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Resumo

Introducdo: Imunoterapias tém se tornado foco no tratamento de varios tipos de cancer,
principalmente para o cancer de mama. A relevancia em utiliza-la como tratamento, se
faz, por intermédio da estimulacao de células do sistema imune em reconhecer antigenos
tumorais gerando respostas imunes especificas direcionadas contra estas ceélulas,
impedindo a progressdao tumoral. Objetivos: Objetivando avaliar o tratamento contra o
cancer de mama induzido com células 4T1, em camundongos da linhagem Balb/C,
utilizamos o protocolo de imunizagdo com as vacinas de células dendriticas (DCs), e
células Natural Killer (NK). Materiais e Métodos: Compuseram o estudo, camundongos
do grupo controle, tumor sem tratamento, tumor tratados com vacina de células DCs e 0
grupo tumor tratados com vacina de células NK, o protocolo de tratamento foi realizado
durante 3 semanas, ao término foram submetidos a eutanasia para remoc¢do do baco e
infiltrado tumoral. O material bioldgico foi preparado para realizacdo da citometria de
fluxo utilizando os marcadores de ativacao das células NK, NKG2D, NKp46 e inibicdo
Ly49G2, NKG2A/C/E, associado a cada um os marcadores para as citocinas, 1L-10, IL-
2, IL-12, IL-17, IFN-y e TNF-a. Resultados: Os resultados demonstraram que as células
NK frente a imunoterapia com células DCs, influenciaram diretamente na resposta
antitumoral, uma vez que, observamos maior expressdao dos receptores de ativagédo
NKp46 e NKG2D, e menor expressdo dos receptores de inibicdo Ly49G2 e NKG2A/C/E,
com a producdo das citocinas IL-2, 1L-10, IFN-y, TNF-a e IL-12, indutoras da ativacdo
de células NK e promotoras da ativacdo de outras células do sistema imune. Para o
tratamento com a vacina de células NK, nossos achados mostram um desbalan¢o na
expressao dos receptores de ativacdo e inibicdo, onde uma alta expressdo dos receptores
de inibicdo como o Ly49G2 leva a uma interferéncia na eliminacéo de células alvo com
baixa expressdo de MHC classe |. Conclusdes: Concluindo nossos achados,
demonstramos que a imunoterapia com DC é capaz de alterar o perfil das células NK,
influenciando-as diretamente na resposta antitumoral, devido a expressao reduzida do
receptor de inibicdo e ao aumento da producdo de citocinas como TNF-a ¢ IFN-y
estimulando o sistema imunolégico a eliminar as células tumorais, porém, na
imunoterapia com células NK a expressdo aumentada do receptor de inibicdo Ly49G2, e
a migracao desse perfil fenotipico para o microambiente tumoral, impede que células NK
sejam ativadas em associacdo a presenca da IL-10, gerando um estado de dorméncia e
contribuindo para a progresséo do tumor.

Palavras-chave: Células NK, Sistema Imune, Imunoterapias, Cancer de mama.
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Abstract

Introduction: Immunotherapies have become a focus in the treatment of several types of
cancer, mainly for breast cancer. The relevance of using it as a treatment is done through
the stimulation of cells of the immune system to recognize tumor antigens, generating
specific immune responses directed against these cells, preventing tumor progression.
Objectives: In order to evaluate the treatment against breast cancer induced with 4T1
cells, in Balb / C mice, we used the immunization protocol with dendritic cell (DC)
vaccines and Natural Killer (NK) cells. Materials and Methods: The study comprised
mice from the control group, untreated tumor, tumor treated with DC cell vaccine and the
tumor group treated with NK cell vaccine, the treatment protocol was carried out for 3
weeks, at the end of which they were submitted to euthanasia to remove the spleen and
tumor infiltrate. The biological material was prepared for flow cytometry using the cell
activation markers NK, NKG2D, NKp46 and Ly49G2, NKG2A/C/E inhibition,
associated with each one of the markers for cytokines, 1L-10, IL-2 , IL-12, IL-17, IFN-y
and TNF-o. Results: The results demonstrated that the NK cells in the face of
immunotherapy with DC cells, directly influenced the antitumor response, since we
observed greater expression of the activation receptors NKp46 and NKG2D, and less
expression of the inhibitors of Ly49G2 and NKG2A/C/E, with the production of
cytokines IL-2, IL-10, IFN-y, TNF-a and IL-12, inducing the activation of NK cells and
promoting the activation of other cells of the immune system. For treatment with the NK
cell vaccine, our findings show an imbalance in the expression of activation and inhibition
receptors, where a high expression of inhibitory receptors such as Ly49G2 leads to an
interference in the elimination of target cells with low expression of MHC class 1.
Conclusions: Concluding our findings, we demonstrate that immunotherapy with DC is
able to alter the profile of NK cells, directly influencing the antitumor response, due to
the reduced expression of the inhibitor receptor and the increase in the production of
cytokines such as TNF-a and IFN- y stimulating the immune system to eliminate tumor
cells, however, in immunotherapy with NK cells the increased expression of the Ly49G2
inhibitory receptor, and the migration of this phenotypic profile to the tumor
microenvironment, prevents NK cells from being activated in association with the
presence of IL -10, generating a state of numbness and contributing to the progression of
the tumor.

Keywords: NK cells, Immune System, Immunotherapies, Breast cancer.
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Introducdo-



1- Introducéo:

O cancer tem uma alta incidéncia no mundo, em 2018 a estimativa de novos casos
de cancer é de 18.078.957 segundo IARC e GLOBOCAN. Dentre estes casos, 2.088.849
mil mulheres apresentaram o cancer de mama. Devido esta incidéncia, a atencao perante
o individuo e o tratamento, dependem de medidas necessarias para 0 combate ao cancer,
somado aos fatores de risco (INTERNATIONAL AGENCY FOR RESEARCH ON
CANCER (IARC), 2018; WORLD HEALTH ORGANISATION, 2018).

No Brasil, o cancer de mama é o primeiro mais frequente, isto, se
desconsiderarmos os tumores de pele ndo melanoma. Em 2018 a estimativa para 0S novos
casos de cancer de mama feminino é de 59.700 novos casos com um incidéncia de 29,5%
da populacéo brasileira (INCA, 2018).

Para que haja a formagao e sustentacdo do cancer, Hanahan e Weinberg (2000)
propuseram que alteracdes fundamentais na fisiologia celular, que direcionam a
transformacéo de uma célula normal, em célula cancerigena como; a autossuficiéncia em
sinais de proliferagéo, insensibilidade a sinais inibidores do crescimento, evaséo da
apoptose, potencial de se replicar ilimitado, angiogénese sustentada, invasao tecidual e
metastase. Para contemplar estas “capacidades”, sao necessarios diferentes mecanismos
moleculares, intrinsecos as células e tecidos, onde o acimulo dessas alteracdes, contribui
para o crescente desenvolvimento do cancer (HANAHAN; WEINBERG, 2000).
Atualmente uma grande evidéncia que leva a inducdo da tumorigénese, sdo de que,
tecidos submetidos a inflamacdao crénica geralmente exibem grande incidéncia de cancer
(QUAIL; JOYCE, 2013).

Considerando que células tumorais, apesar de serem capazes de evadir do sistema
imune, sua eliminacdo pode ser promovida através da ativacdo de mecanismos efetores
tornando as células capazes de reconhecerem alvos antigénicos em células tumorais. Para
isto, conhecer o microambiente tumoral e suas caracteristicas especificas, podem auxiliar
no desenvolvimento de novos tratamentos, capazes de erradicar as células tumorais
(GARCIA-HERNANDEZ; TING KOH; KAST, 2006).

1.1- Células NK e a resposta imune:

Kiessling, Klein e Wigzell (1975), ao realizar experimentos em camundongos
descobriram uma terceira classe de linfocitos com morfologia diferente a dos linfocitos T

e B e com grande atividade citolitica contra as células tumorais de uma linhagem
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leucémica chamando-as de “killers cells” (células assassinas). Estas células sdo
provenientes de células progenitoras hematopoiéticas CD34" da medula 6ssea (HPCs), e
possuem morfologia de linfocitos grandes granulares por possuirem um repertério
heterogéneo de receptores que reagem a diferentes estimulos como: produtos
microbianos, citocinas, quimiocinas e moléculas expressas na superficie de células

infectadas e neoplasicas, por isso tornaram-se alvo de vérios estudos (LANIER, 1998).

As células NK representam um importante componente do sistema imune inato
capaz de eliminar células transformadas e infectadas com virus, sem a necessidade de
prévia sensibilizagdo imunoldgica. No entanto, recentes descobertas sobre a funcéo
dessas células levaram a compreensao que sua participacdo ndo se restringe a imunidade
inata, mas podem atuar em respostas imunes adaptativas aumentando a possibilidade de
serem utilizadas na imunoterapia adotiva contra o cancer. Ao contrario das células T, as
NKs dependem da mediacdo dos receptores através da recombinacdo somatica RAG
(MULLER et al., 2015).

Estas células sdo caracterizadas pela expressdo simultanea de varios receptores
inibidores e ativadores da superfamilia da imunoglobulina e das lectinas. A Interacdo de
receptores inibitérios com moléculas do complexo principal de histocompatibilidade de
classe I, conhecido também por MHC | do inglés Major Histocompatibility Complex,
sobre células normais, induzem sinais inibidores que impedem a atividade citotoxica das
NKs. Na auséncia de sinais negativos ou o aumento dos niveis de ligantes de ativacdo nas
células alvo, elas se tornam ativadas e matam as células alvo através de granzimas e
perforinas, juntamente com a acdo de ligantes do receptor de morte ou citocinas liberadas,
como o interferon-y (IFN-y) (SEREN BERNARDONE, 2008).

A interacdo das células NK com outras células do sistema imune como as células
dendriticas, tem demonstrado a inducgdo na resposta de células T em infec¢bes primarias,
e o sistema de resposta que envolve a interacdo das duas células sdo os receptores de
reconhecimento padrdo (PRRs) como os receptores Toll-Like (TLRs) que reconhecem
padrdes moleculares associados aos patogenos (PAMPs) desencadeando a resposta imune
inata. Entretanto quando células dendriticas imaturas (iDC) sdo ativadas por TLR elas se
diferenciam em células dendriticas maduras (mDC) expressando altos niveis de MHC de
classe I e Il, bem como moléculas co-estimulatérias CD80 e CD86 necessarias para a
estimulagdo de células T naive (PEREZ-MARTINEZ et al., 2011).
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Receptores ativadores e inibidores, e, a interacdo célula-célula sdo cruciais para
induzir respostas imunes efetivas, e a producdo de citocinas sdo essenciais para orquestrar
esta resposta (PAUL; LAL, 2017).

A cerca dos receptores de ativacao que sao os responsaveis, por conferir as células
NK o disparo de suas funcdes especificas, temos importantes receptores como 0s NCRs
(receptores de citotoxicidade natural) que sdo o NKp30, NKp44, NKp46 o NKG2D
receptor da familia das lectinas tipo-C sendo os principais em desencadear respostas
direcionadas as células tumorais (JAMES; COHEN; CAMPBELL, 2013).

