capazes de distinguir RNA
invasor de RNA enddgeno (18). A familia dos RLRs compreende os receptores RIG-I, MDA5
e LGP2. Eles possuem uma estrutura em comum, o dominio helicase DExD/Hbox, cuja
funcdo é o desdobramento de RNA de fita dupla (19). Estes receptores também possuem o
dominio de recrutamento e ativagéo de caspase (CARD), responsavel direto pela indugao de
producdo de INFs do tipo | (18). A agdo dos RLRs esta ligada a ubiquitinagdo de seus
dominios. O dominio CARD dos receptores RIG-I necessita de ubiquitinagdo para que haja
sinalizagdo da producgao de IFNs do tipo I. O mesmo ocorre com o receptor MDA5, porém
sob controle de outros fatores de ubiquitinagdo. Além da regulagao positiva de sua atividade,
os RLRs também s&o negativamente controlados por ubiquitinagdo, evitando a ativagao
descontrolada destes receptores (18).

Os RLRs ainda possuem um dominio C-terminal que se liga a RNA de fital dupla. Na
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presenca de ATP, o dominio CARD interage com IPS-1 (interferon 8 promoter stimulator-1),
uma molécula imprescindivel para a sinalizagcdo de IFNs do tipo | mediante infeccéo viral
(20), que se localiza na membrana externa da mitocéndria. MDAS5 também sinaliza a
producao de IFNs através de IPS-1, que ativa IRF3 e IRF7 (21).

RIG-I é essencial para a producdo de IFNs do tipo I, além de outras citocinas pré
inflamatérias, mediante infecgéo viral (18). Células que ndo possuem RIG-I tem producgéo
deficiente de IFNs do tipo | frente a infecgdo com diversas familias de virus (22). Células
com o gene do LGP2 nocauteado tem producao de IFNs diminuida, mas nao totalmente
bloqueada, sugerindo que este receptor coopera com RIG-I e MDA5 no reconhecimento de
RNA viral (18).

Apds ligacdo com RNA viral, RIG-lI passa por uma mudanga conformacional para
expor seu dominio CARD, na presenca de ATP. O dominio CARD interage com proteinas
adaptadoras para a ativacdo de quinases de forma TRAF3 (tumor necrosis fator receptor
associated fator 3)-dependente. Estas quinases fosforilam IRF3 e 7 (23), resultando na sua

translocagao para o nucleo e consequente transcrigdo de genes IFN-respondedores (24).

NLRs e sinalizagao de IFNs do tipo |

As proteinas NLRs (nucleotide binding domain and leucina rich repeat) sdo uma
familia de proteinas citosdlicas implicadas na resposta inata frente a infecgdes bacterianas e
inducdo de resposta anti-inflamatéria e estdo associadas a regulagéo de inflamassomas
(25). A composigao destas proteinas é relativamente comum a todos os membros e consiste
em: um dominio amino-terminal EBD (effector-binding domain), um dominio central NOD
(nucleotide-binding oligomerization domain) responsavel pela prépria oligomerizagdo € um
dominio LRD (carboxy-terminal ligand-recognition domain) (26).

Os NLRs podem ser subdivididos em 2 categorias, NLRC e NLRP. Os NLRC possuem
dominios CARD e compreendem NOD1 e NOD2, entre outros. Estes receptores estao

envolvidos no reconhecimento citoplasmatico de bactérias, mais especificamente de
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fragmentos de peptideoglicanos. Diferentes peptideoglicanos ativam receptores NOD
distintos, o que leva a diferentes vias de sinalizagdo (27). O segundo grupo, NLRP, s&o
proteinas com um dominio PYR (pyrin) (28). A ligagdo de NLRs por DAMPs (danger-
associated molecular patterns) ou PAMPs leva a ativacao de NF-kB (nuclear fator kappa B),
sinalizagdo de MAPK ou inflamassomas (29).

O receptor NOD2 esta envolvido na sinalizagao de IFNs do tipo |, especialmente de
IFN-B, através do reconhecimento de RNA viral de fita simples e ativacdo de IRF3.
Semelhantemente a sinalizagao por RIG-I, o dominio CARD de NOD 2 também necessita de

ligacao com IPS-1 para induzir a producgao de INFs (30).

O papel do IFN-a na terapia antitumoral

O IFN-a é uma das citocinas mais amplamente exploradas no contexto da terapia
sistémica, como revisto por Dranoff (31). A atividade antitumoral relevante do IFN-a vem
sendo amplamente testado para o tratamento de varios tipos de tumores (32). Por exemplo,
em um ensaio clinico realizado com pacientes com melanoma, o tratamento com IFN-a2b
em alta dosagem (1000 U/mL) produziu modulagéo positiva da agéo de linfocitos T e células
NK e aumento na expressdao de MHC de classe |l pelas células tumorais (33). Em outro
ensaio do mesmo grupo, com pacientes de melanoma metastatico, os autores observaram
que o tratamento sistémico com IFN-a2b reduziu a incidéncia de recidiva da doenga (34).

O IFN-a também se mostrou eficaz no tratamento de tumores hematoldgicos, a
exemplo da leucemia mieldide crénica, com uma melhora de sobrevida em 15% dos
pacientes tratados com quimioterapia e a citocina, versus aqueles submetidos somente ao
regime convencional de quimioterapia (35).

Medicamentos que tém como principio ativo o IFN-a s&o atualmente comercializados
por diversos laboratérios farmacéuticos. Em 1986 o FDA aprovou as drogas Intron A (IFN-
a2b, Schering) e Roferon A (IFN-a2a, Hoffman-La Roche). Mais recentemente foram

também aprovadas as formas peguiladas da citocina, que possuem meia vida mais longa no
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organismo, a exemplo da droga Pegasys (PEG-IFN-a2a, Hoffman-La Roche), aprovada em
2002. Porém, assim como na terapia com IL-2, o uso sistémico do IFN-a também oferece
reacgdes adversas ao paciente, incluindo manifestagées fisicas e psiquiatricas, fato que pode
exigir a reducéo da dose, a implementagéo de intervalos no tratamento ou a interrupgédo do
uso do medicamento.

Além de sua acdo direta sobre as células tumorais, o IFN-a tem sido amplamente
explorado pelo seu importante papel no desenvolvimento dirigido de DCs. Nesse sentido, foi
relatado que PBMCs (mondcitos obtidos a partir de sangue periférico) cultivados em meio
rico em IFN-a e GM-CSF adquiriram caracteristicas morfolégicas de DCs, com alta
expressao de MHC-I e -Il, da molécula co-estimulatéria B7 e do marcador CD40, além de se
mostrarem boas apresentadoras de antigenos (36). Estudos in vitro demonstram a maior
eficiéncia de DCs geradas na presencga de IFN-a, em comparagdo com DCs geradas na
auséncia desta citocina, quanto a capacidade de sensibilizar linfocitos T CD8" com alta
atividade citotoxica. Observou-se também geragdo de maior numero linfécitos T CD4*
secretores de IFN-y e menor expansio de linfocitos T CD4"CD25 Foxp3™ (regulatorios) (37).
Tais resultados indicam que preparagdes de DCs utilizando IFN-a ou a presenca da citocina
no ambiente tumoral induzam DCs que apresentem resultados clinicos superiores aos
observados até hoje.

O sucesso das vacinas de DCs diferenciadas a partir de mondcitos é dependente da
eficiéncia em se gerar DCs maduras para administragdo em animais portadores de tumor,
sendo que a presenca de IFN-a no meio de cultura dessas células (38-40), € capaz de
direcionar essa maturagdo para que produzam IL-12 e adquiram o fenétipo a-DC1. Essas
DCs, por sua vez, tém a habilidade de dirigir a maturagéo de linfécitos T para um fendtipo
Th1, favorecendo a resposta antitumoral. A adicdo de prostaglandina E, (PGE,) ao coquetel
de citocinas usadas na preparagao de vacinas de DCs tem o propdsito de induzir a
maturacdo destas células (37). Entretanto, esse mediador sozinho tende a reduzir a

habilidade das DCs em desencadear um perfil de resposta do tipo Th1, com produgéo de
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IFN-y. A adicdo de IFN-a, por sua vez, promove a secregao de IFN-y pelos linfécitos de
modo dose-dependente, mesmo na presenca de PGE; (41).

Em estudo clinico de fase l/ll observou-se que a administracdao de vacinas
terapéuticas de aDC-1 derivadas de mondcitos do sangue a 22 pacientes com glioma
maligno recorrente ndo provocou mortes ou efeitos toxicos de nivel 3 ou 4. Os autores
demonstraram pela primeira vez a indugdo in vivo de linfocitos T CD8" contra 3 dos 4
peptideos encontrados em gliomas (42). Em outro estudo, as aDC-1 foram geradas com o
uso de um coquetel de citocinas contendo IFN-a e acido poliosinico:policitidilico (poli I:C).
Sua comparacido com DCs convencionais mostra que as aDC-1 sdo mais habeis em induzir
a geracéao de linfocitos CD4" produtores de IFN-y e que a capacidade de induzir a produgdo
de IL-12 também é superior as DCs convencionais, com producéo de niveis de IL-12 cerca

de 100 vezes maiores do que de IL-10 (43).

O uso de vetores virais na terapia génica

Entretanto, embora diferentes preparagbes de vacinas de DCs tenham demonstrado
sua eficiéncia como vacina terapéutica, essa alternativa de tratamento continua a ter um
custo extremamente elevado, dificultando seu uso como terapia corrente. Assim, ainda na
tentativa de modular a resposta imune antitumoral utilizando o potencial imunomodulatério
das citocinas e o papel central das DCs na elaboragédo desta resposta, as vacinas génicas
utilizando vetores virais tém sido cada vez mais investigadas no campo da imunoterapia
antitumoral. Nesse aspecto, a versatilidade dos vetores virais permite customizar as vacinas,
de forma que atinjam um alvo muito especifico ou tenham agao localizada, minimizando os
efeitos adversos comuns produzidos por terapias sistémicas. Deste modo, alguns estudos
tém relatado a insercdo de genes codificadores de antigenos tumorais, visando potencializar
a atividade das células apresentadoras de antigenos (44, 45). Outros grupos tém trabalhado
com a insergao de genes codificadores de proteinas imunoestimulatérias, como as citocinas,

desencadeando uma resposta imune direcionada(46), além da possibilidade de insergéo de
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genes codificadores de moléculas com agéo litica direta sobre as células tumorais (47).

Um aspecto importante na construgdo das vacinas génicas com vetores virais € que
nao ha necessidade de uso de células dos pacientes ou de qualquer material biolégico
especifico que restrinja demasiadamente sua preparacdo em laboratorio ou sua utilizagao
terapéutica (47).