Os receptores expressos na membrana das células NK é que conferem estimulos
inibitdrios e ativatorios, como por exemplo os receptores inibitérios KIRs (receptor
semelhante a imunoglobulina de células assassinas) em humanos e 0s receptores da
familia Ly49 em camundongos que se ligam ao MHC classe | mantendo a tolerancia das

células NK, para células hospedeiras saudaveis (CHENG et al., 2013).

As citocinas que sdo cruciais para que elas completem o ciclo de ativacao, apos a
ligacdo dos receptores de ativagdo NKp46 ou NKp30 as células NK produzem IFN-y. Em
contribuicdo para aniquilar células alvo as células NK ativadas produzem IFN-y e TNF-
o, 0 TNF-a liberado por células NK no microambiente tumoral estimula as células T CD4
a polarizar-se para o perfil Thl acelerando o desenvolvimento de macrofagos e células T
CD8 nos tumores (CHESTER; FRITSCH; KOHRT, 2015).

O interferon que possui capacidade viral antiproliferativa e imunomoduladora,
produzido também por células NK, demonstrou em estudos com camundongos e humanos
que as células NK podem participar da resposta imune adaptativa modulando DCs através
da producéo de IFN-y promovendo a produgéo de interleucina 12 (IL-12) e a polarizacéo
ao perfil Th1 (MARTIN-FONTECHA et al., 2004).

1.2- Células Dendriticas e a resposta imune a tumores:

As células DCs fazem parte da imunidade inata sendo conhecidas como células
profissionais apresentadoras de antigenos (APCs), e possuem uma multipla populagéo
celular de grande heterogeneidade. Sdo produzidas pela medula 6ssea e podem ser
geradas “in vitro” a partir de mondcitos circulantes ou de células HPSCs. Algumas das

subpopulagdes de DCs séo restritas aos tecidos linfoides, e outras estdo localizadas nos
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tecidos periféricos conhecidas como DCs sentinelas que possuem um enorme potencial
de migracéo e atuacdo nas infeccdes (PALUCKA; BANCHEREAU, 2012).

A eficéacia das DCs em estimular linfocitos B e T sdo caracteristicas peculiares a
estas células. Os linfdcitos B, precursores das células secretoras de anticorpos, podem
reconhecer diretamente o antigeno através dos seus receptores de células-B. Os Linfdcitos
T, no entanto, precisam que 0 antigeno seja processado e apresentado a eles por uma
célula apresentadora de antigeno (APC). Os receptores de antigenos das células T (TCRs)
reconhecem fragmentos de antigénicos ligados a moléculas do MHC na superficie de uma
APC. As proteinas de ligacdo de peptideos sao de dois tipos, MHC classe | e MHC de
classe 11, as quais estimulam respectivamente, as células T citoliticas (CTL) e células T
auxiliares. Antigenos intracelulares, quebrados em peptideos no citosol da APC, se ligam
a moléculas do MHC de classe | e sdo reconhecidas pelas CTLs, que, uma vez ativados,
podem eliminar diretamente a célula alvo. Antigenos extracelulares que sdo processados
pela via endocitica da APC sdo geralmente apresentados por moléculas de MHC classe
de 11 para as células T-helper, produzindo efeitos imunoreguladores (MAILLIARD et al.,
2003).

A imunidade inata é compreendida em células, citocinas e proteinas, junto ao
sistema complemento que auxilia ha opsonizacdo de patdgenos por células fagociticas e
induz respostas inflamatdrias para combater infeccBes. Estas células utilizam uma
variedade de receptores de reconhecimento padrGes, que reconhecem proteinas
partilhadas entre agentes patogénicos, por exemplo, o lipopolissacarideo bacteriano
(LPS), hidratos de carbono, e 0 RNA viral de cadeia dupla. A imunidade adaptativa de
acordo com sua evolucdo, precisa ser instruida e regulada pelas APCs, e as células DCs
sdo as principais capazes de induzir respostas imunes primarias, permitindo o
estabelecimento da memoria imunolégica (BANCHEREAU et al., 2000).

Varias moléculas, como o CD40, TNF-R, e IL-1R podem ativar DCs e provocar
a transicdo de DCs imaturas em DCs maduras apresentadoras de antigenos. A maturagédo
de DC € um processo continuo iniciado na periferia onde estas células encontram o
antigeno, ou, através da producdo de citocinas inflamatérias que posteriormente conclui-
se na interacdo das DCs maduras apresentando seus antigenos para as células T. O
processo de maturacdo esta associada com varios acontecimentos coordenados, tais
como: a perda de receptores de endocitose fagociticos; regulacdo positiva de moléculas
co-estimuladoras CD40, CD58, CD80 e CD86; a alteragcdo na morfologia, e a mudanca
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nos compartimentos lisossomais com regulacdo negativa do CD68 e regulacao positiva
de DCs associadas a proteina de membrana lisossomal (DC-LAMP); e mudanca nos
compartimentos do MHC de classe || (BANCHEREAU et al., 2000).

Devido a este grande potencial das células dendriticas, de reconhecer e
apresentarem antigenos as celulas T efetoras, evidentemente tornarem-se alvo de
estratégias imunoterdpicas em combate as células cancerigenas por induzir respostas
imunes efetoras contra estas (PALUCKA; BANCHEREAU, 2013).

A imunoterapia com células DCs possui um futuro promissor, cujo principio
basico consiste em estimular a apresentacdo de patdégenos tumorais, acarretando em uma
resposta eficiente, de células T citotoxicas contra as células alvo (PALUCKA;
BANCHEREAU, 2012).

Ao longo dos tratamentos que envolvem as células DCs, uma nova abordagem
para o tratamento do cancer surgiu como ferramenta de estudo utilizando as células NK,
desde entdo discussdes sobre estratégias imunoterapéuticas envolvendo estas células séo
realizadas em busca de novos horizontes para a imunoterapia contra o cancer (HU et al.,
2019).

1.3- Imunoterapias no tratamento do céancer:

O conceito imunoterapia contra o cancer foi introduzido no final do século XIX,
qguando William B. Coley observou a reducdo tumoral pela injecdo de produtos
bacterianos em volta do tumor. Desde entdo observagdes como a maior incidéncia de
cancer em pacientes imunodeprimidos, e uma maior identificacdo de antigenos e
linfécitos especificos do tumor, estimularam pesquisas visando induzir respostas imunes
especificas (LESTERHUIS; HAANEN; PUNT, 2011).

Um dos objetivos da imunoterapia € estimular respostas imunes vigorosas na
eliminacdo das células cancerigenas, uma vez que, em pacientes com cancer o sistema
imune é suprimido (ZHOU, 2014).

Com a descoberta das imunoterapias ao longo dos anos varias abordagens
biotecnolodgicas de tratamento foram desenvolvidas. Anticorpos monoclonais utilizados
na terapia do cancer sdo obtidos por tecnicas avancadas que geram anticorpos otimizados
para combater ou inibir vias de sinalizacdo das células tumorais alvo (SCOTT;
ALLISON; WOLCHOK, 2012).
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Pacientes com cancer usualmente apresentam um perfil imunossupressor com
baixas contagens de células T, e consequentemente no microambiente tumoral o infiltrado
celular de linfocitos T citoliticos € diminuido. Portanto, observa-se o desenvolvimento
tumoral pela predominancia de linfocitos T auxiliares tipo 2 (Th2) e macrofagos M2
tolerantes ao tumor (GAO et al., 2015).

A utilizacdo de imunomoduladores como tratamento do cancer tem sido muito
empregado atualmente pela capacidade de estimular resposta imunes efetoras do préprio
hospedeiro a reconhecer os antigenos tumorais e combater as ceélulas infectadas
(NELSON; BALLOW, 2003).

A terapia celular adotiva (ACT) é outro tipo de imunoterapia que envolve
principalmente o isolamento e expanséo in vitro de células T especificas aos tumores,
seguida por reinfusdo para o paciente com cancer. Esses esforcos também se estenderam
ao uso de células natural Killer, por exibirem uma rapida e potente imunidade contra
tumores solidos, metastase e cancer hematologico (GUILLEREY; HUNTINGTON;
SMYTH, 2016; OISETH; AZIZ, 2017).

Células da imunidade inata e adaptativa que previnem ativamente o
desenvolvimento neoplasico, processo chamado de imunovigilancia do céncer que
confere ao individuo modulacdo da resposta contra alteragdes celulares e o
reconhecimento de antigenos tumorais ou alteracdes teciduais, sdo de suma importancia

para impedir a progressdo do cancer (KIM, 2007).

As células do sistema imune inato, que incluem mondcitos, macréfagos, células
DCs e células NK, medeiam respostas imediatas de curta duracéo liberando citocinas que
lisam diretamente células neoplasicas ou células infectadas por virus, e capturam debris
das células tumorais mortas e os eliminam. Contudo, a imunidade inata é a ponte para a
ativacdo da imunidade adaptativa (CLOUGH, 2018).

As células do sistema imune adaptativo, incluem os linfdcitos T e linfocitos B,
que intermedeiam respostas de longa duragdo antigeno-especificas tornando células
eficazes de memoria. Apesar destas respostas imunes serem um meio de eliminar as
celulas cancerigenas, elas podem desenvolver mecanismos para burlar a imunovigilancia.
Os tumores tém a capacidade de criar mecanismos para se proteger, através de um
ambiente imunoprivilegiado. A producdo de citocinas imunossupressoras €omo

Interleucina-10 (IL-10) e o fator de crescimento transformante beta (TGF-B), para
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suprimir a resposta imune antitumoral adaptativa ou direcionar a respostas imune para
um perfil Th2 com menor capacidade de eliminar células tumorais, podendo também
alterar a expressdo de IL-6, IL-10, fator de crescimento epitelial vascular ou fator
estimulante de coldnia granulo-monocitica (GM-CSF), prejudicando assim a funcéo de
células dendriticas (DC) pela inativacdo ou supressao da maturacdo destas células. Além
disto, em alguns casos as células T reguladoras (Tregs) induzem a supressao da resposta
por células T auxiliares (CD4") e citotéxicos (CD8") especificas do tumor (CHENG et
al., 2013).

Diante das discussdes relativas ao céncer, as células tumorais para serem
eliminadas dependem de respostas imunitarias adequadas, e imunoterapias celulares
atualmente, estdo sendo muito utilizadas objetivando estimular o sistema imune a
desenvolver uma resposta eficaz contra o tumor sem haver o comprometimento de células

vizinhas, evitando les6es teciduais, limitando suas funcbes (BELLATI et al., 2013).

Estudos que utilizam de células autélogas estimuladas ex-vivo, e reinfundidas ao
individuo com céancer, tornou-se uma realidade devido &s condicdes atuais quanto ao
manuseio destas células e a empregabilidade para fim de tratamento, uma vez que, 0s
efeitos colaterais causados pela quimioterapia sdo um agravante, nas imunoterapias estes
sintomas ndo sdo observados (OISETH; AZIZ, 2017).