Muitos tipos de vetores virais tém sido avaliados para uso na imunoterapia, cujas
caracteristicas especificas devem atender a diferentes demandas ou estratégias
moleculares. Os vetores adenovirais sdo provavelmente as ferramentas mais extensamente
exploradas no campo da vetorologia aplicada a imunoterapia do cancer (48), porém outros
virus vém apresentando 6tima aplicabilidade na area e entre eles destacam-se os lentivirus.
Os lentivirus sdo membros da familia Retroviridae (sendo o virus da imunodeficiéncia
humana-1 [HIV-1] o mais bem estudado desta familia) (49). Segundo revisto por Emeagi e
colaboradores (49), os lentivirus possuem caracteristicas que os tornam 6timos candidatos
para aplicacao na terapia génica, como a) possibilidade de insergdo de grande quantidade
de material genético (~10 kilobases); b) os lentivirus selecionam locais seguros de
integracdo com o genoma hospedeiro, 0 que proporciona uma expressao persistente do
gene de interesse e aumenta sua seguranga de uso; c) sdo capazes de transduzir células
que se dividem e células quiescentes; d) em geral ndo ha imunidade pre-existente a
esses vetores (50) e eles desencadeiam resposta imune neutralizadora menos intensa
quando comparada aquela induzida por vetores adenovirais, ndo comprometendo a
expressao do gene de interesse [36]. Além disso, vetores derivados de HIV-1 de terceira
geragao tem pobre capacidade replicativa e contém apenas trés (gag, pol e rev) dos nove
genes do virus (51), garantindo integracao estavel no genoma do hospedeiro e auséncia de
expressao de qualquer gene viral que n&o os transgenes (52).

Levando em conta estas informagdes, consideramos que a terapia génica € uma
importante estratégia imunoterapéutica a ser estudada, para o desenvolvimento de

propostas que atendam a demanda crescente de pacientes com cancer em todo o mundo.
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Considerando as DCs como elementos centrais da resposta imune antitumoral, nossa visao
é de que a estimulacdo in vivo das DCs, através da administragdo de citocinas ou
moduladores capazes de induzir a produgdo de mediadores como IL-12, IL-18, IFN-y e IFN-
aou de inibir a geragado in situ de citocinas regulatérias como IL-10, TFG-B e fatores
angiogénicos, poderia ser uma abordagem economicamente viavel. Além disso, visto que
nesse caso n&o haveria restricdo do tratamento pelo complexo principal de
histocompatibilidade (MHC), nem pela disponibilidade de DCs (outra limitacdo técnica

dessas vacinas), alternativas nessa linha teriam aplicabilidade mais ampla.

23



Objetivo

Assim a transducao de células tumorais in situ com gene de IFN-a seria capaz de
induzir a sintese desta citocina no sitio tumoral, favorecendo a maturagdo de DCs
produtoras de IL-12 e a consequente ativagcdo de células Th1. Desse modo, o presente
estudo teve por objetivo avaliar a viabilidade de uso de um lentivirus como vetor para a
transferéncia do gene de IFN-a humano em células tumorais e o efeito da transducao sobre

a capacidade de sensibilizagcao e ativacdo de células dendriticas.
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Abstract: Interferon alpha (IFN-a) is a type | IFN with great therapeutic potential,
since it is able to directly fight tumor cells and enhance the maturation of dendritic cells
(DCs), the main antigen-presenting cells, required for an effective antitumor response.
However, the systemic administration of cytokines can induce severe collateral effects.
Therefore, the induction of cytokine secretion in situ should represent a more adequate
approach for cytokine-based immunotherapy. Thus, the goal of this study was to induce IFN-
a secretion by colon cancer cells by transduction with a lentivirus vector carrying the human
IFN-a gene, followed by analysis of its immunomodulatory potential. Transduction was made
with different multiplicities of infection (MOls — 0.3, 1.0, 2.0 and 4.0) to evaluate the dose-
dependent effects. Such cells were co-cultured with monocyte-derived DCs from healthy
donors (DC-0.3, DC-1.0, DC-2.0 and DC-4.0). Forty-eight hours later, DCs were evaluated
for their phenotype (surface activation/maturation markers) by flow cytometry, their ability to
induce allogeneic response in a mixed leukocyte reaction (MLR) and effectiveness to induce
cytotoxic T cells. We observed that transduction with Lego-GFP, but not Lego-IFN, increased
tumor cells’ immunogenicity. Co-culture of Lego-IFN-transduced tumor cells with DCs slightly
enhanced their activation phenotype but not their potential to stimulate T cell proliferation in
vitro. Furthermore, we observed that lymphocytes cultured with DC-2.0 produced higher
levels of IFN-y, suggesting an induction of Th1 profile on T cells, while DC-GFP induced
more IL-10 and IL-4. Additionally, DC-4.0 was more efficient in generating cytotoxic T
lymphocytes (CTLs) that the control DC, however DC-GFP induced even more CD8+T cell
proliferation. The enhancement of tumor cell immunogenicity and the superior induction of
CTLs by Lego-GFP and DC-GFP required additional investigation.

Keywords: colorectal cancer, cytokines, interferon, dendritic cells
Précis: Transduction with Lego-GFP, but not Lego-IFN, increased tumor cells’

immunogenicity; Co-culture of Lego-IFN-transduced tumor cells with DCs slightly enhanced
their activation phenotype but not their potential to stimulate T cell proliferation in vitro.
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Introduction

Cancer is a diverse group of diseases that have been acquiring an epidemiologic
character due to several causes, which include aging of the population and higher exposure
to risk factors associated with the contemporary lifestyle [1]. The Brazilian National Institute
of Cancer (INCA) has estimated that in the year 2014, more than half a million new cases of
cancer have emerged among the Brazilian population and that colorectal cancer (CCR) is
one of the most frequent in the country [2]. These data are quite similar to those observed in
other western countries as reported by [3].