Dos estudos realizados em nosso laboratdrio, Rodrigues et. al 2011, demonstrou
que a vacinacdo com células dendriticas aumentou o perfil de células TCD4" expressando
as citocinas I1L-2, IFN-y, IL-12, TNF-a e IL-10 ao inicio do tratamento, com similar efeito
para células TCD8" expressando IL-2, concluindo que a imunoterapia com células DC
pode estimular respostas imunes durante o periodo do tratamento (RODRIGUES et al.,
2011).

Em um outro estudo Cunha et. al 2016, avaliou que a vacina¢do com DC é capaz
de estimular a secrecgéo de citocinas como IFN-y e IL-12 inibindo a secrecdo de TGF- e
IL-10 nos linfonodos dos camundongos tratados (DA CUNHA; ANTONIAZI
MICHELIN; CANDIDO MURTA, 2016).

A propdsito, protocolos de tratamento utilizando atualmente, a combinacgdo de
dois tipos de imunoterapia celular, foram capazes de intensificar respostas especificas de
forte impacto para as células transformadas, além da obtencéo de resultados promissores

no tocante ao combate do cancer. Questdes como estas séo de suma importancia para o
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mundo que necessita, em relacdo aos pacientes com cancer, uma medida efetiva para o
tratamento e remissao completa da doenca (ROSENBERG, 2014).

Um estudo correlacionando a interacao entre células NK e DCs, demonstrou que
a ativacdo de DCs por células NK resulta na diferenciacdo de uma DC capaz de induzir
respostas mais eficientes em linfécitos T citoliticos (CTL), aumentando a capacidade de
destruir células modificadas (COOPER, 2004).

1.4- Justificativa:

No instituto de Pesquisa em Oncologia da Universidade Federal do Triangulo
Mineiro (IPON-UFTM), estudos envolvendo o tratamento com a vacinacdo por células
DCs sdo desenvolvidos para melhor adequacdo do protocolo de tratamento visando
estimular o sistema imune a desenvolver respostas ainda mais especificas contra células

neoplasicas.

Dentre as pesquisas envolvendo a vacinagdo com células dendriticas realizadas no
laboratério do IPON, os resultados sdo promissores e demonstram que a imunoterapia
induz uma ativacdo do perfil Thl e a producdo de citocinas pro-inflamatdrias
sistemicamente gerando potentes respostas antitumorais (ALEIXO; MICHELIN;
MURTA, 2014; MATIAS et al., 2013).

A vacinacdo com células NK desenvolvida atualmente pelo nosso grupo, tem
como objetivo complementar o tratamento, e auxiliar no estimulo de respostas ainda mais
vigorosas, 0 protocolo que desenvolvemos é o primeiro a utilizar células tronco

hematopoiéticas (HPSCs) para diferenciacao.

Sobre estes aspectos, estudar o sistema imune sob diferentes aspectos, desde a
pesquisa basica experimental a clinica de pacientes oncoldgicos, focado em compreender
e entender melhor como o sistema imune atua na progressao ou regressao tumoral.
Portanto, obter maior precisdo no tratamento envolve o desenvolvimento de protocolos
eficazes e, para isso, a pesquisa experimental proporciona condic¢des de avaliacdo ampla
quanto a tratamentos utilizando imunoterapias. Estudos experimentais “in vivo” e pré-
clinicos de fase | e Il demonstraram que a vacinagdo com células dendriticas potencializa
a efetividade da resposta por células NK em varios tipos de cancer levando a regressao
tumoral, indicando fortemente que o aumento da atividade litica das células NK, é

induzido pela vacinagdo com DCs. Previamente, decidimos avaliar as células NK, na
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imunoterapia com celulas dendriticas, e com células NK isoladamente, devido estas,
atualmente serem muito estudadas, por potencializar respostas imunes antitumorais, ou,
em outras condi¢cdes bloquear determinadas vias de ativacdo, impedindo que células

adotivas tenham maior poder e efetividade em eliminar células cancerigenas.
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2- Objetivo Geral:

Avaliar a efetividade da ativacao e atividade de células NK na imunoterapia com
células DCs e com células NK isoladamente, em camundongos com tumor de mama

induzidos por células 4T1.
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2.1- Objetivos Especificos:

1- Desenvolver um protocolo de diferenciacdo de celulas hematopoiéticas
(HPSCs), obtidas a partir da medula 6ssea de camundongos Balb/C, em células NK, para
producdo da vacina, nos quais os animais com cancer de mama induzidos com células

4T1 foram tratados;

2- Avaliar a eficacia do tratamento com a vacina de células DCs e células
NK, por citometria de fluxo, através dos marcadores de ativacdo NKp46, NKG2D e
inibicdo Ly49G2 e NKG2A/C/E das células NK, nos esplendcitos e infiltrados tumorais

dos camundongos;

3- Avaliar e comparar a eficacia do tratamento através da producdo das
citocinas intracelulares IL-2, IL-10, IL-12, IL-17, IFN-y e TNF-a produzidas por células
NK, nos esplendcitos e infiltrados tumorais dos camundongos do grupo controle, tratados

com as vacinas de células dendriticas e células NK, isoladamente;
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3- Delineamento do Estudo:

O estudo foi composto por 30 camundongos fémeas da linhagem Balb/C com
idade entre 6-8 semanas, obtidos do biotério central, e acomodados no biotério setorial
do Instituto de Pesquisa em Oncologia da Universidade Federal do Triangulo Mineiro
(IPON-UFTM) por 15 dias antes de iniciar a experimentacdo. Os grupos experimentais
foram divididos de 3 formas para avaliacdo, sendo: grupo controle com animais sem
inducdo de tumor e sem tratamento, 0 grupo tumor sem tratamento, porém, com inducéo
tumoral por células 4T1, o grupo tumor induzido tratado com vacina de células DCs e por
fim o grupo tumor induzido tratado com vacina de células NK. Treze dias apés a indugéo
do tumor, os animais do grupo tratado com vacina de células dendriticas e células NK
passaram a ser medido o volume tumoral e vacinados por via subcutanea com 3 doses de
vacina de células DCs e NK isoladamente, durante 3 semanas consecutivas. A dose da
vacina de células DCs foi administrada com volume de 50 puL a uma concentracao de
5,0x106 células por camundongo, e a vacina de células NK com volume de 50 pL, porém
a uma concentracdo de 8,0x105 células por camundongo. O protocolo de inoculacéo e
tratamento compreendeu a um periodo total de 25 dias, ao final deste periodo, os
camundongos foram eutanasiados e retirado o material bioldgico baco e infiltrado tumoral
para preparacao e realizagdo da técnica de citometria de fluxo. Este estudo foi submetido
ao Comité de Etica em Pesquisa com Animais da UFTM (CEUA/UFTM), e foi aprovado

com o nimero 378.
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Figura 1: Esquema de separagdo dos grupos experimentais.
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Figura 2: Desenho experimental realizado com os grupos tumor e tratados com vacina.
3.1- Carcinogénese induzida por Células 4T1:

Os animais dos grupos tumor induzido sem tratamento e do grupo tumor induzido
tratados com as vacinas de células DCs e NK, foram submetidos a inducéo tumoral para
0 cancer de mama com células da linhagem 4T1, especificas para animais da linhagem
Balb/C, capazes de gerar o crescimento tumoral semelhante ao cancer de mama em
humanos compativel ao grau da doenca em estagio IV (FERRARI-AMOROTTI et al.,
2014). A inoculacéo foi feita no ultimo par de mamas através da inoculacdo com seringa
estéril a uma concentragdo de 2x10° células para cada camundongo dos grupos
experimentais descritos acima. Apos o inicio da formacdo do tumor detectado por
palpacéo iniciamos as medidas do tamanho tumoral semanalmente junto ao protocolo de
tratamento com as vacinas de células DCs e células NK. As células 4T1 sdo previamente
colocadas em cultura em meio especifico para sua expansdo, antes de serem inoculadas
nos camundongos para 0 experimento utilizamos cepas ATCC® 4T1 CRL-2539TM, o

periodo de expansdo destas células ¢é variavel, dependendo de seu poder replicativo.
3.2- Citometria de fluxo:

O material biolégico baco e infiltrado tumoral retirado dos animais que
compuseram 0s grupos experimentais foram submetidos a realizagcdo da citometria de
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fluxo, seguindo o protocolo preconizado pela BDbioscience®. As células foram colocadas
em solugdo de lise BD FACSTM Lysing Solution® e submetidas as marcagdes extra e
intracelulares do protocolo para células NK. Na execu¢do as amostras foram incubadas
com os anticorpos extracelulares por 30 minutos lavadas e incubadas com BD
Cytofix/CytopermTM por 20 minutos e apds a lavagem com BD Perm/Wash™ foram
realizadas as marcacBes intracelulares. Para quantificarmos as células NK nos
camundongos ndo tratados e tratados com vacina de células dendriticas e células NK,
utilizamos os marcadores CD3 (linfocitos totais), NKp46 e NKG2D (receptores de
ativacdo), Ly49G2 e NKG2A/C/E (receptores de inibicdo) e as interleucinas 2, 10, 12,
17, TNF-a e IFN-y todos anticorpos da BD Bioscience®.

3.3- Painel de marcadores utilizados:

MARCACAO CELULAS NK BACO/TUMOR

Tubos Extracelular Intracelular
1 Controle e
2 Controle permeabilizado  semeeeeee
3 CD3e APC + Ly49G2 Fitc e
4 CD3e APC + NKG2A/C/EFitc ~ emememmmmeee
5 CD3e FITC + CD314 Pe (NKG2D)  memmmmmmmmmeees
6 CD3e APC + CD335 Fitc (NKp46) e
7 NKG2A/CJE Fitc IL-10 Pe/IL-2 Alexa Fluor
8 CD314 Pe (NKG2D) Ly-6A/E PeCy7(IL-12)
9 CD335 Fitc (NKp46) IL-17RB Alexa Fldor 647
10 Ly49G2 Fitc IFN-y PerCP-Cy5.5/MP6-XT22 APC (TNF-a)
11 Rat 19G2a Pe (ISO) Rat 1gG2b Fitc/Rat IgG1 APC (1SO)
12 Arm. Hamster 1IgG1 APC (ISO) Rat 1gG1 Fitc (ISO)

Tabela 1: Marcadores utilizados nas células das amostras biolégicas do bacgo e infiltrado tumoral dos camundongos
do grupo controle, controle tumor, tratados com vacina de células dendriticas e tratados com vacina de células NK.

3.4- Estratégia de selecdo da Gate e Controles Isotipo:

Os resultados obtidos das células esplénicas e do infiltrado tumoral marcadas com
0s anticorpos citados passaram por uma estratégia de analise pelo Flowing Software 2.5.1
para obtencdo do porcentual total de células NK no quadrante delimitado ao tamanho
relativo (Forward Scatter, FSC) e granulosidade/complexidade (Side Scatter, SSC), como
podemos observar na figura (A) e (B). Os controles isotipos utilizados para exclusdo das
ligacGes inespecificas sdo observados em (C). Em (D) e (E) analises utilizadas para as
marcacgoes das citocinas IL-2, IL-10, IL-12 IL-17, IFN-y e TNF-a e seus respectivos
isotipos. Os dados obtidos das analises foram planilhados e submetidos a analise em

software estatistico especifico para realizacdo dos célculos.