Despite the extensive progress made in diagnostics and therapeutics, surgical
intervention still figures as the main choice for the treatment of colorectal cancer patients [4].
However, this type of cancer usually presents metastatic complications, which could
compromise the cure through surgery [5, 6]. Consequently, cytotoxic chemotherapy is very
frequently employed in the treatment of inoperable tumors or as neoadjuvant or adjuvant
therapy, administered before or after surgery, respectively. The traditional regimen of
cytotoxic chemotherapy is based on the administration of maximum tolerable doses of
chemotherapeutic drugs. Despite the massive attack against tumor cells, this therapeutic
schedule causes severe side effects, including the suppression of innate and adaptive
defense mechanisms, requiring a “resting period” between treatments for the normalization
of the patient’'s hematological parameters, which implies that there is a lapse of reduced
serum levels of medication that could allow the selective growth of resistant tumor variants,
favoring relapse of the disease. CCR has a high rate of relapsing and of metastatic disease,
so immunotherapeutic approaches with selected cytokines can be important alternatives for
combined use with conventional treatments.

Systemic administration of interleukin (IL)-2 was the first cytokine-based therapy
approved by the FDA (Food and Drug Administration) for the treatment of renal cell
carcinoma and metastatic melanoma, with 20% and 8% of patients presenting total or partial

clinical response, respectively [7, 8]. However, treatment with systemic IL-2 induces variable
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and severe toxicity among patients, most frequently with induction of a vascular permeability
syndrome, among other hematological alterations [8].

Another example of cytokines used for cancer treatment is the interferon (IFN)-a, one

of the most vastly explored cytokines for systemic therapy of cancer [9], since besides their
antiviral properties, type | IFNs also show relevant antitumor activity [10].
IFN-a is currently being tested for the treatment of several malignancies, such as chronic
myelogenous leukaemia, melanoma and renal cell carcinoma [9-11]. High dosage IFN-a2b in
the treatment of melanoma induces positive modulation of T and NK cells activity, while
enhancing tumor cell immunogenicity by up-regulating major histocompatibility complex
(MHC) class Il expression [12]. In another clinical trial, with metastatic melanoma patients,
the authors observed that systemic treatment with IFN-a2b reduces relapsing rates [13].

IFN-a has also been vastly explored due to its important role in the differentiation and
maturation of dendritic cells (DCs). Peripheral blood mononuclear cells (PBMCs) cultivated in
the presence of IFN-a and GM-CSF display morphological characteristic equivalent of DCs,
with high expression of MHC class | and Il and activation markers CD40 and CD86, as well
as increased antigen presenting capacity [14]. In vitro studies report that DCs that
differentiate in the presence of IFN-a have better potential to stimulate CD8+ and CD4+ T
cell, and lower ability to expand CD4"CD25FoxP3" regulatory T cells than those cultivated
without this cytokine [11].

The success of DC-based immunotherapies relies on the elaboration of proper
maturation/activation protocols so that DC can fulfill their therapeutic role. The presence of
IFN-a is able to drive DC maturation and activation, inducing them to produce high levels of
IL-12 and acquire the a-DC1 phenotype [15] [16] [17]. These DCs, in turn, have the capacity
to drive the activation of T cells to a Th1 profile, favoring the antitumor response. Such
results indicate that DC differentiation protocols that include IFN-a or the presence of this
cytokine in the tumor microenvironment might induce clinically superior DCs for their use in

cancer immunotherapy.

31



However, one of the main limitations of IFN-a is the life-threatening side effects
elicited by the systemic treatment, which often requires interruption or dose reduction [18].

Side effects include neurological and hematological toxicity, flu-like symptoms such
as fever, chills, myalgia and headaches [19]. Chronic manifestations include autoimmune
and dermatological disorders and diabetes. Moreover, in the systemic administration
schedule, cytokine degradation occurs and a smaller concentration of the drug is able to
reach its end-point [18].

Taking these points into account, we hypothesized that sustained secretion of IFN-a
by tumor cells would be able to activate DCs and improve antitumor responsiveness, while
avoiding the side effects produced by systemic therapy and the degradation of the cytokine
in the blood, cytokine gene transfer therapy figures as an interesting alternative. Then, in this
study we aimed to evaluate the use of a lentiviral vector for IFN-a gene transfer to tumor cells

and their in vitro effect over the maturation and activation of DCs.

Materials and methods

Tumor cells

Human tumor cell line HCT 116 of colorectal carcinoma was maintained in complete culture
medium [RPMI 1640 medium (Gibco) supplemented with1% HEPES (Sigma), 10% FBS
(Fetal bovine serum), 1% sodium pyruvate, 1% non-essential aminoacids, 1%antibiotics and
antimycotics (Life Technologies)] at 37°C and under 5% CO, tension. Cells were detached by
treatment with trypsin-EDTA solution (Gibco) and washed with culture medium before use in
the proposed assays. Immunophenotyping of HCT 116 cells was performed by flow
cytometry, before and after transduction, using fluorochrome-conjugated monoclonal

antibodies for the markers CD54, CD63, CD81, HLA-DR and CD83 (BD Biosciences).

Lentiviral vector

The lentiviral vector encoding human IFN-a (Lego-IFN) and eGFP (enhanced green
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fluorescent protein — Lego-GFP) were constructed at the Viral Vectors Laboratory, Center for
the Translational Investigation in Oncology, Sao Paulo State Cancer Institute, with the
collaboration of Dr. Bryan Strauss. A third generation lentiviral vector was used, Lego-iG2,
which was kindly provided by Dr. Kristoff Webber, University Medical Center Hamburg-
Eppendorf, Hamburg, Germany [20]. Construction, production and titration of the viral vector
was carried in accordance with protocols previously established in this laboratory [21].
Briefly, Lego-iG2 contains the SFFV (retroviral enhancer/promoter of spleen focus forming
virus) promoter, expressed ubiquitously by several cell types but especially by hematopoietic
cells. Since HCT 116 cells have epithelial origin, our first concern was that they would not be
susceptible to Lego-iG2, so in the transduction assays, we also used K562 cells, originated

from chronic myeloid leukaemia for purposes of comparison.

Transduction of HCT 116 cells with the lentiviral vector, confirmation of transduction
and determination of MOI curve

Transduction was carried for 6-8h and confirmed by detection of GFP expression by both
flow cytometry and fluorescence microscopy. To determine the multiplicity of infection (MOI)

curve, we quantified the percentage of GFP* cells by flow cytometry were used.

Enzyme linked immuno sorbent assay (ELISA) for quantification of IFN-a production
by transduced HCT 116 cells

Supernatant of transduced HCT 116 cells was collected at different time points (24h, 48h and
72h) and quantified for IFN-a by ELISA (eBiosciences), according to the manufacturers’

instructions.

Peripheral blood collection
One hundred milliliters of peripheral blood were collected from healthy donors to obtain both

monocytes and lymphocytes. Monocytes were differentiated into dendritic cells (DCs) and
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lymphocytes of one donor were used in the mixed leukocyte reactions. For the generation of
cytotoxic T lymphocytes (CTLs), monocytes from male HLA-A02+ (human leukocyte antigen
A02) donors were obtained by leukapheresis at the Hemotherapy and Hematology Unit of
Hospital Samaritano, Sdo Paulo-SP, Brazil. All donors were informed about the purposes of
this study and have signed the Agreement Term. The study was approved by the Ethics

Committee of the School of Medicine of Botucatu under the registry 531.857.

Generation of monocyte-derived DCs

Mononuclear cells (PBMCs) were isolated from peripheral blood from healthy donors by
centrifugation on Ficoll gradient. PBMCs were then submitted to a centrifugation on Percoll
gradient for the enrichment of the monocyte population. Monocytes were seeded on 6-well
culture plates in serum-free AIM V culture medium (Gibco) and left for 1h30 to adhere on
plastic. After Percoll separation, the pellet of total lymphocytes was collected and
cryopreserved for posterior use. Adherent cells, mostly monocytes, were then cultivated in
the presence of IL-4 and GM-CSF (at 50ng/mL, Peprotech) for differentiation into immature
DCs (iDCs). IFN-a-producing HCT 116 cells were seeded in transwell inserts for 6-well plates
(BD Biosciences; membrane porosity of 0,4um) and cultivated for 24h. Lego-GFP-
transduced HCT 116 cells were used as negative control. After that, the cells were
transferred into another 6-well culture plate containing iDCs to induce their maturation
(mDCs). As a positive control, DCs were treated with recombinant human IFN-a on day 5.
On day 7, mDCs were used for the proposed assays and were phenotyped to evaluate the
co-culture effects on DC maturation. The use of genetically modified cells was approved by
the Internal Commission of Biosafety of the Biosciences Institute of Botucatu (CQB 164/02-

01).

Immunophenotyping

HCT 116 cells were phenotyped before and after transduction using fluorochrome
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conjugated monoclonal antibodies for the surface markers CD9, CD63, CD81, CD54, HLA-
ABC, HLA-DR, CD40, CD80, CD86 and CD83 (BD Biosciences). DCs were stained for the
surface markers CD1a, CD14, CD83, HLA-DR, CD86, CD80, HLA-ABC and PD-L1 (BD
Biosciences), 48h after culture with transduced HCT 116 cells. DCs were initially gated
based on morphology and then doublets, 7- aminoactinomycin D* (7AAD) and CD11c” events
were excluded from analysis. Both the percentage of positive cells and the median
fluorescence intensity of the markers were analyzed. Flow cytometry was performed in a
FACSCanto™ Il flow cytometer with FACSDiva software (BD Biosciences) and all of the

analyses were performed using FlowJo software vX10.6 (Tree Stars Inc.).

Mixed leukocyte reaction (MLR)

On day 7 of culture (48h after culture with transduced HCT 116 cells), DCs were with
allogeneic total lymphocytes were stained with carboxyfluorescein succinimidyl ester (CFSE)
[22] at a 1:10 DC: lymphocyte ratio. Cultures were maintained for 5 days in “U’-bottomed 96-
well culture plates and supernatants were collected and cryopreserved for cytokine
quantification. Proliferation was observed by CFSE dilution within CD8" and CD4"
populations by flow cytometry. Phenotyping was carried by staining with fluorochrome

conjugated monoclonal antibodies for the molecules CD3, CD4, CD8, CD69 and PD-1.

Cytokine quantification

Supernatants of the MLR assays were collected for cytokine quantification by Cytometric
Beads Array (CBA) using the kit Human Th1/Th2/Th17 (BD Biosciences) according to
manufacturer’s instructions. CBA was carried in a FACSCanto Il flow cytometer (BD
Biosciences) using the software FACSDiva (BD Biosciences) for acquisition of samples and

FCAP Array software (BD Biosciences) for analysis.

35



Specific cytotoxic T lymphocyte (CTL) stimulation

HLA-A02" iDCs were differentiated as previously described and cultured with IFN-a-
producing HCT 116 cells on day 5. Twenty-four hours later DCs were pulsed with HLA-A02-
restricted Influenza peptide (FLU - GILGFVFTL). DCs were then cultured with autologous
total lymphocytes for an additional 7 days. Every 2 days culture medium was supplemented
with IL-7, IL-2 and IL-15 (5ng/mL, 25U/mL and 5ng/mL, respectively; Peprotech). On day 7,
lymphocytes were stained with fluorochrome conjugated monoclonal antibodies for the
surface markers CD3 and CD8, as well as with a FLU-specific HLA-AO2 dextramer (DEX)
conjugated with phycoerytrin (PE). Analysis of CTL generation was performed by
quantification of the CD8'DEX" population by flow cytometry. A prostatic specific antigen

(PSA) -specific HLA-A02 DEX served as irrelevant antigen control of the experiment.