31|Pagina



o2

SEC-H

__Grupo MK Tumer.00z g Frupo MK Tumnor.003
4 F-1
o]
4 ': -
[,
o [H D
4 IEE :
o ]
SE
T ]
- — 4
FSC-H oz CD3APC iom

32

Grupo MK Tumor,011

IL-10 PE

C
H-E
} H1
RatIgGzb FITC mm
D Srupo MK Tumor,007

jlanai]

71

54

Grupo MK Tumor.011

Grupa MK Tumor,012

=
[
H-4
H ]
£
i T
Rat IoGza PE mm [gi1 APC Harmn o
Grupo MK Turnor.007 . Grupo MK Turnaor.009
e
H-4
H-6 H-7
B il iz il

IL-2 Alexa Fluor

00m

IL-17 Alexa Fluar A47 100

32| Pagina



o E Grupo NK Tumnar.010 } Grupo NE Turmar.010 Grupo MK Tumor. 008
—

10
35

1 H-4
y H-& ;

_ T

THF-a &PC oM IFM-v Percpicy 5,5 100 Ly-6A/EPeCy7(IL-12) 1000

Figura 3: Estratégia de andlise realizada para as amostras do bacgo e infiltrado tumoral dos grupos controle, tumor
induzido sem tratamento, tratados com vacina de células DC e tratados com vacina de células NK.

3.5- Analise dos Dados:

Os valores das andlises, percentual de células e intensidade média de
fluorescéncia, foram utilizados para comparacdes entre os grupos e calculadas pelo
software GraphPad Prism 5® realizando o teste de normalidade e para a comparagio entre
o0s trés grupos utilizamos 1way ANOVA com post test de Kruskal-Wallis e Mann-
Whitney t Test na comparagéo para dois grupos tanto dos resultados da citometria quanto
do volume tumoral, considerando significativos resultados de p menores que 0,05
(p<0,05).
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4- Resultados:
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Dendritic cell vaccination augments the profile of tumor infiltrating Natural Killer cells in
tumor bearing mice.

QOriginal Research Article

We evaluated the Natural Killer (NK) cells in Dendritic Cell (DC) vaccine
immunatherapy of 4T1 cell-induced breast cancer in Balb/C mice. We evaluated the
expression of killer activation receptors NKp46, NKG2D, and inhibitory killer cell
immunoglobulin-like receptor (KIR) Ly49G2, NKG2A/C/E and the interleukins (IL) 2, 10,
12, 17, tumor necrosis factor alpha (TNF-a) and interferon gamma (IFN-y). We used 30
Balb/C mice divided into untreated or control experimental group (Gl), untreated
induced tumor group (Gll), and the DC vaccine-induced tumar group (GIIl). For the
vaccine we used bone marrow from donor mice. The 25-day experiment comprised
tumor volume measurements and at the end of the treatment protocol mice were
euthanized for removal of the spleen and evaluation of tumor infiltration by flow
cytometry of the receptors NKp46, NKG2D, Ly49G2 and NKG2A/C/E and the cytokines
IL-2, 1L-10, IL-12, 1L-17, TNF-a and IFN-y. Our results showed that mice treated with
the DC vaccine reduced the expression of inhibition receptors Ly49G2D and
NKG2A/C/E (p=0.0079) in the spleen and tumor infiltrate, with increased fluorescence
intensity of splenic IFN-y-producing NKp46 cells, intratumoral TNF-a and IFN-y-
producing NKG2D cells (p=0.0019). We demonstrated that immunotherapy with DC
can alter the profile of NK cells by directly influencing them into an antitumor response
due to reduced expression of inhibition receptors and increased production of
cytokines such as TNF-a and IFN-y by cells. Also, the activation of receptors confers
NK cells the ability to reverse tumor-induced immunosuppression, stimulating the
immune system to eliminate tumor cells.
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Highlights

Immunotherapy with DCs can modify the profile of NK cells
DCs and NKs cells can converge to profile immune system

Inhibition receptors of NK cells decrease in spleen and tumor infiltrated facilitates

interactions between NK and DC cells

The increase activation receptors stimulate to clearance of tumor cells
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Abstract

We evaluated the Natural Killer (NK) cells in Dendritic Cell (DC) vaccine immunotherapy of 4T1 cell-
induced breast cancer in Balb/C mice. We evaluated the expression of killer activation receptors NKp46,
NKG2D, and inhibitory killer cell immunoglobulin-like receptor (KIR) Ly49G2, NKG2A/C/E and the
interleukins (IL) 2, 10, 12, 17, tumor necrosis factor alpha (TNF-o) and interferon gamma (IFN-y). We
used 30 Balb/C mice divided into untreated or control experimental group (Gl), untreated induced tumor
group (GII), and the DC vaccine-induced tumor group (GlII). For the vaccine we used bone marrow from
donor mice. The 25-day experiment comprised tumor volume measurements and at the end of the treatment
protocol mice were euthanized for removal of the spleen and evaluation of tumor infiltration by flow
cytometry of the receptors NKp46, NKG2D, Ly49G2 and NKG2A/C/E and the cytokines IL-2, IL-10, IL-
12, IL-17, TNF-a and IFN-y. Our results showed that mice treated with the DC vaccine reduced the
expression of inhibition receptors Ly49G2D and NKG2A/C/E (p=0.0079) in the spleen and tumor infiltrate,
with increased fluorescence intensity of splenic IFN-y-producing NKp46 cells, intratumoral TNF-o and
IFN-y-producing NKG2D cells (p=0.0019). We demonstrated that immunotherapy with DC can alter the
profile of NK cells by directly influencing them into an antitumor response due to reduced expression of
inhibition receptors and increased production of cytokines such as TNF-a and IFN-y by cells. Also, the
activation of receptors confers NK cells the ability to reverse tumor-induced immunosuppression,
stimulating the immune system to eliminate tumor cells.

Keywords: Natural Killer cells, Dendritic cells, Cellular Immunotherapy, NK cells activation.
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1. Introduction

Once cancer is established, the tumor cells can be eliminated depending on proper immune
responses. Immunotherapy as a tool has been widely used to stimulate the immune system by inducing an
effective response against transformed cells without compromising neighboring cells, preventing tissue
damage by limiting its functions [1].

However, the elimination of these cells depends on a variety of mechanisms and cells involving
specific recognition of tumor cells [2]. Innate and adaptive immune cells actively prevent neoplastic
development in a process called cancer immunosurveillance. Innate immune cells that include monocytes,
macrophages, dendritic cells, and natural killer cells mediate immediate short-term responses by releasing
cytokines or other mediators that directly lyse neoplastic or virus-infected cells [3].

Specifically, NK cells have a high capacity to lyse tumor or virus-infected cells, and their
activation is due to the low expression of the major histocompatibility complex class I (MHC class 1) [4].
The balance between NK cell membrane-expressed receptors confers inhibitory and activating stimuli, such
as inhibitory KIRs (killer cell receptor-like receptor) inhibitors in humans and the Ly49 family of receptors
in mice. MHC class I-binding maintains tolerance of NK cells to healthy host cells. Binding of these
receptors gives NK cells recognition of modified cells due to the down-regulation of MHC | proteins
characteristic of virus-infected or modified cells [5,6] and activation receptors recognize several ligands
such as the FcyR receptor (CD16), which enables NK cell cytotoxicity (ADCC) to eliminate antibody
opsonized cells [7].

The activation receptors are responsible for giving NK cells the signals responsible for the
initiation of their specific functions, such as NCRs (natural cytotoxicity receptors), being NKp30, NKp44,
NKp46, or NKG2D lectin family receptor the main ones in triggering targeted responses to neoplasic cells
[8]. To perform their functions beyond activation receptors, NK cells also depend on the production of
cytokines that are crucial for them to complete the activation cycle. After binding of activation receptors
NKp46 or NKp30, NK cells produce IFN-y. In contributing to destroying target cells, activated NK cells
produce IFN-y and TNF-a, and these last cytokines released by NK cells in the tumor microenvironment
stimulates helper T cells to polarize to Th1 profile and accelerate macrophage and cytotoxic T lymphocytes
activation [9].

In addition to these specific NK cell functions, their interaction with DC is of great importance in

clinical practice and for the generation of vigorous immune responses. Several works demonstrated that the
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effector functions of NK cells are stimulated by direct contact with activated DC, in a new concept for those
cells calling them as dendritic-cell-activated killers (DAKS) [10-12].

However, the in vivo action of NK cells on DC-induced antitumor vaccine responses is not yet
fully elucidated. Our objective in this study was to evaluate the role, systemic and intratumoral, of NK and
their activator (NKp46 and NKG2D) and inhibitory (Ly49G2 and NKG2A/C/E) receptors, as well as the

cytokines produced by those cells after immunotherapy with DC in breast tumor mice induced by 4T1 cells.

2. Materials and Methods

For this study, we used 30 female Balb/C mice from the sectoral bioterium of the Oncology
Research Institute of the Federal University of Tridngulo Mineiro (IPON-UFTM). The experimental groups
were divided into three for evaluation: control group (GI) with animals without tumor induction; the
untreated tumor group (GII) tumor-induced with 4T1 cells without any treatment; and finally, the tumor
group treated with DC vaccine (GllII). Thirteen days after tumor induction, animals of group GIII were
subcutaneously vaccinated receiving three doses of DC vaccines for three consecutive weeks, each dose
with a volume of 50 puL and a concentration of 5.0x10° cells per mouse. The inoculation and treatment
protocol comprised a total of 25 days. In the end, mice were euthanized, and the biological material - spleen

and tumor infiltrate - were removed to prepare and perform the flow cytometry technique.
2.1 4T1 cell tumor induction

Animals from experimental groups GII and GIIl were inoculated with the 4T1 tumor line. The
inoculation of the tumor cell line suspended in a physiological solution was administered in a single dose
with a volume of 50 pL at a concentration of 2.0x105 cells per animal in the last pair region of breasts. For
tumor development, we waited 13 days for the confirmation of tumor formation being performed by
palpation and inspection at the site of the breasts, thus starting the tumor measurement until the end of the
experiment.

With a universal caliper rule, we performed weekly measurements of the tumor control group and
the group on immunotherapeutic treatment with DC cells for each mouse until the day of final euthanasia.
The measurements obtained were performed in the craniocaudal and anterolateral direction, considering
the average values obtained after the calculations. Tumor values were calculated using the formula
V=a.b?/2, with (a) the largest diameter measurement and (b) the smallest diameter, where the median

represented the values.
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2.2 DCs cell vaccine production

To produce the DC vaccine (according to the protocol of Lutz et al., 1999) [13], we extracted bone
marrow from the femur and tibia by washing the bones with 0.9% saline solution. These cells were then
washed in incomplete IMDM medium and then cultured in IMDM medium containing 10% SBF and
gentamicin. For differentiation, cultured cells were stimulated with GM-CSF (10 ng/uL) and IL-4 (10
ng/uL) on day 2, and with TNF-a (10 ng/puL) and tumor antigen on day 5, remaining in culture until day 7
to complete differentiation. After total differentiation, the DCs were washed and resuspended in 0.9% saline
solution and finally used for inoculation in mice. Several research groups, including ours, use the dendritic
cell vaccine to treat various types of cancer, aiming to induce immunological memory. However, the
protocol employed in each group has specificities in cell differentiation and stimulation of these cells to be

employed in the treatment.
2.3 Flow cytometry

On the 25th day of the protocol, the animals of each experimental group were euthanized, and
splenic and intratumoral cells were obtained for flow cytometry analyses. Following the protocol
recommended by BDbioscience®, the cells were placed in BD FACS™ Lysing Solution® and subjected to
the protocol for extra and intracellular markings for NK cells.