Statistical analysis

Statistical analysis was carried by one way analysis of variance test (ANOVA) followed by
multiple comparison Tukey test. Differences were considered significant when the probability
of error was lower that 5% (p<0.05). GraphPad Prism 5 software was used for analyses and

graphic preparations.

Results

HCT 116 were successfully transduced by the lentiviral vector and expressed high
levels of IFN-a

In order to show the effectivity of our gene transference approach, we used an empty vector
encoding only GFP to transduce HCT 116 cells. This control vector was also used to
determine the curve of MOI. Success of transduction was confirmed by detection of GFP
expression on the target cells by flow cytometry (Fig. 1A-D) and fluorescence microscopy

(Fig. 1E and F), with rates highly comparable to those of K562 (data not shown). GFP" cells
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were detectable even with the lowest MOI of 0.1 (Fig 1A). The MOI curve shows that
increase of MOI reflected in the increase in number of cells infected with at least one viral
particle, until reaching a plateau in the MOI 10.0 (Fig. 1G). Higher MOls induces strong
decrease of cell numbers in the flow cytometric analyses, suggesting toxicity despite the
efficiency of transduction (data not shown). IFN-a quantification of culture supernatants by
ELISA revealed that even at the MOI of 0.3, Lego-IFN-transduced cells produced 944.35
pg/mL of IFN-a 72h after transduction (Table 1). Transduction with Lego-GFP yielded very

little IFN-a production by 72h (124.10 pg/mL; Table 1).
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Fig. 1 — Success of transduction with Lego-GFP was demonstrated by quantification of GFP*

cells by flow cytometry (Fig. 1 A-D) after transduction with MOls 0.1, 1.0, 2.0 and 4.0,

respectively, and by fluorescence microscopy (Fig. 1 E and F) of transduced HCT 116 cells

showing GFP expression in the MOls 2.0 and 4.0, respectively. (G) MOI curve showing that

transduction rates reached a plateau after the MOI 10.0.
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Table 1 — ELISA IFN-a quantification of the supernatants of HCT 116 cells transduced with

Lego-IFN, Lego-GFP or non-transduced at different time points. WT (wild type); n.d. (not

determined).

Lego-IFN MOI | Lego-IFN MOI | Lego-GFP MOI | HCT 116 WT
0.1 3.0 3.0

24h 70.36 pg/mL | n.d. n.d. n.d.

48h 385.47 pg.mL | 973.00 pg/mL 0

72h 944.35 pg/mL | n.d. 124.10 pg/mL | O

Transduction with Lego-GFP renders HCT 116 tumor cells more immunogenic

Post transduction phenotyping showed that Lego-GFP-transduced HCT 116 cells suffered a

dramatic increase in the frequency of CD54" and HLA-DR®. In addition, while Lego-IFN-

transduced tumor cells had a slight decrease in the frequency of CD63" cells, that effect was

not seen in Lego-GFP-transduced cells. Both Lego-IFN and Lego-GFP-transduced cells

presented slight increase in the frequency of CD83" and decrease in CD81" cells.
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Fig.2 — Immunophenotyping of HCT 116 cells transduced with Lego-IFN and Lego-GFP,
showing expression of CD54, CD83, HLA-DR, CD63 and CD81 in Lego-IFN-transduced cells
(blue: MOI 1,0; orange: MOI 2,0; light green: MOI 4,0), Lego-GFP-transduced cells (dark
green) and non-transduced cells (red). (A) Gating of HCT 116 cells based on morphology.

Analysis CD54 (B), CD83 (C), HLA-DR (D) CD63 (E), and CD81 (F) in transduced and non-
transduced cells.
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Indirect co-culture with IFN-a-producing HCT 116 slightly increases the activation but

not maturation of DCs

In order to verify whether IFN-a produced by HCT 116 cells would be able to modulate DC
activation and maturation, the former were indirectly co-cultured with iDCs, using transwell
inserts. After 48h, DCs were phenotypically analyzed by flow cytometry. The frequency of
CD1a" cells, a typical marker for iDCs, was slightly lower in the groups DC-1.0 and DC-4.0,
when compared to the control DC (Fig. 3A). Cells co-cultured with Lego-IFN-transduced
tumor cells, significantly increased the frequency of CD86" cells (Fig. 2F). Frequency of HLA-
DR" and CD80" cells were slightly up-regulated in comparison with DC-GFP (Fig. 3C and E).
Interestingly, DC-GFP presented the lowest percentage of PD-L1" cells, which is an
immunoregulatory marker, while IFN-a-stimulated DCs showed a slight up-regulation of

positive cells for this marker (Fig. 3G).
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Fig. 3 — Immunophenotyping of monocyte-derived DCs co-cultured for 48h with IFN-a-

producing HCT 116 cells (transduced with variable MOls of Lego-IFN or with Lego-GFP).

Data are expressed as mean + SEM of positive cell frequency of five independent

DC:lymphocyte combinations. *p<0.05
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Indirect co-culture with Lego-IFN-transduced HCT 116 cells slightly decreases the

allostimulatory potential of DCs

Given that the maturation of DCs was only slightly modulated by the co-culture with IFN-a-
producing HCT 116 cells, we next sought to evaluate if the functional properties of DCs
would be affected by transduced cell soluble products. For that purpose, DCs were tested in
a MLR assay with CFSE stained lymphocytes. Proliferation rates were analyzed 5 days later.
DC-4.0 induced slightly less CD4* and CD8" T cell proliferation in comparison with all other
groups, especially the control group DC(Fig. 4A and B). We also observed that after the MLR
assays, viability of lymphocytes stimulated by DC-4.0 was significantly lower than

lymphocytes stimulated by DC-GFP and DC (Fig.4 C and D).
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Fig. 4 — Mixed leukocyte reaction was carried out for 5 days, in a 1:10 DC:lymphocyte ratio.
Proliferation rates of T lymphocytes were expressed as percentage of proliferating T
lymphocytes (CFSE low events) within the (A) CD4" population and (B) CD8" population.

Data are presented as mean + SEM of five independent assays (C) viability of lymphocytes

cultured with DC-4.0 in comparison with DC; **p=0.0015.
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Indirect co-culture of transduced HCT 116 with DCs discretely improves their T

lymphocyte activation potential

In order to further evaluate the effect of our DCs on T lymphocytes, the latter were
phenotyped at the end of the allogeneic proliferation assays. Frequency and level of
expression of the markers CD69 and PD-1 were analyzed within the proliferating subsets.
Our data in Fig. 5 shows that exposition of DCs to Lego-IFN-transduced tumor cells do not

influence the profile of proliferating lymphocytes obtained in the MLR assay.
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Fig. 5— Phenotypical analysis of activation markers on CD4+ and CD8+ lymphocytes
expanded during MLR assay by flow cytometric analysis of the frequency of CD69+ (A, C)
and PD-1+ (C,D) within proliferating CD4" and CD8" subsets, respectively. Data are

expressed as mean + SEM of five independent assays. ANOVA followed by Tukey-Kramer

post-test.

T cells induced by DC-2.0 produced higher levels of IFN-y

Cytokines produced by T lymphocytes on MLR assays were quantified by CBA technique,

using the Human Th1/Th2/Th17 kit. Our results show that lymphocytes cultured with DC-2.0
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produced slightly higher levels of IFN-y (Fig. 6A). Interestingly, DC-GFP induced more IL-10

(Fig. 6C) while DCs cultured with Lego-IFN-transduced tumor cells tended to inhibit IL-4

production (Fig. 6E). No relevant changes were observed on TNF-a (Fig. 6B), IL-2 (Fig. 6F)

and IL-17 production (data not shown).
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Fig. 6 — Analysis of Th1/Th2/Th17 profile cytokines by CBA technique. Data are expressed

as mean and standard error of IFN-y (A), TNF-a (B), IL-10 (C), IL-6 (D), IL-4 (E) and IL-2 (F)

quantified in supernatants of five independent co-cultures. Red dotted line represents the

mean of production of cytokine by the control group DC.
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CTL generating potential of DCs is enhanced after co-culture with transduced HCT 116

cells

We next evaluated the ability of DCs cultured with Lego-transduced tumor cells to stimulate
the generation of spcific CTLs durin a 7-day autologous culture of HLA-A02" FLU peptide-
pulsed DCs with autologous lymphocytes. The resulting CTLs were stained with CD8
fluorochrome-conjugated monoclonal antibody and a PE-conjugated FLU-specific HLA-A02
dextramer (DEX). A PE-conjugated PSA-specific HLA-A02 DEX was used as an irrelevant
antigen control. Data were normalized in relation to the control group DC and are shown in
Fig. 7. Co-culture with IFN-a-producing HCT 116 cells improved CTL generating potential of

DC-4.0, however, DC-GFP showed an even higher T CD8" stimulatory capacity.

CD8*DEX*

Fig. 7 - HLA-A2+ DC, stimulated with Lego-IFN-transduced HCT-116 cells were loaded with
HLA-AO2-restricted Influenza peptide (FLU - GILGFVFTL), following co-culture with
autologous total lymphocytes for an additional 7 days (IL-2, IL-7 and IL-15 were added each
2 days) for generation of CTL. Specificity of resulting CD3+/CD8+ cells were tested on their
ability to link FLU-specific HLA-A02 dextramer (DEX) conjugated with phycoerytrin, and
analyzed by flow cytometry. A prostatic specific antigen (PSA)-specific HLA-A02 DEX served

as irrelevant antigen control of the experiment (data not shown).
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Discussion

One of the biggest challenges in DC-based immunotherapies is the effective
activation of these cells ex vivo, since cancer patients-derived DCs present a tolerogenic
profile and reduced capacity to generate antitumor responses, especially regarding CD4+
and CD8+ T cell activation [23] [24]. In addition, the costs of manipulating DCs ex vivo are
high, which can translate into very expensive DC-based treatments. As an alternative,
treatments for the modulation of DC activation and maturation in situ could represent a less
costly approach. Then, in the present study we investigated the feasibility of use of a
lentiviral vector for transferring the IFN-a gene into tumor cells and how these transduced
cells interfere on DC maturation/activation features.

Firstly, we demonstrated that HCT-116 cells were efficiently transduced by Lego-
IFN/Lego-GFP constructs, showing GFP fluorescence of these cells both by flow cytometry
and fluorescence microscopy. The former technique was also used to determine the MOI
curve, in order to establish the best work conditions. We next demonstrated the functional
efficacy of this transduction approach, showing that Lego-IFN-transduced cells produced
high levels of IFN-a, at both 24h and 72h marks, while Lego-GFP-transduced cells secrete
just 1/7 of those levels and wild type non transduced cells did not produced this cytokine.
This result indicates that in vitro IFN-a production was a consequence of transduction with
specific gene and not only a natural response to a virus infection-like event. Of course, this
phenomenon seems to be responsible for the IFN-a production by cells transduced by GFP-
carrying vector, however the in much lower levels than those produced by Lego-IFN-
transduced cells. We also verified that transduction with either vectors did not interfere with
tumor cell viability (data not shown).