Samples were incubated with extracellular antibodies for 30 minutes, washed and incubated with BD
Cytofix/Cytoperm™ for 20 minutes, and after washing with BD Perm/Wash™, intracellular antibodies
were used. To quantify NK cells in untreated and vaccine treated mice, we used CD3 (total lymphocytes),
NKp46 and NKG2D (activation receptors), Ly49G2, and NKG2A/C/E markers (inhibitory receptors) and
interleukins 2, 10, 12, 17, TNF-a, and IFN-y (all BD Biosciences® antibodies). The data obtained from
splenic cells and tumor infiltrate labeled with the antibodies underwent a strategy of analysis by obtaining
the total percentage of cells with the selection of the amount of NK cells in the quadrant delimited by

relative size (Forward Scatter, FSC) and granularity/complexity (Side Scatter, SSC).
2.4 Statistical analysis

Results were acquired by the BD FACSCalibur® instrument and analyzed using Flowing Software
Version 2.5.1 software for the total percentage of NK cells for each specific marker, excluding other cell
lines. The value of the analyses, cell percentage and mean fluorescence intensity were used for comparisons

between groups and calculated by GraphPad Prism 5® software performing the normality test. For
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comparison among the three groups we used 1way ANOVA test and Mann-Whitney t-Test comparing two
groups by both cytometry and tumor volume results, considering significant p-values less than 0.05 (p

<0.05).

3. Results

Evaluation of tumor volume from animals during the 25-day experimental period showed that the
untreated group had a larger tumor volume than the dendritic cell vaccine treated group.
(*p=0,00120/**p=0,0098) (Fig. 1).

Cytometry performed on the spleen and tumor infiltrate samples for NK cells showed an increased
density of these splenic cells for the untreated tumor group Gll (p=0.0079). In the tumor, higher density
infiltrates for mice treated with DC cells Gl (p=0.0019) data not shown.

Figure 2 shows the percentage of splenic cells and tumor infiltrate based on the activation and
inhibition markers studied. (Fig. 2) (A) shows a more significant number of cells expressing the activation
receptors NKp46 and NKG2D, respectively, for the untreated control group Gl (p=0,0019). In (B), the
groups with a higher number of cells expressing inhibition receptors Ly49G2 in group GI compared to Gll|
(p=0,0019). Graphs (C) and (D) show a higher percentage of cells expressing receptors, respectively,
NKp46, NKG2D, and Ly49G2, NKG2A/C/E in the tumor infiltrate in group GlI (p=0,0079).

In (Figure 3), the mean fluorescence intensity (MFI) for activation receptors and splenic cell
interleukin production are represented for groups Gl, Gll, and Glll. In graph (A) and (B), we have the
positive cells respectively for NKp46 and NKG2D along with the cytokines produced by them. Regarding
the IL-10, IFN-y, and IL-12 producing NKp46 cells, we obtained significance respectively, in the
comparisons between the GlvsGll, GllvsGlll, and GlvsGlII groups (p=0,0019) and for the NKG2D cells
with their cytokines. Significant findings were in all parameters for IL-10 between GlvsGll, IL-2 GlIvsGlI],
IL17 GlvsGll, TNF-aGIvsGll, IFN-yGlvsGlll and IL-12 GlvsGlI all with value p=0,0019. In (C) and (D)
MFI values for mice tumor cells for receptors and cytokine production; we observed in (C) for NKp46
receptor significance for 1L-10, IFN-y, and IL-12, respectively, in comparison for GllvsGlIl groups
(p=0,0019).

The results in (Figure 4) demonstrate comparisons between tumor infiltrate and splenic cell groups
for inhibition receptors and cytokine production. In graph 4(A), the results show significantly higher MFI
values of IL10-producing Ly49G2 cells (p=0,0019) and for the IL-1 producing cells in the comparison

between GlvsGlI. For IFN-y (p=0,0019), comparing GIIvsGIII, the highest intensity is for the latter group,
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and for IL-12 producing cells (p=0,0019), the same result is observed in the comparison. In (B) for 1L-10
producing IFN-y NKG2A/C/E cells and 1L-12, respectively, the significant values are between GlvsGllI
(p=0,0019), GlvsGlIII/GlIvsGlII (p=0,0088) and GlvsGlII (p=0,0019) all above results for splenic cells of
the experimental groups. In (C), the results for IL-10, TNF-a, IFN-y, and IL-12 producing tumor infiltrate
Ly49G2 cells are significant between groups (p=0,0079) with the predominance of higher fluorescence
intensity, respectively, for these cytokines in group GII. In (D) the results show significant values for
NKG2A/C/E cells producing interleukins 10, 2 and IFN-y where only for interleukin 2 the GIII group has
higher fluorescence intensity than the GlI group (p=0,0022). For the other cytokines group Gll presented

higher fluorescence intensity for 1L-10 (p=0,0022) and IFN-y (p=0,0079).

4. Discussion

In the present study, we used the immunotherapy with DC cell vaccine to treat the induced breast
tumors in mice and evaluate the profile of NK cells in the control, tumor and tumor treated with DC cell
vaccine groups.

NK cells and all cells of the immune system migrate throughout the body via the circulatory
system, continuously examining for invading microorganisms or tumor cells, responding to them in
secondary lymphoid organs such as lymph node or spleen. [14]. However, to increase their cytolytic
functions in the interaction with DC, they need to produce IL-2 and IL-12 by increasing the cytolytic
function of mature NK cells [15].

In the tumor microenvironment stimulatory cytokines that attenuate NK cell responses are 1L2,
IL-15, IL-18, IL-21, and IFN-y, in contrast to immunosuppressive cytokines such as transforming growth
factor B (TGF-p), IL-10 and IL-6, directly or indirectly inhibit antigen presentation by presenting cells
(APCs) or stimulate regulatory T cells (Tregs) and myeloid-derived suppressor cells (MDSCs) to produce
additional immunosuppressive factors [16].

Considering cytokine synergism between NK cells and DC, in studies, Ferlazzo et al. verified the
binding potential between the maturation of DC cells and activation of NK cells, concluding that isolated
resting NK cells are directly activated by interaction with DC cells. Moreover, results show that they recruit
NK cells to infected tissues creating positive feedback that drives cells to Thl cell-mediated immunity [7].

Activation receptors such as NKp46/NCR1 (CD335) in mice and NKp46 in humans are recognized
as natural cytotoxicity receptors (NCRs) that recognize viral proteins, bacteria, and tumor cells efficiently

triggering the release of cytotoxins from apoptotic granules, cytokines, and chemokines of the target cell

46 |Pagina



[17]. Another activating receptor expressed on NK cells is NKG2D, which interacts with MHC | molecules
in stress-induced cells via MICA and MICB proteins and members of the UL16 binding family of ULBP
protein family [18].

Deng et al. in their studies proved the importance of testing these receptors in hypothetical models
since the results demonstrated that even with the release of soluble NKG2D-L by B16 tumor cells it did not
affect NK cell functions at all but resulted in a higher reactivity of the NKG2D-L NK and faster tumor
rejection [19].

In due course, we observed the critical role of NK cells on DC immunotherapy by assessing the
percentage of total cells in the spleen and tumor infiltrate, knowing that the presence of these cells in tissues
is crucial for the elimination of neoplastic cells and stimulating adaptive immunity [20]. Our results
demonstrate a higher density of NKp46™* cells in the tumor infiltrate of non-vaccine treated groups.

According to Wendel and colleagues 2008, the migration of NK cells to the tumor infiltrate occurs
spontaneously in response to tumor cells, because these cells express CXCR3 chemokine, which is essential
for NK cell infiltration into CXCL10-producing solid tumors [21,22].

Oppenhein et al. 2005 found that the immune response against overexpressed stress antigens in
tumors and absence of stimulation by microorganisms is reminiscent of tumor surveillance make NK cells
unviable from activating, so chronic activation of these cells leads to CD8 T cell-like exhaustion reflecting
in an adaptation of NK cells to the tumor microenvironment [23,24].

On the other hand, studies have reported that sustaining NKp46 expression in tumors, for example,
in breast cancer, is associated with low regulation of other activation receptors such as NKG2D, NKp30,
and NKp44, characterizing NKp46 as a promising target in directing NK cell activation against cancer [25].

Although not significant, our results show an inversion of fluorescence intensity for positive
NKp46 and NKG2D cells in the spleen of untreated mice concerning the tumor infiltrate of this same group
for both markers, as in treated mice these cells remain at constant levels. In these two tissues, these findings
may be correlated due to the exhaustion of NK cells present in the tumor infiltrate, this could be one of the
factors for tumor cell evasion against effector cell attack [26,27].

Studies involving the lectin-like activation receptor type C NKG2D, expressed in both NK cells,
demonstrate that systemic and intratumor NK cells with low expression of this receptor are correlated with

NK cell functions and tumor cells immune-evasion [28]. However, the interaction of this receptor with
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NKp46 can activate NK cells by stimulating the production of type | interferons through cellular contact
with DC cells suggesting another cooperation option between these cells [29].

In our study involving NKG2D, we found high expression of these receptors in the group of mice
treated with the DC vaccine, suggesting that the treatment increased the expression of these receptors
generating NK cells capable of exerting their cytolytic function.

As it is yet not clear how NK cells are released into the circulation [30], in our results we observed
an increased density of splenic NK cells in the control group expressing the NKp46 receptor, meeting the
findings of Sojka and colleagues who distinguished these cells as resident NK tissue cells (trNK), which
are similar to conventional NK cells (cNK), and exhibit high levels of TNF-related apoptosis-inducing
ligand (TRAIL) [31].

When activated, NK cells need to cease their response at any time, given that all target cells have
been deleted. For this, we have inhibition receptors like the NKG2A, alongside with helping in homeostasis,
can suppress the activation of NK cells and prevent the recognition of our cells. That receptor interacts via
NKG2A/HLA-E binding, decreasing response effectiveness against tumor cells [32], and KIR Ly49G2
binding MHC | prevent NK cells from exerting their cytotoxic function [33].

Our results showed a higher expression of Ly49G2 and NKG2A/C/E receptors in both splenic
cells and tumor infiltrate for untreated groups, and a decrease in cells expressing these receptors for DC
treated group, demonstrating the influence of the dendritic cells on NK cells in the effectiveness of DC
vaccine treatment.

Zhang et al. 2019 found that virus-infected cells with low NKG2A receptor expression were
prevented from replicating and evading immunosurveillance [34]. When dealing with dendritic cells in
solid tumors, NK cells that have low regulation of these receptors assist in the elimination and combat of
neoplastic cells.