An interesting observation was that transduction with Lego-GFP induced phenotypical
changes in tumor cells with increased expression of surface CD54 and HLA-DR, suggesting

a cell modulation for a more immunogenic profile. CD54 or ICAM-1 (intercellular adhesion
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molecule-1) is a co-stimulatory molecule especially important in mediating adhesion of CTLs
to target cells through interaction with its ligand LFA-1 (lymphocyte function-associated
antigen-1) [25] [26]. Although we have not investigated this point, increased expression of

CD54 appears to facilitate the recognition of tumor cells by CTLs to perform cytolytic effect.

Increased expression of HLA-DR on tumor cells is also a relevant change induced by
transduction with Lego-GFP. Although the main target of antitumor CTLs is represented by
MHC class | molecules, recognition of peptides loaded on class Il molecules by CD4" T
lymphocytes is essential to the establishment of a complete protective response, since
tumor-specific CD4" T helper cells are required for the development of a Th1-driven
response. Then, increase of HLA-DR on tumor cells transduced with Lego-GFP could
represent an increase in their immunogenicity. No relevant changes were observed on the
expression of CD83 and CD63 on tumor cells. Although we have observed phenotypical
changes suggesting increased immunogenicity of tumor cells, we chose to perform the co-
culture assays using the transwell system, in order to evaluate the role of the putative IFN-a
secreted by transduced cells. Therefore, further assays are necessary to investigate the

effect of a direct interaction between tumor cells and DCs.

We next investigated how IFN-a production by transduced cells could change the
phenotypic and functional features of DCs. Our data show that the supernatant of tumor cells
transduced with Lego-GFP slightly reduced the frequency of cells expressing the
maturation/activation markers HLA-DR and CD86. These results are compatible with higher
levels of IL-10 found in the supernatant of T lymphocytes stimulated by these DCs (analyzed
by CBA). This finding is in agreement with previous reports showing that tumor cells
spontaneously secrete regulatory cytokines such as IL-10 and TGF-B [23]. In contrast,
exposition of DCs to Lego-IFN-transduced tumor cells kept the same frequency of HLA-DR*
and CD86" cells as those found in cultures stimulated with recombinant IFN-a (DC-REC). In
fact, we observed that frequency of CD86" cells is significantly higher than in DC-GFP group,

and slightly higher (non-significantly) than in DC REC and DC controls. Therefore, these
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results suggest that in vitro production of IFN-a by transfected tumor cells is able to promote
phenotypical changes on dendritic cells, as previously reported [11] [27] [28]. In contrast, we
observed that Lego-IFN-transduced cells induced up-regulation of PD-L1frequency. PD-L1 is
a molecule involved in the regulation of immune responses through inhibition of T cell
activation and induction of IL-10 production. However, this molecule is also up-regulated in
activated DCs as a regulatory mechanism of immune responses [29]. Since IFN-a-stimulated
DCs also presented the highest frequency of CD86" cells, PD-L1 up-regulation in this case

could represent a mechanism of natural contraction of the immune respose.

In the next step, we investigated whether these phenotypical changes on DC would
be associated with functional changes of these cells, performing a MLR assay. We observed
that DC-4.0 induced slightly, but not significantly lower levels of allogeneic T cell proliferation
that DC-GFP and that IFN-stimulated DCs as a whole induced less proliferation that the
control group DC. The lack of difference between the alloreactive responsiveness using DC
exposed to Lego-IFN and Lego-GFP-transduced tumor cells may be due to an excessive
level of IFN-a production by the former cells. This condition could be mimicking a state of
chronic viral infection, leading to an excessive stimulation of lymphocytes resulting in
exhaustion or death [30]. In fact, double checking the flow cytometric analysis of the MLR
assays, we observed, by morphological changes, significantly higher numbers of dead cells
in those samples where lymphocytes were co-cultured IFN-a-stimulated DCs, than in those
cultured with DC. Furthermore, it has been shown that interaction of PD-L1 with the T cell
regulatory receptor PD-1 induces T cell apoptosis [31]. Since IFN-a-stimulated DCs
presented higher percentages of PD-L1, the up-regulation of this marker could be associated
with the decreased viability of T cells. Therefore, we believe that our results represent not a
fail of the vector construction, but rather the necessity of a better titration of DC:lymphocyte

ratio for the MLR assays.

Furthermore, when we evaluated the phenotype of T cells after the MLR assay, we

observed that DC-4.0 activated T cells more efficiently, which is shown by a slight increase in
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the frequency of CD4*/CD69" and CD8*/CD69" T cells.
Cytokine quantification of T cells stimulated by DC-GFP revealed that these cells produced
slightly higher levels of IL-10 and IL-4 and lower levels of IFN-y in comparison with DC-2.0,
suggesting that DC-GFP may be inducing a Th2 profile on T cells, as expected for wild type
tumor cells. In contrast, DC-4.0 induced higher levels of IFN-y production by T cells and that
is in accordance with the establishment of a Th1 profile induced by IFN-a-treated DCs [11].
Finally, DC-4.0 showed an increased potential in stimulating specific CD8" T cells in
comparison with control group DC, which has been consistently reported. However, DC-GFP
was able to induce even more CD8" T cell stimulation, even though DC-4.0 and DC-GFP

presented similar levels of HLA-ABC expression and frequency.

Conclusion

Taken together, our results allow us to conclude that Lego-IFN construct effectively
transfers the IFN-a gene into tumor cells and such a process induces specific cytokine
synthesis. In addition, IFN-a secreted by transduced tumor cells is able to increase the
activation state of DCs, and slightly tune lymphocyte differentiation for a Th1 profile. The
effect of this vector on allogeneic responsiveness and ability to induce the generation of

antitumor CTL requires additional studies.
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