In antiviral responses and against neoplastic cells, NK cells produce large-scale IFN-y, thereby
exerting their effector function, stimulating other immune response cells [35]. As well as interferon acting
on NK, other cytokines are essential for the maturation, activation and survival of these cells, such as
interleukins (IL). IL-2, 1L-12, IL-15, IL-18 and IL-21 positively regulate their functions, independently or
in cooperation with other cytokines such as IL-23 and I1L-27, which may enhance or suppress NK cell

function, depending on the context in which they are found [16,36].
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In the tumor microenvironment, TGF-p, 1L-10, and IL-6 suppress NK cell activity not only directly
but also indirectly, affecting immunosuppressive cells and antagonizing the effect of stimulating cytokines.
Such events suppress the antitumor response of NK cells and promotes tumor evasion and progression [37].

Evaluating our study, we observed that NK cells were stimulated in the case of activation receptors
and cytokine production in splenic cells and tumor infiltrate. IFN-y and IL-12 production by NKp46 cells
is seen in the spleen and TNF-o and IFN-y by NKG2D cells in the tumor infiltrate for the group treated
with DC cell. The production of these cytokinesis essential for up-regulation of NK cells. Although we
observed the production of IFN-y and IL-12 by infiltrating cells expressing NKp46 receptors in the
untreated tumor group, these cells were presented in a smaller amount because this same group presented
IL-10 producing NKp46 cells, indicating that treatment potentiates the production of TNF-a, IFN-y, and
IL-12 in both tissues.

Finally, for inhibition receptors and cytokine production, our results show that IFN-y and 1L-12
producing Ly49G2 cells were found significantly more in the spleen of the group treated with DCs, and for
this same group, we found non-significant results for IL-10. However, in the tumor infiltrate for the
NKG2A/C/E-treated group of DC cells we found only significant values for IL-2 production. The study of
these receptors is currently widely used in immunotherapies using monoclonal antibodies (mAbs) blocking
receptor inhibition in target cells for greater effectiveness in cancer vaccine treatment [38].

Given the findings for activation receptors and cytokine production by NK cells, it is observed that
cytokines responsible for stimulating and regulating responses mediated by these cells were found to be
significant since untreated mice showed inefficient responses in tumor regression. In this scenario, we can
infer that DC vaccination and NK cell cooperation are necessary for successful treatments. Our work is the
first to correlate NK cell activation and inhibition receptors and cytokine production against dendritic cell
autologous cell vaccine treatment.

Concluding our findings, we demonstrated that immunotherapy with DC is able to alter the profile
of NK cell by directly influencing them in the antitumor response due to reduced inhibition receptor
expression and increased production of cytokines such as TNF-a and IFN-y by cells with activation
receptors, conferring NK cells the ability to reverse tumor-induced immunosuppression, stimulating the

immune system to eliminate tumor cells.
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Legends

Fig. 1. Tumor measurements in mice submitted to Dendritic cells Immunotherapy. Measures from
the 13th day, when the tumor nodule formation was detected by palpation. We performed the tumor
measurements, and on the 25th day, at the end of the treatment, the animals were euthanized. Comparisons
were performed by Mann Whitney t-Test, and significant values of p <0.05 were considered. For the median

tumor group (Min.- Max.) 48,19 (0,1250-186,60) and group DCs 0,1714 (0,0-2,686).

Fig. 2. Activation and inhibition receptors in NK cells present on spleen or tumor obtained from
tumor-induced mice treated with Dendritic cells. Comparisons between groups using 1way ANOVA.
(A) Percent of cells for NKp46 and NKG2D receptors obtained from mice spleen. In (B), percentage of
cells expressing Ly49G2 and NKG2A/C/E receptors obtained from the spleen. On (C) and (D) cell
percentage for activation and inhibition receptors, respectively, NKp46, NKG2D and Ly49G2,

NKG2A/C/E in the tumor infiltrate of mice used in the study.

Fig. 3. Cytokine synthesis by NK cells positive for activators receptors NKp46 and NKG2D from
spleen and tumor infiltrate obtained from tumor-induced mice submitted to Immunotherapy with
DCs. In (A) MFI values obtained for NKp46 cells producing IL-10, IL-2, IL-17, TNF-a, and IFN-y in mice
spleen, significant values are observed for IL-10, IFN- y and IL-12. (B) Results for IL-10, IL-2, IL-17,
TNF-a, and IFN-y and 1L-12 producing NKG2D cells in the comparisons show significant values for all
interleukins. In (C) and (D) the same conditions as described above, but in the tumor infiltrate samples

from the GII and GIII mice.

Fig. 4. Cytokine synthesis by NK cells positive for inhibitors receptors Ly49G2 and NKG2A/C/E from
spleen and tumor infiltrate obtained from tumor-induced mice submitted to Immunotherapy with
DCs. In (A) MFI values obtained for the IL-10, IL-2, IL-17, TNF-a, IFN-y, and I1L-12 producer Ly49G2
cells in the spleen of mice, significant values are observed for IL-10. 10, IFN-y and IL-12 in the GlvsGlI
groups for IL-10 and GllvsGlII for IFN-y and IL-12. (B) Results obtained for IL-10, IL-2, IL-17, TNF-q,

IFN-y, and 1L-12 producing NKG2A/C/E cells in the comparisons, IFN-y, and IL-12 for the GIvsGlII IL-
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10, GlvsGlll and GllvsGlII groups for IFN-y and GlvsGlIl IL-12. In (C) and (D) in the same way, but with

the tumor infiltrate samples from the Gl and GIII mice.
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Objective: In this study we evaluated the profile of the Natural Killer (NK) cell immune
response in NK cell vaccine immunotherapeutic treatment in mice induced by breast
cancer through NKp46, NKG2D activation, Ly49G2, NKG2A/C/E inhibition and
production of interleukins (IL) 2, 10, 12, 17, tumor necrosis factor alpha (TNF-a) and
interferon gamma (IFN-y). Materials and methods: Thirty Balb/C mice were used to
compose the experimental groups: Control (C), untreated tumor (T) and tumor treated
with NK cell vaccine (TNK). In the preparation of the vaccine we used bone marrow
donor mice and the experimental period was 25 days, performing measurements of tumor
volume and immunotherapeutic treatment for 3 weeks ending with the euthanasia of mice
to remove the spleen and tumor infiltrate to perform flow cytometry for NKp46, NKG2D,
Ly49G2 and NKG2A/C/E receptors; IL-2, IL-10, IL-12, IL-17, TNF-a and IFN-y
cytokines. Results: Our results show that mice treated with NK cell vaccine have a higher
density of splenic and intratumor cells expressing NKp46 (p=0.0019), Ly49G2
(p=0.0079) and NKG2A/C/E receptors (p=0.0079) and higher fluorescence intensity for
cytokine production by splenic cells NKp46, NKG2D and NKG2A/C/E producing IFN-
v (p=0.0019/0.0019 and 0.0088), NKG2D producing of TNF-a and IFN-y (p=0.0019) and
NKG2A/C/E-producing intratumoral tumors of IL-10 and IL-12 (p=0.0022/0.0079),
TNF-a-producing NKG2D (p=0.0079) develop immunosuppression preventing NK cells
from performing their effector functions. Conclusion: In NK cell immunotherapy the
proper balance between activation and inhibition receptors along with cytokine
production is required for proper activation of these cells to exert their effector functions,
increased expression of Ly49G2 cells prevents NK cells from performing their functions.
effectors stimulating systemic expansion and migration of this phenotypic profile to TME

preventing its activation.
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1- Introduction
Immunotherapies are very promising in the treatment of cancer, based on the
essence of using the patient's own immune system to effect specific antitumor responses.
New therapies are based on the use of checkpoint inhibitors, immunomodulators, and
genetically engineered cells to block signaling pathways or receptors that act by
generating an immunosuppressive state in the microenvironment or systemically

affecting host cell responses to dissipate neoplastic cells. (JESPERSEN et al., 2017).

Recent approaches that use in vivo cells to attack tumor cells reinforce issues
involving limitations in treatment for patients treated with chemotherapy or radiotherapy,
leading to immunodepression, such as the elimination of healthy T cells that may change
or be stimulated to contribute in tumor regression (POPP; MAQUAT, 2015).

In cancer treatments, understanding natural Killer cell (NK) cell therapy by
advancing these studies contributes to improved cancer treatment of various types of

cancer.

NK cells are part of the innate immune system and similarly to cytotoxic T
lymphocytes perform their specific functions and are categorized by their great potential
in eliminating tumor cells. Its activation is driven by a balance between activating and
inhibitory signals, without prior sensitization to exert its antitumor function (DI VITO et
al., 2019).

These cells have demonstrated their potential in the treatment of various types of
cancer, but the efficacy in treating solid tumors is still unsatisfactory, and one of the main
reasons for this limitation is the immunosuppressive effect of the tumor
microenvironment (TME) (HABIF et al., 2019).

In TME tumor-associated cells and tumor cells produce various cytokines and
other factors that directly or indirectly affect NK cell activation, such as interleukin (IL)
10 and 6 among others, and also have a restriction on modulation of NKp30 activation
receptors, NKp44 or NKG2D and receive signals from inhibitory receptors increasing
local immunosuppression (BOTTCHER et al., 2018).
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In addition to the issues surrounding the tumor microenvironment, recent
discoveries have revealed that impaired metabolism is associated with progressive NK
cell dysfunction, understanding these mechanisms would be a better way to understand
their contribution to current therapies. (CONG et al., 2018).

Foster cell therapies bring benefits that allow ex vivo manipulation with
approaches to enabling NK cells to survive by persistently performing their functions in
vivo. (KIESSLING, 1976; SUEN et al., 2018).

For this, the expression of NK cell surface receptors responsible for their mediated
recognition, and cytokine-mediated cytotoxic functions, such as the production of TGF-
[ produced by regulatory T lymphocytes (Treg) among other cells, inhibits the expression
of NKp30 and NKG2D which are crucial for NK cell-mediated recognition and cell death,
as well as IL-4 which may reduce the ability of NKs to produce cytokines, preventing
interaction with dendritic cells (DCs), and subsequently, the NKG2D itself hypoxia that
is associated with the tumor microenvironment may lead to decreased expression or
function of NK receptors (CASTRICONI et al., 2003; MARCENARO et al., 2005).

In tumor biology the number of infiltrating cells is extremely relevant, relevant
considerations such as limiting factors for the effectiveness of the anti-tumor immune
response include the relative amount of intratumor cells and functional capacity, and the
increased relationship between effector cells and target cell is key to eliminating tumor
cells in vitro and in vivo (MELERO et al., 2014).

Focusing on cellular immunotherapy, our study aims to show how NK cells
behave systemically and in the tumor microenvironment to treatment with the autologous
NK cells vaccine, bringing a better understanding of their role in antitumor immune
responses adding the ability to interact with other cells stimulating effector responses by
the immune system, but we were unsuccessful in treatment due to the high expression of
the Ly49G2 receptor in cell differentiation and IL-10 production in the spleen and tumor

infiltrate of the treated mice.

2. Materials and Methods

The study brings together the making of the NK cell vaccine from the bone
marrow taken from Balb/C mice on what we verified the expression of differentiated cell

receptors in culture before starting immunization and “in vivo” testing with mice from
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experimental groups. Once differentiated, we initiated the treatment protocol and receptor
and cytokine production evaluations by flow cytometry of the spleen and tumor infiltrate
samples from each group.

2.1- Experimental groups and research design

Thirty Balb/C mice were used in the study and distributed in 3 experimental
groups for evaluation, control group (C) with animals without tumor induction and
without treatment, the tumor group (T) without treatment that received only the
inoculation of 4T1 cells and finally the tumor group induced with 4T1 cells and treated
with NK cell vaccine (TNK). Thirteen days after tumor induction and the tumor formation
began, animals from the NK cell-treated tumor group received the vaccine
subcutaneously in 3 doses of vaccine for 3 consecutive weeks, each dose with a volume
of 50 pL and a concentration of 8.0x10° cells per mouse. The inoculation and treatment
protocol comprised a total of 25 days and at the end, the mice were euthanized for

biological material removal and preparation for the flow cytometry technique.
2.2- 4T1 cell tumor induction

Animals in the experimental untreated tumor and NK cell treated tumor were
inoculated with the 4T1 tumor line suspended in physiological solution and administered
in a single dose at 50 pL volume at a concentration of 2.0x10° cells per animal in the last
pair region. of breasts. For tumor development we waited 13 days, once tumor formation
was confirmed by palpation and inspection at the breast site, we began tumor

measurement until the last day of the experiment.

With a universal caliper we performed weekly measurements of the untreated
tumor group and the NK cell treated group in each mouse until the day of final euthanasia.
The measurements obtained were performed in the craniocaudal and later lateral direction
considering the average values obtained after the calculations. The calculations of the
tumor values were obtained through the formula V=a.b?/2 being (a) the largest diameter
measurement and (b) the smallest diameter, where the values were represented by the

median.
2.3- Production NK Cell Vaccine

The euthanized animals belonging to the cell donor group for differentiation
underwent femoral and tibial extraction and bone marrow cells are removed using a

13x4.5mm needle syringe and washed with saline, depositing the Petri dish solution.
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To production NK cell vaccine according to the protocol of Luevano et al, 2012
(LUEVANO; MADRIGAL; SAUDEMONT, 2012), bone marrow cells were washed
with incomplete RPMI 1640 medium and cultured after counting at a concentration of
32.5x10% cells / mL in complete RPMI medium. To promote terminal
proliferation/differentiation of NK cells, culture was stimulated with IL-2 (10 IU/mL),
M-CSF (10 ng/mL), IL-15 (10 ng/mL) and IL-18 (0.33 ng/mL) on day 1 and thereafter
with IL-15 (100 ng/mL) and IL-18 (0.33 ng/mL) on days 3, 5 and 7 and on day 20 with
cytokine IL-2 (10 IU/mL) and maintained in culture until day 21 for complete

differentiation.
2.4- Flow Cytometry

On the 25th day the animals that composed the experimental groups were
euthanized and the splenic and intratumoral cells were obtained by dissemination for flow
cytometry. Following the protocol recommended by BDbioscience®, the cells were
placed in BD FACSTM Lysing Solution® lysis solution and subjected to the protocol
extra and intracellular markings for NK cells.

In the run the samples were incubated with the extracellular antibodies for 30
minutes washed and incubated with BD Cytofix/Cytoperm™ for 20 minutes and after
washing with BD Perm/Wash™ the intracellular markings were performed. To quantify
NK cells in untreated and NK cell vaccine treated mice, we used the CD3 (total
lymphocyte), NKp46 and NKG2D (activation receptor), Ly49G2 and NKG2A/C/E
(inhibitory receptor) markers and interleukins. 2, 10, 12, 17, TNF-a and IFN-y all BD
Bioscience® antibodies. The data obtained from splenic cells and tumor infiltrate labeled
with the aforementioned antibodies underwent a strategy of analysis by obtaining the total
percentage of cells with selection of the amount of NK cells in the quadrant delimited to

relative size (Forward Scatter, FSC) and granularity/complexity (Side Scatter, SSC).
2.5- Statistical analysis

By the BD FACSCalibur® instrument we obtained the results and analyzed by the
Flowing Software Version 2.5.1 software through the total percentage of NK cells for
each specific marker excluding other cell lines. The analysis values, cell percentage and
mean fluorescence intensity were used for comparisons between groups and calculated
by the GraphPad Prism 5® software performing the normality test and for comparison
between the three groups we used One-way ANOVA test and Mann-Whitney t Test
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comparing for two groups both cytometry and tumor volume results, considering
significant p-values less than 0.05 (p <0.05).

3. Results

In the analysis of the differentiated cells in the cell cultures we verified the
expression of the expressed receptors, for that, we used CD3 and CD4 and CD8 T cells
total lymphocyte markers, together with the activation and inhibition receptors of NK
NKG2A/C/E, Ly49G2 and NKp46. In Figure 1 (A) we see the percentage of
differentiated cells for each of the above receptors, in 1 (B) the mean fluorescence
intensity (MFI) emitted by all labeled cells. Evaluating the graphs, we observed a
percentage of cells expressing the Ly49G2 and NKp46 receptors and despite a higher
number for Ly49G2 the activity represented by fluorescence intensity is low, but for
NKp46 this activity is representatively increased. No statistical tests were performed for
these evaluations, because the observation of receptor expression was observed without

distinction of comparative groups.
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Figure 1: Cell percentage and mean fluorescence intensity (MFI) of cell differentiation in culture: In (A) the
percentage cell number for NKG2A / C / E, Ly49G2 and NKp46 receptors of differentiated bone marrow cells , and
(B) the mean fluorescence intensity for cells labeled with the receptors used in (A).

In the evaluation of the animals during the experimental period of 25 days, we
demonstrated that the T and TNK groups presented similar tumor volumes and there was

no significant tumor regression in the comparison between the two groups (Figure 2).
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Figure 2: Tumor measurements of untreated tumor and NK cell treated mice: tumor size measurements from
the 13th to 25th final day of treatment where the animals were euthanized. Comparisons were performed by Mann
Whitney t Test and significant values of p <0.05 were considered.
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Figure 3: Values obtained for the total percentage of splenic cells and tumor infiltrate of mice from the control
group, untreated tumor group and tumor group treated with DC cells. Comparison between 2 groups Mann
Whitney t Test. In (A) in the total cell percentage, the NK-treated group has higher NK cell percentage values than the
control group. (B) the higher percentage number of cells is observed in the NK cell treated group compared to the
untreated tumor group.

The flow cytometry performed for the spleen and tumor infiltrate in figure 3
shows the percentage of NK cells obtained in each of the samples in the studied groups.
An increased splenic NK cell percentage is noted for the TNK group (fig. 3 (A));
(p=0.0019) compared to group C, and an increase of these cells in the tumor infiltrate for

group TNK compared to group T (fig. 2 (B)) (p = 0.0079).
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Figure 4: Values obtained for the activation and inhibition receptors present in the splenic cells and tumor
infiltrate of the untreated and uninduced control, untreated and NK cell treated mice: For comparisons between
groups 1lway ANOVA and Mann Whitney t-Test were used. (A) Percentage of NK cells for NKp46 and NKG2D
receptors obtained from spleen. In (B) percentage of NK cells expressing Ly49G2 and NKG2A/C/E receptors obtained
from the mouse spleen. (C) and (D) NK cell percentage for activation and inhibition receptors, respectively, NKp46,
NKG2D and Ly49G2, NKG2A/C/E in mouse tumor infiltrate.

In figure 4 the percentage of splenic cells for the activation and inhibition markers
studied shows in (A) a larger number of cells for the NKp46 activation receptors for the
TNK group (p = 0.0019) and for the NKG2D receptor (p = 0.0019) higher cell density for
group C. In (B) the groups expressing the largest number of splenic cells for inhibition
receptors Ly49G2 and NKG2A/C/E (p = 0.0019) is for those in the TNK group in
compared to group C and group T. In graph (C) and (D) we have a higher percentage of
NK cells in the tumor infiltrate expressing the receptors, respectively, NKp46, NKG2D

and Ly49G2, NKG2A/C/E (p = 0,0079 and 0,0079) for the TNK group compared to the
T group.
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Figure 5: Heat map graph depicting median values for activation and inhibition receptors and cytokine
production from spleen and tumor infiltrate samples from untreated control, untreated tumor, and tumor
treated with NK: Em (A) cells. ) MFI values obtained for NKp46, NKG2D, Ly49G2 and NKG2A/C/E receptors
producing splenic cell IL-10, IL-2, IL-17, TNF-o, IFN-y and I1L-12) (B) MFI values obtained for receptors and cytokine
production of tumor infiltrate cells.

In Figure 5 (A) the mean fluorescence intensity (MFI) for activation and
inhibition receptors interleukin production of splenic and intratumor cells are represented
for the groups. In the heat map graph, we have respectively positive cells for activation
receptors NKp46 and NKG2D along with the produced cytokines. Regarding the 1L-10,
IFN-y and IL-12 producing NKp46 cells, we obtained significance respectively, in the
comparisons between the C vs T, TNK vs T and C vs T groups (p=0.0019/0.0019 and
0.0090) and for the cells NKG2D and their respective cytokines, the significant values
observed, were for all parameters, 1L-10 among the C vs TNK, IL-2 C vs TNK, IL17 C
vs TNK, TNF-a C vs TNK, IFN-y T vs TNK and IL-12 C vs T all p=0.0019. In inhibition
receptors and cytokine production we observed for the Ly49G2 receptor significance for
IL-10, IFN-y and IL-12 producing cells respectively in the comparison between the CvsT,
C vs TNK and C vs T groups (p=0.0019). For the IL-10, IFN-y and IL-12 producing
NKG2A/C/E cells, the comparisons, respectively, between the C vs TNK, Cvs TNK /T

vs TNK and C vs TNK groups (p=0.0019/0.0088 and 0.0019).

Next, comparisons between tumor infiltrate cell groups for inhibition receptors
and cytokine production, in graph 5 (B) we show the MFI values for IL-10 producing
NKp46 cells (p=0.0079) for group T and IFN-y producing cells (p=0.0079) the highest
intensity was also observed for this same group, as for IL-12 producing NKp46 cells
(p=0.0079) higher density for TNK group. For NKG2D IL-10, TNF-oa and IL-12
producing NKG2D intratumoral cells (p=0.0079), greater intensity was observed for the
TNK group and to produce IL-2, IL-17 and IFN-y cytokines. y (p=0.0079) the highest
intensity is observed for group T. Results for IL-10, TNF-a, IFN-y and IL-12 producing
tumor infiltrate Ly49G2 cells are significant between groups (p=0.0079) with
predominance of higher fluorescence intensity respectively for these cytokines in group
T. In the NKG2A/C/E cells producing interleukins 10, IFN-y and IL-12 results show
significant values for interleukins 10 and 12 in the TNK group (p=0.0022 /0.0079) having
higher fluorescence intensity than the T group, and for IFN-y the T group showed higher
fluorescence intensity compared to the TNK group.

4. Discussion
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Immunotherapies are very promising in the treatment of cancer, but some
limitations are observed when tumor cells exhibit low immunogenicity impairing antigen
processing and presentation associated with low expression of distinct tumor-specific

antigens, hindering successful immunotherapy.

Our study shows some of the limitations that may help elucidate and understand
how NK cell vaccine treatment may not be as effective in eradicating neoplastic cells,

given the type of microenvironment involved in immunotherapy.

In order to contribute to a better breast cancer treatment protocol, in this study we
have developed the NK cell vaccine that has now become promising for treatment, but
major challenges persist, especially regarding triple negative breast cancer (TNBC)
(AMES; MURPHY, 2014; PARK et al., 2012).

At “in vitro” and “in vivo” studies by Shenouda and colleagues found that
differentiation of peripheral blood NK cells from healthy, co-cultured breast cancer
donors has the ability to expand similarly, but also demonstrated that NK cells of breast
cancer donors showed greater cytotoxicity against allogeneic and autologous derived
tumor cells in vitro (SHENOUDA et al., 2017).

Our cell differentiation results for making the NK cell vaccine show clear
expression of the higher cell density specific receptors for the Ly49G2 and NKp46
receptors and despite a lower density for NKG2A/C/E activity demonstrated by
fluorescence intensity is larger for the NKp46 receptor, this condition confers the vaccine

produced a potential to recognize tumor cells and eliminate them.

In order to increase the cytotoxicity of cancer-derived NK cells and generate
cellular products that can overcome the tumor suppressor microenvironment Shenouda
and colleagues also compared the functionality and phenotype of expanded breast cancer
donor NK cells to those of donor found that expanded NK cells demonstrate increased
expression of CD69 and NKp44 activation receptors compared to peripheral blood cells
(PBMCs), with decreased expression of CD11lc and CD27 cell maturation markers
(SHENOUDA et al., 2017).

As we did not verify the conditions of Shenouda and collaborators we can infer
that the cells of cell differentiation in our studies did not show a significant decrease in
inhibition receptors, especially Ly49G2, which may suggest the development of
checkpoint therapies.
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As already described NK cells migrate spontaneously to the tumor
microenvironment through chemokine expression, and when infiltrated due to stress
generated by the microenvironment these cells may be down-regulated activation
receptors and not respond to stimuli generated by the target cell increasing so local
immunosuppression (BOTTCHER et al., 2018).

The results we obtained for spleen and intratumor NK cell density show that NK-
treated mice have increased cell accumulation in both tissues, elucidating that the vaccine
stimulated the expansion of these cells and greater migration to tumor tissue confirming
migratory stimuli by chemokine expression, moreover, these cells may be suffering from
down-regulation of activation receptors leading to immunosuppression and non-

responsiveness to target cells.

Activation receptors responsible for conferring NK cell responsiveness against
target cells may be poorly expressed by NK by poor regulation of expression, for
example, of NKp46 and NKG2D, Romero et al. reported in their postulates that patients
with acute myeloid leukemia (AML) suffer from interference of mono- and
polymorphonuclear phagocytes by negatively regulating the expression of NKp46 and
NKG2D cell surface receptor density in NK cells, a phenomenon that occurs by a
mechanism. dependent on the availability of reactive oxygen species (ROS) from
phagocytes (ROMERO et al., 2006).

However as much we haven’t evaluated the functionality of NK cells, in our
results, the expression of NKp46 and NKG2D receptors in the spleen and tumor infiltrate
was higher in the NK-treated group, however this result did not affirm the effectiveness
of NK cells in eliminating tumor cells, since we did not see significant results for tumor
regression, suggesting that the influence of other cells on the microenvironment, such as

mono- or polymorphonuclear cells, affected responsiveness to target cells.

In addition to activation receptors, which are key in stimulating effector responses
in NK cells, we have inhibition receptors, which perform indispensable functions in the
performance of their function in immune responses. NK cell activity is mediated by
activation receptors such as NKG2D CD94/NKG2 complex receptors (NKG2A, NKG2C,
NKHG2E) form heterodimers with CD94 binding to HLA-E and NKG2D forming MHC
class I homodimers generating potent cytotoxic response, even in the presence of MHC
class I molecules inhibitory (KAISER et al., 2008).
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Expecting to achieve a vigorous immune response by NK cells against tumor cells
in our findings these receptors were expressed in the spleen and tumor infiltrate of NK-
treated mice suggesting, however, that these cells were not activated due to exhaustion

generated in the tumor microenvironment, causing the dysfunction of these cells.

This statement meets the findings of Cong and collaborators (CONG et al., 2018)
who reported impaired NK cell viability in lung cancer patients during cancer promotion
or progression, concluding that NK cells prevent tumor initiation but gradually lose their

antitumor function.

Following NK cells to exert their lytic activity, they need to produce cytokines
that make them release the contents of their perforin granules and granzymes, or they can
alternatively utilize apoptosis mechanisms through TNF, FAS and TRAIL, the major
cytokines involved. in NK activity are IL-2, IL-12, IL-15 and IL-18 which induce
proliferation and stimulate activity (LIEBERMAN, 2010).

Our results involving the cytokines tested in this study we saw that there was a
relatively increased 1L-10 production in both spleen and tumor infiltrate tissues. This
cytokine when present in immune responses involving NK cells affects the cytotoxicity
of these cells, generating an immunosuppressive environment (SZKARADKIEWICZ et
al., 2010).

Many treatments using NK cells are studied through previous IL-2 infusion to
facilitate the stimulation of these cells. Our study aimed to verify the potential of NK cells
alone by generating autologous NKs from pluripotent cells (HPSCs). differentiated in

culture and directly reinfused in the treated mice.

Because we failed in tumor regression, and in NK cell culture inhibition receptor
expression prevailed in higher density than activation receptors, even though NKp46

showed higher activity.

We observed that the cells, when infused in the treated mice, increased the number
of systemic as well as intratumoral NK cells, with a relevant expression for all activation
and inhibition receptors researched, may have generated an imbalance involving effector
responses by NK cells, thus obtaining A balance in the expression of these receptors in
the production of the NK cell vaccine may be an alternative in improving its effectiveness

by aiding tumor regression and effectively activating NK cells.
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Concluding our findings, we demonstrate with our results an increased expression
of the inhibition receptor Ly49G2 on cell differentiation, this seems to stimulate the
systemic expansion of these cells and a mass migration of this phenotypic profile to TME,
preventing effective NK cells expressing activation receptors from remaining. dormancy
contributing to tumor progression, and interleukin 10 production in both tissues contribute

to a systemic and intratumoral immunosuppressive profile.
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Comentowios



5- Comentarios:

Em busca de tratamentos para auxiliar o combate ao cancer nossos estudos visam
estimular o sistema imune do individuo minimizando o desconforto ou efeitos colaterais
causados pela quimioterapia ou radioterapia. Atualmente, estes esforgos tém se tornado
muito explorado em todo o mundo e a busca para atingir o padréo ideal no tratamento
necessita de um conhecimento abrangente quanto aos mecanismos utilizados no estimulo
das células imunes e vias de sinalizacdo envolvidos. Na imunoterapia com a vacina de
células DCs, as células NK junto a producéo de citocinas, cooperam de forma satisfatoria
para rejei¢do e eliminagdo tumoral. Por outro lado, na imunoterapia com células NK a
expressao de receptores de inibicdo em maior densidade na diferenciacao celular sugere
uma estimulacéo sistémica deste perfil celular com migracdo evidente no infiltrado
tumoral impedindo que células NK expressando os receptores de ativacao reconhecam as
células neoplasicas e produzam citocinas auxiliando outras células do sistema imune, para
tanto, a contribuigéo deixada aqui traz abordagens ou formas de direcionar protocolos de
tratamento eficazes contra o cancer. Aprofundar o estudo envolvendo a diferenciacédo de
células NK a partir da medula no tratamento de tumores solidos necessitam de maior
atencdo, uma vez que, o potencial destas células no combate as células neoplasicas tornara
promissor, uma atengdo especial para o desenvolvimento de células efetivas com baixa

expressao dos receptores Ly49G2 seria um ponto chave a ser estudado.
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6- Conclusoes:

Concluindo os nossos estudos vimos que a diferenciacdo das celulas HPSCs em
células NK ¢é possivel com a utilizacdo de citocinas especificas como M-CSF, IL-2, IL-
15 e IL-18 associado ao tempo de maturacdo de 21 dias. Na avaliagdo do tratamento com
a vacina de células DCs, observamos a capacidade daquelas células alterar o perfil das
células NK influenciando na resposta antitumoral, reduzindo a expressdo dos receptores
de inibicdo e aumentando a producdo de TNF-o ¢ IFN-y ativando outras células do
sistema imune caracterizando que ha uma cooperacdo entre elas. O tratamento com a
vacina de células NK em nossas avaliacdes observamos que existe uma deficiéncia em
gerar respostas vigorosas, uma vez que obtivemos uma expresséo evidente dos receptores
de inibicdo, em especifico Ly49G2, onde este pode ter contribuido para uma expanséo
destas células sistemicamente e maior migracdo para o TME impedindo a ativacao efetiva

das células NK.
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Anexo 1

Ministério da Educaciio
Universidade Federal do Tridingulo Mineiro
CEUA - Comissiio de Etica no Uso de Animais
Rua Madre Maria José, n°122 — Unidade Administrativa Temporéria II - Bairro Abadia
CEP: 38025-100 — Uberaba - MG - Telefone: (034) 37006764 - E-mail: ceua@pesqpg.uftm.edu.br

CERTIFICADO

Certificamos que a proposta intitulada “Avaliagdo das células natural killer (NK) na
imunoterapia combinada entre as vacinas de células dendriticas e células NK em
camundongos com tumor de mama experimental induzidos por 4T1”, registrada com o
n° 378, sob a responsabilidade de Marcia Antoniazi Michelin — que envolve a produgdo,
manutengdo e/ou utilizagio de animais pertencentes ao filo Chordata, subfilo Vertebrata
(exceto o homem), para fins de pesquisa cientifica (ou ensino) — encontra-se de acordo
com os preceitos da Lei n® 11.794 de 8 de outubro de 2008, do Decreto n° 6.899. de 15
de julho de 2009, ¢ com as normas editadas pelo Conselho Nacional de Controle e
Experimentagdo Animal (CONCEA), e foi aprovada pela Comisséo de Etica no Uso de
Animais (CEUA) da Universidade Federal do Tridngulo Mineiro, em 25/07/2016.

Finalidade ( ) Ensino ( x ) Pesquisa Cientifica

Vigéncia da autorizagdo 01/08/2016 4 01/08/2020

Espécie/Linhagem/Raga Camundongos Isogénicos Balb/c

N° de animais 80 (30 machos e 50 fémeas)

Peso/idade 20 a 30g/ 8 a 12 semanas (machos)
20 a 30g/ 8 semanas (fémeas)

Género Machos ¢ fémeas

Origem Biotério Setorial do Instituto de Pesquisa em Oncologia -
UFTM

Prof, Dr. Car;oslwosé Freire de Oliveira
Coordenador da CEUA
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